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I. I N T R 0 D U C T I 0 N 

In the last de cade or so the importance of the choice o f  a base 

population for s e l e c t ion expe r iments has gained r e cogni t ion. Concurren t 

w i th this , ther e has been a surge of research ac t ivi ty in s e l e c t ion 

u t il is ing heterogeneous hybrid foundation s to cks for bo th laboratory 

animals and larger domest i c  spe cies . The growing populari ty of sele c t ion 

within crossbred bas e population is based on the premis e tha t by c ross ing 

together d ifferent popu lat ions or s trains to form a foundation stock, 

greater genetic variabili ty is made available thus a llowing a greater 

geneti c  respons e. There is also the additional advantage of greater 

viability of hybrid individuals . Yet, comparatively few exper iments hav e  

b e e n  carried out spe c ifi cally to e valuate the i mpor tan c e  of bas e popula­

tions and par ti cularly the relativ e  mer i ts of s e le c tion wi thin "purebr e d" 

populat ions and "cros sbred" populations in terms of s ize , trend and varia-

bility of response. James (1966) s tressed the vi tal role of choos ing the 

right base population for animal bre e d ing s cheme s. Resul ts from his 

theor e tical considera tions point in favour o f  selec tion from hybri d  s tocks 

d er ived from two or mor e  populations as opposed to selec tion from a single 

bu t gene t ically superior population. 

There is defini t e  need for reliable and more conclusiye evidence 

on this impor tant aspect of selection and it is primarily for this pur-

pose tha t the present investigation is undertaken. Th selection 

experiment is des igned to provid e data amenable to detailed analysis of  

the variability of responses within and b e tween populations and the 

relationship of the response to the genetic nature of the founda tion 

stocks. The present e xperi ental design consis ts of concurrent and 



ide n t i cal two-direc tional mass se l e c t ion for abdominal bri s t les in two 

labora tory s trains of Drosophila melanogaster of div e r s e  origins and in 

the hybr id population forme d by cros s ing them. �i thin each sele c tion 

line a number of repl icates are carried in order to assess the var iabil i ty 

of response . 

In this pres e n t  thesis the work is carrie d  ou t in t he following 

order: The firs t par t  deals wi th the format ion of the hybrid s tock and 

also the e valuation of the popula tion parame ters of the thr e e  different 

founda tion s to cks. This is fol lowed by prel iminary experiments where 

the heri tabi l i ties of the two or iginal s trains are de termine d and the 

phenotypic variances par t i t ioned into their various components. The 

ma in par t of the thesis is the shor t- term s e l e c t ion exp er iment whi ch las ts 

for four teen gen erations. The high and low respons es from the three 

populations are analyse d  in de tail for s ignificant he terogene i ty of aver­

age re sponse r a t e  and realised h eri tability wi thin e a ch s e le c tion line 

and betwe en s e le c t ion lines. The pa t terns of two-dire c tional respons e s  

are examined and the use fulnes s  of the simple addi t ive predic t ion theory 

is tes ted . The las t s e c tion cons i s ts of a series of exper imen ts -

re laxat ion of selec tion , chromosome assays and tests for the presen c e  of 

r e c essive autosomal le thals - carried on some of the sel e c tion replicat es 

in an at tempt to throw light on the underlying geneti c s i tua tion 

respons ible for the observed responses. 
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II. R E V I E W 0 F L I T E R A T U R E 

Different workers at various times have remarked on the variabil ity 

of selection response e v e n  when s imilar se lection was practised on the 

same species for the same character. The aim of this revi ew is to 

examine closely pa st litera ture on dir ec tiona l sele ction experiments in 

an attempt to s e e  how cons istent or inconsisten t the resu lts are and 

what are the factors contributing to the variabil i ty of se l e ction 

response .  The review is divided into two parts - the first par t  being 

on patterns of directional selection response and the secon d  part is 

devoted to factors affecting selection respons e .  

A. PAlTERNS OF SELECTION R�ePONSE 

An arti f icial selection experiment consists essential ly of se l ect­

ing certain individua l s  to be used as parents at the expense o f  all the 

oth er individuals in the population and then control ling the mating o f  

the s e  se lected individuals. The empiri cal aim of the breeder or experi-

men ter is to change a phenotypic character (or characters ) o f  a po pulation 

by sele ction . The mode of selection may be divided into t hree main 

c lasses - dire ctional, disruptive and s tabilising selection . This 

review is concerned sole ly wi th directional selec tion. 

The basic e ffect o f  selection is to change the gene tic properties 

of the population. Selection favours cer tain alleles and s a result 

the frequency of  these f voured alleles increases.  It seems fitting to 

s tart with a brief des cription of  the pa t tern o f  selection response that 



... . 

is expec ted from the simple quantita tive sele c t ion theory based on t he 

con cept of add itive genetic varian ce. This selec tion t heory origina ted 

from t he work of lright (192lb), Haldane (1924-1927) and Fisher (1930). 

The basi c premises of the theory are that the gen etic varian ce o f  a 

quan t i ta tive charac ter is governed mainly by a large number o f  additive 

genes with small effec ts, that in terac tion between the genes at dif fer­

en t loci and between t he genes and the environmen t do not con tribu te 

signi ficantly to the genetic varian ce, that mos t of the genes are at 

intermedia te frequen cies and that differen tial effe c ts of natural selec-

tion on genotypes are negligi ble. Under these condit ions selec tion 

would in crease the frequen cy of cer tain genes leading to an in crease in 

homozygosity as these alleles gradually become fixed. Selec tion response 

would be maximal and approximately linear during the early generations of 

selection when most of the genes are at in termedia t e frequencies and 

gene tic variance near its maximum . As sele c tion continues, more and 

more of the favoured genes become fixed and as a resu l t  the response 

dec lines very gradually and asymp totically. The selec tion limit is 

rea ched when al l the favourable alleles become fixed and no addi tive 

genetic varian ce rema ins in t he popula tion. At the selec tion l imit, no 

fur ther response can be ob tained and any varia t ion remaining in the pop­

u l a tion is due to environmental influence on the individu als and is 

therefore not heri table . The e xpe c te d response based on this s e lec tion 

theory would be symme t rica l fo r t he up wa rd and do wnw ard di re c tion of 

s e le c tio n. This t hen i s  t he pa t t e rn of se lec tion res pon se b as e d  o n  

s i mp le p re mi ses . 

In a c t ual fac t ,  when se le c t io n respo nse s fro m dif fe ren t experiments 

are e xami ned , t hey ve ry rare ly confo rm to t he pa tte rn e xpe c te d  f ro a  t he 

s i mp le sta ti stic al mode l. Con se quent l7 lt erna ti ve t heo rie s of ge ne 



a c tion have been advanced to in terpr e t the different response pa t terns. 

The variety of s ele c tion responses observed is not surpr ising consider­

ing the complex gene tic control o f  di fferent quantitative charac ters in 

di f ferent organisms. 

The theory of polygenic balance along chromosomes was first pro­

posed by Ka ther ( 1941 ) .  Prior to Ka ther , the idea of gene balance 

along chromosomes had been sugges ted by Goodale ( 1937 , 1938 ) .  He 

carried out s e l e c tion for increased head spo tting in mice as well as for 

increasing body we ight . 1o explain the results o b tained he sugge s ted 

tha t three types o f  genes affec ting the selection trai t  (+, - and 0) w ere 

presen t in the base popula tion . The + gene which in creases the express­

ion of the sele ction trai t was pic tured as being linked w i th a - gene 

( o r  0 gene ) and arranged in alter na t ing series on the chromoso�es .  

Since the ef fec ts o f  the + genes are ba lanced by the - genes, l i t tle 

varia tion is found in the unsele c ted base population. Crossing-over and 

r e combination rearranges the genes and th e + genes which favour the 

expression of the charac ter are subsequen tly selected. 

The main experimen tal evidence for the theory of bal�nced polygenic  

combinations c ould be  accredited to  the  work of Ma ther and his collabor-

a tors ( 1941 ,  1943 , 1949 ) .  This theory was put forward to accoun t for 

the irregular patterns of long-tera selection response which have been 

observed in some of their selection line 

aents b7 earlier workers (Payne, 1918; 

as well as in previous experi­

Sisaan1dis, 1942). �he irregular 

response pattern consisted of alternating periods of low response or 

stabilit7 lasting for a t w generations being followed DJ a period of 

sudden and rapid response. �his i in contrast to th a t  ady declining 

respoaae which ia expected fro• the additive selectio theor7. �he 

po�Jgenic theor.J is based on the as uaption that in an unaelected base 

population , aetrical traits are under the control of atabiliain natural 



selection where phenotypic intermediates are favoured. The idea of + 

and - genes af fecting a quantitative character has been adopted. The 

l inked combinations +- and -+ are intermed iate and balanced and thus 

re tained in the population while the unbalan ced ++ and -- combinations 

whi ch give rise to extreme genotypes tend to be eliminated by stabilis-

ing natural selection sin ce they are lees fit. During selection the 

balanced polygenic combinations may be broken down by crossing-over but 

some time is needed for crossing-over to produc e  the right combinations 

and this would result in the period of d elayed responses . Nith the 

6. 

sudden release o f  genetic variation through recombination there is the 

con comitant accelerated response to selection. Though the theory of 

linked polygenic co�bina tion and recombination of + and - genes seems too 

simple , it does o f fer soroe explanation for the observed accelerated 

response after several generations of apparent stabi lity and also the 

observed decline in fitness of the more extreme phenotypes in the later 

generations of selection. 

Strong eviden ce suppor ting the theory of poly genic balance was 

given by Thoday and Boam (1961) who selected for high sternopleural 

chaetae in Drosophila. Three of their lines (dpl ,  dp2 and dp6) showed 

remarkable similarity in their pattern of a ccelerated responses. 

Selection was not ca rried out con curr ently so that the trend could not 

be due to environmental influences. They suggested four possible 

reasons for the unexpected sudden increase in selection response - autation 

conta ina tion , gene interaction and lastly reco bination. With the 

evidence at hand , they reckoned that the moat plausible explanation ia 

the occurrence of a recombina tional even t. The p ttern of response was 

interpreted along the same linea as Kather and his eo-work ra. 

That selection response is the result of linkage and reco bination 



o ffers a better explanation for accelerated r esponse rather tAan the 

effe cts of a large number of additive genes. However it  has been 

poin ted out by Mather that the polygenic balance theory is most applic­

able to sp ecies like Drcsouhila where the number of chromosomes is small 

and the frequ ency of crossing-over is low in females often because of the 

presence of chromosomal inversions and no crossing-over occurs i n  the 

males. Thus linkage would exert a gre ate r effect in Drosophila than it 

would in other specie s with larger chromosome numbers and less obstruction 

to crossing over. However recently �right (1969) has pointed out some 

weaknesses of Mather's hypothesis, for example the assumption of the 

occurrence o f complete dominance and alternating series of + and - alle les, 

as the rea�lts from hi3 theoretical considerations of this problem gave 

little evidence for the prevalence of such situations. 

Fraser and Ha ns che (1965) by genetic s imuln tion studies showed 

that irregular selection responses of  alternating periods of rapid and 

slow response could be at tributed to a c hange in linkage rela t ionships in 

polygenic systems brought about by crossing-over during selection. But 

this occurs only when popula tion size is small. They also reported that 

a similar patt ern could occur if a !ew re cessive genes having large effects 

on the se lecte d character were pre sent at low fre que ncies in the base 

popula tion, or if sui table gene inte ractions are present such as that 

suggested by Robertson and Reeve (1953) where some minor genes were trans­

formed into major genes due to the change in the genetic background brought 

about by selec tion.  

Asymme tric 1 selection res ponses ha•e been obser•ed in numerous 

sel ction experiments contrar7 to the expec ted sy metrical two -wa7 selec­

tion respons ba ed on simple premises .  Asy tr7 i s  th r sult o! 

response in one direction being greater than the r sponse in the opposite 
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direction of selection. Response may be greater in the upward direction 

( Mather and Harrison, 1949 ; Clayton, Morris and Robertson, 1957; and 

San g, 1961), or it may be greater in the downward di rection ( Falconer, 

1953; Rasmuson, 1955; Clarke, Maynard Smith and Sondhi, 1961; Sheldon, 

1963). 

Falconer (1953, l96o) has proposed several situations which could 

give rise to �symmetry in selection experiments. Scale effects may cause 

as ymmetry . If this is the cause, it is often possible to remove the 

asymmetry by a/propriate transformation of the raw data to anoth�r scale. 

If positive correlation between the population mean and variance is ob-

served in the data, then a scale t ransformation is called for. A common 

and useful method is the logarithmic trnnsformation which converts the 

arithmetic to the -eometric scale. Another method of correcting scale 

effects is to obtain the ratio of the selection response to the cumulated 

selection differential which is known aa the realised heritability 

( Falconer, 1954). This has been recommended because factors like scale 

effects or natural selection affecting selection responses are expected 

to affect the selection differential in similar proportion and direction. 

Hence the ratio would be free from such bias and has been frequently used 

to gauge the gene tic response from selection. 

Two genetic situations which may occur in the base population and 

are likely to cause asymmetry are directional dominance and direction l 

gene frequency. Asy metry due to directional dominance and inbreeding 

depression re relat d and they could cause conside rable bias in small 

populations ( Ko jima , 1961). Decline of the aean on inbreeding shows that 

there s t  be dir c tional doainan ce of  the loci concerned but it does not 

discriminat b tw en si ple dominance and oTerdo inance . 

Direc tion l gene frequencies occur in popula tions with pr Tious 



his tory of natural or artificial selection , so that genes favoured by 

previous selec tion are at higher frequenc ies than alleles less favoured . 

Selec tion will produce greater response to.,·ards the direction of the less 

fr e quent alleles . Zu cker {l96o) has placed importance on the effec ts of 

unequal initial gene frequencies in produ cin g different pat terns of 

response from different sele ction experiments in mice and ra ts where the 

same c harac ter , body size , has been selec ted . The pa t terns of response 

o bserYed in selec ting for this character include symme try of response as 

well  as pos i tive and negative asymme try . 

When selection favours he terozygo te& in one direction , asymmetry 

would be produ ced . Selection response in the dir e c tion where he terozygous 

extr eme individuals are favoured will be limited bu t respons e  in the 

opposi te dire ction would continue till the favourable alle les be come 

fixed. Clarke, Haynard Smith and Sondhi (1961) selec ted for fas t and 

slow development rate in D. subobs cura. This chara cter wos found to 

exhibit pronounced he terosis on c rossing so that the highly heterozygous 

syn thetic base popula ti on form e d  by in te rcrossing four wild stocks mus t  

have been close to the minimum time re quired for normal deve lopme nt . As a 

resu l t, marked asymme trical response was observed with poor response for 

faster deve lopment ra te . 

Na tural selec tion for fitness may oppose more s trongly artificial 

selec tion �n one direc tion than the o ther direc tion and thie could result 

in asymmetry . Its occurrence can be de tected i f  the sele c ted line declines 

in f i tness as selection progresses or when the l ine on suspension of  selec­

tion showa a marked tendency to regress to the population aean accompanied 

by improvement of fitness . 

Latter {1965) exaained the theoretical consequences of addit1Ye 

genes wi th large effec ts on selec tion for m tric traits in a large popula-
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tion . Results showed that pronoun ced asymmetry could result under con-

d itione o f  high sele c tion intensity and low initial frequency o f  genes 

with major effe cts in the foundation population . A formula to asse ss 

the size o f  asymme try was given 

S = ( AGH 
( Ll.GH + 

AGL ) 
AGL ) 

where i:J. GH = High selection response 

A GL = Low se lection response 

The parameter S lies in the range of +1 and -1 and will be zero in the 

cas e o f  symmetrical two-way response. S will be positive if + alleles 

which increase the expression o f  the character were present a t  low fre-
quency and i t  will be negative if - a l l e les were present at low initial 

fre quen cy. There is considerable evidence tha t a fair proportion of the 

genetic varianc e of metrical tra its may be determined by a f ew genes w ith 

large effects ( Thoday and Boam , 1 961; Spi ckett and Thoday, 1966; Werhahn 

and Al lard, 1965; Robertson , 1966; Law, 1966 , 1967 ) .  

Linkage has be e n  shown to affe c t  bo th the ra te and limits o f se lec-

tion response . Theoretical as�ects of linkage effects have been dealt 

wi th by Coc kerham ( 1956) ,  Schnell ( 1963 )  and Lewontin ( 1964 ) .  Fe lsens tein 

( 1965 ) s tudied linkage effects on dire c tional selection ( bo th na tural and 

artificial ) and showed that tight linkage could ei ther enhance or inhibit 

the rate o f  response depending on whe ther positive or negative linkage 

disequilibriua was generated as a result o f  sele c tion. Since negative 

diaequilibriu• has been deaonstra ted to result froa artificial selection. 

tight linkage would be expected to slow progress froa selec tion. Hill 

and Robertson ( 1966 ) from comput er simula tion s tudies showed that for a 

two-locus model9 tight linkage could limit the total selection response 

in small populationa . 



B. FACTORS AFFECTING SELECTION R�.SPONSE 
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A broad survey o f  selec tion experimen ts on different quan titatiYe 

characters i n  different organ isms reveals a spectrum o f  select ion 

responses wh ich is ra ther con fu sing and s omewhat per turbing. S e le c tion 

response is de termined by the genetic na ture of the organism and the 

charac ter s elected for together w i th the series o f  fac tors impos ed by 

the exper imenter. The main factors affect ing selection response are the 

na ture of the base population , the s elec tion tra i t  ( or tra its ) and method 

o f  selec tion , the popu la tion size and sel e c t ion intens i ty , ma tin g  sys tem 

and finally the environmen ta l  conditions. Bes ides these var iables there 

are of course the unknown and uncon trollable fa c tors a ffe c ting each 

experime n t .  Each fac tor i s  cons idered separa tely i n  t&Jis revie w .  

However the au thor is fully aware tha t the d ifferent fac tors s ho�ld not  

be separa ted each into i ts own co�par tment as all are inter-re lated in one 

way or o ther with the o the r fac to rs. A par ticu lar s e le ction respons e  is 

the result of the j oin t action of all these fac tors . Nevertheless i t  is 

hoped tha t through the careful s cru tiny o f  each factor a be t ter under­

s tanding may be arrived a t  and perhaps then the factors could be reassembled 

together again in some sort o f  order to give a more coheren t picture . The 

author sugges ts that results froa select ion experiments should be inter­

pre ted in the light of the fac tors determining the experiment and more 

particularly so when selection responses from two or more different experi­

men ts are compared . I t  should be noted that this reYiew is rather biased 

because it is concen trated chie fly on literature of selec tion on labora tory 

an imals like Drosophila , Triboliu• and mice. There are two ��aiD reasons 

for this bias& firstly, because this aspect is of r leYance to this thes is 

which is concerned with selection in Drosophila and se condly ther are 
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fewer large-s cale , cri tical s e le ction experiments conduc ted o n  larger 

animals for reasons which are o b•ious s uch as the cos tliness and the time 

required for large proj ects. 

1. Base populations 

�he impor tance of bas e  popula tion& has been lar gely o verlooked in 

the pas t .  This i s  indicated by the brief mention o f  the na ture of  the 

base populations in mos t literature on selec tion e xperiments and also by 

the negligen ce o f  interpre ting the experimen tal resul ts in rela tion to 

the base popula tion employed.  The aim in this section of  review is  to  

present the •ariety o f  base popula tions which have been used in pas t 

e xperiments and try to evaluate what e ffects they have had on the 

selec tion response .  

I t  i s  fairly common to s tart selection from the s to ck a t  hand. 

For laboratory animals this would be simply the labora tory s to ck and for 

domestic animals it would be the production bred flock or herd .  The 

labora tory s to ck of Drosophila is often deriYed from a s ingle impregnated 

female or a group of indiYiduals captured from the wild and subse quently 

maintained in the labora tory under s tandard condi tions . Soae labora tory 

s tocks baTe been maintained as large case populations w i th an a•erage 

popula tion size of 3000 to 5000 adult flies .  O ther Drosophila s tocks 

haTe been kept in bottle cultures where the number of breeding indiTidua ls 

per generation is much lower, about 50 to 100 in*l•iduals (F. W .  Robertson , 

1955; Tantawy and Ree•e , 1956; Sheldon , 1963) . The o ther extreae 1a 

where the population size is greatly res tric ted to a few pairs of parents 

and 1n so•• cases a aingle p ir of parenta each generation (Raaauson , 

1952 1 Clayton and Robertson , 1964; F . l . Robertson and ReeYe , 1953 ) .  Such 

laboratory s trains o f  Drosophila , if  aain tained for a lons tiae , would • 
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highly inbred and homo geneous . 

Lat t e r  and Robertson ( 1962 ) selec ted for three quan ti ta tive charac­

ters , abdo m inal bristles , s t ernopleural bris tles and w ing l ength in 

Q• melanogas ter derived from a large popula tion w i th the purpose of 

s tudying the decline in reprodu c t i v e  fitness due to artificial sel e c tion 

and inbreeding. Tan tawy and Re eve ( 1956 ) repor ted an experiment con -

duc ted w i th s imilar obj e c tives where they found tha t the fitness of the 

select ion line was no t grea tly a f f e c ted and only s howed a sharp decline 

when the inbreedin g coefficient F was over 75% • La tter and Rober tson 

observed tha t for the range o f  F from zero to 85� in the selec tion line , 

the decline in fi tness was sharp and linear . The dis crepancies be tween 

the results o f  the two e xperimen ts co u ld be rela ted to the na ture of the 

base popu la t ions us ed . The bas e  popula tion used by Tan tawy and R eeve 

was ma in ta ined in bottle c ultures while the base popula tion used by 

Lat ter and R obertson was derived from a large cage popu la tion . The 

large cage popu la tion is exp e c ted to carry a grea ter load o f  dele terious 

recessives than the much smaller bo ttle population , due to the higher ra te 

o f  inbreeding in the bo t tle popula tion where more re cessives w o u ld have 

been el imina ted . Thus the rapid decline in reprodu c tive fi tness in 

La tter and Rober tson ' s  selection l ines even during the early genera tions 

of selection and inbreeding could be attributed to the higher frequency 

of recessives in their base popula tion . 

Selection carried out on poul try have mainly used the produc tion 

bred flock which consis ts of a few hundred birds as the base popula tion 

( Lerner and De•pster , 1951J Demps ter , Lerner and Lowry , 1952 ; Nordskog 

and W ehrli ,  1963 ) . Laboratory s tocks again serve as the base popula tions 

for s election experiaents on a�ce and ra ts ( Kyle and Chapman ,  l953 J 

Chung and Chapman , 1958; Dalton , 1967 ) �  I t  ie clear that with •ice , 



poultry and o ther lar ge r  animals i t  is rarely poss ible to maintain an 

unselected base popula tion equ ivalent in size to tha t o f  a Dro sophila 

cage popula t ion.  

14. 

Ins e c t  s pec ies l ike Tribolium and Drosophila are quite d ifferent 

from mice and large domes tic animals in tha t they could eas i ly be captured 

from th!;' w i ld and a large labora tory population built up from the original 

paren ts in a fe'i: g-enera tions because o f  their high reprodu c tive ra te.  

A newly derived labora tory s train is  e xpe c ted to con tain greater genetic 

varia t ion than a s train which have been maintained for a long time as a 

c losed population. Rasmuson ( 1955 ) carried ou t iden tical sele c tion on 

s everal s trains o f  £• melanoga s ter derived from widely se para ted local­

i t ies . Four o f  the s tra ins were newly cap tured from the w ild while two 

o thers have been main tained in the labora tory for close to thirt) years . 

S election for s ternopleural bris tle number was pra c t i s ed on all s i x  s trains 

while s e lec tion for a bdominal bris t l e  number was made on the four w i ld 

s trains . The a im o f  the experimen t  was to inves tiga te the diffe rence o f 

selec tion response between the wild s trains selected for the same chara c­

t er and also the difference between the wild stra ins and the labora tory 

s train s .  Though there were differences be tween w ild s tra ins , some common 

features were observed. For s ternopleural sele c tion lines , the general 

pattern of  response w a s  asymmetry w i th grea ter response for upward s elec-

tion . The general pa t tern for abdominal bris tle s ele ction o f  the w ild 

traiu was a symmetry a gain but here grea ter response was observed tor 

downward s e l e c tion. Selection for s ternopleural chaetae on the two 

laboratory e tr ins produced ins ignificant response in bo th directions . 

It would appear from the results tha t the w ild strains gave greater 

selec tion response than the laborator7 strains and this could be due to 

the grea ter ene tic variation present in the r cently captured s trains . 
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The experiment however suffers from lack of replications for each of the 

selection lines as w e ll as lack of controls , although it may be argu ed 

that practis ing identical select io n  on a number o f  different s trains is 

a form of replication. The need for replica tion in this experiment is 

cons iderable s ince each s election l ine had a popula tion s ize o f  two pairs 

of paren ts a nd conse quently factors like random sampling could exert 

s i zable effe c ts on the variability of responses . 

Rasmuson ( 1952 ) inves tiga ted the cons e quences of  starting selection 

from di fferen t levels of inbreeding of a base population . Theoretically 

the degree o f  homozygosity in a line would be dire c tly related to the 

number of genera tions of inbreeding and the more highly inbred a l ine , 

the less res ponse i t  is expe c ted to give . From the o ffspr ing of  a pair 

o f  bro ther-sis ter ma tin g ,  fu ll-sib inbred lines were der ived . �elec tion 

was commenced at four d i f fere nt inbreeding gen era t ions { 5 ,  10 , 15 and 20 

inbreed ing genera tions ) . S e lec tion lines s tarted from the 5th , lO th and 

15th genera tion o f inbre eding gave responses in bo th d irec tions . In 

contras t  s e l e c tion in both direc tions was ine ffective when pra c tised on 

the line der ived from the 20 th inbreeding gen era tion . This lack o f  

response could b e  a t tributed t o  the small amount of gene tic variation 

present in this line wi th the higher level of inbreeding. However the 

results are far from conclusive since all the full-sib selection line� 

which would be considerabl� affected by bo th environmental variation and 

genetic drif� were not replica ted.  

The iaportance o f  the genetic nature of base popula tiona in deter­

aiDing selection response is further illus trated b� the work of Car on 

( 1958 ) . It has been demonstrated for Drosophila robuata that the genetic 

nature of the popula tion is de terained b� the location froa which the 

popula tion was derived.  Populations collected froa the centre of the 
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species range c ontain various chromosoma l inversions which confer hetero-

zygosity a nd tend to inhibit cross ing-over w hile ma r gin a l  popu lations are 

more homo zygous since they conta in less inversions. Marginal populations 

are expe cted to show gre a ter respon s e  to s e l e ction than central popula-

tions b e cau s e  crossing-over can o c cu r  f r e e ly w ith r e s u l t ing r e l ease of 

gen e t i c  var i a bi l i ty fo r s e le ction to a c t  on . Car s o n  se l e cted for a po ly-

genic chara cter - motil ity towards l ight o n  25 strains of Q• robusta . 

Each strain � a s  der ived from a pair o f  f l i e s  colle cted from the s a me 

local ity . Fifte en stra ins we r e  c o l l e cted from th e c e ntral area and ten 

from marginal areas. Ei ght o f  the ten marginal stra ins responded to 

s e l e ction while only s even out o f  the 15 c entral popu l ations showed 

r espons e .  M o r eo ver th e size o f  r espons e from c e ntral popu l a tions was 

only ha l f  o f  r es ponse r e a l ised in the marginal popu lati o n s .  T h e  r e s u lts 

c o u ld be considered to give strong evidence of the importa n c e  of the 

gene t i c  nature o f  base populations in d e t e rmining se l e ction r e s p on s e . 

The val id ity o f  results from s u ch e xp e r ime nts is largely d etermined by 

the ac curacy in determining the spe cies range . A qu e stion that is left 

o p e n  i s  whether t h e  behaviour o f  a stra in d erived f r o m  a s in gl e  p air o f  

f lies captured f r o m  a s p e c i f i c  lo cal ity is r epresentative o f  t h e  popula-

tion in that locality.  

Hosgood , McBean and Parsons { 1968 ) also s tressed the importan ce o f  

foundation populations . They selected for increased s cu te llar chaetae 
on four differen t base popula tions derived from sixteen s tra ins of 

�· melanogae ter. Each s t rain was derived from a s ingle insemina ted 
female and all females were collected from the same locality. - This is 

iD contras t to o the r  experiments mentioned earlier where the differen t 

strai.De originated from widely separa ted localities . 'l'he four base 

population& used were - the strain wi th the highes t mean s cute llar brist le 

nuaber , a hybrid popula tion formed by cross ina four s trains with the 



highest means , a hybrid population formed by inter - crossing all six tee n  

s trains and lastly the s train w i th the lowes t means . Remarkably var iable 

response pat terns cere o b tained from the four different founda t io n  s tocks . 

All lines w i th the exception of the line derived from the s train w i th the 

lowes t mean responded to sele c tion .  The line derived from the s train 

w ith the highes t mean gave the highest respons e .  The variability o f  

response i s  surprising considering tha t all the s trains originated from 

females collec ted from the s ame locality and hence wou l d  have been regarded 

as from the same wild popula tion . Hosgood e t  al. advocated pre-selec tion 

of suitable s trains to act as base popula t ions . However they poin ted out  

that  th is may only be  applicable where sele ction was for rigidly canalised 

characters s uch as s cu tellar chae tae used by them .  

So far , in mos t of the literature reviewed , selec tion has been 

pra c tised on closed populat ions i . e . populations which have been maintained 

without crossing to any o ther strains . Bu t more of ten than not , founda-

tion popula tions have been derived from crosses be tween two or mor e  strains. 

There are different me thods o f  forming crossbred base popula tions . The 

types of cro ssbred popu la tions �os t  commonly used are crosses be tween 

unsele c ted , random-bred s trains ( Rasmuson , 1956; Zucker , 1960 ; Frahm 

and Koj ima , 1966 ) or crosses between inbred lines (Falconer , 1953; Park 

e t  al. , 1966; Wong and Boylan , 1970 ) or crosses be tween strains with aoae 

previous his tory o f  selection ( S ang and Clay ton , 1957 ; Bowaan and 

Falconer , 196o ) .  With ins e c t  species like Drosophila and Tribolium , the 

nuaber of s trains available is not as limi t ed as with larger aniaals . 

The friboliua base population used b7 Bartle t t ,  Bell and Anderaon ( 196o ) 

w as made froa crosses 'between eight laborator7 s to cks troa different 

localitie s .  Martin and Bell ( 196o ) toraed a s,.nthe tic base population 

b7 iaterbreeding twelve inbred linea ot Drosophila. The extreae exaaple 
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came from Marien ( 1 958 ) , where 32 s tra ins o f �· ps eudoo b � c ura , each o rig­

ina ting from a single impregnated fem a l e , w ere  cro ss e d en mass e to form 

a bas e  popu la tion for s e l e c t ion . 

There is a bunda n t  li tera t ur e  on se le c t ion experiments u tilis in g 

cros sbred ba s e  popula tions . The prima ry ob j e c t o f  cross in g  d i f feren t 

lines or po pu la tions toge ther to form a base popu la tion for s e le c t ion is 

to provide gre a te r gene t i c varia b i l i t y .  Lar ger s ele c t i on re s pons e s  

w o u l d be expe c ted from a h e teroge n e o uo cro s s bred popula t ion t h a n  from a 

closed popu l a t ion , par t i cu larly i f  th e c los e d  popu la t ion had b e en main­

ta ined for a lon g time us in g only sma l l  numbers of par en t� each genera-

t io n .  O n e  f ea ture w h i c h  eme rges from th e r e view o f  s e le c t ion e xpe rime n t s  

i s  tha t s e le c t ion was e i ther pra c t is e d  on the clos e d  popu la t ion ( o r 

popu la tions ) or on the cro ss br ed base popula tion . S o  fa r lit t l e  a t te n ­

t ion has been fo cuss e d o n car rying o u t  iden t i cal s e l e c tion co n cu r r en t ly 

on the cross bre d popu la t ion and on t h e  original pur e bred c los e d  popu la­

t ions from which the hy br id was d e r ived . Cr i ti ca l e xp erime n ta l  t e s t s  

a r e  badly needed a lon g  t h is l i n e  o f  research t o  e va l u a te t h e  me r i ts o f  

us ing a hybrid base popu la tion for s e l e c tion as oppos ed t o  u s i n g  c los ed 

popula tions . One o f the pr imary aims of  this pr e s en t thes is is t o  a t temp t 

to fill this gap in literature by carry ing out iden tical and s i�ultaneous 

se lection on two closed popu la tions of Drosophila (Oregon-R and +3)  and 

on the crossbred popula tion formed by cros ing together the tw o or iginal 

s trains . A comparable experimen t  with respect  to the base popu la tions 

used was condu c t d by Richardson and Kojima ( 1965 ) .  However their results 

were no t amenable for direct comparison of responses fro the different 

popula tions since s e le c tion was no t carried concurr n tly and different 

•odes of selec tion were used on the " purebred" and " crossbred" popula tions . 

A bre eder or experimenter may subject the b se popula tion to some 
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kind o f  treatmen t pr ior to s e le c tion . La tely many e xperiments repor ted 

have used X-ray tr ea tmen t  on t 1eir base popula tions in the hope of induc-

ing new and pe rha ps us eful gene t ic var ia tion . Irradia tion has proved to 

be use ful for plan t bree ding bu t s o  far i ts applic a tion to animals has 

no t me t w i th mu ch suc cess main ly b e caus e  the high dosage whi�h is needed 

to e f f e c t  gen e t i c  changes canno t be tole ra te d by the an ima ls (C lay ton 

and Rober tson , 1964 ; Abplanalp , Lowry , Lerner o nd Demps tGr ,  1964 ; Rober ts , 

1967) . 

James (1966) po in t ed ou t the impor tan ce of the c hoice o f  a s u i table 

base popu la tion in a nima l bre eding pro j e c ts .  He made a the or e tical 

ana lysis a n d  compar ison o f  t w o  m e thods of s e l e c tin g founda tion popula t ions . 

I f  N is th e number of po pula t ions or s tr�ins available for s e lec tio n , the 

firs t me thod is to choo s e  from the N popula tions one population w i th the 

h i ghes t br e e d in g  value a nd s e l e c t ion is s u bs e quen t ly pra c t ised on this 

gene ti cally su pe r io r bas e  popu la t ion . The s e cond type o f  founda tion 

population i s  fo rmed by interbree ding s u per ior ind iv idua ls s e le c ted from 

the N popu l a tions and s e le c t ion is carried out on this hybrid po pu la t ion . 
The r e l a tive meri ts of the two types of base popu la tions are re lated to the 

parameter � .  wh ich is the s tandard deviation of the breeding valu e s  among 

the avai lable populations . For the fira t me thod to give grea t6r gene tic 

ga ins , the value o f  � has to be greater than h los N 
r(l . 25 + log N) 

where r = correlation between ea tiaa ted and true breeding yalues 

h • square roo t of heritability 

S ince presen t evidence indica tes th t it is unlike l7 that si ie large 

enough , he arriYed at the ten tative conclusion that the second aethod ie 

superior. Be carried the anal7aia further to g1Ye a relationahip e tween 

genetic pilus and the aize of N on the aaauaptioa of the auperiorit7 of 



the second me thod . The difference in genetic gains is given as : -

= 

where R ( N 1 )  = expec ted genetic response from Me thod 2 using 

N
1 

number of popula t ions 

R { N2 )  • exp e c ted gene tic response !roa Me thod 2 using 

N2 number of populationa 

h2 
= heri tabilitJ 

�p z pheno typic s tandard devia tion 

20 . 

I f  N
2 is twice the si ze o f  N1 the genetic gain will be increased by 

2 approxima tely � h � p •  The theory i s  based on the assump tion tha t the 

genetic e ffects are additive and that geno type-environmental interac t ions 

are not significan t. I ts uses are limited until more r e f ined me thods 

are available for accurate assessment of bre eding values of popula tions . 

2 .  Sele c t ion traits 

In domes tic animals , sele ction has usuall7 been prac tis ed to impro ve 

characters or economic iaportance like milk produc tion , egg produ c tion , 

growth rates , e t c .  For laboratory animals , the early sele ction experiments 

reported wer conducted simply to test what responses would be obtained 

but later selection have been perforaed to test the use fulness of selec tion 

theory. Conaequently sele ction has been concentrated predominantly on 

charact�ra which are easily aeasured like bristle nuaber , bodJ eice and 

body weight iD Drosophila , pupa weight in Triboliua and in aice and rata , 

bo 1 weight and litter size . To cite F • •  Robertson ( 1955 ) ,  " I t  is 

obYioua that aetrical tra i ts are not to be regarded as a c lass with coaaon 
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chara c teris t ic s  about w h i ch w e  can general is e w i th e quanim i ty . "  

A .  Rober taon ( 1955 ) and Fa lconer ( 1955 , 196o ) have bro a d ly c lass ified 

me tric chara c t e rs into three groups according to the ir fun c t ional rela­

t ionship to re prod uc t ive o r  Darwinian f i tn es s .  I t  i s  tr.is r e la tionsh ip 

whi ch play s a n  impo rtant role in d e t ermining the r e s po ns e  o f  a trai t  t o  

ar t i f icial s e l e c t ion . The firs t c a t e gory cons is ts o f  char a c ters which 

are cons idered to be maj o r  compon en ts of fi tness ( f i tness c hara c ters ) , 

the s e cond class consis ts o f  chura c t e rs � i th moderate e f f e c ts on f i tness 

while the las t  group ure chara c ters w i th li ttle or no dire c t  e f fe c t  o n  

f i tnes s .  The gene t i c  na ture o f  a me tri c charac ter i s  d e termined b y  i t s  

fun c t ional r e l a tionship t o  fi tness . It s e e ms prope r here to co n s ider 

the charac t e r i s t i c s  o f  the gen e t i c  var i a t ion of e a ch class of tra i t  in a 

po pu la tion a t  e qu il ibrium w i th i ts pre s en t environmental c ond i t io�s . 

G e n e t i c  va � i a t ion arises o r igina l ly by mu ta tion . I n  t urn , t h is gene t i c  

variance is modified b y  t h e  for c e �  o f  na tural s e l e c t ion aud i f  t h e  popu­

l a tion is s ma l l  by the addit ional e f f e c ts o f  random dri f t .  Thus the 

gen e t i cal arch i t e c ture o f  quan t i t a t ive tra i ts is shaped by the f o r c e s  o f  

n a t ural s e l e c t ion which may be s tabilizing , dire c t ional o r  disr up tiv e .  

G ene t i c  var i a tion could b e  par t i tioned into th e adu i t ive an d non-add i t ive 

componen ts . I t  is the amount o f  add i t ive gene tic var ianc e  presen t which 

de termines the magnitude of respons e to arti ficial s e le c tion . 

( i ) Major componen ts o f  fitness 

These are characters like Yiabilit7 , fecundit7 and co p e ti tiYe 

ability which affect the fitness of an organiaa directl7. In a population 

at equilibrium , the e characters are expected to be c lose to their optt.ua 

due to the action of directional natural selection tor optiaua fitness. 

Fisher ' s  fundaaental theorea of natural seleotioa s tates tha t the rate of 



22 . 

change o f  fi tnes o f  a popula tion is propor tional t o  the addi tive genetic 

var i�nce remaining in i t .  S ince these ch3rac t e rs are main tained a t  the 

ex treme for optimum fi tness , the re would be little add i t i ve genetic variance 

l e f t  in the po p u l 3 t ion { A .  Robertson , 1955 ) .  The gene tic  varia tion of 

f i tness chara c ters would be predominRntly non-add i tive . Dominance would 

be prevalen t and it would be towards the direc tion for grea ter fitness ; 

h e n c e  i t  is dire ctional d·)minance . Fitness cb�rac ters ar e sub j e c te d  to 

inbreeding depressio n .  Arti fi cial sele c t ion would b e  expec ted t o  yield 

a poor response in the upward d ir e c t ion and res ponse would mainly be in 

the downward d ire c tion res ulting in asymme t r i c a l  two-way r esponse . 

Fa lconer ( 1955 ) made a de tai l ed analys is an d cotr.p r is on o f  selection 

re s ponses of thre e  traits in roice - body wei ght , 1:-L c ta t ion and l i t ter s i z e , 

in relation to th e gen e tic p rope r t i es o f  each tr� i t .  Frum the r esults of 

the selection responses a n d  heritab i li ty e s t ima tes , there is evidence that 

l a c ta t ion is clor:: ely conne cted to f i tness while body "' e i gh t.  a n d.  po.-;sibly 

l i t ter s i z e  have mod era te dir e c t  e ff e c t� on fi tness . D i r e c t io nal na tural 

s e l e c ti on for lacta tion would be d i r e c t e d  towards the high e x treme . A 

ma rked asy�me trical two-way s e le c t ion r e s ponse was obs erved for la c t a tion. 

S o l l in gswor th �nd Haynard Smith ( 1955 ) cons i dered the qua� t i ta t ive 

trai t ,  deve lopme ntal ra te in Drosophila to be closely asso cia ted to f i t­

ness . In w i ld na tural popu la t io ns or in normal crowd ed laboratory s tocks , 

food supply would be limited to some extent .  Na tural s e lec tion would 

favour rapid developmental rate a the fas ter developing individuals would 

be able to take greater advantage of the available food. However , when 

rapid development rate is too extreme , fitness is expected to decline 

( A .  Robertson , 1955 ) . C1arke , Ma7Dard S ith and Sondhi ( 1961 ) selected 

for deve1op•ent rate aeasured as the tia from eg d position to c1osion 

ill £• pseudoo scura. 'rhough unse1 cted controls were intain d con-



curr e n t ly �i th s el e c tion lines their r � s �l t s  � o �ld h"ve been oor e re liable 

if repl i c a t e s  h<o.d b e en main tained 9 par tic t.l::.rly since c. e v e lopmen t rate 

has b e en observed t o  be gr eutly affe c ted by environmen tal var i a t iono . 

How ever gre a t  pains w e r e  taken to s tandard.ise th� cul tur e conditioi£5 by 

intro d u c ing a fixed numb e r  o f  e ggs whi ch have been l�i d  about the sa�e 

time i n to e a c h  c � l ture and ensurin g  thu t there w as exce&s food s upfly .  

�1ar ien ( 1958 ) E. lso � e l e c t e d  for dev elopmen tal ra te in the B a:ne s pe cies . 

Each s e l e c tion line con tained ten r eflica t e s  which is a d e f inite impro ve-

men t  on the s in g l e  r e � l i c a te of Clarke et al . How e v er . the e x�e r imen t  

suffered fr oro the s e r ious de f e c t  tha t the re �as r.o s tr i c t  s t"ndardisa t ion 

of c u l t u r e  co n d i tion . C larke e t  al . e s tima t e d  the he r i ta b i l i ty o f  

d e v e lo pmen t ra te i n  the b�se popul& t i o n  t o  be close to  zero und stowed 

tha t mo s t  o f  the gene t i c  v a r i a tion � as non-ad�itivE . This cond i t ion 

would appear to be q a i t e  typ i c a l  o f  f i tn e s s  chara c t e rs . S e le c tion r e spo nse 

in the dir e c t ion o f  fns t e r  deve lopnent was poor , gre a t e r  1· �s �onse was 

observed for s lo w  deve lopmen t r a t e . Con trary to e xp e c tu tions , cro z s e s  

b e t w e en fas t und slow deve lopmen t lines showed no dominance e f fe c ts s o  

that the non-addi tive gene tic varia tion mus t bo due to e pis ta tic � r ; e c ts 

ins t e a d .  However , Uollin gsworth and t-taynard Smith ( 1955 ), s e le c t ing for 

the same character bu t under s ligh t ly differen t e xperime n tal c o nd i t ions , 

observed he terosis in crosses be tween oppooi te s e le c tion lines - dominunce 

was for rapid developmen t rate. Sang and Clay ton ( 195? )  who s e le c ted for 

larval development ra te in Drosophila repor ted similar findings . 

The general conclus ion is that fitness traits yield slight response 

in the upward direc tion usin g  the conventional me thods of selection. 

Unfor tunately mos t  o !  the char c ter o t  economic impor tance belong to 

thia cl ea and arti!ici 1 selection aimed at improving these traits h 

no t been enormously successfu l .  
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( ii ) Charac ters w ith modera te effects on fitness 

I t  ha s  been demons tra ted tor this group of charac ters that indiv id­

uals around the popula tion means have the highest fi tness .  The gene tic 

variation o f  su ch chara c ters has been mou lded mainly by s tabilising 

na tural sele ction ( Ma th e r ,  1966 ) and the pheno types devia ting in ei ther 

direction from the in termediate have lower fi tness ei ther because they 

are me tric deviants or because they are geno typic deviants ( A . Ro bertson , 

1956; Lat te r ,  196o ) .  A proportio n  of additive gene tic variance would be 

present in these trai ts and ins tead of directional dominance , ambidire ct­

ional dominance at gene loci affe ct ing the character would prevail . 

Be cause tra i ts with modera te effe c ts on fi tness have int ermedia te heritabil­

ities , artificial selection is expe c ted to yield a response in bo th direc-

tions . However the e x treme phenotypes in the selection l ines wou ld 

exhibit de teriora tion o f  re produ � tive fitnes s .  There wou ld b e  some 

e f fe c ts of inbreeding depress ion bu t less than that su f fered by f i tness 

chara cters . Many me tr i c  traits fall into this category . Karn and Pen­

rose ( 1952 ) and Jayan t ( 1966 )  reported tha t birth w e lght of man has a 

central optimum with fitness declining w i th deviations from this cen tral 

optimum .  Lack ( 1954 ) and Perrins ( 1964 ) noted tha t for swif ts , the 

hi ghes t  number of young birds were raised from clutc: 1es of intermediate 

s ize . Other traits which appear to be under s tabil:· s ing selection are 

litter size of pi gs ( Darlington and Hather , 1949) anti bod7 weight of 

Drosophila ( Sheldon ,  1963) . 

Lerner and Demps ter ( 1951 ) selec ted for incret�e4 shank length in 

poultr7 for e leTen generations. Selection was effectiYe for the firs t 

aeYen generations and it was noted that increase in shank length was 

accoapanied b7 decrease in reproduc tiYe fitnesa. The longer-shanke4 

pullets produced fewer eggs than unselected pullets •m4 also fewer of the 



eggs hatched. Suspending selection resulted in rapid regression towards 

the mean toge ther w i th ris e  in the hatchability ra te . The resul ts pro­

vide s trong e vidence tha t intermediate shank length was associated w i th 

high fitness and tha t deviation in either direction from the intermediate 

resulted in decline in fitness.  

There is s till some controversy as to whe th er bris tle characters 

in Drosophila have adaptive va lu e .  I t  has be en noted tha t s trains of 

D.  melanogas ter colle cted from widely separa ted geographical locali ties 

have very s imilar s ternopleural chae tae number ( Rasmuson , 1952 ) .  This 

co uld be re aarded as evidence o f  s tabilising natural selection main tain­

ing the chara c ter at an intermedia te optimum value . A recent inves tig­

a tion by Kearsey and Barnes ( 1970 ) demons tra ted that individuals with 

average s ternopleural bris tle numbers have highes t  fi tness and that the 

greater the deviation from the population mean the more dras tic the 

reduction in reproductive fi tness . Barnes ( 1968 ) conducted similar 

experimen ts with sternopleural chaetae and reported similar findings . 

( iii ) Chara c ters with li ttle dir e c t  effect on fitne: us 

A .  Robertson named these charac ters trivial o. :- peripheral.  Ma ther 

( 1966 ) refers to them as non-fitness charac ters . A �dominal bris t le of 

Drosophila is an o f t  quo ted example of a neu tral cha.rac ter . Because such 

traits h ve little or no direct rela tionship to fi tn�ss ,  nei ther s tabil­

ising nor directional na tural s e le ction wou ld be i•portant in de termining 

the nature of gene tic variation. Ins tead spontaneo,ls au ta tion would play 

a major role in aa1n ta ining gene tic variabilit7 .  Dtlrrant and Ma ther 

( 1954 ) and Clayton and Robertson ( 195.5) reported a e:pontaneoua auta tion 

rate of roughly 0.01 units o f  gene t ic variance per nera tion tor 

abdo•inal bris tle nuber . On a long-tera ba 1a thi� could con tribu te 
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significant amoun t  of gene tic Yariation. Characters belonging to this 

ca tegory in con tras t to fitness characters have high heri tabilities and 

are not affected by dominance or inbreeding depression. Artificial 

s election practised on peripheral chara cters would be expe c ted to produce 

sizable response in both dire c tions . Dec line in fi tness would only be 

e xpec ted under pro longed s e l ection. The low er fitness o f  the extreme 

phenotypes in the sele c tion l ines may not be due to the change in the 

mean of the character i tself bu t cou ld be due to the pleio tropic ac tion 

of the genes on other charac ters or to the grea ter homo zy gosity of the 

selection l ines . 
The comprehensiYe selec tion xp eriment carried out by Clay ton , 

Morris and Ro ber tson ( 1957) gives s tron g evidence tha t the abdominal 

bristle number is close to being a neu tral me tri c trai t .  The heritab­

ility of the charac ter in the bas e  popula tion es tima ted by different 

me thods was cons istently around 50%. Addi tive gene tic var iance cons ti­

tuted 85� of the gene tic var iance . The observed selec tion responses 

w e re in accord w i th expe c tat ions . S pe c tacular responses were obtained 

in bo th direc tions of selection and dec line in fitne ss was encountered 

only in some selection linea during the la ter s tages of long- term selec-

tion. Suspending selection resul ted ia s light. regr ession towards the 

population mean althougb reversed selection indica te d tha t gene tic 

variance s till existed. !he results give support to the hypothesis tha t 

for neutral characters , natural selection is not opp 3sing artificial 

s election in any direction and that the character ha:• no adaptive value. 

Soae workers have exprease4 doubts aa to
'
whe t�er neutral charac ters 

do in fact ex.ia t in nature . Breeae an4 Ma ther ( l96c> ) analysed the thir4 

chro oaoae of Dro•ophila tor polygenic ayateaa atfectinc a oainal bristle 

character aad reported tha t abdoainal bristle charac er has aoae adaptive 

value . l'urther they a.rpecl that since the pheaot,-pic varianc-e of 



abdominal bris tle charac ter in unselected s trains o f  Drosophila was much 

less than the potential variance ( Ma t her and Barrison , 1949; Rasmuson,  

1955 ) , its range in natural populations aust have been res tricted by 

s tabilising na tural selection . 

3. Methods of  selection 

The above review shows how me tric traits d iffer on the und e r lying 

s cale by differences in the ir gene tic stru cture w h i ch have arisen through 

an evol u tionary his tory o f  mu ta t ion a nd na tura l se le ction. Obviously 

the gene tic  na ture of a me tri c  character also plays an important role in 

de terminin g which me thod of Relection is mos t  suitable for i t .  

Theoretical e xp e c ta t ions of r espons e  from differen t sele c tion 

me thods in the field of app lied anima l breed ing have b een d eveloped mainly 

by Lush and his eo-workers ( 1942 , 194 5 ,  1947 ) from t he basi c  pr inciples of 

popu la t ion Ben e t ics. Useful accounts of the di fferent methods o f  s e l e c -

tion , their e xpected respo ns es and r e la tive m e ri ts of the different 

me thods hav e be en well covered by Lush ( 1945 ) ,  Lerner ( 1958 ) and ralconer 

( l96oa ) .  A fu rther review o f  these aspe c ts would be redundant .  

The conven tional me thods o f  individual selection , family selec tion , 

wi thin-family selection,  e t c . , bring about genetic gains by utilis in g  the 

addi tive genetic variation available in the base populat ion . Hence they 

are oa t su itable for highl7 heritable peripheral trai ts and also for 

characters with aoderate dir e c t  effe cts on fitness . Individual selection 

has proved to be extreael7 e ffective in brin&ing about large responses in 

both high and low direc tion of selection for abdoaiaal bristle charac ter 

in Drosophila ( Clayton et al . , 195? ) .  The aetho4 o f  selec tion based on 

individual or faailJ aerit ia particularlJ effective even for long- tera 

s e le ction when the population size ie fairl7 larce and the s e le ction 
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in tensity high. For example , the high abdominal bris tle selection line 

of Frankham , Jones and Barker ( 1968 ) w ith a population size of 4o pairs 

of parents and a high s election intensity of 10� was s till responding at 

the 50 th genera tion of s e lection . 

W inter ( 1929 ) ,  Woodworth e t  al. ( 1952 ) and Leng ( 1961 ) carried out 

one of the mos t  extensive long-tera selec tion experiaents for the chemical 
\ 

con tent of  maize . Individual selec tion for high and low oil and pro tein 

content was practised. After 61 genera tions of continuous selec tion , 

the high pro tein and high oil sel e c t ion lines were s till responding w i th 

no apparent s igns of plateauing, thus showing the effec tiveness of  this 

me thod o f  se lec tion. 

The me thod of  mass selection though suitable for plants and rapidly 

reproducing small animal s pecies has i ts drawbacks when applied to larger 

animals where the total population s i ze is limited both by the low repro-

duc tive ra te and by the costs of maintaining the animals . I f  mass 

selection is prac tised on small popu la tions , the ra te o f  inbreeding 

w ithin the selection line would be high and with i t  is the accompanying 

und sirable effects of de terioration of reproductive fitness . So mass 

sele c tion practised on small popula tions , though advantageous in giving 

rapid response in the early generations of aelection, presents difficulties 

on a long- tera basis . S elec tion experiaen ts on aice and rats have 

usually eaployed the aethod of wi thiD-faaily selection ( Falconer , 1953 ; 

Zucker , 196o ; Dalton , 196? ) .  Although this aethod of selection stvea 

smaller response , it has the advantage of aiaiaiains the rate of iD-reed-

ins withill saall population because under such a sele·ctioa scheae , the 

effective popula tion size ia twice the ac tual pop lation auaber� A 

fur ther advantage 1a that the influence of aaternal effects ia ainimiaed. 

Clayton et al. ( 1957) tested different aethoda of selection • 



individua l , full-sib fami ly and hal f-sib family , and compared the obs erved 

response with the predicte d .  I n  general , for s hor t- term s e le ction , the 

observed responses w ere in accord w i th predicted responses . The ind ivid-

ual selec tion me tho d gave the larges t response and half-sib family selec­

tion the leas t respons e .  The smaller responses from family s e le c t ion is 

due to the lower sele c t ion differential and the sma l ler pheno typic s tand­

ard deviation for families . 

The gene tic na ture o f  fitness trai ts has been dis cussed ear lier on . 

Review o f  the l itera ture o f  sele c tion experimen ts on fi tness charac ters 

us ing the me thod of individual s e l e c tion or family selec tion produ ced 

re la tively poor response particularly in the upward dire c tion. This , as 

has been poin ted out, is expected s in ce such charac ters have low heritabil­

i t ie s  and a considera ble propor tion o f  the ir gen etic var iation is non-

addi tive . The gene tic nature o f  non-fitness tra i ts which have been sub-

j e c ted to lon g- term selec tion bears some resemblance to tha t of fitness 

charac ters . Animal bre e ders have generally laid emphas is on metho ds o f  

s e le c tion s u c h  a s  index selection , progeny tes t ing, the u s e  of records 

and pedigrees which are aimed at ge t ting increas ed rE spons e through the 

maximum u t i lisa tion o f  ava ilable add i tive gene tic vat ia tion. Plant 

bre eders on the other hand have direc ted the ir a t ten t ion along largelJ 

different linea by a t tempting to obtain response fro• traits with low 

heritability using me thods of selec tion capable ot ex ploi ting non-additive 

gene tic variance , particu larly overdominance or hetez·osia . Shull ( 1908 , 

1909 ) initiated a me thod tor plant l>reediaa ed oa illbreedin an4 

hybridisation. Thie has eea developed by Eas t  and. Bull �mcl applied 

eepeciall7 to corn. The succe e o f  this aethocl of t.reecling ill producing 

the r-oua h7brid cor nee4 not be further elaborated.. Th1a aethod of 

inbreedirlg and crossing of inbrecl llaee , thoup eo au.itable for plant 



spe c ies l ike maize has very limited uses for animal breedin g. The obvious 

reason is the tremendous cos ts and great length o f  time re qu ired for build­

ing up highly inbred lines of large domestic anima ls .  However, it has been 

applied with some success to poultry and pigs .  Two subse quent me thods o !  

s e l ection for s pe cific combining abi l i ty were developed primarily to 

improve the yield of hybrid corn. The firs t devised by Hull ( 1945 ) is 

known as recurrent sele cti on and the se cond proposed by Coms tock, Robinson 

and Harvey { 1949 ) called the recipro c al re curren t selec tion is a modifica­

tion of the me thod of recurrent select ion . 

Bell , Moore , Bohren and W arren ( 1952 ) gave th eore tical considera­

tions to the pos s ibilities of using the me thods o f  s e le ction de vised by 

plan t breeders to improve the e conomic traits of poul try . They argued 

that since the con ventional me thods o f  selection , when prac tised on  economic 

charac ters with low heri tability in c losed production flocks, appear to be 

giving very l i t tle response , o ther me thods o r  se lection for spe cific com­

bining ability may prove to be more e ffec tive. One of the disadvan tages 

of  recurren t selec tion { RS )  and r e c iprocal recurren t selec tion ( RRS ) when 

compared with mass selection is the longer time neede i for ea ch cycle of  

se le ction . Ano ther d isadvantage is the lower selec t lon inte nsity , s ince 

the tes t- cross progenies maintained each generation a.e-e no t included for 

selection. Dickeraon ( 1952 ) sugges ted that for low i 1eritabilit7 trai ts , 

aass selection method should be used during the earl7 generations of 

selection and only when i t  beco ea ineffective should the method of 

selection for erose-performance take its place. 

Bell , Moore and Warren ( 1955 } , Raaauson ( 1956} and Kojiaa and 

ltelleher ( 1963 } carried out election on £• •elaDopa ter to teat the use­

tulaeaa of the selectioa •ethod tor specific combilliD(; abili tJ. The7 

selectecl tor egg produc t ion - a trai t which is conaide·recl to be cloael7 



:51. 

related to fi tn ess . Bell e t  al. reported the heritability of egg produc-

tion in unselected inbred s to cks to be around 5 - 15% and obser�ed marked 

he terosis on crossing. Koj ima and Kelleher estimated the heritability for 

egg produ ction in the two cage popula tion& they used to be close to zero . 

In all three experiment s ,  respons e ob tained by mass s e l e c t ion on the closed 

popula tion was compared w i th the response from reci procal recurrent selec­

tion ( RRS ) .  Koj ima and Kelleher t ermed the sele c tion on closed popula tion 

as purebred selection and RRS as crossbred selection . The resu l ts from 

the three exper iments were somewhat disappoint ing and not in agreement .  

Bell e t  al. obs erved tha t purebred s election produ ced the greatest  response 

duri n g  the ear ly cycles of selec tion bu t RRS pro ved to be superior as 

s e l e c tion pro gr essed and maintained i ts super iori ty till the end of 4o 

cy c le s  of s e l e c tion. But the advantage of RRS over purebred s e l e c tion 

was s li gh t .  Rasmuson ' s  s e l e c t ion was carried for 20 cyc les . The general 

trend during the entire period was for RRS to be s l i ghtly superior over 

purebred s e le c t ion. Bo th Bell et al. and Rasmuson made no attempt to 

analyse the s e l e c tion respons e in de tail or to tes t for the signi ficance 

of the difference i n  response from the two methods of selection. Ko j ima 

and Kelleher reported a definite advantage of RRS over the closed popula­

tion sele ction . No general conclusions could b reached from the results 

of these three experiments wi th similar obj ectives . The difference in 
outcome of each experiment could be due to two causes . Firstly , different 

aethods of purebred sele c t ion were used .  Bell e t  al. practised full-sib 

family selection reinforced by indi�idual selection wi thin sele c ted 

families , Rasmuson used ha1f-sib family selection and lojiaa and Kelleher • s  

aethod wa full-sib faaily selection. Thus , the ae thod used by Bell e t  al. 

would be expec ted to gi�e greater reaponae aDd could be the cause of the 

obse�ed larger response of purebred selection o�er crossbred selection 



during the early cycles of  selectio n .  S econdly , the nature o f  t h e  bas e  

populations f o r  each experiment was differen t .  Kojima and Kelleher 

utilized two cage popula tions for purebred and crossbred s election while 

Rasmuson and Bel l  et al. used he terogeneous synthetic base populations 

derived from crossing toge ther several unre lated s tocks . RRS will mani­

fes t greater advantage o ver mass sel e ction only when prac tised on traits 

with low heritabili ty us ing base populations con taining little genetic 

varia tion. 

Choice o f  a method o f  selection is no simple matter. Factors such 

as the selection traits , the nature of the base population , the f inance 

and facilities available and o thers have to be considered very carefully 

before embarking on any selection s cheme . I t  should be noted that the 

usua l  selection methods for breeding large domes tic animals have been 

largely neglec ted in tl:is s e c tion of review mainly be cause this would not 

have much d ire c t  bearing on the subj e c t  of this thes is . 

4.  Populatio n  s ize and selection in tensity 

Selection consis ts essentially of  choos ing ce rtain individuals from 

a population to serve as parents of the next generat ion . The number of 

s elected paren ts cons titu ted the population size and the propor tion o f  

individuals selected is referred to a s  the selectiom intensity. These 

two factors are rela ted to each other and have consi.derable effect on 

selection response. A. Robertson ( 1966 ) noted that u • • •  in a IIUljority 

of laboratory selection experi•ents carried out witl. populationa of fairly 

s11all size , the li its to selection are artifacts of' the intenait7 of 

selection and the population size rather than tile be:s ic properties of the 

initial popula tion . " 

The intensity of selection deteninea the sine of the selection 



differential. Higher sel ec tion int ensity gives a larger sele c t ion 

differential which in turn gives a grea ter response to artificial selec­

tion.  For labora tory spe cies l ike Drosoph ila and Tribolium wi th high 

reproduc tive ra te and low costs of  ma in taining lar ge numbers o f  individ­

uals • the intens i ty of se l ec tion is not limited by the number o f  individ­

uals available !or selection but r� ther by the labour and time involved 

in the measurement o f the selec ted c hara c ter . For larger animals , both 

the popula tion size and the intens i ty o f  sel ec ti on are limited by the 

low reproduc tive ra te a nd the costs o f  main taining the to tal population . 

As A .  Ro hertson has pointed ou t ,  in mos t ar tificial selection 

experiments , the popu lation size is s mall. This has two main gene tic 

c o ns e quen ces . Firs tly , i t  in creases the ra te o f inbreeding w i thin the 

popula tion and s e condly , i t  leads to an in cre a s e  in non-dire c t ional 

gene ti c drift ( Crow , 1954 ; Gowe et al . ,  1959 ; Kimura a nd Crow , 1963 ) .  

Both e f f e c ts c a u s e  a r i s e  in the level of homo zygo s i ty o f  the population . 

I t  is c lea r from this , that the amoun t o f  ge ne t ic varia tion in a s mall 

closed popula tion would be lower than in a large ou t?red popula tion . 

In practice no t all the selec ted individuals :ontr ibute e qually 

towards the pro geny o f  the nex t genera tion . In mos ; cases the n ,  the 

e ffective population size is smaller tha.n the actual population size . 

'!'his is due to the differences in fertilit;y and viab: .�it;y among sele cted 

individuals and alao due to the differential effects of natural selec tion. 

Furthermore , selected individuals tend to be more elosel7 rela ted than 

expected , particularlJ when highly heritable characte,ra are selectecl tor 

( A .  Robertaon , 1961 ) .  'l'hese two fac tors would cause• further increaaea 

iD the rate of 1Abree41na ot a aelectioa line or population . Crow ( 1954 ) 

eacle a theoretical i.DvestigaUoa ot the eftecta of  ea.al.l populatioa aise 

and deriYed a formula tor the eftecti•• popalation nuaber froa the variaaoe 
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2 of family size ( ([ K ) • �he approximate value o f  B when the mean family 
e 

s ize is two is given as : -

4N/{2 + er�> 
where N = a c tual popula tion number 

A. Robertaon ( 1961 ) used a differen t a pproach to the problem of 

inbre eding and restricted population size.  He proposed a formula for 

pred i cting Ne using the parame ter ( ��) which is the variance of selective 

advantage between families . When applied to artificial selection for a 

quan titative charac ter using full-sib families and based on the assumption 

tha t there is no difference in selective value be tween full-sib progeny 

groups , the ratio of a c tual to e ffec tive population number is given as : -

where t = s tandardised selec tion di ffer ential 

= heri.tabili ty 

X = abscissa o f  the unit normal curve where t he perpendicular 

cuts off the proportion of animals select ed to be parents . 

It is found that the higher the heri tability of the se lecte d  character , the 

saaller the e f f e ctive popu lation s ize. 

In selection experiment where the population e ize is greatlJ 

restric ted , the dele terious effe c ts of inbreeding in c aus ing de genera tion 

of reproductive fitness are usually encoanterect. Con curren t sele ction 

and inbreedin have been inves tigated by Raa aoa ( 1952 ) , �antawy ( 1956) , 

and Sinnock ( 1910 ) on rious quan tita t1Ye traits in proaophila. It is 

found that when additive g ne tic Yariatio ia present election within 

highlJ inbred lines can be effeotiye but there is the loss o f  any of the 



inbr ed s e l e c ti on lines . S e l e c tion r e s pons e � roTed to be highly v�r iabl& . 

The general tre nd obs erved is asymme tri cal two-way respons e w i th grea t�r 

response down�ards wh ich is the dir e c tion o f  de c l ine caus e d  by inbreeding 

de pr e ss ion . 

Large d is cr e pa ncies c e tw e en o bserTed res pons e s  from inbred popu la­

tions and rea �onsES pre dicted from the mass s e le c t i on theory are the usual 

case . K o j iea ( 1961) dea l t  w i th the theore tical cons e qu e n c e s  o f  the 

e ffe c ts of small popula tion si ze and dominance on s e le c t ion response , and 

co mpared it to the r e s ponse pre d i c t e d  fro�r. the mass selec tion theory b:1 sed 

on mass s e l e c tion pra c tised on an in fin i te popula tion. The ma in co n clusion 

arrived a t  ia tha t considerable deviation from the usua l pred i c t ion e quation 

would oc cu r as a rr: s u l t  o! the c om b i n e d  e ff e c ts o f  domina r,ce <� nd sc:all 

popula t i o n  ai z.e . 

In the p rese n t  a u thor ' o  opinion the e f f e c ts o f  popu la tion � ize and 

s e l e c t i on s i ze on response could t e  s tudied in thr e e  ways . The first two 

are fairly s traigh tforward. The firs t me thod is t o  compare the e f f� c ts 

o f  differe n t  popu la tion s i zes using the s a me intens i ty of s e l e c tion .  The 

s e cond me thod is a comparison of d if fer en t se lection in tens ities with 

ident ical popu la t ion size in each s elec tion line . � o  for these two 

se thods of comparison , the popula t ion s ize or s e le c tion in ten sity is 

varied by varying the total nullber o r  ind ividual scored.  The th ird me thod 

inTolYes bo th population s ize and selec tion in tens i t7 and it a te s from 

keeping cons tant the number of individuals scored tor each selection line . 

This third e tbod is aaoat applicable to large clo ea tic anilla la where the 

nullber of u iat.ala aYailable for selection ia limited ao that the onl7 wq 

to Y&rJ sele c t ion intensit7 1a to YarJ the propor tioa o f  individuals 

aele c ted to be p rents and vice Yeraa tor chan gins population size. In 

o ther words , the higher the selec tion ia teasit7 ,  the a ller the popula-
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tion size.  

The w ork of Frankham , Jones a n d  Barker ( 1968 ) is t o  date the most 

c o�prehens ive �nd de ta iled s tudy o f  the e f fe c t s of popula t ion si z e  and 

s e le ction in te ns i ty on s e le c tion respons e s .  S ele c tion was made for high 

and low abdominal bris tle number in 2.• me lanogas ter . B o t h  shor t- t er m 

( 12  genera tions of selection ) and l�n g-term ( 50 genera tions ) s e l e ction 

res ponse have been analys ed and d is c uss e d  in terms of a c tual gain , 

selection diffe rentia ls and realis ed heri tabilit ie s .  A factoria l  exper i­

ment was s e t  up involving three popu la tion sizes ( 10 ,  20 and 4o pairs o f  

paren ts ) and f iv� selection in tensi ties ( 10 ,  20 , 40 ,  8o , 100% ) .  A l t oge ther 

the r e  were 15 differen t s e le c tion lines . The number o f  replicates c a rried 

for the selection lines ranged from one to f ive . L ines w i th the s m a l les t 

popu la tion number whi ch are mo s t  a f f e c ted by random dri f t  ha ving the 

hi ghes t num b e r  of r e plica tion s .  The resu l ts o b ta in e d are va luable and 

in teres t in g and so w i l l  be reviewed in s ome d e ta i l .  When the r e s po n s es 

o f  lines w i th d i f f erent popula tion si zes bu t the s a m e  in t ens ity o f  s e l e c­

tion are e xamined the trends are quite apparen t .  The size o f  the r e s ponse 

is directly rela ted to the size o f  the popula tion , and the s ame trend is 

found in bo th shor t-term and long-term s e lection . � livergences b e tween 

replica tes within selection lines are noted after thn firs t few genera­

tions of selection and i t  would a ppear tha t the smal : .er .the popu lation 

size the greater the dis crepancies between replicate� • ·  In the se cond 

comparison , where the population size is constant for each selection line 

but the selection intensit7 vari d ,  the results showud tha t the higher 

the intensit7 of selection the greater the selection response .  The reason 

ia quite obvious , gr ater selec tion differentials art1 prod cecl b7 higher 

e.lection iDtenaities siace a greater nuaber of indi1•idual are s cored. 

Bere aga.i.n bo th the ahort- tera an4 long-tera trenda 11re much the same 



except tha t differences between lines with different selection intens ities 

become more pronounced in the la ter s tages of selection . For the third 

me thod of comparison where the total number of individuals scored each 

line is kept constant but the propor tion of  the individuals sele c ted is 

varied ,  the trends of shor t-term selection response are different from the 

long- term trends. For short-term sele c tion , the line wi th the highest 

selec tion in tens i ty and consequently the smallest popula tion size gave the 

mos t rapid response.  The magnitude of response seems to be de termined by 

the selec tion intensi ty and no t the population size . Bu t a different 

trend emerged for long-term selection. Although the high sele c tion line 

s till main tained its superiori ty , the line with the lowest  sele ction 

intensity bu t the large s t  population size soon overtook the moderate 

sele ction line and almos t caugh t  up with the high selection line towards 

the end of long- term selection. The possible reasons for the reversal 

of  trends had been dis cussed by Rumball { 1966 ) . Among the fif teen 

selec tion line s ,  the line w i th the largest populat ion size and highes t 

sele c tion inte ns i ty was clearly the mos t superior. Further u s e ful inform-

ation could be obtained from the da ta of Frankham et al.  had they carried 

the analysis of results fu r ther to include the variabili ty between replic­

a tes within selection lines ins tead of jus t no ting the divergence be tween 

replica tes and simply pool ing the replicate means to give the average 

value for a selection line . This would have yielded valuable e vidence 

on the part played by the two fac tors , population size and selection 

intensity , on the variabilit7 of sele ction responses within and be tween 

sele ction linea . 

Experiments with aiailar objective• but on a saaller •cale have been 

conduc ted b7 o ther workers . fhe results obtained are generally in agree­

aent with the findings of Frankhaa e t  al. Clayton , Morris and Robertaon 

( 1957 ) investigated the d�fference in selection responses froa selectioa 
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linea a t  differen t selection intens i ties but wi th the same popula tion 

size. The results for short-term selec tion showed that the line w i th 

the highes t selection intensity gave the greates t response and the weaker 

sele ction line gave the leas t. If the results o b tained by Frankham et al. 

were the general rule then had Clayton e t  al. continued the s e lect ion , the 

mos t  intensely sele c ted line would still be expected to give the grea test 

response. 

De Fries and Touchberry ( 1961 ) carried out two-direc tional selec­

tion for body weight in �· affinis a t  two intensi ties o f  sele c tion. 

They used the minimum population size o f  a single pair of parents and as 

this ne cess itated high replications , they carried ten replicates for each 

selec tion line . W i th the da ta , they were able to assess the variability 

within and between replica tes o f  each selec tion lin e .  However the 

effe c ts of the two selec tion intensities were largely ignored .  The 

small population size was respons ible for the s ignificant intra-replicate 

varia tion as well as inter-replica te variation and also for the inter­

generation fluctuations of selection r espo nses . The magn i tude o f  selec­

tion responses was also af fected s ince the smaller the population size 

the greater the chances of some favourable genes being los t  through random 

s ampling and o ther less favourable genes becoming fixed in the lines . 

Tantawy ( 1956 ) provided furth r eYidence on the effect of  population s ize 

on the size of selection response.  Short-tar• selection was aade for 

long and short winga in �· melanogas t  r usinc three different population 

sizes but the e .. e intensit7 of selection. Results obtained were in 

accordance with expectations. For constant selection 1Dtensit7 the size 

of s election respoaae ia posit1Yel7 correlat d with the population size. 

Ruaball ( 1966) .. de a detailed s tud7 of the joint e ffects of popu-

lation size and selection intensity. This corresponded to the third 



method of comparison mentioned earlier where the total number o f  individ­

uals measured was fixed and selection intens itJ varied by varying the 

proportion of individuals selected. The effects of  three selection 

intenaitiea were s tudied - high selec tion intens i ty with two pairs of 

parents , modera te intensitJ wi th four pairs of paren ts and w eak selection 

intensi tJ with eight pairs . From his litera ture review and subsequent 

discussion i t  would appear that he failed to make the dis tinction be tween 

the two methods for comparing sele c t ion intensi ties , one where the popu­

la tion size is constant at all s elec tion intenaities and the other where 

the popula tion number is nega tive lJ correlated w i th selection intensity. 

For the firs t me thod 9 the ra te o f  inbreeding would be the same in lines 

w i th d ifferent s elec tion intensi ties bu t for the s econd method the line 

w i th the highes t  selection intens ity would have the highes t inbreeding 

ra te because of the greatest res tric t ion in population size . This is 

one of the few experiments where each sele ction l ine is  well-replicated 

{ six re �lications ) . For each selec tion line he es timated the w i thin and 

between repli ca te variance components for every genera tion. The lat ter 

component giv e s a measure of the he terogenei ty of respons es within a 

sele ction line , and the line w ith the higher selection intensity exhibited 

the grea tes t he terogenei tJ be tween replicates . The trends of response 

during the twen tJ genera tions of selec tion proved to be interes ting. 

�he high intens ity selection line gave the greatest response during the 

early generations of selection. the moderate intensitJ selection proYed 

to be superior dud.ng the aiddle period of selection while the line with 

the weaker selection took the lead towarde the end of the selection pro­

g.r .. me. !he reversal of ranks could be clue to the greater rate of 

red ction of genetic Yariation 1D the higher selection iatensit7 liaea. 

Martin and Cockerhaa ( 1961 ) carried out genetic aiaulation studies 
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on the compu ter to  trace the selec tion res ponse from a range of  genetic­

a lly simulated population s .  The simula ted populations were charac ter­

ized by parame ters like the number o f  gene loci , type of gene action , the 

recombination fraction , population size and selection intensity .  Using 

an additive model and where the population number is res tri c ted , it is 

possible to obtain selection responses similar to that observed by Rumball 

( 1966) and Frankham e t  a l .  ( 1968 ) where the lines with highe s t  selection 

intensity gave mos t  rapid response initially bu t the rate soon declined 

and the less intensely selected lines even tually proved to be superior. 

Thus for long- term selection with small popula tion size , less intense 

selection is likely to produce the highest response in the long run. 

5 . Mating sys tems 

Essentially there are two main methods o f  ma ting selected individ­

uals - randomly or non-randomly. Under the random ma ting sys te the 

parents are mated toge ther purely by chance. This sys tem o f  ma ting is 

commonly used for species like Drosophi la where all the parents are mated 

en masee in a single cul ture bot tle. For large domes tic animals , one 

me thod of achieving random aating is to use a table o f  rando nuabers 

for assigning mates . Non-random a ting can be made in dif ferent ways . 

Individuals aay be mated together on the basis o f  genetic similari ty 

( inbreeding) or soaatic resemblance ( pheno typic assortative mating ) . 

Dis similar individuals may be mated together based on dissimilar geno­

types (ou tbreeding) or aoa tic non-reseablance ( phenotypic 41asortat1ve 

aating ) .  

The theoretical consequen.ces o f  dU'ferent aya teaa o f  ��ating oa 

the genetic coapositioa o f  a large popu�on in equilibriua have eea 

worlte out by Wright ( 1921 )  1a a series of papera eaUtle4 "Sya teu of 
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Ma ting. " Under inbreeding and phenotypic assorta tive mat ing the gene tic 

variance will b e  greater than under random ma ting. Associated with this 

increase in gen e tic varian ce is the rise in the homozygosity o f  the popu-

lation.  Under ou tbreeding and pheno typic d issorta tive ma ting sys tems the 

gene tic var iance will be lowered with little change in homozygosi ty of the 

population. 

Breese ( 1956 ) compared the e ffec ts of pheno typic assor tative ma t ing 

w i th inbreeding by s elfing and random ma ting on two traits , flowering time 

and flow erin g height in Nicotiana rus tica. An increase in gene tic 

varia nce was reported for the assorta tively mated line . This increase 

could be explained in terms of increase in gene combinations having 

extreme express ions at the expense o f  gene combina tions exhibiting in ter-

media te effe c ts . A ssorta tive ma tin g sys tem by making more gene tic varia-

tion for sele c t ion to a c t  on could be a means of producing greater s elec­

tion response .  S imilar find ings were reported by James and M cBride (1958 ) 

from their experiment on poultry . 

One o !  the few experiments des igned to compare the rela tive effe c t­

iveness o f  selection using pheno typic assortative ma ting and random ma ting 

was condu c ted by McBride and Robertson ( 1963 ) .  S elec tion was made for 

high abdominal bristle number in Drosophila , which is known to be a highly 

heritable tra i t .  Three s e ts o f  selection lines were s e t  up. W ithin 

each set was an assor ta tively ma ted l ine aad a randomly aa ted line , the 

lat ter acting a a  a con trol . Individual selection was practised on two 

s e ta and index selection was used on the third set. A ll the three assort-

tively aa ted s election linea gave consistent greater response than their 

randomly •a ted s elected con trol. However the advantage was small and no 

attempts were aade to tea t !or s ignificance. The increaae in response 

could be traced to the increase in genetic variance and selection differ-



entials in the assortatively mated lines . This is in accord with theor-

e tical expecta tion. The smal lness of the advan tage is likely to be due 

to the grea ter ra te o f inbreeding resulting froa assorta tive mat in g. 

They pointed out that assortative ma tin g  sys tem could only help to increase 

selection response for h i ghly heritable traits . 

The main disadvan ta ge of assortative ma ting sys tea, par ticularly 

where selection intens ity is high , ie the rapid increase in inbreeding and 

the deteriora tion of reproductive fi tness in the selection l in e .  Though 

rapid response might o ccur during the early genera tions o f  selec tion , the 

selection limit would be lower due to the greater reduction in e ffective 

popu la tion size ( A .  Rober tson , 1961 ) .  

N ilson , Kyle and Bell ( 1965 ) carried ou t an experiment to evaluate 

the merit of different systems of ma ting on s e lection responses of a highly 

heri table trai t ,  pupa weigh t ,  in Tribolium . Selec tion was prac tised for 

only six generat ions since mos t of the effects of the ma ting systems should 

appear during the firs t few generations of selec tion. The experiment was 

divided into a mass selected group and a randomly selected group . W i thin 

each group , five different mating sys tems mentioned earlier were tes ted. 

The response from the different sele c t ion lines within each group appear 

to b e  remarkably similar over the six gen rations o f  sele ction. W ilson 

e t  al. reported that the average response o f  the mass eel c ted assor tat­

ively mated line was slightly grea ter than the mass selec ted randomly 

aated line bu t that the difference was not a ta ti ticallJ s ignificant. 

Kevertheless, on that basis they claiaed tha t the results were in line with 

theoretical expec tation and that as ortative eya teaa of aating could help 

to bring about greater response for traits with high heritabilitiea. The 

preaeat author finds it di fficult to accept their conclusions based on 

such weak experiaental evidence . 



To e nd this sec tion , the s imple words of Wrigh t ( 1921 ) s e em appro-

priate u • • •  all ma ting sys tems ha't'e their advanta ges and disadvan ta ge s . "  

5. Environment 

The que s t ion o f  wha t  is the mos t sui table environment in which to 

carry out a s e lection e xperiment has not been fully w orked out , al though 

i t  is recognized tha t the environment can exert a considerable effect on 

the trends as well as limi ts o f  the selec tion response .  

In simple terms , a pheno type i s  said to b e  the result o f  i ts geno-

type , the envLronment and their in teraction. Lerner ( 1950 ) has given a 

s imple model for partitioning the pheno typic varian c e .  

where 
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In usual selec tion e xperime n ts where the environment is kept as 

uniform and op tiaal as poss ible and where randomisa tion and effec tive 

con trols are in corporated in the e xp eriment l desi gn ,  the las t  two terms 

in the aboYe equation may be neglected. i'he main purpose of maintain-

ing con trol s tocks is to epara te the enYironaental and genetic e�fe cta 

in a selection line and thia is baaed on the ass aption tha t the aelec-

tion linea and the controls are closely related and therefore react 

aiailarly to changes 1a· the enYiroaaent. Bray , Bell and King ( 1962 ) have 

drawn atten tioa to the iaportane.e ot gen etic-environaent interaction in 



c ircums tances where the gene tic content o f  the selection lin e  has deviated 

considerably from tha t of the controls due to the effe c ts of selec tion o r  

t o  random gene tic dri f t .  Under s uch cond itions , the con trol i s  no 

longer effec tive and considerable e rror could arise if s e le c tion responses 

were mea sured as devia tions from the con tro ls . 

O f ten one is in terested in the perfo rmance o f  a s e le c ted popula tion 

not only in the environment in whi ch s election was carried ou t bu t in a 

variety o f  environments . Falconer ( 1960 ) has pointed ou t ,  " The exi s tence 

of genotype-environment in teractio n  may mean tha t  the bes t geno type in one 

environment is no t th e bes t in ano ther . "  The ques tion o f  such in ter­

a c tions is o f  tremendous importance in a pplied plant and animal breeding 

w here the pra c t ice of importing and e xp or ting super ior breeds is be coming 

increasingly popular. 

Hammond ( 1947 ) d is cussed at length the implica tions of geno type-

e nvironment interac t ion to lives tock bre eding. One of the con clusions 

reached is tha t greater genetic res ponse is possible in an env ironment 

which is mos t favourable to the expression of the sele c ted charac ter.  

Individuals s e le c ted under such favourab le condit ions when transferred 

to other environments wo�ld perform be tter than individuals which have 

b e en similarly selected in less favourable condit ions . He added that 

this would o ccur on condition that o ther characters required in the new 

environment are present in the sele c ted animals . His thes is drew the 

a t tention of o ther workers to the problea of genotype-environment 

interactions . 

�he problea of eyaluating the genotJPe-•nYironaent interactions 

had been tackled by Falconer ( 1952 ) .  Be reasoned that if the saae 

character selected in two different environaents resulted in genetic 

differences then it could be regarded ae two separate traits. !he 



genetic corr elation between the two traits gives a measure o f  the inter-

act ion. He derived a formula by the me thod of path coefficie n ts to com-

pare the response of a s election line in its own env ironment ( direct 

response ) w ith i ts response in a d ifferent environment ( correla ted 

response ) . 

rG 
c Correla ted res�onse 

hl il 

direct  response h2 i2 

1-r G .. genetic-environment in teraction 

where rG 
= genetic corre lation be tween the two traits 

h1 and il 
= square roo t o f  heritabili ty and s tandardized s e le ction 

differential in environment where dire c t  res ponse is 

measured 

h2 and � = s qu are root of heritability and s tandardized selec tion 

differen tial in the environment where corr e la ted 

response is me�sured 

The s ta tis tical pro cedure is based on the assumptions that genotype-

environment correlation is insignif icant and tha t  the varia t ion wi thin 

environments is much smaller than the variation be tween environmen ts .  

Falconer pointed out tha t only in rare occas ions when t he heri tabili ty 

in the alternative environmen t  is auch higher than the heritabili ty in 

the original environment would the correlated response be equal or 

greater than the direct response .  

A aiaple classification of  genotype-enviroaaent interaction has 

been given by McBride ( 1958 ) .  Re termed a all genetic differences ae 

intra-population genotypes and larse differences as inter-population 

geno types . Similarly , small enYironaental differences are ter•e 

aicro-environmente and large itferencea as aa cro-enyironaents. The 
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tour aain c lasses o f  i nterac tion are intra-popula tioa geno types and micro­

enviroa.ents ( Type A ) ,  intra-population geno types and macro-environments 

( Type B ) , in ter-populat ion geno types and micro-environments ( Type C )  and 

lastly inter-popula tion genotypes and macro-environments ( Type D ) . 

Classifica tion of interactions have also bee n  made by Haldane ( 19�6 ) , 

Ma ther and Jones ( 1958 ) and Dunlop ( 1962 ) .  

Many s ele ction exper iments have been carried out by var ious workers 

to s tu dy different aspe cts of genotype-environment intera c tions . The 

e ffec ts of d ifferent types o f  nu tri tion is most commonly s tudied s ince the 

e xperimenter can easily vary both the quantity and qual i ty of the diet. 

Falconer and La tyazews ki ( 1953 ) co nduc ted a s iaple e xperiment on mice 

wi th the purpos e  of tes ting the va lid ity of Hammond ' s  thesis . N ine 

genera tions of se lec tion were made for high 6-week body weight on two 

p lanes of nu tri tion - full diet and res tric ted d ie t .  The quan tity o f  

food i n  the la t ter d ie t was ?� of the normal in take . A t  the 5th,  7th 

and 8 th generat ions par t  of the selecte d  s to cks were trans ferred to the 

al terna tive environmen t  and the corre la ted response meas u red . The 

r esults were contradictory to Hammond ' s  view s , as the mice selec ted under 

s tringen t condit ions performed well in both environme nts whereas those 

sele c ted on full die t ,  when shifted to the poor die t ,  did worse than the 

contemporaneous aice selected on the res tric ted die t .  Falconer ( 1960 ) 

repeated the experiaen t on a larger scale an4 wi th aeleotioa for decreased 

growth rate aa well. Recipro cal traasfera were aade each cenera tion . 

7he results eonfiraed his ear lier f1nd1ns- aad he concluded tha t " • • •  if 

so 4 pertoraaace under a Yarie ty o f  coa4i t1oaa 1a eaire thea aelectioa 

ahoa-lt M aacle uacler c:oadi tiou leut favourable to the 4ea1recl expreaa1on 

ot the c racter 1 if an iacreaae 1a 4•a1red thu aelectioaa aho 14 be ••• 
uader coa41t 1ou that redace the uaoter aad 'f'ioe Yeraa. " !he patten 



o f  s e l e c tion respo ns e was obse rved to be af fe cted by the na tur e of the 

environme n t .  A n  almos t  symme tri cal two-way response was o b ta ine d  u nder 

opt imal conditions of full feeding while an asymme tri cal res pons e , greater 

in the downward dire c tion , was ob ta ined from se le c tion on the re s tr ic te d  die t .  

Falconer poin ted o u t  that two chara c ters were a c tually s e l e c ted for i n  the 

e xperiment for body w e i ght - m i c e  on full die t were s e le c ted for higher 

appe ti te while tho s e  on res tri c ted d i e t  w er e  selected for e fficient food 

utilisa tio n .  S im ilar findings were re ported by Fow l e r  and Ensminger ( 196o ) 

s ele c ting for ra te o f  ga in in swine on fu l l  and r e s tri cted die t .  

Dal ton { 1967 ) r epea ted Falconer ' s  { l 96o ) experimen t. The d esign 

was improved as uns e le c ted controls were ma in taine d  for e a ch s e l e c tion 

line and d i e t  differences were greater . Responses were es tima ted on 

deviations from con trols and would be corr e c ted to s ome extent for envir-

onmental varia tion and inbre eding depr ess ion. For bo th die ts , the dire c t  

and corr e la ted responses •ere no t s i gn i fican tly differen t ,  ind i ca ting the 

absence o f  genotype-environment interac tions . S ince no gen e tic advan tage 

was ga ined from se l e c tion in any par ticular env ironment , !or pr act i cal 

purposes the bes t environment wo uld be the mos t  e conomi cal and e f f i c i ent 

o n e .  Y oung { 1953 )  and Dal ton a nd Bywa ter { 1963 ) also reported non­

s ignificant gene tic-environment intera c tion from the ir inves t iga tions . 

Frahm and Koj ima ( 1966 ) s l e cted for body we ight in D. pseudoobs cura 

under high and low larval density cond itions . Body weight was found 

to be inversely correlated to larval densi ty . No apparent genotype­

environment interactions wer observe4. Under high 1 rval density 

conditioua , asJI1lllle trical response w obtained with maller upward 

response while the pattern wae ore ey trical for selection under 

low larval denait7 conditions . �be reater upward response under low 

densit7 condition could be due to a higher optiaua bod7 weight under 
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less compe ti tive condi tions and also due to the wider range o f  pheno types 

available for selection since the mor e  ex treae pheno types would manage 

to survive under these less compe titive conditions . 

Park, Bansen , Chung and Chapaan ( 1966) s tudied the influence o f  

three diet s  - full die t ,  limited d i e t  and limited protein o n  selection 

responses of 9-week body w eight in rats . The r esults indicated that each 

selec tion line was superior over the o ther two lines in the environaent 

appropria te to ita s election. Hence , they advocated tha t  sele c tion is 

bes t pra c t ised under the environment in which the improved s to ck will 

subsequen t ly live . However , the line sele cted on full feeding environ-

ment show ed greater ability to adapt to other environments and this is 

contrary to the findings of Falconer ( 196c ) and Fowler and Ensminger ( 196o ) .  

Comparable results were repor ted by F . W . Robertson ( 196o ) , Korkman ( 1961 ) 

and Brad fc rd ( 1968 ) . 

Druger ( 1962 ) selected for long and shor t wings in E• ps eudoobscura 

at two different temperatures - 25°C and 16°C. T t Or 25oc empera ure 

favours short w ings while 16°C favours longer wings .  For each genera tion 

ot selec tion , a sample of sto ck selec ted at 25°C was trans ferred to l9°C 

Similarly , trans fers were made from the 16°C s to ck to l9°C and 

The results were ill agreement w i th the findings of Falconer and 

his eo-workers in tha t the bes t  overall performance was obt ined by 

sele ction in conditions leas t favourable to the expression of the charac ter . 

0 
Hence , selec tion for long wings at 25 C produced indiYidual with grea ter 

tranaaitting ability than long-winged flies selected a t  16°c .  S imilarly , 

short-winged flies selected at l6°C were aore adaptable to other environ-

aenta than those selected at 2.5°C. A Yery aiailar experi .. nt using two 

different teapera t rea was conducted b7 Lawrence ( 196 .. ) . Be found that 

genotype-enyironaent interact1oll8 were iaportaat 1a the high a teraopleU'al 



s e lection lines but not significant for the low sel ection lines .  

Chapaan ( 1967 ) has reYiewe d  work o n  genetic-environment interactions 

in labora tory and domestic animals . In Yiew o r  the contradic tory evidence 

presented by different workers he concluded that the safest measure is to 

carry ou t selection under the conditions in •hich the improved s to ck is 

destined to live . A general principle he proposed is tha t gene tic-

environmen t  interactions are unlikely to be iaportant except where inter­

popu lation geno types and macro-environments are involved. 

To round up this review , it seems worthwhile reitera ting that the 

vital role each fac tor p lays in shaping the sele c tion response o f  each 

experiment canno t be over-eaphasi zed . S ince each tac tor can be varied in 

so many different ways , it  is no t so surprising a f ter all to obs erve the 

variabili ty of selection response from the same charac ter in the same 

species . A .  Rober tson ( 1958 ) has already sounded a clear warning on the 

dangers and difficulties in extrapola ting the results from one species to 

ano ther and has dis cussed the reasons for i t .  The present au thor w ishes 

to add tha t from the present review there is evidence that there are 

considerable dangers in extrapola ting the results of sele c tion on a 

character from one population to ano ther, even within the same spe cies . 
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I l l .  M A T E R I A L S 

A . ORGAN ISM AND CULTURE MBTHODS 

5() .  

A N D M E T H 0 D S 

Dro s ophila melanogas ter was the organ ism used in this pre s en t  

thes is . I ts populari ty a s  an o r ganism for s e l e c tion a nd gene t i cal s tudies 

is b e cause of i ts s ho r t  life-cy c l e ,  high r e p roduc tive ra te a s  w e ll as the 

e a s e  and e co nomy w i t h  which i t  can be mainta ined in large numbers . 

Fur thermore1 there are spec ia l gene t i c  s tra in s  and t e c hn iques for gen e t i c  

a n a lyses o f  the popula tion s . 

Throughou t the pre sen t s e lec tion e xperiment , the s to cks w ere cult­

ure d in quar t e r-pint cream bo t t les con ta i n ing a s tandard food med ium o f  

o a tmea l ,  syrup a n d  yeas t w i t h  N i pa gin-M a s  a mo uld a n d  ba c t er ia preve n t a t iv e . 

A ll the cu l tures were k e pt in an in cu ba tor main ta ined a t  2 5!1°C. The 

ava i l ab i l i ty o f  in c uba tor s pa ce was one o f  the main limi tin g fa c to rs o f  

the s i ze o f  t r is e xp e r ime n t .  

Thr ou ghou t the s tudy , gr e a t  care was taken to prevent the c on tamin­

a t ion o f  the Drosophila s to cks by mou lds , ba c teria or s emi-paras i ti c  m i tes . 

The incu ba to r  and area around i t  w ere dis in f e c ted. f o r tnigh tly w i th a d ilu t e  

solut ion o f  benzyl benzoa te . 

serious diseases observed . 

A t  no s ta ge o f  the exper imen t w e re any 



B . ABDOMINAL BRIS TLE CHA RACTER 

51 . 

The aim of t h is thesis is to s tudy the respons e from parallel mass 

s e le c tion o n  d if f eren t bas e  popula tion s a nd the quan t i ta tive c harac ter 

used is the sum of the bris t les on the 4th and 5th abdomina l s tern i tes . 

This trai t  ha s been cf.osen be cause i t  is known to respond w e ll to two­

d ire c tiona l  se le c t ion , and s u ffers l i ttle  from inbreeding depress ion and 

it can be eas ily s cored under a high-pow er b inocular micros co pe . I t  has 

been used by o t her wo rkers for s e le c tion s tudies ( Ma ther and Harrison , 

1949 ; Rasmuson , 1952 , 1955 ; C lay ton et a l . , 1957 ; M cBride and 

A . Hober tso n , 1963 ) .  The abdominal br is tles are a group o f  micro chae tae 

found on t he s c lero t ised s tern i tal pla tes . The fema l es being l a r ger than 

the ma les have about 20� more bris tles than males bu t in o ther spe cie s 

like E• virilis ,  the mal es have higher bris tle numbers than the female s . 

S clero tisa tion o f  the c u ticle is  norma l ly a c compan ied by chaeta e  fo r ma tion 

so tha t the pres e n c e  o f  chae tae on the a b dominal s t ernites is considered 

to be a s e c ond ary produ c t o f  s c lero t isa tion. The fun c t ion o f  the s tern­

i tal pla t e  itse l f is clea rly a s k e l e ta l one , tha t is , to give shape and 

rigid i ty t o  the abdo men and for the a t ta chment o f  abdominal mu s c l e s .  

Howe ver, th e  f un c tions o f  th e abdominal s tern i tal br is tle s  a re n o t  clear . 

S ince ea ch bris tle i s  innerva ted by a peripheral bi-po lar nerve cell lying 

just below it ( S te rn , 1938 ; Lees an d · ad dingto n , 1942 ) , i t  pro bably has 

a sensory func t ion .  Clayt on e t  al.  ( 1957 ) sugge s ted a pra c tical use for 

these bris tles , to preYen t the fly froa s t icking to mois t food surfaces. 

As the abdoainal bristle chara c ter appears to baye lit tle adaptiYe s ig­

nificance , na tural selec tion wou ld no t be direc ted on the character 

itself but on its pleio tropic effe c ts on o ther eh ra cters such as the 

underlying periphera l nerYous sys tem and the size and hardness of the 



s ternites and these two la t ter characters play an important role in the 

con trol o f  the shape and movemen t of the abdomen { Reeve and F . W .  Robert­

son , 1954 ) . 

Ma ther and Harrison { 1 949 ) have demons tra ted tha t genes a f fe cting 

abdominal bris tles are d is tribu ted over all the large chromosomes . 

Under optimal environmen ta l  condit ions , the gen e tic  correla tion be tween 

s ternites is found to be clos e to one and the environmental correla tion 

on the o ther hand is virtua lly zero ( Reeve and F . N . Rober tson , 1954 ) . 

This means tha t  genes affec tin g  bris tles on one s terni te exer t almo s t  

ident ical effects o n  other s ternites . Her itability es tima tes o f  the 

bris tle character in the bas e popula tion made by Reeve and F . W . Rober tson 

( 1954 ) and Clay ton et al . ( 1957 ) showed tha t about �� of the pheno typic 

variance is du e to gene t i c  varia t ion which is mainly additive , tha t envir­

onme nta l  var ian ce common to s ternites con tribu tes only a bou t 5% of pheno­

typic varian ce and the res t is due to developmental effects peculiar to 

each s tern i t e .  She ldon ( 1963 ) on the o ther hand re por ted lower a ddi tive 

gene ti c  variance ( abou t 25% ) as well as low er variance due to develop­

mental error ( 25% ) .  The abdominal bris tle charac ter does no t appear to 

be a f fected by inbreeding ( Rasmuson , 1952 ) nor does it exhibit he terosis 

{ C layton e t  al. , 1957 ) . Ma ther and Harrison ( 1949 ) repor ted tha t the 

charac ter is not affected to any great extent by the quality of nutri tion 

s in ce a difference of less than one chaeta was found be tween the means 

of flies raised on fresh food medium and those cultured on s tale food 

heavily con taminated with oulds and yeas ts. However , environmental 

conditions like overcrowding and increased tempera ture which reduce body 

size also cause correlated reduc tion in bris tle nu•ber { Rasmuson , 1952 ; 

Reeve and F . W . Robertson , 1954 ) . Because of these properties , this 

character has been classifie d  aa a neutral or peripheral one { A .  Robertson , 

1955 ) . 



C .  BASE POPULATIONS 

1 .  Des cr iption of  base popula tions 

The two w ild-type s to cks of E• melanogas ter , Oregon-R and +3, used 

in th is thes is w ere from diverse origins . The Oregon-R s train was o btained 

from V ictoria Univers ity , Wellington while the +3 came from Auckland 

University. Bo th s trains have been bo ttle-cul tured for several years and 

it is not  known where they w ere originally from.  The s to cks had no previous 

his tory of  sele c tion for abdominal bris tles or any o ther chara c te r .  

The Oregon-R and +3 b o t h  served a s  baae populations for this present 

selection experiment.  They w ere also crossed to  initiate a syn thetic  

popula tion which formed the third bas e  population and  was  des ignated as 

the " Cross" . This Cross was formed by making reciprocal crosses o f  the 

two original s tra ins to form the F1 genera tion. Approxima tely equal 

numbers of males and females randomly selected from each o f  the recipro cal 

F1 crosses w ere in ter-crossed in all possible ways giving the F2 generat ion . 

Sele c tion from the Cross popula tion was star ted on the F3 popula tion which 

was obta ined by random ma ting the F2 f lies . 

2 .  Res ults and discuss ion 

The mean abdominal bris tle numbers of the parent s trains (Oregon-R 

and +3) and the F1 reciprocal crosses for the two sexes sep ra tely are 

giYen in Table 1. The difference be tween the means of two linea waa 

tested for s ta tis tical s ignificance us ing the s tandard " t" tea t .  The 

level of significance ia express ed aa the probability tha t the d ifference 

be tween the two population means is due to chance . 

ia given be tween each pair of means . 



Table 1 :  Mean abdominal bristle number of �· aelanogaster 
bJ strain , reciprocal crosses and sex 

Abdominal Bris tle number 

Popula tion Fema les 

Ore gon-R 36 . 15 + 0 . 14• 
( P  .(, o:oo1 > 

+3 38 . 87 + 0 . 15• 
-

Midparent 37 . 51 :! 0 . 11 
+ 

F
l 

( J'or-R X � +3 ) 39. 0 5  + 0 . 14* 
( P <  o:oo5 > 

F
l 

( � Or-R x 6' +3 ) 39. 69 :! 0 . 14 

Average F
1 

39 . 37 :! o . 1o
+ 

He terosis (% ) 5 . 0% 

F
2 

39 . 69 + 0 . 19* -

• Means based on 4oO observations 

+ Means base d  on 8oo observations 

Males 

30 - 77 + 0 . 13* 
( P < o:oo1 > 

33 .05 + 0 . 13• -
31 . 91 :! 0 . 10 

+ 

32 . 03 + 0 . 12* 
( p <  o:oo1 ) 

35.02 :! 0 . 12 •  

33 . 52 ! o . 1o
+ 

5. 0% 

33 . 46 + 0 . 17 
-

54 •. 

The difference between the means of the two parent s traina (Oregon-R 

and +3 ) was found to be highlJ s ignifi cant (P 0 . 001 ) with the +} strain 

having higher means . Results froa the F1 reciprocal crosses yield some 

useful informa tion about the nature of the genes affec ting the abdominal 

bris tles . Heterosis was measured as the difference between the aYerage 

of the F
1 

aeans and the aid-parent yalue and was expressed as a 

percentage or the aid-parent yalue . The ayerage r
1 

aeans exceeded 

not onl7 the aid-parent yalue but also the aean of the +} strain with 

the higher bristle nuaber. The he terosis for both male and female 

4a ta was '-' ._ This finding does not confora to the preyioua claiaa that 
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abdominal bris tle number has no e f fe c t  on fi tness and thus shows no he ter-

o s is on crossing ( A .  Rober tson , 1955; Fa lconer , 1955 ) .  Howeve r , h e terosis 

shown is low co mpa r e d  to that c f  over 200� e xhibi t ed by fi tness tra i t s  l i ke 

e gg produ c tion and vi ab ili ty ( Boylan and W on g ,  1965 ) . Rasmuson ( 1952 ) made 

re c iprocal crosses be tw e e n  a number o f  uns e l e c ted high ly inbre d  lines o f  

D .  me lanogas ter and repo r te d  about 5% he terosis among the F
1 

females bu t 

no he terosis for the mal e s .  

Comparison o f  the means o f  t he F
1 

re c i pro cal cros s e s  gives in forma­

tion on the role o f  t he s ex- chromosomes in d e t er mining abdom inal b r is tle s .  

Greater d i f ferences be tw een t he F 
1 

means for the male da tt�. than f o r  the 

female da ta ind i c a te the preval ence of s e x- linked e f fe c ts .  Resul ts 

pre s e n t e d  in Ta b l e  1 show e d  a d i fferen ce of 0 . 55 bris tles between the aeans 

of the r e c ipro cal cro ss es in the fema l e  data and th is d i f fe r en c e  tho u gh 

sma l l  was s i gn i f i ca n t  ( P <  0 . 005 ) .  Howe v e r , a mu ch grea ter d i f ference o f  

2 . 99 br i s t l es was found i n  the mal e da ta ( P <. O . OO l ) and this d i f ference 

could be due to s e x- l inked e f fe c ts . I t  was noted tha t the abdominal 

bri s tle nu mber of F1 males from the cross which re ceived the Y chromosome 

from the +3 s tr a in w i th the higher popu lat ion means was higher .  This 

evi dence points to the presence of genes lo cated on the Y chro osome 

favour in g br is t le chara c te r .  

Rasmuson ( 1952 ) • 

This finding is cons is tent w i th t ha t  of 

Ve tukhiv ( 1953 , 1956 , 1957) carried O\lt a series of experiaents 

to inves tigate the effects of crossing toge ther wild-t7pe populations of 

�· pseudoo bacura on fitness traits like Yiabilit7 , !ecundi t7 and longevitJ . 

Hi reaulta showed that for theae fitness traits , there waa aarked heter­

osis in the r1 generation but breakdowa of heterosis in the F2 generation , 
with t e F2 aeana often bein1 lower than the parental population• aeana. 

The F1 heterosis was interpre ted aa being due to superiorit7 conferred b7 



he terozygosity and the r2 breakdown as due to the disintegration of eo-

adapted genetic systems by segregation and recombination .  Results fro• 

this present experiment give evidence tha t  this phenomenon is no t exhibited 

by neu tral traits like abdominal bristle s .  

The two original s trains , Oregon-R and + 3 ,  and the r3 o f  the Cross 

serve as base population& for simultaneous mass selec tion. The statia-

tical parame ters of these base population& are given in Table 2 .  The 

Cross has the highest population mean , the +3 intermediate and Oregon-R 

the lowest .  

Table 2 :  Parameters of the base populationa 

Oregon-R +3 Cross (
F

2 ) 

Parame ter Females Males · Females Males Fema les Males 

Mean abdominal 36. 15+ 30 · 77! 38 . 87! 33.05;! 39. 69! 33. 4� 
bris tle number (p ) 0 . 14- 0 . 13 0 . 15 0 . 13 0 . 19 0 . 17 

Pheno typic 
( <f2 ) varianc 7. 84 6. 50  9· 33 7 . 08 14. 23 11 . 67 p 

S tandard deviation 
< er >  2. 80 2 . 55 3 . 06 2 . 66 3- 77 3 . 41 

Developmental error 
( <f2 ) 1. 55 1 . 52 2 . 21 1. 65 1. 80 1 . 6? 

D 
Coeff.  o f  variation 

< cr;Jl > ?. ?t. 8 . � ?. � 8. � 9- � 10 . � 

The phenotypic variance appears to be correlated wi th the population 

aeana . The females with higher abdoainal bristle nuaber than males have 

higher phenotypic variance. Siailarly , the +3 strain with higher aean 

than Oregon-R hal? higher phenotypic variance . The phenotypic variaace of 

the ,.2 is strikingly sreater than bo th the parent linea ; it ia about twice 

the phenotypic variance of the Oregon-R s train and about li tiaee that ot 
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the +3 s train. Althou gh the phenotypic Tariance of r
1 

of the Cross is 

o f  the same order o f  magnitude a s  the paren t population& , the r2 shows a 

great incr ease in phenotypic var iance due to segrega tion and recoabination 

and a much grea ter range of pheno types is observed among the r2 progeny. 

On the underlying gene tic s cale , crossing of  two ( or more ) differen t 

popula tion& results in the pooling toge ther of  genes to fora a larger 

common " gene poo l . "  Thus , the gene tic variation within the " crossbred" 

population would be expec ted to be greater than the gene tic variation 

within each of  the " pure bred" parental populations . On this bAsis , the 

Cross population is expected to give greater respons e to sele c tion than 

either o f  the parental s trains . However , i f  the quantitatiTe charac ter 

is con trolled by a large number o f  genes ,  the increase in gene tic yariance 

in the Cross would no t be much . Re cent inves tigations by various workers 

have shown that the genetic variation of quantita tive charac te� are con­

trolled by relatively fewer loci , with large effects , than previously 

thought ( Thoday , Gibson and S picke t t ,  1964 ;  A .  Robertson , 1966 ; Werhahn 

and A llard , 1965 ; Law , 1966 , 1967 ) .  

The Oregon-R and +3 base population& would be in linkage equilibriu m ,  

since they have been main tained b y  randoa-•ating for a long time but the 

r3 of the Cross would s till be in linkage disequilibriua. Although the 

Crosa is expected to giTe greater selec tion response because of gr·ea ter 

gene tic variance , this response could be slowed down if the disequilibriu• 

was due to tight linkages (Martin and Cockerhaa , 196o ) .  For this reason, 

Koj18a and lelleher ( 1963) suggested that the h7brid base population should 

be randoal7 aated for a few generations to establish liakage equilibriua 

before coaaencing selection. 

A high proporti n of t e non-geaetic yariation of abdoaiaal bris tles 

la due to developaental variation ,  that ia ,  accidents of deYelopaent atfectins 



each s ternite different ly and only a small proportion is due to environmental 

variation affec ting bo th s ternite s .  The developmental variance , es timated 

from the variance of difference be tween the two s terni tes , cons titutes 

about 20-2� of this phenotypic variance in all three base populat ions of 

this experiment .  

By u sing these three different base populations for selection , i t  

is hoped that this inves tiga tion would prov ide some answers t o  the impor t­

ant ques tion of the e f fe c ts of base popula tions in de termin ing the magni­

tude of response , as w e ll as the variability of response wi thin popula tions . 
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E S T I M A T E S 0 F T H E 

B A S E P 0 P U L A T I 0 N S 

Prior to the s tar t o f  the s e le c t ion experiment , heritability 

estimates w ere made on the O regon-R a n d  +3 base popula tions . Heritab­

ility , in t he narrow s ense , is defined as the fr ac tion o f  the to tal 

pheno typic var ia nce w hich is additively genetic (Lush , 1949 ) .  Me thods 

for es tima ting heri ta b il i ty are b a s e d  on r e s emblance b e tw e e n  r e la ted 

indiv iduals . The usual me thods o f  e s t ima t ion are by paren t-o ffspr ing 

regression , hal f- s ib correla tion , fu ll-sib corre la t ion and ana lys is of 

variance o f  diallel crosses . Preliminary knowledge of  this gen e tic 

parame ter has two impor tant u s e s . F irs t ly , it could s er v e  as a guide 

to the choice of t he mos t appropria te method of sele c t ion. For highly 

heritable trai ts , mass s e l e c tion based on individual merit would be 

suitable bu t for lowly heritable traits , more reliance should be placed 

on selection based on family mean s or on progeny tes ts . On the o ther 

hand , if a considerable propor tion o f  the geneti c yaria tion is non-addi tiYe , 

a crossbred mating s cheme such as reciprocal recurrent selection would be 

expec ted to produc e  grea ter response than iatra-popula tioa sele c tion . 

fhe second fuactioa of heritabilit7 la to predic t  reaponae to sele ction. 

There is a lar e 'foluae of literature on heritabilit7 eat.i.aates 

for a w ide Yariet7 o't·· quantita tiYe charact•ra in 41fferent organia•• · 

RoweYer , onl7 a short reyiew of literature oa heritabilit7 es tiaates for 

abdominal 'bris tles w il.l be presented. 
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F . W .  Robertson ( 1954 ) made a s tu dy o f  the quantita tiYe inheri tance 

of bris tles on the 3-5th abdominal sternites in males and on the 3-6 th 

s terni tes in females . He repor ted that under opt imal condi tions , about 

40� o f  the pheno typic variance of bris tles on one s ternite ie due to 

addit ive gene tic variance ,  the rest is due almos t entirely to a cciden ts o f  

developmen t . The true environmental variance was found to be almos t  zero . 

Clayton e t  al. ( 1957 ) made heritability e s t i•a tee for the abdominal br is tles 

on the 4 th and 5th abdominal s terni tes us in g  the paren t-offspring re gression , 

full-sib and half-sib analys is . The three independent es tima t es were 

highly consis t e n t  an d gave a n  a verage heri t a bili ty of 0 . 52 .  The fu l l-sib 

h e r i ta b i l i ty es tima te w a s  only s l ig�tly higher tha n  th e o ther two e s t ima tes , 

indi ca ting tha t the abdominal bris t l e  c ha r a c ter is no t gre • t ly a f fe c te d by 

dominan c e , epis ta t i c devia t ions or ma t ernal e ffects . 

Shel don ( 1963 ) employed a restricted form o f  the dial l e l  cross using 

two sires and two dams b l o ck ma tings t o  e s tima te the heri tabili ty in the 

base popula tion as w e ll a s  in the ind ividual sele c tion lines dur in g  the 

13 th , 23rd and 33rd ge nera tion o f  selec tion.  This me thod o f  e � tima tion 

is superior to the o thers ment ioned ear l ier , as the data permits the es tim­

a ted gene t i c variance to be sub-divided into i ts addi tive an d non-addi tive 

componen ts . By carry ing ou t the dialle l  cross at regular in tervals during 

the selection programme , the trend in the additiYe and non-addi tive gene tic 

Yariance could be fol lowed. The results o btained indica ted a general 

trend of decline in heritability during the selec tion and a rise in non­

additiYe genetic varia tion in the selec tion lines . 

This metho4 of restricted diallel erose will be used in the presen t 

thesis to es tiaate the genetic paraae tere in the b ae populatione . The 

d ia1lel cross , a1eo known as the pol7allel cross , is essentially a 11ating 

a che• in which a sample of individual• is rando•ly drawn fro• a popgla tion 

and progeny are produ ced by aa ting every •ale to ••ery feaale in the aaple . 
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Froa the analJsia of variance of the diallel cross , i t  18 possible to 

separate ou t the additive gene tic variance contributed b7 the sire and DJ 

the daa ( general combining abili ty ) as well as the non-additive gene tic 

variance due to interaction be tween the sire and dam ( s pecific combining 

ability ) .  S ince the number of poss ible crosses increases rapidly wi th 

the increase in the nuaber of  parents , it  is obvious that an organisa like 

Drosophila , with a sho r t  life span , wou ld no t be able to cocple te the full 

dial l e l  pro gramme if too many crosses are invo lved . Conse qu en tly , the 

res tricted diallel cro s s  involving two sires and two dams was adopted in 

this �resent experiment ( Lern�r , 1958 p. 61 ) .  this res tric ted diallel 

cross w a s  used by Sbeldon ( 1963 ) in Drosophila s tudies and a l so b:r Rumball 

( 1966 ) !or heri tability es tima tes o f  pupa w eigh t  o f  Tribolium . I t  should 

be no ted tha t the us e o f  the diallel cross to gain infor ma tion about the 

gene tic  pa rame ters o r  a pop ula tion is based on the follow ing assump tions 

(Griffing , 1956 ; Kemp thorn e ,  1957 ) :  ( a) The sample of ind i viduals to be used 

for the cross is drawn at ran dom ;  { b )  The base popula tion i s  randomlJ ma ted 

and at equilibrium ; { c )  Normal diploid segregation o c curs and ( d ) Linkage 

is absen t .  

I n  addit ion t o  the analys is of variance of the diallel cros s ,  the 

data could a lso be used to allow independent es timates of heritabilit7 bJ 

the parent-offs pring regression anal7sis. The different aethoda of 

es tiaa tion ar e s ubj e cted to dif ferent amounts and kinda of biaa . Sheridan 

e t  al. ( 1968 ) has given a summary of the variance coaponenta to be expec ted 

ill the heritabilitJ e tillates obtained troa the resreaaion anal7aia &D.d the 

diallel analJaia . This 1a repea ted in Table 3 to' ease of reference. 

Comparison of the different heri tabilitz ea tia&tea proYi4ee a 

aiaple • 1 of valuatin the iaportance of aex-Unked. effecta an4 acldJ.tive 

x addi tive epis ta tic variance. 't.b.e anall'ai.a of the 4iallel croaa al.ao 

per i ta the interac tion be tween aire aad daa to be ea t1aate4 4 thia tera 
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Table 3 : Expected composi tion of the heritability es timates 
derived from the parent-offspring regression analysis 

and the diallel analysis 

Gene tic Component 

Es tima te V
A 

V
AA 

V
AS 

V
D 

S ire-son 1 i 
S ire-daughter 1 i 1 

Dam-son 1 i 1 

Dam-daughter 1 i 1 

Paternal half bro the r  1 1} 
Paternal half sis ter 1 � 2 

Ma ternal half bro ther 1 t 2 

Maternal half sis ter 1 � 1 

S ire x Dam interac tion 
0 

{ + progeny ) i i 
S ire x Dam intera c tion { J' progeny ) i � 

V
A 

= additive autosomal variance 

V
AA 

= additive x additive autosomal variance 

V
AS 

= addi tiTe sex-linked variance 

VD = autosomal dominance variance 

2 { (f' 1 >  includes one-quarter of the dominance variance ,  ith of the additive 

x additive epistatic variance and saaller fractions of higher order 

epis ta ti c  Tariance. 



B .  MATERIALS AND METHODS 

To produce the flies needed for the diallel cross , 15 culture 

bo t tles w ith five pairs of parents in each , were s e t  up. Sufficient 

ma le and virgin female progeny emerging from these cultur es were 

collected.  The me thod of res tric ted diallel cross adopted is very 

simple and involves two sires and two dams per block ma ting.  The 

blo ck ma tings were replicated as o ften as possible . A simple diagram 

given by Lerner ( 1958 ) shows the ma ting s cheme within each blo ck. 

� A B 
"' 

a each cell repres e n ts a s ingle cross 

b 

The timing pro cedure for this diallel cross given by Sheldon ( 1963 ) was 

used. The diallel programme can be divided in to the firs t mating and the 

se cond ma t ing. Referring to the dia gram given above , for the firs t 

ma ting sire A is mated to dam a and similarly sire B to dam b .  For the 

second mating , sire A is mated to dam b and sire B to dam a .  S he ldon 

reported that there us t be a period of at least one week b tween the 

firs t and s econd mating, to ensure that the progeny from the second matings 

were indeed sired b7 the second male introduced to each of the f emales .  

All the aatings of th e  diallel cross were aade in quarter-pint 

bottles which were the same as those used during the selectioA experi ent. 

Before making the crosses , the sires and daas were scored for bris tle 

number to furnish part of the data needed for the parent- ff pring 
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re gress ion analysis . As many paired ma tings as possible were s e t  up 

and it was found that the main limi ting fac tor was the lack o f  available 

s pace in the incuba tor.  The parents o f  t he firs t  matings were left  

together for two days , a fter which the males were r emoved and s to red 

separa tely in 3" by 1" s torage vials , leavin g  the females in the culture 

bo t tles . S ix days after removal of the sires , the s e cond ma t ings were 

s e t  up in fresh culture bo ttles . The parents were le ft  in the bo ttles 

for four days and then dis carded . 

five female progeny were s cored. 
From ea ch single cross five male and 

For a block ma ting to be successfully completed , all four ma tings 

within each block had to give a quo ta of five male and five female o ffsprings 

for s coring. The failure o f  some of the crosses could be du e to one o f  

the fol lowing caus e s ; dea th o f  one o f  the four parents before the ful l  

diallel programme w a s  completed ( o ften the dea th was ac ciden tal with the 

fly being trapped on the mois t food surface or in cracks in the food 

medium ) ,  s terily of either the male or female par ent and las tly low 

fecund ity of the females , where insufficient progeny were produ ced for 

s coring. From observations o f  the s ingle pair ma tings , dif ferences 

be tween the repro duc ti ve fitness o f  the Oregon-R and the +3 s trains w ere 

noted.  Of the 75 block matin gs set up for the Oregon-R , only 31 blocks 

were success fully comple ted giving a failure rate of about 60�. For the 

+3 base population , of the 75 block eatings , 45 blocks yielded complete 

data so that the failure rate was �. The failure of the single crosses 

in the +3 s tock was due almos t en�ireiy to dea th of  one or ore of the 

parents ( accidentally or otherwis e )  and rarely to s terility or low fecundity .  

'lhe incidence o f  s terility and low reproductivity was higher for the 

Oregon-R s tock. Froa these observations , it would appear that the +3 

s train ha4 higher reproductive fitness than the Oregon-R strain. Thie 



suspicion was par tly confirmed from observations o f  the Oregon-R and + 3  

sele ction lines , w here several of the Oregon-R selection replicates a t  

various times were nearly threa tened w i t h  extinc tion due t o  low viability 

and s terility , while the +3 s e le c tion replicates were almost comple tely 

free from such problems . 



C .  RESULTS 
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The parent-o ffspr ing regression analysis used data from the completed 

first matings o f  the diallel cross . The diallel analysis employed da ta 

from the block matings whose firs t and second matings were successfully 

comple ted , giving the number of progeny requir ed for s coring. The Oregon-R 

analysis had fewer degrees o f  freedom due to a higher incidence o f  failure 

o f  single crosses , so that their es t imates would be sub j e c ted to greater 

samp ling error than the +3 heri tability estimates. 

1 .  Oregon-R base popula t ion 

( i )  Parent-o ffspring regression analysis 

The heri tabili ty values and s tandard errors were obtained using the 

standard formulae given by Becker ( 1964 ) .  The results given below are 

bas e d  on 92 single pair ma tin gs , with five male and five female offspr ing s 

s cored for abdominal bris tles from each mating. 

Table 4: Parent-offspring regression es tiaates o f  
heritability for abdominal bris tle number i n  the 

Oregon-R base population 

Heri tabilitz e sti��a.te 

Sire-son I 0 . 34 + 0 . 10 -
Da.a-aon • 0 . 42 + 0 . 13 . 

Sire-daughter : o . 45 + 0 . 14 -

Dam-daughter I o . lto  + 0 . 11 -
AYerage : o . lto  



The dam-son and sire-daughter regression estiaates of heritability 

were correc ted for inequality o f  male and female phenotypic variances by 

multiplying the former by the ra tio of s tandard devia tion of abdominal 

bris tles in the females to that in the males and by multiplying the latter 

by the ra tio of the male s tandard deviation to the femal e s tandard devia-

tion ( Clayton et al , 1957 ) .  The importance of sex- linked e ffe c ts can be 

evaluated by compar ing the sire-son regression heritability es tima te , 

which is free of  sex-l inked effe c ts ,  with the o ther regression estimates.  

Examinat ion of the results in Table 4 shows that the s ire-son regression 

es timate is smaller than the o ther three heritability estima tes , thus 

indica ting the prevalence o f  sex-linked additive variance . However , the 

reliability of this conc lus ion is marred by the high sampling errors o f  

the heritabi lity estima tes .  

( ii )  Diallel analysis 

The ma in advan tage of this me thod of  estimation is that not only the 

additive gene tic variance can be evaluated bu t also the non-addit ive 

variance , due to interac tion between sire and dam. The ratio o f  the 

interaction variance over the total phenotypic variance ( <r il d'�) could 
give an ind i �ation of the size of non-additive gen etic effects. The 

results of the diallel analysis are summarised in Table 5. 

The heritability estiaates fro• the diallel cross are obtained by 

multiplying the intraclass correlations by four and this aeans that the 

aaapling errors are aiailarly multiplied �Y four. 'rhi.s could have 

accounted for the large aaapling errors , as well as the discrepaDcies 

between the four heritability estiaates. The paternal half-bro ther 

heritability value is lower than the pater al half-sister aa well aa the 

-ternal half-brother. 'fhi.s could be taken as an inclicatioa of se x-linked 

effects• Both additive x additiYe epis tatic variance and doaiaance 



Table 5:  Analysis of variance of the diallel 
cross in the Oregon-R base population 

Source of 
variation df 

Between s ires k 
within blocks 

Be tween dams k 
within blocks 

S ire X data k 
interac tion 

R esidual 

h2 
s 

= 

h2 
D 

:a 

(]" 2 
I = 

<S 2 
p 

4 ( n-k )k 

4 <f 2 
s 

2 � 2 2 
cr.• I+ <f'n• <rs 

4 <f 2 
D 

2 2 2 2 
<1 •+ <f I+ <f D+ et S 

<f 2
+ • 

<f2 
I 

2 2 2 
<S'I+ <J'D+ <f

s 

Components 
of mean 
s(luare 

2 2 2 
(]" w +5 <3' 1+10 0" s 

2 2 2 <r .  +5 <S 1+ 10 er 0 

cr
;

+5 <T
i 

<1 2 
w 

df 

31 

31 

3 1  

496 

h
2 
s 

h2 
D 

<1 2 
I 

<1"2 
p 

Mean 

Females 

1 1 . 92 

10. 65 

8 . 95 

?. 12 

0. 32 + 0 . 12 -

0. 16 + 0 . 10 -

0 . 04 

Square 

Males 

9 . 10 

11. 68 

4 . 37 

5 . ?2 

0 . 27 + 0. 12 -

0 . 42 � 0 . 13 -

o . oo 

appeared to be insignificant in the Oregon-R base population , as indicated 

b7 the negligible int eraction tera and also b7 the sire-son regression 

heritabili t7 estiaate being saaller than the paternal halt-bro ther herit-

ability es tiaa te . 

The weighted av�rage heritabilit7 was found to be 0 . 32 ! 0 . 11 and 

there was aoae evicle oe tha t part of the additive genetic variance waa 

contribu ted b7 the aex chroaosoaea. 



2.  +3 base population 

The data from the diallel cross of the +3 base popula tion were 

analysed in the same way as the Oregon-R population . 

( i ) Parent-offspring regression ana lysis 

The results are based on 96 sin gle pair mat ings with five male and 

five female offsprings scored from each mating. The heritability 

estimates are summarised in Table 6.  

Table 6:  Parent-offspring regression es tima tes of 
heritability for abdominal bris tle number 

in the +3 base population 

Heri tability estima te 

S ire-son 

Dam-son 

S ire-daughter 

Dam-daugh ter 

A verage 

: 

. . 

0 . 52 + 
-

0 . 49 + 
-

0 . 16 + -
0 . 44 + 

-
0 . 40 

0 . 10 

0 . 13 

0 . 13 

0 . 11 

!he regression heritability estimates are consis tently high except 

for the sire-daughter estimate. There appears to be no eTidence of sex-

linked additive effects. 

( ii ) Diallel analysis 

The results are presented in Table 7 •  There i a  sreater difference 

between the four eatlaatea in the +3 population. · than the Oregon-R pop la-

tion . 
. 2 

The negatiTe heritabilit1 e ti8ate of h8 froa the teaale progeD7 

should be noted , although the Talue ia not far froa zero. Due to large 
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Table ? :  Analysis of varian ce o f  the diallel cross in the + 3  base 
popula tion 

S ource of Variation d! 

Mean square 

Females Males 

43 
43 

43 

Be tween sires within blocks 

Betw een dams w i thin blocks 

Sire x dam interac tion 

Residual 688 

2 Intera ction ( <f 1/ <! 2 )  
p 

10 . 41 
14. 96 
11. 65 

6. 87 

-o .o6 + o . o5 

o . 16 + o . o8 

0 . 12 

10 . 59 
18 . 55 

5- 90  
5· 83 

0 . 24 + 0 . 09 

o . 66 + 0 . 13 

0 .02 

s ta t is tical sampling errors for the heritabilities , it is expec ted that 

so e of the es timates would be too high and o thers too low and so the 

nega tive value s hould be accepted as a valid es timate ( Koj ima and Kelleher , 

1963 ) .  2 
The high value of 0 . 66 for hO from the male progeny could be 

be tter reiarded as due to sampling error ra ther than bias caused by s ex-

linked effects .  The interac tion variance component in the + 3  base 

population is s lightly higher than in the Oregon-R base population . 

All the heritabili ty esti��&te were averaged to give the overall 

heritability of the +3 ba e population and in so doing it is hoped that 

the errors due to saapling would be cancelled to aoae extent . The 

average heritabilit7 waa fouad to be 0. 37 ! 0 . 11 .  

o f  sex-linked effects i thia base popula tion . 

There waa no evidence 



D .  DISCUSS ION 
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Sheldon ( 196} ) compared th different components of variation in 

abdominal bris tle nuaber in the Kaduna base popula tion of Clayton et al. 

( 1957 ) w i th his own Oregon-R C base population . I t  would be of interes t 

to extend this comparison to include other base popula tions . This infora-

a tion could show to some extent how wel l  es timates o f  heritabili ties made 

in one population extrapolate to o thers . Table 8 gives the components of  

pheno typic variance in  bas e  popula tion& used by Clay ton et  al . ( 1957 ) ,  

Sheldon ( 196} ) , Sheridan e t  a l .  ( 1968 ) and the two original populations 

u tilised in the pr esent selection exp erimen t.  

Table 8 :  Componen ts o f  variance for abdominal bris tle number in 
different base populations 

C layton Sheldon Sheridan Present popula tion& 
Source of e t  al.  et  al.  
Varia tion { 1957 )  ( 196} ) {19t';B> Or-R +} 

Additive 
genetic 0 . 52 0 . 20-0 . 25 0 . 20-0 . 25 0 . }0-0 . }5 0 . 35-0 . 4o  

Non-additive 
genetic 0 .09 o . oo-o .o5 0 . 20-o. JC)  o . oo-o . o5 o . o5-o . 1o 

Developaental 
error 0 . }5 0 . 25 0 . }5-o . 55 0 . 25 0 . 25 

'frue environ-
aental o .o4 o . 45-Q . 55 o . oo-o.o5 o . JO-o . 4o  o . 2o-o . 30  

Cla7ton and Sheridan ' a  ato cke were aaintaine4 ae larae caae populatione 

tor several 7eara while Sheldon • a  an4 the two present population• have 

been cultured in aaall containers. Froa Table 8, it caa be seen that the 

Oregon-R , +} and S heldon ' a  Oreson-R C s tocks are tairl7 coaparable , with 
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the two present base popu la tion& bearing greatest similarities in their 

genetic compos i tion. On the o ther hand , the cage populat ion& uti lis ed 

by Clay ton and S heridan resembled ea ch o ther wi th respe c t  to their large 

developaental error and the a lmos t negligible true e nv ironmen tal error . 

The higher environmen tal variance shown by the " bo t t le" base population& 

as opposed to the cage popula tions could be explained to som� extent on 

the grounds tha t they are par tially inbred popula tions due to restri ct ion 

of popula tion s i ze { Ko j ima and Kelleher , 1963 ) and conse quen t ly show 

gre a ter environmental variance being less well buffered. S he ldon poin ted 

out tha t in crease in environmental variance shou ld theore tically be 

accompan ied by an increase in variance due to developmen tal error . 

However , the deve lopm�n tal errors o f  the bo t tle base populations were no 

greater than tha t of the cage popula t ions and at present no satisfactory 

explana t i on could be found to accoun t !or this s itua tion . 

There � as some evidence of sex-l inkage in the Ore gon-R popu la tion 

but n o t  in the +3 popula t ion . S ex-linked effects have been repor ted by 

She ldon { 1963 ) and also by Sheridan e t  al .  { 1968 ) .  On the other hand , 

there was some indi cation o f  non-addi tive gene tic variance in the +3 

popula tion bu t none in the Oregon-R popu la tion . However , these resul ts 

are by no means conclusive because o! the high saapling errors and the 

variabil i ty of the heri tabil i ty ea tiaatea . 

S ince the two present founda tion s tocks have high herita bilitiea , 

aass sele c tion base4 on individual merit should be e ffec tive in producing 

the desired response . In a later section , the eatiaated heritabilitiea 

will be coapared with the realised her1tabil1t1ea and siailarlJ the 

predicted reaponae w i th the obs erved . This would add further evi4ence 

to the practical uaefulneaa of the additive predic tion theor7. 
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v .  S E L E C T I 0 N 

A .  MATERIALS AND METHODS 

E X P E R I M E N T 

The design of this sele c tion exper iment is dire c t ly related to the 

aims of this thesis . The primary obj e c tive of this thesis is to make a 

comparative s tudy of the high and low selec tion response fro• three diff­

erent popula tions of �· melanogaster . Thus , the experimen t aims at 

supplying data !or the de taile d analys is of : -

{ a )  The variability o f  sele c tion response { including average ra te o f  

response , pheno typic variation and realis ed heritabili ty ) be tween replic­

a tions wi thin the high and low s elec tion lines of ea ch of the three 

populations . 

( b )  The variability of selec tion respons e between the three population& 

for each direc tion of selec tion and a lso be tween the high and low selec­

tion respons es of each popula tion. 

To achieve the above aims , the experimental design needs to incorporate 

two impor tant fea tures ; high replications within each selection line and 

an appropriate control for each popula tion . 

1. Replications 

In ltrief ,  the experiaent consisted of two-cU.rectJ.oaal •�leotion 

carried out aiaultaneoual7 on the Orepn-R , +' aad Croaa base popul tiona 

aa well aa the aailltenance o f  unaeleote controls. Bach electioa liae 

ie replicated. Initiall7 , the total eize of the experiaeat aee e4 to lte 
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de termined and this was di c ta ted mai nly by the t ime and lab our invo lved 

in the colle c ti on of virgin flies and s coring of  the abdominal bris tle s .  

A s imple trial was carried o u t  t o  gauge roughly how many individuals 

could be s cored a day , so tha t if a period o f  say three to four days was 

allowed for counting in ea ch generation ,  the to tal size of the e xperime n t  

could b e  assessed approximately .  

The primary aim o f  this inves t iga tion is t o  study the variability 

o f  response be tween replicates wit hin sel e c tion line s .  The pre limia.ary 

informa tioa. needed here is the appro ximate number o f  animals required for 

each replication in order to detect d i f ferences b e tweeD. r e plicate means 

wi thin each genera tion. The formula used for e s t ima ting the order o f  

size o f  each r e plicate is given in Sokal and Rohlf ( 1 969 , p . 2 47 ) . 

where n • number o f  anima ls re quir e d  per replica tion 

z: true s tandard devia tion ( expressed as percentage of the mean ) 

s Zl true percentage dif fer ence it is desired to detect  

oC = s igni ficance leve l 

p = probability o f  ge t ting s ignificant result 

t1 
and t2 

= values !roe 2-tailed t- table w ith oo degrees of freedoa and 

corresponding to probabi l ities of oc:. and 2 ( 1-P ) , respect-

ively 

Aasuaing n to be large , the degrees o f  freedom needed for t1 and t2 are 

set a t  infinity . In order to detect � differences between replica te• 

at the � level of aipi!icance with � probabili t7 of p t tins signif­

icant result ,  S h.aa the value of � and P • 0 . 90 .  Q which 1a the 

coefficient of variation 1a about a.. �he valuea of t1 and t
2 

are 

found to be 1 . 96 and 1 . 28 reapective l7. �he substitution of all theae 



values in the equation gave the solu tion o f  53 individuals for each repli­

cat e .  S ince the two sexes have different means and variance.s , their data 

are always pres ented and analysed separa tel7 so that the value n applies 

to a s ingle sex at a time . 

After careful considerat ions o f  the various fac tors , the following 

experimental des ign was decided on.  Four repli ca tes were carried for 

each high and low s e le c t ion line of the three popula tions . From each 

replication , 45 males and females wP.re s cored each genera tion and the nine 

mos t extreme pairs were s e le c ted to be parents of the next gener�tion. 

Higher repli ca tions wi thin each selec tion line would have been des irable. 

However , in the present ins tance where the total s ize of the e xperiment 

is l imited , an increase in replication number could only be a chieved by 

decreasing the number sampled and selec ted within each replicate in order 

to re tain a 20� selec tion in tensity . The au thor considers this to be 

unwise s ince too small a population s i ze w ould be affe cted by large sampling 

vagaries , resul ting in exaggera ted differences be tween replica tes ( De Fries 

and Touchberry , 1961 ) .  Besides , the higher inbreeding rate in smaller 

populations could cause serious problems of decline in fitness and o ften 

even loss of some or the replicates before the sele c tion prograa.e was 

comple ted (Marien , 1958 ) .  

2 .  Control 

Since interest in this thesis includes coapariaon or selec tion 

reaponsE between the different populationa and between different genera­

tions , controls are needed to evaluate the true senetic response. Such 

controls are based on the principle that the selection line ancl ita con­

trol population are aiailar in genetic aake-up and react in auch the • ._e 

••7 to chans•• iD the environaent. Under this condi tion, aubtractins 
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the mean o f  the control population from the mean of the selection line 

would be expected to give an unbiased estimate of the gene tic response 

o f  the selected line . Bray et al . ( 1962 ) have pointed out that s ince 

the basic e ffect of  selection is to change the array o f  gene frequencies 

of the popu lation , the selectio n  line tends to devia te from the control 

in i ts gene tic content and this could cause bias in the correction for 

environmental effe c ts because of genotype-environmen t intera ctions . 

However , in shor t-term selec tion experimen ts ,  it is likely that s uch 

interactions would be negligible ( Richardson and Kojima , 1968 ) .  

Bray ( 1966 ) has given a de fini tion for an ideal con trol popula tion : 

" • • •  one in wh ich no change in gene frequency or geno typic frequency 

o c curs from generation to genera tion and which is genetically r e lated to 

the lines under trea tmen t. " This means tha t under cons tant environmental 

condi tions , the mean and genetic  parame ters remain unchanged from genera­

tion to gene ration and in theory this could only be achieved in a popula-

tion of infinite size . In pract i cal si tuations , all control populations 

are restric ted in size and so would be sub j e c t  to influences such as 

gene tic drif t  or natu ral sele ction ( Gowe , Robertson and Latter , 1959 ) . 

Robinson and Bray ( 1965 )  worked out the theore tical consequences o f  the 

e f fe c ts of two restrictions - equal family size and no sib-ma ting - in 

populations o f  different sizes , in reducing the variability due to gene tic 

drift .  Bray ( 1961 , 1965) inves tigated this experiaentall7 and reported 

that both the theoretical and experiaental results indicated that res tric­

tion agains t une�ual faaily size was a auch sore powerful tool in helping 

to aaintain a gene tically s table control population than res tri ction 

against inbreeding. 

With regard to the choice of suitable control for thia presen t  

experiaen t ,  s ince sele ction respoaaea fro• three 4ifterent populationa 



are to be studied , � single con trol for all three populations would not 

suffice . I t  is necessary there fore to have an Ore gon-R con trol for the 

Oregon-R high and low selection lines , and similarly +3 and Cross con tro ls 

for the ir respe c tive populations . The type of con trol decided on for 

each popula tion is a randomly mated , unsele cted line wi th 30 pairs of 

parents maintained in each generation .  Although it  i s  desirable t o  main-

tain controls o f  larger sizes and gi th reo tric tions impooed to reduce 

genetic dri f t ,  the lack of facilities and the pressure of work from the 

sele c tion experiment itself made this impossibl e .  To holp t o  oinimise 

the rate of  inbreeding in each population ,  six bot tles were set up per 

control vith five pairs of paren ts in each bottle . Each bo t tle con tri­

bu ted e qually to the paren ts or the next generat ion . One hundred females 

and lOO males ,  e qually sampled from the six bo ttles within a control , w ere 

scored each genera tion . 

This control , though siaple , was considered to be adequate for t he 

presen t short-term selection experimen t utilising a highly heri table 

trai t  which is no t expected to be grea tly affected by inbreed ing depress ion 

or flu c tuations in the environment .  H owever , more elabora te controls 

would be needed for long-term selection experiments or for selec tion using 

fitness traits w hich are sensitive to minor fluctua t ions in the environ-

11ent . 

3· Selection procedure 

To initiate the selection experiaent , 20 cultures in quarter-pint 

creaa bottles were aet up aiaultaneoual7 for each of the three populationa 

(Oresoa-a , +3 an r3 of the Cross ) . When the propft7 s tarte4 to ... rp , 

collectiona wel"e aade twice clail7 1 aore or less equall7 froa the 20 

bottles of each population , to enaure Yirginit7 of the feulea . 



pro gen1 served as the base for the selection lines as well as for the 

controls.  When sufficien t  numbers o f  progeny were co lle c t e d ,  ei ght 

samples , each o f 45 males and 45 females ,  were drawn from each base 

popu lation to form the four replicates o f  the high sele c tion line and 

low selection l ine o f  that pop�lation . �he flies in each replicate 

were scored for abdominal bris tles and the nine pairs w i th the highest 

( or lowest ) bris tle numbers were selec ted to  be paren ts o f  the next 

generation . Throughout the sele ction experiment , three bo t tles , each 

?8.  

with three pairs of  sele c ted parents , wer� s e t  up for ea ch replicate.  

The controls were set  up at  the same t ime by taking a random sample o f  

30 pairs o f  flies from each base popu l a t ion and assi gnin g  the fl ies a t  

random in to s ix bottles w i th five pairs in each bo t t le .  The paren ts 

were left in the bottles for 4-5 days and then dis carde d , but those in 

the control bo t tles were removed a f ter the th ird day to prevent too many 

eggs from being laid . The progeny emerging formed the firs t select ion 

generation ( Gl ) . 

A quo ta o f  15 males and 15 virgin females were collec ted from each 

bo ttle and the males and fema l es were s tored separa tely in s mall foo d  vials 

until ready for counting and sele ction . From the 15 pairs o f  flies 

scored per bot tle , the three extreme pairs were flelected and s tored. The 

next three extreme pairs were kep t  as reserves in case one o f  the parents 

died before mating. If a bo ttle failed to produce the full quo ta of 

flies , it was supple ented w ith extra flies fro• the o the1 two bo ttles o f  

the sa•e replicate. In this •aJ• the size of the replicates was kept 

cons tant fro• genera tion to generation . This •e tho4 of within bot tle 

aaaa aeleetion has the advant ge of ainiaiaing inbreeding rate wi thin a 

repli cate , although i t  does ••an that the selection differential and 

conaequentlJ the response is lower .  I t  took a t  leas t five da1s to 
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complete s coring the flies of the six selection lines . Ma tinge of e.ll 

the lines were made on the s ame day . The sele c ted flies from the three 

bo t tles in e a ch replica te were pooled and randomly divided in to three 

groups and s e t  up in three culture bo ttles . 

For each control popula tion 100 females and lOO males , e qually 

sampled from the six bot tles , were counted and 30 pairs were selected a t  

randoa t o  s erve a s  paren ts for the next generation . 

The plan of the experiment as well as the code designa tion for 

each sele ction replication and con trol are summarised in Table 9. 

Table 9 :  Experimen tal plan and its code designations 
( Identifica tion code : H ,  high selec tion; L ,  low s e l e c tion ;  

c ,  Contro l ;  I ,  I I , I I I , IV ; Replication one to four respec tively ) 

Re plication 

Base popula tion Selection line I I I I I I  IV Con trol 

Oregon-R ( Or-R ) High selection Or-RHI Or-RHI I Or-RHI I I  Or-RHIV 

Low selection Or-RLI Or-RLII Or-RLII I  Or-RLIV 
COr-R 

+3 High selec tion +3HI +3HII +3HIII  +3HIV 

Low selec tion +3LI +3LII +3LII I  +3LIV 
C+3 

Cross ( X ) High selection XHI XHI I  XHIII XHIV 

Low selection XLI XLII XLIII XLIV 
ex 

7he generation interval for Shelcloa • s  ( 1963 ) selection experiaent 

waa two weeks , whereas the average generation interval for thia present 

experiaent was three weeks. !he extra week was needed for collectins 

the full ,uo ta of flies froa each bot tle as well as for s coring the 

larger nuaber of flies each generation. 



B .  S ELECTION RESULTS 

1 .  General observations 

So. 

The three popula tions , Oregon-R ,  +3 and Cross , wer e  sele c ted for 

fourteen genera tions and this phase o f  the experiment la s ted for about 

e leven mon ths . A t  the end of the selection pro gramme , all the replicates 

were relaxed for nine genera tions . The behaviour of  the selec tion linea 

on relaxation would provide evidence of the magnitude of the forces o f  

natural sele ction opposing artificial selection . A few problems arose 

during the selec tion experimen t. In the first generation , the parents 

of the controls w ere inadverten tly left  too long in the bo t tles and t his 

resul ted in the cultures becoming far too crowded. The Oregon-R and the 

+3 controls consequen t ly suffered from high mortality of the larvae and 

delayed emergence of the imago . The progeny were s maller in size and 

had depressed bris tle scores . The Cross con trol , though subjected to 

s im ilar overcrowding,  did not show the same ill effects and this ability 

to withs tand adverse condi tions was probably due to its hybrid vigor. 

During the e ighth and eleventh s el ec tion generation , fluctua tions 

of the tempera ture in the incubator o c curred due to the break-down of the 

thermos ta t .  This could have possible effects on bristle s core ( Raeaueon , 

1952 ; Reeve and F • •  Robertson ,  1954 ) . 

The aajor difficult7 encountered in this experiment was the decline 

in viabilit7 and fertilit7 of the low selection linea after a few genera-

. tiona of selection. The high linea were relativelJ free froa such fi tneaa 

proble� . InvariablJ it took longer to collect the ful� quota of aalea 

and feaalee required for acoring froa each of the low replicate• and 

conaequentlJ , the hip selection linea were scored before the low liaee 

but all the aatinp were .. de on the"' aaae d&J• This differential 



reproduc tive fitness o f  the high and low selection lines has also been 

reported by other workers (Mather and Harrison , 1949 ;  Clayton e t  al. , 

195? ; Latter and Roberteon , 1962 ) .  

81 .  

A t  Yarious times , the mu tant " hairy" , where t h e  wings of the flies 

were slight ly crumpled and had tiny hairs , appeared in the +3 con trols as 

well as in some of the +3 high and low sele ction replicates . This mutant 

apparently has no effe c t  on abdominal bris tles ( Bridges and Brehme , 1944 ) 

but i t  was delibera tely selected out of  the +3 popula tion so as not to 

complicate ma t ters . 

2 .  Presen ta tion of bas i c  da ta 

S ince the means and va r ianc es of abdominal bris tle number of the 

males and f emales are d is t inc tly different , t he data for the two s exes 

are presen ted and ana lysed s epara tely . This s eparate  trea tmen t has the 

added advan ta ge of allowing any differential responses of the two sexes 

to be evalua ted.  

The problem of choice of a sui table s cale for biome tric an alysis has 

already been treated in fair detail by a number of workers . Rasmuson 

( 1952 ) was the only one so far to use logarithmic transformations on her 

data on selection for bris tle numbers . Her main purpose was to remoYe 

scale effe c ts and she subsequently utilised the transformed data to carry 

ou t analysis of variance inYolYing dif ferent sexes as well aa different 

types of  bris tles ( steraopleural and abdoaiDal bris tles ) . Other workers 

who haYe discussed the problea and applied s caling tea ts found s trong 

eYidence favouring the arithme tic scale ( Cavalli , 1952 ; Reeve and F . W . 

Robertson , 1954 ; Clayton e t  al. , 195? ; Sheldon , 1963 ) . In view of 

this , no tranefor•ation was aade on the data fro• the present experi .. n t .  



( i ) Response of mean bris tle nuaber 

The interest of the experiaenter or breeder is na turally focussed 

f irs t of all on the changes in the popula tion means as a result of selec­

tion. The mean abdominal bris tle number o f  each repl ica te and control 

for each genera tion is given in Table s lOa and lOb. Figures l ( a )  -

1 ( e )  show the changes of the means of each replica tion of the Oregon-R ,  

+3 and Cross population& over the fourteen generations o f  sele c tion and 

the subs equen t nine generations o f  suspended selection.  In each figure , 

the means o f  the appropria te con trol are a ls o  incorporated . The s e  graphs 

show readily the trends of changes as well as any anomalies in them. 

Before dis cussing the c hanges in the mean of each popu lation , it is worth­

while to examine whe ther the two s e tbacks , over-crowding and fluctua tions 

in tempera tur e , which o c curred during G l ,  G8 and Gll had affec ted the 

popula t ion means . 

The means o f  the Oregon-R and +3 con trols of Gl  w ere about two 

bris tles lower than their bas e  population means and this was undoubtedly 

due to over- crowding of the cultures . In the following generation,  when 

c are was taken to remove the parents before excess eggs were laid , the +3 

and Oregon-R aeans re turned immedia te ly to their original levels . The 

Cross contro l ,  which was observed to be unaffected by over-crowding , showed 

no decline in aeans. Clearly , to use the +3 and Oregon-R control aeana 

to evaluate the actual responses in Gl would result in considerable biaa , 

with the high selection response being over-estiaated and the low 

response 11nder-es tiaa ted. It waa decided that at leaet for thia genera­

tion , the control aeane would not be used. Instead, the response of Gl 

would be obtai.lled by a veraging the diverpnce etween the hich and low 

e lection line • 



Table lO ( a ) s  Mean abdoaiDal bris tle nu•ber of ind iYidual s electioa replicate• ... ooatrola 
( fe male da t a )  
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.. 
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? 
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Gea o 
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Gea O 
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3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1} 

14 

1 

Hip seleatioa 

2 3 .. 

39. 22 }8 . 42 37 . 13 39. 31 

}8 . 11 39.33 39. 42 39. 42 

38 . 71 41 . 53 4o . 42 40 . 64  
lto . 22 42 . 0? 39. 58 � . 82 
4o . 2 5  40 . 88 39. 33 39 .05 

39. 75 41. 98 1to . 1o 4o . 42 

40 . 28 42 . 58 4o . 67 4o . 62  

1to . 2 B 42 . 07 39. 75 40 . 42 
4o . 95 4o . 68 lto . oo 41 . 53 

41 . 2 5 42 . 6o 41 . 22 41 . 0 5 

4o . 62  41 . 70 41. 10 41. 62 

40 . 88 41. 90 42. 52 41 . 70 

41. 13 41. 73 41 . 88 41 . 18 

41.03 41. 63 41 . 52 41 . 93 

41. 2 9 42 . 73 41. 64 42 . 20  

39- 33 40 .09 }8. 49 38 . 82 

39 - 73 41 .02 4o . 6o  39. 49 

4o . 87 40 . 73 40 . 58 39 - 98 

4o . 33 4 1 . 49 41. 18 4o . 91 

lto . 58  42 . 09 4o . 8o  41. 2 4  

4o . 8? 4 1 . 29 41.42 41. 84 

40 . 49 41. 49 41. 1 5  40 . 87 

lto . 67 lto . 62 40 . 67 4o . 93 
4o . 58 41 . 3 3  4o . zo �to . 96 

41. 42 41 . 02 39. 87 4o . }5 

39. 78 4o . 9J 40 . 16 4o . 69 

41.00 40 . 96 41 . 40  lto .  98 
41 . 24 41 .02 lto . oo 41. 09 

41. 51 4o . 89 4o . 53 4o . 7 3 

4}. 27 42 . 36 41 . 91 41. 96 

3 9. 89 }8. 8o  }8 . 6o  }9. 8o 

40 . 24 }9. 93 41 . 11 40 . 20  
42 . 6o  41.02 lt2 . 2 9  42 . 31 

45. 33 43. 67 4 2 . 51 4 5 . 13 

� . 87 42 . 76 42 . 00 43.09 
45. 44 44 . 4o  42 . 22 45. 11 

44. 89 45. 62 44. 51 45. 98 

44. 69 44 . 73 44 . 69 46. 69 

45. 49 47 . ? 6  45. 38 47 . 16 

46. 16 49. 25 46. 20 48 . 62  
4? . 11 48 . 16 46.20 48. 84 

49.28 50 . 00  47 . 17 48 . 98 

50 · 58  50 . 28 47 . 71 51. 22 

50 . 18 50 . 62 47 . 72 51 . 00 

51. 96  51 . 27 49. 58 52 . 71 

rtean 
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� . 34 

4o . 67 

39. ()8 

!to .  56 

4 1 . 0 4  

40 . 63 

� . ?9 
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4 1 . 2 6  

4 1 . 75 
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4o . 2 1  

4o . ,54 

� - 98 

4 1 . 18 

41 . 36 
41 . 00 

4o . 72 
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� . 39 

4 1 . 0 9  
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4o . 92 
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45. 2 5  
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4?. 55 
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43 . 86 

49. 95 

49. 88 
51 . 38 
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14 

CROSS 
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1 

2 

3 

4 

5 
6 
7 
8 

9 

10 

11 

12 

13 

14 

1 

Low se1ect1oa 

2 ' .. 

39. 6o 37 . 98  38. 31 }8.00 

36. 91 37 . 38 }8 .09 }8.� 

}6. 36 3?. 02 38.02 }6. 93 

34 . 69 37 . 18 }6. 96 3?. 31 

34 .05  36. 42 }6. 28 }6. 18 

34 . 15 34. 42 36 . 00 35. )0 

34 . 75 33. 32 35- 53 35· 35 

32 . 68 3 3. 63 }5.05 33. 87 

32 . 37 }}. 15 35. 43 }4. 50 

31 . 68 3 3 . 2 3  � - 95 }4.03 

}0 . 0 }  }2 . ?0  34. 37 33- 42 

2 8 . 77 }1. 58 34. 68 33- ?8 

27. 42 31 . 1 5 33. 45 }2. 5? 

2 8 . 2 5 30 - lto  32 • ..a }2 . }8  

27. 78 31.24 }2. �  }2 . ?8 

39. 91 lto . 64  39. 22 lto . 2? 

36. 98 37 - 7 3 }8 . 24 }8. 87 

}6. 27 37 . 69 37. 22 37.8o 

36. 2 9  37. 44 }6. 6? }7. &2  

36. 2 9  35. 22 35. 4o }5. 69 

35 - 1 3 34 . 91 3 5. 62 35- 53 

34. 62 }4 . 67 34 . 22 }4. 00  

3 3 . 68 33 · 58 33 . ?8 3}. 44 

33. 56 32 . 10 }2 . 96 34.09 

32 . 98 31 . 47 32.20 3}. 1t4 

32 . 75 }0 . 72 30 · 73 }2 . 90  

32 . 90  }0 . 6o  }0 .  90 }}. 67 

32 . 37 29. 85 2 9 . 6 �  33 . 22 

31. 92 28 . 37 28. 88 }2 . ?0  
32 . 69 28 . 13 31.02 31. 69 

41 . 18 }8 . 4? 4o . 6o  3?. 82 

37. 71 36. 91 37. 20  35. 64 

36 . 20 37. 22 37 . 11 35. }8 

34 . 8 9  38. 11 35. 6? , ... a.. 
33 . 64 35- 38 33. 69 }}. 58 

}2 . 47 35- 16 34 . 29 33. 2 5  
32 . 22 33. 78 33- 91 }2 . 9? 

3 1 . 17 3 3 . 36 3}.02 }2 . 97  

3Q . 8 5 33 · 93 33. 23 32 . 17 

}0 . 45 }}. ?2 33. 10  31. 33 
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Table lO ( b ) : Mean abdominal bris tle number of indiYidual selection replicate• an4 controla 
( male data ) 
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None of the selection lines or con trols show ed any berraat treada 

during G8 and Gll when fluctuations o f  temperature occurred . 

case if the assump tion of the absence of genotJpe-enYironaent iateraction 

was realised , the con trol would be able to ca ter for such abifta in the 

environment so that the va lidi ty of the actual responses obtained would 

not be affe c ted .  

The trends of the upward and downward response of each populatioa 

will be d is cussed in de tail since the priaary aia of this thesi.a ia to 

s tudJ and compare the responses from different base populationa . 

Oregon-R population : ( Figs l ( a ) and ( b ) ) . The females and the aalea 

show very similar pat terns o f  response to two-directiona� selection . 

Selection in the high direc tion produced poor responses froa all four hi&h 

replicates . Mos t of  the response was obtained in the first three gener-

a tions of  selection , and from G4 to Gl4 the four replicates continued to 

give consistent but much weaker response . Divergences betweea the hilb 

replicates s tar ted as early as the third selectioa genera tion . Aa a result 

o f  genera t ion to genera tion fluctuat ions of each replicate , no definite rank­

ing was e stablishe d among the replicates even after 14 generation• of selec­

tion . A s imilar finding of divergence , but randoaisation of responae aaong 

replications , was observed by Frankham , Jones and Barker ( 1968 ) JOr 12 

genera tions o f  high selection for abdominal brist les in their replicatea 

w i th populat ion size of ten pairs of parents and selection intensitJ of 2�. 
The ir experimental se t-up was comparable to the present e xperi ent .  On 

the o ther hand , Clayton e t  al.  ( 1957 ) and S heldon ( 196' ) reported differ­

ences be tween replica tes w i th a defini te order being es tablished in the 

earl1 genera tions of  selection and this was subsequen tly maintained ,  with 

the differences between replica tes becoming larger aa selection proceed•d• 

Both Clayton and S heldon used 20 pairs o f  paren ts for each replicate aa4 
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Fig. l (a )  Selection response of the Oregon-R population (female data). 

Fig. l (b)  Selection response of the Oregon-R population (male data). 



this larger popula tion size cou ld be the reason for the lack of ran4oaneea 

among their replica te s .  Ano t her devia tion from the obserYatione o f  the 

above two workers was tha t the variation between the Oregon-R high replic­

a tes tended to become less ins tead o f  grea ter in the la ter generations of 

selection ( G8 - Gl4 ) .  

The behaviour o f  the four Oregon-R low replicates was quite differ­

ent from tha t o f  the high replica tes and was more in line with the findings 

of Clay ton e t  al . and Sheldon.  From Fig. l ( a )  it can be seen that except 

for the firs t replica te ( Or-RLI ) ,  the responses fro• the o ther three 

replicates were in good agreement till 04. From then on 9 the replicates 

s t ar ted to diverge with the differences between them becoaing aore pr -

nounced as selection progressed. Furthermore , a defini te order waa eatab• 

lished among the four low replica tes .  The difference between the replicate 

which gave the greates t and the one which gave the least res ponse , Or-RLI 

and Or-RLIII respec tively , was a much as 5-6 bristles during the laet few 

genera tions of selection. Unlike the Ore gon-R high replica tea 9 the low 

replicates continued to give steady response t ill about Gl2 .  Then, the 

response abruptly declined durin g  the las t two generations . Since selec­

tion was termina ted a t  Gl4 , i t  was not possible to tell whe ther the 

decline in response ra te during the las t two genera tions was temporarJ as 

a result of some unde tec ted environmental changes or whether it was pera­

anent due to the exhaus tion o f  usable gen e tic var ia tion . On the whole , 

the low repli ca tes s howed less inter-genera tion fluc tua tions than the high 

replicates. The pa ttern of two-directional s elec tion response froa the 

Oregon-R popula tion was asymme trical , with grea ter response downwards. 

Lat ter ( 1965a ) des igna ted this as nega tive aeymmetr7 and th pattern with 

grea ter upward response as pos i t ive asymme try. 
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86. 

Except for the depressed Gl genera tion aeans , due to oYer-crowded 

culture conditions , the Oregon-R unselec ted con trol means fluctuated 

around i ts original base popula t ion mean and showed no apparen t  upward 

or downward trend over the 14 genera tions . 

+3 popu la tion :  ( Figs l( c )  and ( d )  ) .  The s triking feature of the two-wa7 

response from this popul a tion was the s trong negatiYe aaraaetr7. All tou 

high replica tes were remarkably resis tan t to the e fforts of selection for 

high bris tle number . Wha t  little response obtained occurred alaoat entire-

ly in the firs t three generations o f  selection and froa then on selection 

was virtual ly w i tho u t  any e ffect.  Fro• G7 - Gl2 .soae of the high replic-

ates had means which w ere lower than tha t o f  the unselected +3 control 1a 

the corres ponding genera tions . However , the average population aean of 

the high selec tion line was 0 . 5-1. 5 bris tles above the con trol aeans . 

The high replica tes a t  Gl4 showed an unexpec ted rise of about two bristles 

but this was suspected to be due to environmental effec ts rather than true 

genetic response .  I t  is clear tha t the heritabili ty o f  about 3� ea tia-

a ted from the +3 base popula tion had poor predictive value , at least tor 

high sele c t ion response s .  

The + 3  low replica tes responded reasonably well to selection . fhe 

behaviour of the males w a s  a lit tle different from that o f  the teaales .  

For the females , the a greement b e tween the four replica tes was good. un til 

\ 
From then , the f irs t and four th replica tes ( +}LI and +}LIV ) showed 

weaker response while the o ther tw o replicates continued. to respoad at 

the same ra te . For the male data , all four replicates showed a aiailar 

trend over the 14 selection genera tions . However , thia trend ver the 

14 genera tions was not linear but could be d ivided into a perio4 of fair 

response ( Gl-G7)  and a la ter period of  poor response ( G8-Gl4 ) .  ClaJton 

e t  al . ( 1957 ) and Sheldon ( 1963 ) observed tha t the variation between 
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86. 

replicates was grea ter in the high selection line than in the low line. 

The reverse condition was found in the present +3 high and low l ines . 

The +3 con tro l , like the Oregon-R control , s howed no apparent upward or 

downward trend and except for the lowered means at Gl , no anoaalies were 

observed. 

Cross poPula tion : ( Figs l ( e )  and ( f )  ) . A lthough the trend of reapo e 

from the Cross low selec tion line was s imilar to the +3 and Oreaon-R low 

lines , the response fro• the Cross high line differed markedl7 froa the 

o ther two high lines . The response ra te was greatest for the Croaa high 

line , poor for the Oregon-R high lin and almost zero for the +3 high line. 

One of  the Cross high repl icates ( XH I ) showed the typical "a tairwa7" 

pa ttern of  res pons e ,  with a sudden cessa tion of response froa G3 - G? 

followed by renewed response . All the o ther Cross high replicates gaYe 

consis ten t response upwards and showed no signs o f  declining eYeD at the 

end o f  14 generations o f  selec tion . Differences between the four 

replica tes were obvious from G4 and once again due to wide inter-generation 

f lu c tuations , no definite order was es tablished between the replicates . 

The trend of  downward response from the Cross low line was siailar 

to the +3 low line with the firs t seven genera tions giving greater respoaee 

than the la ter genera tions . Here a ga in , variation be tween the replica tes 

was quite obvious , especially for the female da ta .  The average high and 

low responses from the Cross popula tion a t  the end of selection aeasure4 

as devia tions from the means o f  the con trol were 12 bristles and 9 briatlea 

respectively. Thus , the two-way selection in the Cross population pro­

duced posi tive asymme trical res pons e .  

The Cross control means over the 14 genera tions appeared to show a 

s light bu t definite trend downwards unlike the +3 and Oregon-R control 

means . I t  should be noted tha t the Cross control showed an unexpecte4 
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rise o f  abou t two bris tles at  G3 bu t no apparent reason could be found to 

a c count for the increase . From G4 onwards , the con trol means graduall7 

declined and s e ttled a t  a level o f  abou t two bris tles below the origina� 

base popula tion mean • In an ear lier section on base popula tion• ( see 

Part III C ) , a small amount o f  he teros is was no ted in the F1 and r
2 of the 

Cross , and the s light downward trend o bserved during the subsequent gener­

a t ions o f  random inter-breeding could be due to the gradual breakdown of 

heterosis . 

Discussion : A lthough individual replicates tend to show in ter-generation 

fluc tua tion . which is no doubt due to causes like sampling or scoring 

errors as well  as environmental varia tion ,  the average of four replicatea , 

which gives the mean of a selection lin e ,  shows a fairlr smooth upward or 

downward trend ( Fig. l ( g )  ) . The downward responses !roa all three popu-

la tions showed very similar trends .  I f  the total responses were aeasured 

as the devia tion o f  the means of the s elec tion lines from their respectiYe 

con trol means a t  Gl4 , the response from +3 and Cross low lines was abom t 

nine brist les while tha t from the Oregon-R low l ine was six bris tles . Thus , 

the Cross low s e lec tion line con trary to expectations did no t  show obYioua 

superiority over the low l ines of the two parental s trains. 

The high s e le c tion lines unlike the low lines showed obYious diff-

erences in trend o! respons e .  The +3 high line gave virtually no response 

and at Gl4 the total respons e was two bri s tles , the total res ponse of the 

Oregon-R was five bris tles and the Cross high line 12 bris tles . Thus , the 

total high respons e from the Cross was s ix times tha t of the +3 and 2 . 4 

times tha t o f  the Oregon-R.  Mainly because o f  the differential responses 

froa the high lines , the three popula tions showed differen t patterns of 

two-way response with the +3 popula tion giving s trong nega tiYe aay.ae tr7 , 

the Oregon-R mild nega tive asymme try and the Cross positive as7aaetr7. 
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Asymme try has been observed in all previous selection experiaenta on 

abdominal bris tles . Ma ther and Harrison ( 1949 ) , Clay ton e t  al. ( 1957 ) 

and Latter and A .  Rober tson ( 1962 ) reported grea ter upward response while 

Rasmuson ( 1955 ) and S heldon ( 1963 ) found the opposite . 

The graphs can depi c t  clearly the trend o f  respons es but they are 

no t able to reveal the gene tic s i tua tion which is responsible for the 

observed responses . Falconer ( 196o ) has advanced a number of possible 

causes for a symme try in two-way sel e c tion experiments , such as direc tional 

dominance , dire c t ional gene frequen c ies , se lec tion for heterozygote& in 

one dire c tion , inbreeding depress ion , ma ternal effe c ts or difference in 

s elec tion differen tia ls in the high and low sele c tion lines . In the case 

of asymme try found in the Oregon-R , fa c tors like inbreeding depression , 

directional dominance and ma ternal e f f e c ts are no t likely to be important 

( Rasmuson , 1952 ; C lay ton et a l . , 1957 ) .  I t  was also unlikely that 

na tural selec tion was oppos ing artificia l  s ele c tion in the high d irec tion , 

since the Oregon-R high replicates had less probleas wi th low tertilit7 

and viabili ty than the low replica tes . Furthermor e , during the nine 

genera tions o f  relaxa tion following the 14 generations o f  con tinuous 

selec t ion , the four Oregon-R high replica tes regressed only about one to 

two bris tles towards the unselected con trol means and this decline was 

pro bably due to the break-up of  favourable epis ta tic combina tions rathe r  

than due  to the forces o f  s tabilising na tura l selec tion.  A possible 

cause of a symme try was tha t selec tion for high bris tles favoured le thal 

he tero zygo tes be caus e of their higher f i tness or higher bris tle score. 

Le thal tes ts , to be carried out on some o f  the replicates a t  the end of 

the selec tion programme , would throw light on the poss ibilit� of this 

s itua tion . 

For the +3 pop u la tion , it is unlikely tha t the fac tors pointed out 

by Fal coner are responsible since the asymme try o ccurred in the ver7 earl7 



genera tions o f  selection . A hypo thesis has been put forward by Clarke , 

Maynard Smith and Sondhi ( 1961 ) to explain the mark d aay ... trical response 

observed in sele ction for fas t and slow developaental ra te in �· eubo)!cura. 

I t  is based on a model o f  in ter-allelic epis tatic in terac tion iD that the 

phenotypic e ffect o f  a given gene substitution is dependent on the nature of 

its gene tic background.  Asymme try is  produced if  the genetic backcround 

o f  a base population acts as a barrier to phenotypic expression in one 

direc tion and not in the o ther . In the context of this present experiaent,  

i t  means tha t  the +3 has a gene ti c constitu tion wnich inhibits the expreea­

ion of  genes for higher bris tles and no t for fewer bristles . BoweYer , an 

attempt to explain the asymme try in the +3 population based on this hypo­

thes is runs into difficulties since the assuaption inherent in thia aodel 

is tha t the genetic va riance is made up largely of epistatic Yariation, 

whereas the non-addi tive gene tic variance was ee tiaa ted to be low in the 

+3 base population. 

In recent years evidence has been accumulating that the genetic 

variance of  a quantita tive chara c ter may be due largely to the segregatioD 

of a few genes with large effects . Spickett and Thoday ( 1961 ) aade 

chromosoma l analysis of  two o f  Thoday and Boam ' s  ( 1961 ) linea selected for 

high s ternopleural bris tles . They successfully located three " genea" iD 

one line and five in the o ther , which accounted for a t  leas t  8� of the 

gene tic varia tion. Fur ther evidence comes from chromosome analysis iD 

whea t conduc ted by Werhahn and Allard ( 1965 ) and Law ( 1966 , 1967 } .  I t  

is poss ible that the variation o f  abdominal bris tles in the +3 population 

is largely controlled by very few additive genes with major effects ao 

that once they are fixed in the early genera tions of selection , su aequ t 

ar tificial s election applied in the high direction would f il to produce 

fur ther response . Because o f  the aberrant behayiour of the +3 hilb line , 

the author decided to carry out subsidiary testa a t the end of selection . 
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such a s  heri tabi l i ty e s t ima t ion a n d  crosses between +3 high and low linea , 

in a t temp t to throw ligh t  on the n a ture o f  the underlyin g gene tic 

s i tua tion . 

The respons e from t h e  Cross h i gh s e le c t ion line was definitely 

superior over the high res ponses fro m the two or iginal paren t lines , Oregon-R 

and +3. The simple s t  expla na tion for the more rapid responses in the Croaa 

is tha t d i f f e r e n t  genes for h igher bris tle are fixed a t  different loci in 

the two origina l pop u la t ions , so tha t crossing between the two resul ted in 

a n  increase i n  gen e ti c  variability w it hin the hybrid popula tion . This 

grea ter ge n e t i c  var iability allowed more e f fec tive se lec t ion . 

Reeve and F . W . Rober tson ( 1952 ) proposed a hypo thesis that genes 

w i th small e f f e c ts in the ir norma l  gen e t i c  background may be transforaed 

in to major genes if the geno ts pe has been modified by selection . The saae 

princ iple co u ld apply in the pre s e n t  case , where cross ing be tween the +3 

and Oregon-R s tra ins produced a hybrid popu la t io n  with "different" gene tic 

con te n t  than e i ther of i ts ori ginal paren ta l s trains so tha t some genes 

w i th minor e f f e c ts on bris tle number may be changed to •ajor genes in their 

new gen e t i c  ba c k ground . Fur t her eviden ce for the transforaa tion of a 

normally minor gene to one w i th a large effect coaes froa Fraeer ( 1963 ) 

in a s e le c t ion e x perimen t us ing �· ��!! for decreas ing nuaber of bris tles . 

Ano ther hypo thesis propos e d  to a ccoun t for increases in response is tha t 

where genes from two or more popula t ions are pooled to ge ther , i t  ia possible 

that some genes w i th ins ignif i can t or neu tral e ffe c ts on the sele c ted 

chara c ter in t he ir usual background, w he n  combined w i th o ther genes , aay 

toge ther exert a large e f f e c t  and s e l e c tion would favo ur the increase ia 

fre qu en cy o f  the gen e  combina tions ( Fraser and Hansche , 1965 ) .  

In summ ing u p ,  the hybri d  popula t ion showed superiority o•er the 

two paren ta l popula t ions when selec tion was for incr eas ed abdoainal bristles 
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Tabl..e ll(a ) : Phenotypic Yariances of individual replica tes azad controla ( t•-1• uta ) 

High selection 

l 2 3 4 

?. 50 ? . 89 ? . 8-

8. 18 9.05  ?. 52 

6. 52 9.89 12 . }0  

6. 50 ?. 96 9.25 

4.?0 8 . 10 9- 37 
6. 63 5. 88 6 . 6} 

6. }4 14. }2 5- 76 

6. }4 ?. 19 5. 41 

5-07 5. 98 6.81 

4 . 97 ?. 12 8.24 

5· 15 4. ?3 9- 17 

5. 66 5. 51 8 . 1? 

4.90 }.85 6. 81  

5 - 69 ? . ?} ?.20 

8 .02 6. 61 ? . 27 

3- 91 

6. ?5 

4 . }0  

?. 68 

6. 16 

2. 84 

4. ?5 

6.2} 

6. 61 

5 - ?0  

5.28 

7.0? 

7 · 59 

8 . 3() 

8 . 70  

5· 55 

5e ll 

? - 93 

5. ?0 

5. 86 

}. 84 
6 . 66 

6 . 66 

7- 36 

5 · 39 

?.0? 

4.04 

5a 43 

4. }1 

8. 0? 

5· 30 

?. 61 

5· 93 
8. 11 
?. 16 
3. 48 
4. 89 
3· 73 
6. 64 

4.43 

4.23 

?. 31 

5.26 

6. 78 

6. 41 

8 . 95 

8 . 39 

7 . 64 

? . 50  

? . 94 

6. }9 

5- 97 

4 . 69 

7. 88 

3· 73 

4. 64 

?. }4 

5. 88 

6. }1 

4. 89 

5. }4 

6. 11 

?.43 

5. 68 

6. 41 
4 . 59 
5. 11 

6. 52 

6. 55 

4. }? 

6. ?0 

5· 50 

4. 46 

5. 61 

8 . 41 

1. 91 14. 89 11. 89 10. 57 

11. �5 ?. 8? 11. 64 ? . 48 

9.61 ?· 59 10. 84 9.82 

11.50 8. 64 8 . 13 10 . 93 

9. 66 8 . }6 ? . 54 9. 14 

11. 48 11. 15 8 . 0 5  8 . 64 
6. 64 6. 61 6. 8o 5. 48 

?. 82 ?. 16 6. 36 4 . 41 

? . 84 8. 2} 9. 4? 6 . 82 
10 . 88 9.26 15. 61 8 . 10 

9.28 ? . 15 6 . 94  12 .00 

12.00 9aO? 12 . 14 11. 75 

7 - 95 6. 64 9. 66 ? . 29 

11 . 92 10 . 37 5- 56 10 . 20 

11. 91 9- 39 10. 98  14. 39 

8.05 

8 . 29 
9.09 
7 . 8o  
7 • . 5} 

6. }8 

8 . 10 

5- 91 

6 . 44 
6.02 

5- 92 
6. 67 

�. }6 

6 . 73 

6. ?C 

5. 02 

6. 40 

6. 40 

6. ?9 

6. 40 

3- 69 

5- 35 

5· 79 
6. 79 

. 4 . 9? 

5. 82 

5- 98 

5- 69 

6 . 25 

?. 90 

11. }2 

9. 61 

9. 47 

9. 8o 

8 . 68 

9. 83 

6. 38 

6 . 44 

8 . 0 9  

10. 96 

8. 84 

11 . 24 

?. 89 

9-51 

11. 67 
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1 2 

Low e1ectioa 

3 4 

8 . 84 6. 80 9· 55 10.05 

22 . 59 8 . 70 6. 68 8 . 66  

13. 50 8 . 25 8 . 52  5- 6� 

8. 86 12 . 84 13. 45 6. 45 

10 . 1? 10 . 07 6. 64 ?.88 

8 . }4 9. 14 5. }2 6.8o 

6 . 25 10 . 69 6. 80 ?. 36 

7 . 41 

12. 17 

5- 37 

8. 20 

11. 92 

1?. 0.5 

8. 46 

?. 50 

10 . 80 
11. 11 

5 - 29 

9. 19 

5 • .)6 

10 . 50  

8. 93 

?. 37 
6. 98 

7e 32 

10 .00 

4. 83 

5. 20 

6. 15 

5- 52 

6. }9 

4.25 

4 . 6} 

9. 45 

8. 41 

9. 14 

10. 27 

? . 49 

? .68 

5.12 

6.70 

4. 95 

6. }2 

?.8o 

9. 0? 13. 27 4. 57 

?. }0 10 . 27 6. 11 

5. 70 10 . 77 5. 64 

6 . 14 5. 98 8. 86 
6. 29 6. 20 6.}2 

5· 39 ? . 89 6. ?2 

?.07 8. 07 6 . 64 

? . 24 7.02 ?. 85 

5· 73 10 . 64  5. 90 
4 . 9} 9.29 12 . 54 

6. 2? 11. 13 6 . 75 

1· � 

9.25 

8. 70 

6. 16 

6. � 

4. 57 

?. 68 

6.02 

3- 45 

lt.O? 

5. 14 

6.12 

4. 4? 

4. 59 

?. 14 

10. ?5 9· 39 

9. }9 10. 86 
10. 48 9. ,2 

6. 14 10. ?7 

? . ?, 10. 89 

6. ?4 8. 41 
6.08 5. ?8 
4 . 68  ?.26 

6 . 88 5- 29 

?. 68 8 . 37 

1 - 37 5 - 73 

8 . ?5 6 . ?5 

4.83  4. 88 

7 - 17 6. 51 

?. 66 6. 16 

11 . 11 10.25 

9-98 9 . 14 

9 . 88  7 - 39 

7. 14 4 . 91 

5· 95 7. ,, 

5. }4 7.6? 

8 . 41 1· 90 

5- 65 , ...  2 

5. 61 1}. 39 

6. 7, ?. 78 

6.02 10. 86 

5 • • 6 11. 41 

4 . 69 ll. )9 

6. 36 6. 56 

7 · 55 10. 50  

.... 

8.81 

11. 66 

8 . 91  

10. �  

8. 69 

1 - �  

?. 78 

?.23 

7.6o 

6. 79 

?.}\ 

7.66 

8.65 

1.os 

8.03 

8. 57 

8 . 92 

9- 41 

? . 5't 

8. )9 

?.06 

?. 45 

6. 75 

5-57 

6.02 

6. 7) 

7 .06 

6.69 

?. 84 

?.82 

10. 38 

'· " 
9·2'1 

?.2 .. 

1· 99 

?.Oit 

1.0 .. 

'·" 

1-19 

?. 64 

1· 50 

8.09 

, _ _  , 
6. 65 

?. 97 

Ccmtr 1 

9·29 

,_ ,, 

.,a 
9.0 .. 

9e29 

9· 1' 

8. 

10.0 

?. 20 

1,. ,, 

10.75 

9.22 

u.&z 
10.06 

. 12  

7. 89 

C).ol 

6.0 

1·05 

8. Jt6 

9. 65 

10.05 

8. 4? 

6. )1 

8. 98 

1·09 

1-14 

8.26 

?·Sl 

6.06 

1}. , 
11:. 73  
12 . 9) 
15�10 

10.01 

9.tt9 

U. 32 
lOeSl 

1·" 

?. 8o 

,.01 

1·19 
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Table ll ( b ) a Phenotypic �ariances of  individual replicates and coatrola (aa1e data) 

Bigh selection Low ae1e ctioa Coatnl 
1 

5. 48 

7.09 
6. 59 

4.23 

6. 18 

5.76 

4. 36 

5 . ?1 

5a ?l 

4 . }1 

5. }2 

5.49  

5a25 
4. 49 

5. 64 

5. 16 

6. 89 

6. 98 

6. 16 

5. 4} 

5.07 

4. 18 

4.02 

5. 25 

6. }4 

3. 46 

5· 30 
5. 24 
9· 59 

?. 66 

11 . 41 

4 .10 

7-89 

6. 52 

9. 66 

7 - 66 

5.00 

6. 93 

4 . 2} 

9.02 

10.02 

6 . 42 

6. 10 

7 - 49 

6. 66 

2 3 4 

9. 11 

6. 59 

6 . 84 

5 . 84 

4.26 

8. 63 

7 . 6} 

5. 14 

6.0? 

6.25 

} . 76 

4 . 41 

4 . 41 

4 . 8o  

5- 91 

5·00 

4. }4 

5- 39 
4 . 20 

5 . 16 

5. 66 

}.25 

2 . 66 

5. 32 

4. 14 

3·75 

} . 82 

5. 25 

}. 81 

5- 34 

8 . 36 

6. 89 

8. 11 

4 . 98 
4. 48 

6 . 56 

4.05 

4 . 64 

5. 46 

5· 56 

6 . 4? 

5. 61 

6. 98 

6. 95 

5 . 4} 

?. 41 

5. 98 

?. 16 

6. 11 

5· 50 

5· 32  

3 - 75 

} . 14 

2. 93 

... 25 

5 . 84 

6. 61 

:;. 81 

.3. 89 

6 . 98 

4 . 95 

6. 20 

4 . 95 

8 . 25 

5. 8 � 

4. 14 

4. 20 

5.17 

4. 29 

4. 42 

8 . 69 

5. 61 

?. 2 5  

5. 45 

? . 18 

6. 29 

5- 98 

6.0? 

3· 50  

4. 16 

4. 11 

4 . 70 

?a 57 

4. 41  

4. 9? 

5.06 

5a }1 

3. 94 

6 . 52 

4 . 55 

6. 93 7 - 8� 9. 8o 
6. 32 10. 2} 10. 18 

5- 8o 8. 66 8. 8o 

6. 39 7 . 39 11.07 

5. 98 5. 16 4 . 52 

6. 52 7. 61 5 · 7 5  

5-0 9  6 . 4 3  �. 48 

5. 89 6.2} 6. 82 

7 . 95 5- 55 5· 75 

6 . 46 

5-87 

6. 42 

5- 75 

5. 81 

7. 70 

4. 96 7 . 65 

6. 85 7 . 19 

5- 32 7 . 42 

6. 8c 7 . 92 

6. 24 6. }9 

7- 91 10 . 57 

11eaD 

6. 73 

6. 69 

6. 62 

5·. 8:; 

5- 19 

6. 2? 

5.06 

5a 17 

5. }8 

5. 14 

6.o6 

5. 28 

5 · 97 

5. 42 

6.04 

5· 97 

5. 80 

6. 40 
4 . 99 
5.06 

5.04 

}. 9? 
4 . 35 
4 . 48 

4. 93 
4. 5.3 

5.26 

4 . 56 
5- 95 
6. 1} 

9.00 

? . 86 

7 . 79 

?. 84 

6. 3} 

6. 89 

6. 4? 
5.87 
7.02 

?. 48 
6. � 
6. 64 

6. 48 

a . 21 
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1 2 3 4 

9. 61 

6. 82 

5- 34 

4. 86 
4. 80 

6. 15 

4. }6 

5. 68 

5. 54 

5- 31 

6. 1? 
B . oo 
6. 49 

9. 14 

? . }0  

? . 41 

?. 84 

8. ?7 

7 . 68 

1.02 

4 . 61 

5a 0 5 
4.2? 

4.00 

}. 18 
4. 61 

4. 78 

4. 66 

:;. 49 

}. 11 

5.66 

6 . 98 

4 . 8o  

9.0? 

8 . 68 

5· 95 

?. 63 

5 . 12 

4. 1t6 

6. 63 

6. 66 

?.08 
5· 37 

5a00 

5- '70 

6.00 

5. 18 

8 . 66  

?. 16 

8 . 48 

5a 92 

4.05 

}. 66 

4. 8} 

4. 90 

4. 97 

.. .  91 

5a 51 

3- 56 
4.86 

5- 98 ?·50 

8 . 18 12. 16 

? . 89 6. 45 

7 a 32 5- 75 

6 . 25 3· 50 

6 . 75 }. 91 

5. 64 4. 82 

3· 57 5- 91 

4. 49 4. 98 

}. 24 }. 80 

4.23 4 . 91 

4.07 6. 15 

4.08 4. 42 

5. 24 5. 51 

4 . 95 lt. 61 

10 . 66 11 . 79 8. 98 

8. 59 9-05 6.07 

6 . 57 8 . 70 10. 27 

5- 57 7 . 18 4. 95 

7 . 22 5. ?8 7. 27 

4. 66 }. 95 4. 29 

5- �7 4 . 31 5. 17 

4 . 90 7 . 2 5 3· 53 

4. 64 5.24 3 . 58  

5 - 1 5 
5· 39 

:; . 68 

4 . 42 
4. 5} 

5. 8o 

4.42 

}. 58 

5. ?1 

}. 14 

,. ao 
} . 95 

1· 20 

?a09 

5.20 

.). 98 

1· 58 

5. 15 
4.20 

5·13 

'· '' 
5- 17 

5a71 

6. 98  

6. }2 

5-75 
4.86 

5. 25 
8. 66 

8 . 8o  

9. 18 

?. 41 

4.10 

6. 55 

6.07 

5. )4 

5- 96 

,.81 

4. ,  .. 

s.os 

7.88 

6.82 

9a52 

8 . 11 
7.25 

5·.30 
5 . 46 
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6. 1t2 

5.20 

5. ,? 

5.0} 

4. 27 
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?.0} 
4 . 69 
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--
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6.52 

6.00 
6. 27 
1. ,, 
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5a05 
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5· SO 
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6. 76 
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5.68 

,_ ,.. 
9.21 
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?.lt8 

6.05 
... , 
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4.96 

... 10 

4.05 

... ,1 

... 89 
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8.20 

5. 75 
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6.01 
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8 . 98  

?.2.0 
6.7 

?. 69 



91. 

but when selec tion was in the low direction , the original +3 population 

gave as much response as the Cross while the Oregon-R ' s  response was the 

low e s t .  

I f  to tal response from each popula tion was measured as the diverg­

ence between the h igh and low selection lines ( Fig. 2 ) ,  the Cross was 

c learly superior over the two parent lines . The trends o f  the divergence 

of selection response from the femal es of the +3 and Oregon-R popula tion& 

were remarkably simila r .  For the male s , the divergence o f  the +3 popu-

lation was cons is tent ly grea ter than tha t o f  the Oregon-R by an average 

o f  0 . 5 bris tles . 

( ii ) Phenotypic Variance 

A ccording to s elec tion theory based on the addit ive model ,  selection 

is expec ted to bring about the gradual fixation o f  favoured alleles leading 

to the reduction of gen e t i c  variability and this in turn is reflec ted in 

the declin e  in the pheno typic varian ce of  the sele c ted charac ter. However , 

this expec ted decrease in pheno typic var iance wi thin selection lines has 

not o ften been realised in ac tual e x perimen ts . Some o f  the high and low 

replicates o f  C layton et al .  { 1957 ) were chara c terised by sudden and 

spec tacular increases in pheno typic variability in the la ter generations 

of selection , w ith the high level being maintained even when response had 

ceased.  This phenomenon has been found to be due mainly to selec tion of 

heterozygote& for lethal genes . Sheldon ( 1963 ) r e ported s ligh t reduc tion 

in pheno typic variance within three o f  his four replica tes selected for 

abdominal bris tles for 30 genera tions . Frankham , Jones and Barker { 1968 ) 

and Rathie and Barker ( 1968 ) found tha t the maj ori ty of  repli ca tes selec­

ted for high abdominal bris tles on a long- term basis showe d  no consis tent 

changes in pheno typic variance . 
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I t  is the purpose here to survey how sele ction has affected the 

Tariability wi thin each of the replicates o f  the Oregon-R , +3 and Cross 

s e le c tion lines and a lso the heterogenei ty of variance within selec tion 

lines and between different lines . The pheno typic variances for each 

selec tion replica te and con trol are presented in Table:; l l ( a )  and l l ( b ) .  

Figs } ( a )  - ( f )  show the phenotypic variance of each high and low s e le c­

tion line for each replica tion , generation and sex. These graphs depict 

c learly the trend within each repli ca tion and also whe ther the four 

replica tes within a s e lec tion line show any s imilarity in pa t tern over 

the 14 genera tions . 

Oregon-R population : The females o f  each high an d low repl i ca te appear 

to show grea ter genera tion to genera tion fluctua tions than the males . 

S imilar o bserva tions o f  the differen tial behaviour o f  the two sexes to 

sele c tion have been made by Clay ton et al .  ( 1957 ) and S he ldon ( 1963 ) and 

the former au thors regarded this to be a physiological rather than a 

genetic effe c t .  The four Oregon-R high re plica tions w ithin each genera­

tion were avera ged to give the genera tion mean of the high line . The 

genera tion mean o f  the Oregon-R high line showed a sligh t bu t definite 

downward trend till G7 and from then it remained a t  tha t level till the 

end of  selec tion . From as early a s  G3 , the pheno typic Tariance o f  the 

high line was lower than tha t o f  the Oregon-R unselected con tro l .  This 

apparent reduc tion in pheno typic variability was ac companied by a decline 

in selection response of the Oregon-R high line and could refle c t  the 

exhaus tion of genetic variabil i ty as a resul t of gene fixa tion . 

The four low replica tes showed grea ter heterogeneity o f  variance 

than the high replica tes . The Or-RLI females exhibited a s udden and 

s harp increase in var iance a t  G2 and Gll bu t no s imilar rise was obs erTed 

among the males of the corresponding genera tions . S in ce on bo th 
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occasions the sudden increase in var iability las ted only for one genera­

t ion and was not followed by an accelerated response , it was unlikely to 

be the res ult o f  a new auta tion arising wi thin the replica tion or an 

unusual cross-over even t .  The anomalies w ere probab ly due t o  sampling 

variation or to some changes in th e environment to which the females were 

susceptible . A veraging the four low s e le c tion replica te means resulted 

in remova l  o f  much of the genera tion to genera t ion fluctua tions and a 

definite downward pa t tern emerge d .  In fa c t ,  the pa ttern o f  the Oregon-R 

low line was remarkably similar to tha t  of the Ore gon-R high lin e , s ince 

both showed a consistent bu t small decline till G? . Like the high line , 

the low line ma in tained slightly lower pheno typic variances than the 

Oregon-R control froa as early as G � .  Thus , the Oregon-R high and low 

selection lines showed decline in pheno typic var iances in the firs t half 

of the sele c tion experimen t .  

+ 3  poPUlation : Throughou t  the 1� generations o f  selection , the +3 high 

replications showed phenotypic variances which were cons is tently lower thaa 

tha t of the +3 control . Associated w i th the low pheno typic variabilit7 

were the extremely small selection responses and these two fea tures charac­

terised the +3 high s e le ction lin e .  I t  was d iffic u l t  t o  accoun t  for the 

low pheno typic variance& o f  the four high replica tes , w hich occurred right 

from the s tar t of the selection experiment ,  particularly when the +3 

control , main tained concurren t ly w i th the selec tion line , cons is tentl7 

showed higher variances . 

The +3 low replicates showed higher pheno typic variances and 

grea ter heterogene ity in varian ces within a genera tion than the +3 high 

repli ca tes . The genera t ion mean o f  the +3 low line showed a decline which 

bore a s trong resemblance to the trend of the Oregon-R low s elec tion line , 

with the pheno typic variances declining gradua l ly in the firs t seven 
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selec tion genera tions ( Period 1 )  and rema ining cons is ten t in the la ter 

seven generations ( Period 2 ) .  This pa t tern o f  chan ges in pheno typic 

variances corresponded well wi th the responses in the mean bris tle number 

of the +3 low line ( Figs l ( c ) - ( d )  ) where the first seven genera tions o f  

selection produced greater res pons e than the remaining genera tions . 

Cross popula tion : The r
3 

of the hybrid be tween the Oregon-R and +3 s trains 

formed the base population of the Cross high and lo� selec tion lines . The 

F
3 

had a higher pheno typic variance than e i ther o f  i ts parental s trains . 

For the Cross high se lec tion , the females of all four high replica tes 

showed a decline in pheno typic variance till G6 , and this was followed bJ 

an increase to i ts original level by the ninth gen era t ion , which was then main­

tained till Gl4. The high replica tes showed marked genera tion to genera tion 

fluc tua tions . The ma les o f  the Cross high re plica tes showed a different 

pa t tern from the females in tha t althou gh a de cline o c curred in the f irs t 

half o f  the selec tion experimen t ,  there was no subsequent increase as tha t 

observed in the females . S ince all replica tes behaved in a s imilar way , 

i t  indicated tha t  the dif ference in pa t terns o f  pheno typi c varian ce be tween 

the ma les and females of the h i gh replica tes was not the resu l t  o f  s ampling 

vagaries bu t was proba b ly due to differen t genetic con trols for the males 

and female s .  

The de cline i n  the Cross low replicates was s imilar t o  tha t of the 

Oregon-H and +3 low repli ca tes . Once a gain there was a positive correla-

tion be tween the trend of the var ian ces and the changes in the mean 

bris tle number of the Cross low replica tes .  

Controls : The pheno typic varian ces o f  the Oregon-R and +3 con trols showed 

no upward or downward trend bu t f lu c tua ted around the ir ori ginal levels , 

and there was a de fini te tendency for highe r varia n ces in the Oregon-R 

contro l throughou t the 14 genera tions . The Cr� co n trol showed a differen t  
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pattern as expected . I t  should be noted that the F3 of the Cross formed 

the base popula tion of the Cross control and s elec tion lines , since Lush 

{ 1948 ) and Koj ima and Kelleher ( 1963 ) sounded caut ion agains t initia ting 

sele ction from the F1 or F2 of a cross . I t  is wor thwhile examining the 

pheno typic variances of the F1 and F
2 

as well , since this would give some 

in forma tion a bo u t  the gen e ti c  s i tua t ion in the two o r i g inal popula tions 

( Oregon-R and +3 ) .  The F
1 

variance , as e x p e c t e d , was comparable to the 

variances of the two parental popu l a tions . However , the var ian c e  o f  the 

F2 was almo s t  twice tha t of the F
1 

and this could be the eviden ce that 

differen t  a l l e les were fixed in th e  +3 and Oregon-R s trains . Hence , as 

a result o f  s e gre ga tion and r e comb ina t io n  the va r iance o f  the F2 was 

increased.  

Discussion : Except for the +3 high selec tion line which main tained low 

pheno typic variabili ty throughou t the selec tion pro gramme and the females 

o f  the Cross high l ine , whose variance fluctua ted around tha t of the F3 , 

the Ore gon- R high line and all the three low lines show e d  a decline oYer 

the firs t seven generations of s e l e c ti o n .  Fig. 4 shows tha t all the 

three low lines exhibited a remarkably uniform pat tern , whi ch super­

ficially could be taken to reflec t  the redu ction in gene tic Yariability 

on the underly ing scale . But on the o ther hand , there was a s triking 

similarity between the trend o f  the pheno typic variance and the corre­

sponding pa t tern of the changes in mean abdominal bristle number and this 

could imply that s cale effects were pres ent . Fal coner ( 1961 ) suggested 

a convenient means of removing s cale effects by us ing ano ther measure of 

Yariability - the c o e f f i c ient o f  var ia tion - and in the fo llow ing section , 

this a lternative parame ter w i l l  be presented and i ts effec tiveness in 

terms o f  cancelling scale effe c ts d is cuss e d .  
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( iii ) Coefficient o f  varia tion 

The s imilarity in trends of the pheno typic variance and the gener­

a tion mean , par t i cularl y in the low selec tion lines , sugge s ts tha t these 

two parame ters are no t en tire ly independent  bu t could be rel a ted by s cale 

effects .  This means tha t a change in the population mean is a ccompanied 

by a chan ge of its variance in the same dire ct ion.  In an a t terBp t to 

detect and remove such s cale e f fe c ts , the da ta is expressed in an al ter­

native fora - the coefficient o f  variation - which takes in to a c coun t  the 

popula tion mean . This parameter is defined as  the s tandard deviation 

d ivided by the population mean ( s/i ) . I f  the trend in variabili ty of a 

line was due to s cale e f fe c ts , its coe fficient o f  varia t ion should then 

rema in fair ly cons tan t from genera tion to generation . Trans formation to 

this parame ter wou ld also allow more mean in gful comparisons be tween the 

two sexes and be tween the high and low selection lines . 

Tables l2 ( a ) and 12 ( b ) presen t the coefficient o f  varia tion for each 

replication , genera tion and sex.  It  is clear tha t  w i thin a genera tion 

there are cons iderab le differences in va lue be tween the four replica tions 

within the lines and also tendencies for inter- genera tion fluc tua tion• o f  

individual repli ca tes . In order to pre sen t a clearer pi c ture , the fou r 

replica tes with in each selection line are averaged for each generati on and 

Fig. 5 shows the changes in coe f ficient o f  varia tion for the high and low 

sele c t ion lines and con trols o f  the three popul� tions . One s triking 

feature which emerges is that the trend o f  the coe f f i c ient o f  variation 

appears to be the reverse of  tha t of the pheno typic variat ion . I t  means 

that jus t as the pheno typic var iance is suspecte d  to be posi tively 

corre lated with the popula tion mean , the coe f ficien t of the varia tion . on 

the o ther hand , is nega tively correla ted . This con clus ion is based on 

the following observa t ions from the gra phs : The mal es w i th lower abdominal 
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bristle number and pheno typic va riance than the fem lea tend to have 

higher coefficien t o f  var iation than the female s ;  the inter-generation 

fluc tua tions for the males are more marked than for the fe ales and thia 

is parti cu larly no ticeable among the three unselected controls ; the 

Oregon-R and Cross high selection l ines show a definite decline iD 

coefficient o f  varia tion ( 8% - 6% ) for the f irs t six generatio� and 

subsequen tly remain cons tant till the end of selection. !he +3 higb 

sele ction line , which is characterised by extremely poor r spoase ,  main­

tains cons is ten tly low coe fficient of varia tion ( 6% )  over the 14 genera­

tions ; The females o f  the three low lines show · a remarkable s iailarity 

in trend , with theF coe fficients of variation remaining fairly cone taat 

over the firs t e ight generations and then gradually increasing (" - � )  

till Gl� . In fac t  the trend o f  coef ficient of variation of the females 

of the low lines bears some resemblance to the airror 1a ge of the Oreson-R 

and Cross high lines . 

The above observa tions show tha t this aeasure of variability 

resulted in over-compensation for s cal e effec ts , with the population •eana 

being nega tively correlated with the coe fficient of variation . Thia 

fea ture has been reported by Rumball ( 1966 ) and was also apparent 1D the 

data o f  Falconer ' s  ( 1955 ) large and small lines of aice. The conclusion 

would be tha t nei ther of the parame ters , the phenotypic variance nor the 

coeff icien t  of varia tion , is entire ly sa tis fac tory in portraying the 

gene tic chan ges in the popula tiona as a resu lt of selec tion. 

( iv )  Realised heritability 

This parame ter was firs t employed by .Fal coner ( 1954 ) and is the 

ratio of the s ele c tion res ponse to the selection differential. Realised 

heritabil i ty is regarded as being superior to the other parameters in 



de picting the true gene tic respon se  by vir tue o f  the assump tion that 

fa c tors like s cale or na tural selec tion which a ffect the selectioR 

98. 

response would exert a similar e ffect  on the denominator ,  the s election 

differen tia l .  This means tha t t h e  fraction i tself will b e  rela ti�el1 

free o f  such bias. 

The selec tion res ponse for each genera tion is calculated according 

to the formula by Koj ima and Kelleher ( 196} ) .  

= 

where A ii 
= mean response of replicate at genera tion i 

f
i = mean abdominal bristle number at generation i in 

selec tion replicate 

ci 
= mean abdominal bris tle number a t  generation i in 

control line 

The response ea ch genera tion obtained is thus correc ted for bias due to 

environmen tal variat ions . Like the o ther parameters , considerable 

divergences among replicates within the linea are apparent , and tor this 

reason the four replica tions in each line were averaged to giTe the line 

mean. S ince the selection responses an d selec tion differentials of the 

males were propor tiona tely smaller than tho se of the feaale a ,  this means 

tha t wi thin a selection line , the realised heritabilities of the two 

sexes would be s imilar . Thus , for this parame ter , it would be Talid to 

combine the da ta o f  males an d female s .  Fig. 6 shows the re al ised heri t-

abili ties of the h i gh and low s e le ction lines ( sexes combined ) for each 

genera tio n .  The trend wi thin each l ine i s  quite c lear. Among the high 

selection lines , the Oregon-R , +3 and Cro s s  showed dis tinc tly d ifferent 

pa t terns . The Cross high line ma in ta in ed the highe s t  realised heritab• 

il i ty throughou t the 14 generations although there was a slight decline 



> 
·'= 
:..0 ea .... ·.:: Cl> � 

] 
(ij Cl> a: 

> 
·'= 
:..0 ea .... ·.:: Cl> � 

0.4 

0.3 

0.2 

0 . 1  

0.5 

0.4 

0.3 

0.2 ' 

0. 1 

0 

High selection 

Or-R 

Cross 
' 

' 
' , , ' ..,., 1

1 

' 

' ... __, /  ' - � ·- - - - -· ·· -
·. .... , """' , ,_ I _ _  ., 

' ...... .... - -

'··
·

· ... 

....
.. ,"...... ,•, ..... ,' \ 

..... .. ' . 
� I \ 

..... . . ,. •, 
.. ..... .· 

· ...... 
... . . . .. ···-- . . ... . _ eJl 

/"\ I '\ 
' 

\ 
' 

'\ 
'\ 

' 
'\ ' 

.. 

·

·

·
·

·
· ··-

..
... _ ------ · ·--

,... 
--- - -..--..._. ....

. .. 

Low Selection 

\ 
\ 

' ... - - , ' """' ..... ...... 

_ 

.. 
., · " ··

- - - - .. ....... ... . - · · ·· ... , . ..
..
.. ... ... ... 

'�- - -- -
.. 

.. ·... .. 

...... ·· ·

·

· --- -· .. · ·- - - .. .. ...... ··-.... ... 

2 4 

· ...... ·· 
··· ·· -··· ·· ·· 

·--·· ·-·-.......... 

6 8 1 0  ' 1 2  1 4  

Generation Number 

Fig. 6 Combined sexes rea l ised heritabil ity for h igh and low selection l ines of Oregon-R , +3 and Cross. 



in the firs t two gen era t ions . The Oregon-R high line on the o ther kaad 

declined s teadily from 0 . 20 - 0 . 10 over the 1� genera tions . The +J high 

line d eclined sharply from 0 . 35 to 0 . 05 in the firs t genera tion aDd •u •­
quen tly continued to main tain th is low leYel. 

The Oregon-R low line showed a gradual decline in realised herit­

ability ( 0 . 20 - 0 . 10 ) .  The +3 and Cross low linea had higher initial 

realised heritabili ties tha n tha t o f  the Oregon-R bu t the decline oYer 

the 1� generations was ra ther marked ( 0 . 4o  - O . l? ) .  The +' popglatloD 

in par tic ular displayed s trikin g  asymmetry in r alised heritability la the 

high and low lines . 

The data from the pres en t selec tion experiment hae bee presented 

in !our a lterna tiYe forms in bo th tables and grapha. To conclude th1e 
sec tion i t  seems fit  to examine whe ther there w s any gener l pattera of 

changes o f  these four parame ters . One general fea ture aeong tbe aelect�on 

lines , w i th the exception of the +3 high line , was the obYioua 1Dtra• 

gene ra t ion variabili ty be tween replica tes w i thin the linea. For thla 

reason the four repli ca tes w ithin each line have been aYeraged to si•• 
the line mean an d subsequ en t  obserYa tions and diacusaione were b eecl o 

the behaviour of the selection linee ra ther than the indiYidual replic tea. 

I t  is simpler to follow the pa t terns o f  change o f  the selection �•• 

since they are sub jected to less genera tion to generation fluc tua tions 

and the trends over the 14 genera tions are more apparent to the eye.  

The trends o f  the abdomina l bris tle mean , pheno typic Yariance and realised 

heri tability bear a qua l i ta t ive rt-:se,nblance to euch o ther and present 

evidence tha t a l l  selection lines, except the females of the Cross his 
line declined to varying degrees in the amount of addi tiYe genetic 

variance with the con comitant decrease in the selection re ponee rate . 

Only the coeffi cient o f  var ia tion exhibited qualita tiYel� different t�end 
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Table 13:  Average realised her i tabili tiee of selection li.Jlea 
for each gen era tion ( s exes combined ) 

High se lec tion Low election 
Gen. Ore gon-R +3 Cross Oregon-R +3 Croaa 

l 0 . 22 0 . 36 0 . 32 0 . 21 0 . 31 o . lta  

2 0 . 22 o .o4 0 . 28 0 . 15 0 . 44 o.,a 
3 0 . 18 0 . 12 0 . 23 0 . 17 0 . 2? o .4'+ 
4 0 . 15 0 . 07 0 . 20 0 . 16 0 . 31 0 . 38 

5 0 . 13 o . o8 0 . 22 0 . 17 0 . 2? 0 . 32 

6 0 . 13 o . o6 0 . 25 0 . 12 0 . 2? 0 . 2, 

7 0 . 12 0 .04 0 . 22 0 . 15 0 . 2 5  0 . 25 

8 0 . 19 -0 . 0 1  0 . 21 0 . 15 0 . 2? 0 . 25 

9 0 . 11 0 . 02 0 . 27 0 . 14 0 . 2 5  0 . 18 

10 0 . 10 o .o4 0 . 23 0 . 13 0 . 21 0 . 20 

11 o . o8 0 . 02 0 . 22 0 . 15 0 . 23 0 . 20 

12 0 . 09 0 .0 1  0 . 24 0 . 14 0 . 22 0 . 17 

13 o . o8 0 .0 5  0 . 23 0 . 14 0 . 19 0 . 17 

14 0 . 10 o . o6 0 . 24 0 . 11 0. 18 0 . 1? 

from the o ther three parame ters and is an indica tion that at leas t tor 

the abdominal bris tle chara cter , this parame ter aay be the leaa t suitable 

of the four used in portraying the true gene tic responses of selection 

lines . 

The var iab ili ty be tween replica tes w ithin lines was moa t noticeable 

in the Orego n-R low and Cross hi gh l i n e s .  The res ponses froa the three 

high lines w ere clearly different from each o ther .  What is needed there-

fore is a de ta iled analysis of the data to evaluate s tatis tically the 

significance o f  the differences both w ithin and be tween lines . �hia 

s tatis tical analysis is presen ted in the follow ing section . 



C .  ANALYS IS O F  ,; EL ECTION RES PONSE 

lOl. 

Presentation and discussion of the basi c  data ( s ee Par t  V B) showed 

tha t  selec tion respo�ses obtained from the three different Drosophila 

popula tions , su bj e c ted to iden tical and s imultaneous two-way sele ction , 

were variable . Obviously a des criptive account of the differential 

responses , though use ful , is far from adequate in the s ense tha t i t  cloea 

not allow s ta tis tically reliable conclusions to be drawn . Conse�uentl7 1 

a de ta iled analysis o f  the selec tion responses is attempted . I t  was 

difficult to pre-determine the exa c t  course the ana lysis should take , as 

the la ter s teps depended to a large exten t on the outcome of the earlier 

analysis . The main purpose o f  this analysis , however , is clear - to 

make a direc t  comparison o f  the responses bo th within and b tween popula­

tion s .  This s e c tion is div ided in to three parts : analysis of the 

average rate of response per genera tion , realised heritability aad 

variability be tween replica tes .  

1 .  Average response per generation 

The s imples t me thod of e s tima ting the change in population aean 

brough t  abou t by one genera tion o f  sele c tion is by division of the total 

response , ob tained by s ub trac tion o f  the firs t generation population 

mean from the las t genera tion mean , b7 the number of genera tions of 

selec tion . This me thod has obvious weaknes ses ; one is tha t the data 

from the intermediate generations o f  selection, which could yield 

valuable informa tion on the trends and in ter-generat ion flu c tuations of 

response ,  would no t be taken into a c coun t .  Ano ther disadvantage ia 

that since the genera tion means o f  the sele c tion lines are well-known 

to be subj e c t  to inter-genera tion fluctua tions due to causes like 
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sampling error , random drif t  and environmental varia tions , it would aean 

tha t if the mean of the firs t or las t sele c tion generation happeDS to 

devia te in the high or low direction , the average response btained woul.d 

be correspondingly biased upwards or downwards according to the direction 

and the size of the devia tion.  

When a suitable unselected con trol has been incorporated i n  the 

experime n tal des ign and held concurrently with the selec tion linea , a 

sli htly differen t me thod o f  es tima tion could be used . !he change iD the 

mean o f  the selec ted line for one generation of selection could be evaluated 

by the formula ( Ko j ima and Kelleher , 1963 ) :  

where A li 
= mean response a t  genera tion i 

y
i = mean abdominal bris tle number at genera tion i 

in selection line 

ai 
a: mean abdominal bris tle number at generation 1 

in control line 

The average res ponse is found by summing the mean response for each geaer-

ation and dividing by the number o f  genera tions of selection. 

Avera ge response/generation : = 

S tandard deviation o f  average response 

This me thod is s u pe rior to the firs t as it takes into account the aean 

res ponse for each genera tion of se lec tion. The second advan tage is that 

the environmental effects are reduced by use o f  the control (Bra1 e t  al. , 

1962 ) .  However , the responses obtained would s till be subj ec ted to 

o ther sources o!  bias such as genetic dri f t , sampling variation , inbreed-

ing and s cale effects.  



A third commonly used me thod of es tima tion is to fi t a linear 
regression line to the population mean plotted aga ins t generation nuaber, 
with the s lope o f  the line yielding an es tiaate of the average reepoue. 
'l'he distinc t advan tage of this me thod is tha t the error variaace 1a 

minimised , thus affording a more precis e  es tiaa te .  Falconer ( 1953 )  vas 

one of the earli es t  workers to employ this method of eetiaation and aa 

pointed out that unless the two assumptions , absen ce of  non-linearit.J an4 

correlation between success ive genera tions , inherent in the use of linear 

regress ion are realised , the e s t imate o f  average response would be in 

error. This me thod s h ould theore tically be satisfactory for short-tera 

selection experiments where the trends of change in the population aean 
are expected to be linear and e ffects o f  random drift ,  iD causing corre­

lations between s uccessive genera tions of selection , are not likely to be 

important ( Fa lconer , 1953 ) . Bu t on a long-tera basis , where selection 

response rate is expec ted to decline , linear regression would not auftic•• · 

Ins tead regressions of higher order need to be employed. A t�eapta to fit 

more complex curves to selec tion da ta have been maae . For exaaple , Jaaea 

( 1965 ) f i t ted three different curves - exponential regression , parabola and 

s traigh t  line - to the da ta of four selection experiaente carried o t b7 

earlier workers . 'l'he cr iterion for the goodness-of-fit was based oa the 
size of the sum of squares o f  the devia tions of the actual valuee froa 

the curve w i th the smallest devia tions giving the best fit. In all tour 

cases , the exponen tial curve gave t he bes t fit  and in two cases the 

parabola was s uperior to the s traigh t line . '!'his analysis served to show 

that the selec tion responses tended to decline progressively aa aele ctioa 
proceeded. 

For the present selec tion experiment ,  it was decided to evaluate 

the average response per genera tion by the use of linear regreeeion aethocl 
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and b y  the me thod used b y  Koj ima and Kelleher ( 196} ) . 

( i )  Regress ion coe ff ic ient 

The to tal res ponse for ea ch genera tion was found b� subtracting the 

means of the unselected controls from their respec tive selection line 

means and this was regressed against generation nu•ber . 

= 

where Ri = to ta l  response in i th generation 

The responses thus o b tained are corrected for effects due to ohansea ia 

the environment and would refle c t  the true gene tic response to a greater 

extent than the l ine means thems elves . From the graphs of the chanpa 

in mean abdom ina l bris tle number ( Fig. l )  i t  would appear tha t althoush the 

o bserved res ponses o f  the three high se lec tion linea oYer the 1- ge era-

tions o f  s e l e c tion are fairly linear , the low selec tion linea ahow aa 

apparent decrease in rate o f  response during the latter halt of the 

selection experiment .  For this reason , all the hish aacl low selection 

l ines would firs t be tes ted for lineari ty o f  selection reaponaea before 

compu ting the regression coefficient o f  each replicate . 

Tes t  for non-linear i ty: Ma ther ( 1949 )  has given a •ethocl for teatiDs the 

linearity of regress ion l ines us ing the analys is of variance. All the 

high and low s e lec tion l ines are tes ted !or significance of non•linear1t7• 

As a numerical example , the analysis for the Oregon-R high and low 

selec tion l ines are given in Table 14. 

From Table 14 it can be seen tha t for bo th high and low selection 
.._ ... _ ... � .. 

, .. 

lines o f  the Oregon-R ,  the regress ion component is highly significant. 

But in the low line , signifi cant deviation from regression indicates that 

the response is non-linear , thus giving confirmation o t  earlier auspio1ona . 



Table 1 4 :  A nalysis o f  varian c e . De via tions from linear r e gr es s io n  

OREGON -R s Gen . 1-14 ( fe mal e data ) 

S ou r ce o f  Variation 

R e plica tes 

Genera tions D f 
{ R egr e s s ion 

ev . rom 
regr .  

Error 

To tal 

d. f .  

' 

1 

12 

'9 
-

55 

M . S . 

4 . 56 
33. 18 

7 . 46 

13. 49 

High s e l e c tion Low s e le c tion 
F Pro b .  t-1 . s . F Pro b .  

25. 96 

94 . 80 v . small 235. 39 294 . 2' v . small 

1 . 77 0 . 20 1. 84 2 . ,0 0 . 025 

o . Bo 

I 

i 
i 

I 

I I ' 

I 

� 
'.Jt 
• 
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The +3 and Cross popula tions , sub j e c ted to the same tests for non-liaearity , 

gave very si milar resul ts , namely , linearity o f  the high lines and non-

lineari ty o f  the low lin es over the 14 genera tions o f  sele ction. Thue 

it would seem that the m ethod of  linear regression is inadequate for 

measuring the ra te o f  changes in bris tle number o f  the three low selection 

lines . In view of  the small numbers o f  degrees of freedom and also the 

compu ta tional labour invo lved , i t  was cons idered not worthwhile undertaking 

the pro cess o f  curve fi t ting to the non-linear data for this present 

thes is . S ince the tr&nd of response in all three low selection lines 

seemed to fa ll into two fairly dis tin c t  phases , wi th the fir t seYen 

generations o f  selection yielding good response while the latter seven 

gen era tions poor or virtually no response ,  a possible siaple way of over­

coming this p1·oblem was to divide the 14 genera tions conveniently into 

two periods . The firs t seven genera tions were designa ted as Period 1 

and the la tt er genera tions Period 2 .  W ithin ea ch period, the respoaaes 

tended to be fairly linear , so tha t compu ta tions of linear regressioll 

coe f fic ients could be made for each replication w ithin each period instead 

of for the whole period o f  14 generations . To prove the validity of the 

assumption o f  l inearity within each period , tes ts on  non-line rity were 

again carried out for each period in the three low selection lines (sexes 

separa te ) .  Table 15 shows the tes t fo r the significance of deviations 

from linear regression lines o f  Peri od 1 and Period 2 of the Oregon-R low 

selec tion lin e .  Division in to two separate periods seeaed t o  have 

su ccess fully eliminated the non- lineari ty in Period 2 while for Perio 1 ,  

the probabili ty o f  non-significant devia tions from linearity was increased. 

Once again very s imilar resu l ts were obtained from tes ts on non-linearity 

of regress ion lines or the separa te periods o f  the +3 and Cross low 

s elec tion lines .  



Table 15: Analysis of  variance.  Deviations fro m linear regression 

OREGON-R : Low s e lection ( female da ta ) 

Period 1 ( Gen. l-7 ) Period 2 ( Ge n . 8-14 ) 
Source of Varia tion d. r .  I'l . S . F Pro b .  H . s . F Pro b .  

Replicates ' 3 - 95 27 . 32 

{Regression 1 56. 66 153. 14 v . small 18. 12 1 . 97 0 . 20 
Genera tions 

Dev . from 5 1 . 6o 4 . 32 0 .05 1 . 64 0 . 18 -regr .  

Error 18 0 . 37 9 . 19 

Total 27 

�---- -----------------

b 
� 
• 



108. 

From these results , it was decided to compute the aYerase rate of 

response of the low selection lines separately for the two periods . Oa 

the other hand , a linear regression line was fitted to the 1' seneratioaa 

o f  selec tion for each o f  the high selection lines . 

The regression coefficient o f  ea ch high and low selectio replicate 

was evaluated. Table 16 s hows the da ta of the total responae of each 

generation for individual replicates of the Cross high s election line aa4 

included are the regression coeffi cients of each replicate , which are 

es tima tes o f  the average response ra te ( bristle number/generat�on ) . 

Table 16:  Average response rate from the linear resreaeioa of 
response agains t generation number o f  the Cross high replicate• 

Cros s : High selection ( female data ) 

Rep. I  Rep. II  Rep . I I I  Rep. IV Total Mean 

Gen . 1 0 . 71 o . 4o 1 . 58 0 . 67 } . }6 o.84 
2 1. 99 0 . 41 1 . 68 1 . 70 5.78 1.45 
3 3 . 85 2 . 19 1 . 03 3 . 65 10 . 72 2 . 68  
4 4 . 74 2 . 63 1 . 87 2 . 96 12. . 20 3·05 
5 5. 6o 4 . 56 2 . 38 5- 27 17. 81 4.45 
6 5 . 47 6.20 5.09 6. 56 23. 32 5· 83 
7 5. 4o 5. 44 5 . 4o  7. Jto  23. 64 5·91 
8 5· 73 8 . 00 5. 62 7 . 1to  26.75 6. 69 
9 7. 93 11.02 7 - 97 10 . 39 37· 31 9.32 

10 9 . 28 10 . 33 8 . 37 11.01 ,38. 99 9·75 
11 10 . 17 10 . 89 8 . 06 9 • 87 38· 99 9· 75 
12 12 . 36 12 . 06 9 . 49 13.00 46. 91 11. 7' 
13 12 . 50 12 . 94 10 . 04 13. 32 48. 8o  12.20 
14 13. 66 12 . 97 11 . 28 14. 41 52. 32 13.08 

99. 39 100 . 04 79. 86 107 . 61 386. 90  

Re g. 

< 

coeff . ( b )  0 . 933 1 . 085 0 . 827 1 . 053 0 . 97' 

-
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The table shows tha t the values of  the average response of indiYidual 

replicates o f  the Cross high line range from 0 . 827 { XBIII ) to 1.085 

bris tles per genera tion ( XH I I ) .  The ques tion which fo llows is whe ther the 

four ind ividual response ra tes within the Cross high line are hoaogeneous 

or not.  A test for homogeneity o f  regression coefficients withia 

selection lines is needed and it  would yield valuable information on the 

repeatabili ty o f  sele c tion responses within popula tions . 

Tes t for homogene i ty of regress ion coefficien ts within selec tion linea: 

An analysis of  eovarian ce was employed , with the s tandard F-test for tbl 

homogenei ty o f  the four within-replica te regression coefficients . If 

the F- ra tio does no t reach s ignificance , the regression coefficieata of 

the four replica tes are regarded as homogeneous and the aYerage 

regression coefficien t ,  calculated from the pooled data . th giYea t 

best es tiaa te o f  the average response rate of a particular selection 

line.  The tes t on homogeneity o f  regression coefficieata of the Cross 

high line is given as a numerical example { Table 17) .  The hishl7 

significant F-value indicated tha t the four regresaioa · coefficienta were 

he terogeneous and consequently the Cross high replicates were each 

charac terised by their own particular rate o f  response .  

The o ther selection lines were subj ected to similar tests · OD 

homogeneity. Table 18 gives a summary of the F-tes ts for the three 

high selec tion lines ( sexes separate ) .  The intra-replicate regression 

coe fficients of  the Oregon-R and +3 high l ines were not significantl7 

different so that the average regression coe f fic ients obtained fro• the 

pooled data would give the bes t  descrip tion o f  the ra te of response of 

these two high lines . Finding he terogenei ty of regression lines in 

the Cross and no t in the high lines derived from the two original 



Table 17 : Tes t  for homo geneity of regression coeffi cients o f  the 
Cross high sel ection line ( fema le da ta ) 

Source of 
L x2 Ly2 Re g. co eff . Errors of Es tima te 

Varia tion d .  r. Lxy b d. .  f .  s . s . M . s . 

'N i thin Reps . 
R e p .  I 13 227 . 50 212 . 33 207 . 48 0 . 933 12 9 . 31 
Rep.  I I  13  227 . 50  246. 88 277 . 86 1 .085 12 9 - 95 
R e p .  I I I  1 3 227 . 50 188 . 17 163 . }0 0 . 827 12 7 . 66 

Rep . IV 13 227 . 50 239· 57 259 . 27 1 . 053 12 6 . 99 

Deviations from indiv. regressions 48 33 - 91 0 . 70 7  

Pooled Reps . 52 910 . 00 886. 95 907- 91 I 0 . 975 51 43. 43 0 . 852 

Between regression coefficients 3 9 • .52 J. l?J• • 

-�--�----- -----

� 
. . 
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Table 18 : Tes t for homogeneity o f  wi thin-replicate regreaeioa 
coeffic i ents o f  the high selection linea 

Summary o f  F- tes ta 

HIGH SELECTION LINE Oregon-R I +3 I erose 
( Whole Period ) 

Fe•ale data 

Source o f  Variation d.  f .  M . s . F M . S . F M . S .  F 

Deviations from 
aver . regression 5 1  0 . 411 1. 245 0 . 852 

Between regression 
coefficients 3 0 . 463 1 . 14 0 . 920 0 . 72 3- 173 4 . 49• • 

Devia tions from 
indiv . regressions 48 o . 4o8 1. 265 0 . 707 

Male clata 

Devia tions from 
aver.  regression 51 0 . 255 0 . ?69 0 . 846 

Be tween regression 
coefficients  3 o . 24o 0 . 95 0. 463 0 . 59 3. 287 4 . 74• • 

Deviations from 
indiv. regressions 48 0 . 253 0 . ?88 0 . 693 

labora tory s trains was no t sur pris ing, s ince the ini tial &a8plee of the 

Cross replica tes were drawn from the variable r
3 

genera tion and would 

therefore tend to be more gene tically divergen t to s tart with. 

S imilar tes ts for the homogene i ty of re gression lines were carried 

ou t for ea ch period of ea ch o f  the low sel e ction lines ( Table 19 ) .  �he 

F-values o f  the low selec tion lines do no t a pproach si gnificance on any 

occasion and consequen tly it can be concluded that the average response 



Table 19:  Tes t  for homogeneity o f  within-replicate re�eaaioa 
coeffi c ien ts o f  low sele ction lines ( female data ) . 

LOW SELECTION 
( female data ) 

Source o f  Varia t ion 

Deviations fro 
aver .  regression 

Between regress ion 
coefficien ts 

Devia tions from 
indiv . regressions 

Devia t ions from 
aver. regression 

Be tween regression 
coeffici ents 

Deviat ions from 
indiv.  regressions 

d. f .  

20 

23 

20 

Summary o f  F-testa 

Oregon-R I ., Croaa 

Period 1 

M . S .  F M . S .  F M . S . 

o . 64o 

0 . 695 2 . 177 0 . 735 

Period 2 

0 . 728 0 . 689 

1. 320 2 .222 

0 . 634 0 . 594 0 . 495 

112. 

rates of individual replica tes w ithin each period of the thr • low 11Dea 

are homogeneous . This then a llows the average regression coefficients 

to be used ns the response ra tes o f  the low selection 11Des and these 1a 

turn could be tes ted for he terogeneity of responses between population•• 

( ii )  Mean response 

For each selection line , the generation means of the four replicates 

were averaged to give the line mean and the ac tual change in abdoainal 
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Fig. 7 .  Comparison of the 2 estimations of average response per generation regression coefficient and 

response/t, of Oregon-R , +3 and Cross selection l ines (female data) .  

Whole Period (WP) ,  Period 1 (P 1 ) and Period 2 ( P2) .  



bris tle number in one genera tion of sele ction was eyaluated b� the 

formula : 

The average responses of the high and low selection lines in e eh generation 

are given in Table 20 and inc luded are the mean responses and their stand­

ard errors . One no t iceable feature of  the +} high selection responses 1e 

tha t s ix out o f the 14 gen era tion responses are negatiYe in value; that ia ,  

oppos i te to the direction o f  s e le c tion s o  that high selection in thia 

popula tion was virtually ineffectiYe . 

Thus , the parame t er - average response rate p r generatio - has 

been meR sure d using two di fferent me thods . I t  is of interest to coapare 

the two es timates  of each sele c tion line to assess the size and also any 

trends of th e dis crepancies be tween the two . 

the selection lina means were used. The average regression coefficient& 

of the selec tion lines w e r e  used � � l t hough i t  mus t be reme bered tha t for 

the Cross high 6 e le c tion line this value is strictly not valid since the 

four replica t e s  were he terogeneous . Fig. 7 illus trates the difference 

b e tw e e n  the two e 6 t ima tes o f  each selection lin e .  For the high select�on 

lines , the tw o es tima tes of the average responses taken over the whole 

pe riod of 14 genera tions were compare d  while for the low lines the two 

es t ima teo o f  nver�ge respons es in Period 1 �nd Period 2 were compared 

separately .  This diagram also prov ides a simple way of comparing the 

average responsP.s b e t v;een the d i f f e r e n t  se lec tion lines . I t  can be S4ten 

tha t the average r e s ponses o f the high s e lec tion linea estimated b7 the 

fire t me tho d ,  the linear re gression analysis , are highl� variable , wi\h 

th � +3 high line giving nega tive r e s pons e .  However , the average response• 

measured by the s e cond me tho d ( LA Y1/t ) are all posit ive and the 
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Table 20 : Mean response for high and low selection linea 

Female data Male data 
HIGH S ELEC riON Or-R +3 Cross Or-R +3 I Croaa 

' 

Gen. 1 0 . 78 1. 13 o . 84 o . 65 1.08 1 . 66 
2 0 . 83 -o . 84 0 . 61 o. 68 -o . 97 1. 55 
3 0 . 24 1 . 35 1 . 23 0 . 51 0 . 46 -o. 29 
4 0 . 35 -o. Bo 0 . 37 o .o6 0 .23 o . 1t7 
5 o .o 4  o . 4? l . '+o  0 . 10 o . lto  ' 0 . 58 : 6 0 . 30 -0 .01 1 . 38 0 . 51 -o . 28 1 . 67 
7 o . o 6  o . o6 o .o8 0 .05 -o . 61t -o .og 
8 -0 . 28 - 1 . 14 0 . 78 0 . 26 -o. 67 0 . 09 
9 1 . 2 9  0 . 09 2 . 63 0 . 63 0 . 99 2 . "  

10 -o . 11 1 . 48 o . 1t3 0 .09 o.oo -o . 78 
11 -o . 23 -0 . 90  o . oo 0 . 14 -o . 83 0 . 78 
12 0 . 19 -o . 45 1 . 98 0 . 44 0 . 38 1 . 31 
13 0 . 11 1 . 02 0 . 47 0 .05 1. 91 o . 81t 
14 1 . 2 6  1 . 25 o . 88 0 . 81 -o . l5 o . 85 

Mean response Y
WP 0 . 345 0 . 194 0 · 934 0 . 279 0 . 136 0 .767 

S td .  error !0 · 136 +0 . 486 !0 . 196 !0 ·094 +0 . 218 !0·234 -

LOiV .5 ELECTION Or-R +3 Cross Or-R +3 croaa 

Gen . 1 0 . ?8 1 . 13 2 . 66 o . 65 1 .08 1.42 
2 o . 87 2 . 45 1 . 47 o . oo 1 .79 0 . 55 
3 o . 64 -1. 30 1 . 47 o . 67 o . 69 2 . 47 
4 -o . 34 2 . 41 0 . 46 0 . 94 0 . 75 o . 6Jt 
5 1 . 4o o . o6 -o . o 1  0 . 28 o . lt8 o . 1t1 
6 o . 41 0 . 57 0 . 15 0 . 25 0 . 79 -0.10 
7 0 . 46 0 . 42 0 . 46 1-· 0 . 27 · - o . 6o  -�=�-8 �---o:-39-· --!:1)3--1--5:5,-· 

-0:39 1--o-;,� 
9 -o . 16 o . 46 - 1. 13 0 . 2 4  -o .03 -1. 57 

10 o . 88 0. 99 0 . 79 -o . 45 o .o2 1 . 31t 
11 0 . 95 1 . 34 1. 15 1.25 1.05 0 . 49 
12 0 . 59 0 . 96 -o . 69 -o - 33 0 . 39 -o . 52 
13 0 . 21 -o . !5 o . 82 0 . 66 -1. 13 -o.o7 
14 -o . 99 -0 . 20 0 . 59 -0 . 35 1.00 -0 . 13 

Mean response 

Whole Period Y
WP 0 . 435 0 . 628 o . 624 0 . 334 0. 586 0 . 449 

S td.  error !0 . 125 !0 . 300 !0 . 250 !_0 . 134 +0 . 18o !0 ·272 -
Period 1 Y

P1 o . 6o 3 0 . 820 0 . 951 o . 1t37 0. 883 0 . 793 
S t d .  error +0 . 200 !0 - 502 !0 . 362 !0 - 123 !0 - 167 !0 · 366 -

Period 2 Y
P2 0 . 267 0 . 436 0 . 297 0 . 230 0 . 289 o . 1o4 

S td. error !0 . 255 !0 . 355 !0 · 324 +0 . 242 !0 · 287 te> - 382 
-
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Table 2 1 :  Comparison o f  two me thods o f  measuring response 
rate  ( br is tle number per generation ) of the selection linea 

HIGH S ELECTION 
(Gen . l-14 ) 

Regression coefficien t 
To tal response/14 
Difference 

LOW SELECTION 
(Gen . l-14 ) 

Regression coefficient 
Total response/14 
Difference 

LOW S ELECTION 
(Gen. l-7 ) 

Regression coefficient 
Tota l  response/7 
Difference 

LOW SELECTION 
(Gen .B-14 ) 

Regression coefficient 
To tal response/7 
Difference 

Female data 
Or-R +3 Cross 

0 . 191 
0 . 345 

-0 . 144 

0 . 50 9  
0 . 435 
0 . 074 

0 . 711 
o . 6o3 
0 . 108 

o . 4o2 
0 . 267 
0 . 135 

-0 .029 
0 . 194 

-0 . 223 

0 . 655 
0 . 628 
0 .027 

0 . 98o 
o . 82o 
o . 16o 

0 . 317 
0 . 436 

-0 . 199 

0 . 975 
0 . 934 
0 . 041 

0 . 345 
o . 624 

-0 . 279 

0 . 592 
0 . 951 

-o . 359 

0 . 32 9  
0 . 297 
0 . 032 

Male data 

or-R +3 Croea 

0. 134 
0 . 279 

-o .o65 

0. 385 
0 . 334 
0 .051 

0 . 645 
o . 437 
0 . 20 8  

0 . 219 
0 . 23() 

-o .Oll 

o.ou o . 68s 
0 . 136 0. 767 

-o . l24 -o .o82 

o . 47o 
0 . 586 

-0 . 116 

0. 916 
o . 883 
0.033 

0.047 
0 . 289 

-o. 242 

0 . 332 
0 . 447 

-o . ll7 

o . 687 
0 . 793 

-o. l06 

0.039 
0 . 104 

-o.065 

differences be tween the high l ines are less pronounced. The es tiaatea 

o f  average r esponse for each high and low line ar e  given in Table 21.  

The difference be tween each pair of estima tes for each line is also giYen. 

The second estimates of all the high s election lines , except for the 

females o f  the Cross , are larger than the first es tiaatea ( reg.reaa�n 

coefficien ts ) . 

In con tras t to the high selec tion lines , differen ces bet•een the 

two es tima tes o f  the low l ines were mos tly positive , thus sho•ing that the 
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first eatiaa tes were larger than the second. 'l'bere ie DO twlou reaaoa 

why the firs t me thod , the linear regression anal7aia , ahoul 71el4 larcer 

values o f  response ra te than the second me thod for the hish llaea aa4 

smaller values than the second me thod for the low linea. la the t Uow-

i.ng sections where the analyses of dif feren ces be tween the anrap 

responses wi thin and be tw � en populations are to be carried o t, it la 

nee saary to use the values obtained froa one ae tbod of ea li t • 

a a:ae ·..>n of decidin g  which me thod of es ti•tion to adopt ,  the a tan4ar 

errors o f  the two es tima tes were coapared and the aethod whiek gave tbe 

smaller standard error was chosen. 

'lhe s tandard error of the first es Uaate 1a the ·� root ot 

variance o f  the regression coe f tici eat a -

The s tandard error o f  the second estimate (!. A ii/t ) 1a aiapl.7 t.IM abaclari 

deriation o f  the saean reaponae o f  t he el ection lille cl1Y14ed T � 

square roo t o f  the aumber of generation• of selection .• 

S tandard error 

The s tandard errors o f  the two ea tiaatea of average rea • for 

each selection line are given in Table 22 . I t  1e olear that for all 

high and low selection lines , the regression coefficient is the .ore 

pre cise es tiaa t e ,  w i th a sma ller s tandard error. 

errors are represented dia gramma ticall7 1a Fia. 8 nd the 41fferea .. 

be tween t he two es tiaa tes o f  s tandard errors are obwioua. Beae• • 
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Table 22 : Comparison o f  the S tandard errors of the two estiaatea 
of average se lec tion response 

Female data Male data 
S tandard error Or-R +3 Cross Or-R +3 Croea 

HIGH SELECTION 
(Gen . l-14 ) 

Regression coe f ficient 0 . 021 0 . 037 0 .030 0. 017 o . o28 0 . 030 
Total response/14 0 . 136 0 . 486 0 . 196 0 .094 0 .218 0 . 234 

LOW SELECTION 
(Gen . l-14 ) 

Re gression coe fficien t 0 . 034 o . o48 0 . 031 0 .030 0 .045 o.o,, 
To tal response/14 0 . 125 0 . 300 0. 250 0 . 134 O . l8o 0 . 271 

LOW SELECTION 
{G en . l-7 ) 

Regression coe f fici en t  0 .076 0 . 132 o . o86 0 . 071 0 . 075 0 . 098 
To tal response/? 0 . 200 0 . 502 0 . 362 0 . 123 0 . 167 0 . 366 

LOW S ELECTION 
(Gen .S-14 ) 

Regression coe fficient 0 . 081 0 . 078 0.071 0.055 0 .062 0. 061 
Total response/7 0 . 255 0 . 355 0 . 324 0 . 242 0 . 287 0 . 382 

the regress ion coefficien ts will be used as a measure of the response 

ra te for all fu ture analyses . 

( iii ) Intra-line differences in average response 

Althou gh the F-tes ts for the homogeneity of regression coefficient• 

within sele ction l ines revealed tha t significa nt differences ezis te• 

be tween the replicates in the Cross high selection line , the7 did not 

show whi ch replica tes were indeed di fferent from each other . A eiaple 

method o f  detecting which specific average responses differ signifi-

can tly from each other is by direct comparison of their confidence 
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in tervals . In this way , the avera ge response ra tes of &aJ two replicate• 

could be compared and any pairs of regression coefficients which are no t 

enclosed by the confidence in tervals of any one replica te are sisnifi-

cantly different .  The 95% confidence intervals of individual replicate• 

of the high selec tion lines are given in Table 23. The interval � eatiaatea 

are represented diagramma tica lly in Fig. 9.  

Table 23 : Confidence intervals o f  average respon e rates of 
individual replicates of high selection lines 

Oregon-R +3 Cross 

Female 
data -

Rep. I 0 . 133'0 . 216&0 . 299 -o . 0 9�' 0.065'0 . 224 0 . 873'0. 933�· 99� 

Rep .  II  0 . 021�0 . 12 5&0 . 229 -0 . 235'-o .063'0 . l09 1 .025'1,085'1. 1�5 

Rep. I I I  0 . 123&0 . 223�0 . 323 -0 . 262�-0 . 074'0 . 114 0 . 767�. 827�. 887 

Rep . IV 0 . 122£0 . 200�0 . 278 -o . l65&-o . o42'0 . o81 0 . 993'1.053'1. 113 

Male 
dat8 -
Rep. I 0 . 0 93'0 . 182�0 . 271 -0 . 076& 0 . 077'0 . 230 0 . 590'0. 650'0 . 711 

Rep. II  0 . 047£0 . 122�0 . 197 -O . l53--o . 02l'O . lll 0 . 730� · 790� . 850 
Rep . I I I  0 . 07lfO . ll6�0 . l6l -0 . 112&-0 . 00l'O . llO o . 491�· 551'0. 6ll 

Rep. IV 0 . 042 £0 . 116'0 · 190 -0 . 133'-0 . 00l'O . lll 0 . 70�-769'0. 829 

From the diagram ,  the homogeneity o f  the replicates wi thin the Oregon-R 

and +3 high s e le c tion lines is o bviou s .  For the Cross hig line 

however , it can be seen that the fir s t  and third replic tes responded 

a t  a significantly s lower ra te than the s econd and fourth replicates . 

For the three low s e lec tion line s , the tes ts of non-linearitJ of 

regression lines revealed that the response ra tes of the first aevea 
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generations of sele c tion were di fferent froa those of the latter seYeD 

genera t ions . Table 24 provides data on the regression coefficients 

( average response rates ) of individual repli ca tes in Period l and Period 

2 .  W ithin each low selection lin e ,  the regression coefficients o f  the 

firs t and se cond periods were compared. It the two are s tatia ti call7 

different , then div ision in to two periods has achieYed what it aiaed to 

do . S ince the avera ge response rates of the four replicates wi thin 

each period of the low selection lines were found to be hoaogeneoua 

( see Par t V C , l ) ; consequen tly , the average resression coe fficient of 

each line was used in the comparison of the two periods within each low 

line . For the avera ge response of each period , 9� confidence iater-

vals were computed. These in terval es tiaa tea were eaplo7ed ia the 

comparisons of response rates of the two periods within each low line. 

The male data of th6 three low lines showed bo oYerlappias betweea the 

interval es timates of Period 1 and Period 2 .  Thus , it  confirae4 the 

earlier evi dence that the response ra tes in the two periods of the low 

lines were signi fi cantly differen t .  For the Cross and the + 3  linea , 

the Period 2 average responses were not signiticantl7 different troa 

zero , showing tha t these two low l ines appeared to haTe come to a plateau 

from gener a tion 8 onwards . As a measure of ma.gnitude of  the diftereacea be­

tween the response ra tes o f  P eriod 1 and Period 2 ,  the ratio • Pl response 

rate over P2 respons e rate , for each replica te was computed (Table 21t) . 

This ra tio was grea ter than one in all cases , indicating �ea ter response 

ra tes in the first period o f  low s e lec tion . Ex treme high values of the 

ra tios were !011Dd among the +3 and the Cross low replicates , tor exaaple , 

in XLI where the value was 45. ?5 and this was the resul t of its respoaae 

rate in Period 2 being virtuall7 zero . 

The females of the low lines showed less extreae difference• 



rattle 21 u Regression coefficient s  of ind ividual replicates of low ee1ecti liDea 
In terYa1 eati•atea of average regression coefficieata 

FEMALE DATA 

Regression coefficients 

Rep. I �e p. ll Rep. I I I  Rep. I V  A-rerap 

Ore ea-R 

lbo1e Period (Ge . 1-14 ) -0 . ?25 -o . 525 -o. )88 -o . 395 -o. sl"-o. so9'-0 . 576 

Period 1 (Gea. 1-? ) -o . 6?8 -o . 855 -o . 628 -o . 685 -o . 55J6-o.?ll,-o . 86?  

Period 2 ( Gen. S-14) -o. 6C)9 -0 . 332 -0 . 404 -o . 1?4 -o. 23S'-o. \02,-o. 569 

Period 1/Period 2 0 . 9? 2 . 58 1. 55 3. 94 1. 17 

!l 
iho1e Period -o . 468 -o. 864 -o. ?58 -o . 529 -o. 558'-0. 65"-o. ?51 

Period 1 -o . ?85 -1 .023 -1.002 -1.110 -o. ?06a-o . 980,-1.2S' 

Period 2 -o.o89 -o . 584 -o . 392 -o . 205 -o. l56*-o . }11�- �79 

Period 1/Period 2 8 . 82 1. ?5 2 . 56 s. 41 3·09 

Cro.a 

iho1e Period -o . 444 -0 . 324 -o. 223 -o . 386 -o . 283'-Q. J4S'-0-�8 

Per:le4 1 -o . 9()2 -o. s62 -0 . 556 -o. }46 -o. 41�-G . 59�-1?0 

Period 2 -o . 199 -0. 369 -o . 15? -o . 591 -o. 182�0. 3�-G. It17 

Period 1/Period 2 4 . 53 1. 52 ). 54 0 . 59 1.8o 

MALE DA'fA 

Rep. ! Rep. II Rep. I I I  Rep. IV A-rerap 

Orepn-R 

Whole Period -0 . 457 -0. 511 -o . 321 -o. 25() -o . )24'-0 . }81t'-0. �5 

Period 1 -o . 5()1 -1.015 -o . 4?9 -0. 585 -o. 5()0�-o . ��- 79' 

Period 2 -o . ltOJ -o . l51 -o . 249 -o.o?lt -o . l0"-o. 21"-o· ''' 

Period 1/Periocl 2 1 . 24 6. ?2 1 . 92 ?. 91 2-95 

!l 
lhe1e Period -o . J89 -0 . 52 3 -o. 536 -o. 463 -o. )81� . ..  70,-o.5(10 

Period 1 -o. 84o -o . 959 -o. 916 -o. 951 -o.?62,-o. 9166-1�071 

Period 2 -o .o62 -o. o88 -o . 139 -o .O?} +0.081�.0�7'-0. 1?' 
Period l/Per1od 2 13. 55 10 . 90  6. 59 13.0' 19. �9 

Cro .. 
Whole Period -o . J86 -o . 3Q.2 -o. 320 -o . z?lt -o.26o'-0. 332'-o · �' 

Period 1 -o . 915 -o . 66o -o . ?08 -o. lt66 -o . lt8� . 68?*-0. 890 

Period 2 -o.020 -0 .031 -o . 023 -o . 115 .o.oi?'-O.Ojt'-0.1" 
Period 1/Period 2 45. ?5 21. 29 3() . ?8 .. . 05 17. 62 
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between the two periods . A l l  the rep lica t es w ere characterised b7 

greater than average response in the firs t period wi th two exceptions : 

in the Or-RL I , where the response ra tes o f  the two periods were similar ;  

and the XLIV , where the trend w�s reversed w ith the Period 2 giving 

greater response than Period 1 .  Compar is on o f  the interval eatiaatea 

of the average regression coe f ficients of Period l and Period 2 showed 

s li ght over-lapping for th e Oregon-R and Cross low lines. A lthough the 

selec tion response of the +3 and Cross low sele ction line males had ceased in 

Period 2 ,  the f e ma l es of a l l  three low l ines were s till responding iD the 

se cond period , but a t  a s l ow e r ra te . 

In conclusion , this analysis o f  low se l ec tion linea served to show 

that i t  is de finitely more meaningf�l to des cribe the low responses 1a 

two separate phases ; Period 1 o f  good response and Period 2 of poor or 

vir t�ally zero respons e .  This then comple tes the results o f  the trends 

o f  response within each h igh and low s e le ction line o f  the Oregon-R , +} 

and Cross popula tions . �he mos t logical s tep to follow would be an 

analysis o f  the va� ia bility o f  average responses of  the three different 

popula tions . 

( iv )  Inter-line differences in average response 

The ma in a im of t h i s  a n a ly s i s  i s  t o  t e s t for sign i ficant differences 

or s imil ari tie s be tween the average responses of the three high and three 

low selection lines . Earlier analysis of in ter-replicate d i f ferences 

wi thin sele c tion lines have shown the average response rates within all 

lines , exce p t  the Cross high l ine , to be homo ge neous . The results !roa 

this present ana lys is w o a l d  lend evidence to the generality o! selection 

respons es , for the same qua n ti ta t iv e  charac t er , from different population& . 

The s tanderd F- t e s t  was u s e d  to test the ho mo gene i ty o r  average regresaion 

coe f f i ci e n t s  o f  linea sele c ted in the same dire ction ( Table 2 5) . The 



Table 25: F-tes ts for the homo geneity of average regression 
coef ficients o f  lines sele cted in the same direction 

Source o f  
Varia tion 

Dev . from average 
pooled regr .  

Dev .  from indiv. 
pooled regrs 

Between indiv . 
pooled regrs  

Dev.  from average 
pooled regr .  

Dev . from indiv. 
pooled regrs 

Between indiv. 
pooled regrs 

Dev. from average 
pooled re gr . · 

Dev . from indiv. 
pooled regrs 

Between indiv. 
pooled regrs 

d .  f .  

155 

153 

2 

d .  f .  

71 

69 

2 

d . f .  

71 

69 

2 

Summary o f  F-tes ta 

HIGH S ELECTION ( Whole Period ) 

Female da ta 

M . S . F 

2 . 791 

o . 836 

152 . 330 

Male data 

M . S . F 

2 . 122 

0 . 622 

116. 875 

LOW SELECTION ( Period l )  

M . S . F M . S .  F 

o . Bo3 

1 . 145 0 . ?57 

4 . 435 0 . 293 

LOW S ELECTION ( Period 2 )  

M . S . F M . S . .,. 

0 . 651 0 . 413 

0 . 663 0 . 420 

0 . 235 0 . 165 0. 392 

121. 
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Table 26:  Interval estimates for the average selection respon ea 
( bristle number/generation ) o f  high and low selec tion linea 

Sele ction 
line 

Or-R 

+3 

Cross : Aver. 

Rep. I 

Rep. II  

Rep . II I  

Rep. IV 

Or-R 

+3 

Cross : Ave r .  

Rep . I 

Rep.  I! 

Rep. Ill 
Rep.  IV 

High s e le c tion Low selection 

Whole Per iod Period 1 Per iod 2 

FEMALE DATA 

0 . 148' 0 . 191�0 . 2 34 -0 . 555'-0 . 711'-o . 86? -o . 235�-o . 402,-o . 569 

-o . lo3£-0 . 029'o . o46 -o . 7o6,-o . 98o,-1. 2 54 -o . l56,-o . 317'-o . 479 

0 . 9156 0 . 975' 1 . 035 -0 . 4146-0 . 592,-0 . 769 -o . l82,-Q . 329'-0 . 4?7 

0 . 8?36 0 . 933� · 993 

1 . 0256 1 .085� 1 . 145 

0 . 767' 0 . 827�0 . 887 

0 . 9936 1. 053�1 . 113 

MALE DATA 

I 
o .o 99' o . 13460 . l69 -o . 5Qo,-o . 645,-0 . 793 -o . 1o6,-o . 219'-o . 333 

-o . o446 o . ol2,o . o69 -o . 762,-0 . 916,-l . O?l -o. l?4&-o .o4?' o .. o8l 

0 . 62� o . 685'0 . 745 -o . 485&-o . 687'-0 . 890 -o . l64,-o .039' o.o87 

0 . 5906 o . 650'0 . 711 

0 . 730 6  0 . 790'0 . 850 

0 . 4916 0 . 551'0 . 611 
0 . 7096 0 . 769'0 . 829 

he terogeneity o f  average regression coeffic ients of the three high lines was 

found to be h ighly s ignifica n t .  For low selection , significant he terogen-

e ity of  the average responses occurred in the firs t period only . Here 

again , compar isons between the selection lines were made using the interYal 

es timates . Table 26 gi ves the 5% confidence in tervals of the average 



regr aaioa coefficients o f the high and low se le c tion linea •• well .. 

that of ea ch of the Cross high rep licates , aince the1 are etero ,.a •· 

The three high se lection linea are clearlJ different fro• eaah other, •1� 

the Croaa giving the greates t  response and the +3 showing ae,atiYe 

ree poaae althou� it is not sisnificantlJ different froa zero. 

Difference• between the low linea iA Perio4 1 are le • eztr... tbaa 

those be tween the high lines and there appears to be a reYenal of tn u ,  

with the +3 g1Yiag the grea test rate of ownward re•po ... aad th e  C 

the least. the general conclusion fro• the resul t• of thia analJ•ie 1a 

that tlle high selection respouea from the three cliffereat Droaophlla 

popula tiona are .ore he terogeneous than the low re•ponaee. 

( v )  Pat terns of two-directional reapoaae 

In the ear lier sec tion where the basic data of the chaa ... 1a tbe 

a aa bdoai.D.al bristle number of the sele ction U.aea were (He 
Part V B 2 ( i )  ) , different pa t terns of aaJmmetrical two-W&J rea .... were 

notecl for all thr e populations . This sec tion will be de.ote4 to the 

evaluation and comparison of the asymme tr1 oba r.e4 ia each of the thr .. 

populationa , using the rate o f  responae as the paraaeter for aaalJais. 

To teat for the ignificance of the difference betweea the high d lo• 

response ra tes of each popula tion , a t-tea t was eaploJed• !able 27 ahOwa 

the average reapoase ra te for each high and low aeleotion line. For each 

population . the high selec tion aYerage response over the • le perio4 1a 

coapared ia turn with the low response in Period 1 aa4 Period z. Aa, 

change 1n pat tern of a.a1- tr7 from Period 1 to Period 2 1a e to the 

change iD the low response rate. 

The pattern of two-wa7 response of each populatioa in each pert. 
will be discussed e parately. From table 27 . i t  was clear t the +' 



Table 27 : Asymme try o f  selection response .  Average regression 
coe fficients of high a nd low selection l ines 

Period 1 

High selection 

Low selec tion 

Period 2 

Or-R 

0 . 191 
( 0 . 001 ) 
0 . 711 

Female Da ta 

+3 Cross 

-0 .02 9  0 . 975 
( 0 . 001 )  ( 0 .001 )  

0 . 980 0 . 592 

Or-R 

0 . 134 
( 0 . 001 ) 

0 . 645 

Male da ta 

+} 

0 .012 
(0 . 00 1 )  
0 . 916 

Cross 

0 . 685 
( 0 . 9 ) 
0 . 687 

124. 

High selection 0 . 191 -0 .029 
(0 . 00 5 )  ( 0 .005 ) 

Low selection o . 4o2 0 . 317 

0 . 975 0 . 134 
( 0 . 001 ) (0 . 2 )  
0 . 329 0 . 219 

0 .0 12 
( 0 . 7 ) 
0 .047 

o . 685 
(0 . 00 1 )  
0 .0}9 

( ) S igni f icance probability of  the difference between each pair 
o f  high a nd low regression coefficients 

and Oregon-R popula tions showed a distinctly ne ga tive asymme trical pattern 

o f  two-way responses in Period 1 and this nega tive asymmetry was more 

marked in the +}. For the Cross popula tio n ,  in Per iod 1 the two sexea 

showed differential behaviour wit h the males giving symmetrical two-

directiona l response while the females , pronounced positive asymmetry. 

The males of  the Cross low line devia ted from normal behaviour in giving 

greater responses than t he fema les , whereas , in all o ther ins tan ces the 

fema les with higher mean number of a bdominal bris tles than the males 

a lways gave proportionately greater responses . 

In Period 2 ,  the Oregon-R and +3 females con t inued to show a negatiTe 
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asymmetry although it was less pronounced due to the decreased low response 

rates in t his perio d .  This decline in response rate of t h e  low linea 

could be a t tributed to causes like the depletion of additive genetic 

variability or natural selec tion opera ting against individuals extreae for 

low bris tle number. The response rates of  the males of the Oregon-R and 

+3 low lines decl ined so  con siderably in Period 2 that they beca.e aiailar 

to their respective high s ele c t ion respons e rates . This resulted iD 

symmetry o f  responses in Period 2 which is in contras t  to the negative 

asymme try in Period 1 .  The response ra te of  the females of the Cross 

low line declined in Period 2 resulting in posi tive asymmetry which wa• 

more pronounced than tha t in the first period . For the males o f  the Croaa , 

in con tras t to the symmetry in Period 1 ,  positive asymme try was observed 

in Period 2 .  

I n  conclusion , the two original labora tory s trains ( Oregon-R and 

+ 3 )  showed s imilari ty in their selection responses with regard to the 

ne ga tive asymme trical pa t terns of two-way responses , al though the degree 

of asymmetry was more extreme in the +3 population . The Cross also deaon­

s trated asymme try , but in cons tras t to the two parental strains ita high 

line gave good s us tained response over the 14 generations of selection , 

thus giving rise to positive asymme try . From o bservations of responses 

in the three different popula tions there is evidence that the genetic 

sys tems affec ting low bris tle number in the two labora tory strains are 

similar , and this could partly explain the similari ty in trends o f  low 

s elec tion response over the 14 genera tions from bo th ori ginal s trains 

and the Cross . On the o ther hand , the genes or gene complexes responsible 

for increasing abdominal bris tles appear to be different in the two 

original popula tions , so tha t pooling the two toge ther to fora the Cross 

resulted in an increas e in gene tic variability . This could account 
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partly for the good respons e  of the Cross high line despite the poor response 

of the Oregon-R high l ine and the almos t negligible response of the +3 high 
line . 
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2 .  Realised heri tabilities 

The merits of presenting the data on selection response in the tor. 

of realised heri tability have been dis cussed by Falconer ( 1960 ) .  The 

chie f advan tage is that the ra tio of response over sele ction differential 

should be relatively free o f  bias from e ffects o f  s cale and natural 

s e le c tion and should thus give a truer representa tion of the anderlJing 

genetic chan ges in the population as a resul t of sele c tion rather tbaA 

other parame ters , such as the popula tion mean , pheno typic •ariance and 

coefficient of varia tion . For this reason , a detailed analysis of the 

realised heritabilities wi thin and between selec tion lines will be carried 

ou t ,  using similar s tatis tical methods as that used for the analysis ot 

the average response ra te . 

( i ) Intra-line differences in realised heritabili tz 

The avera ge realised heritability of  ea ch replicate ( s exes conai4ere4 

separately ) is obtained by the linear regression o f  tota l  response each 

generation against cumula ted selection differential.. Fig. 10 show the 

response plo tted against cumulated selec tion differential for each of the 

high and low selec tion lines over the 14 generations . The selection line 

response and the cumulated selection differential were foand by a•eragiDs 

the four intra-line replica tes for each genera tion . All the high and low 

lines do not appear to depart from linearity a nd consequently , the test 

!or non-linearity of regression lines was not applied. The realised 

heritabili ties of the high and low s e le c tion replica tes are given in 

Table 28 . One aberrant feature from the data is the nega tive valaea ot 

realised heritabilities of three of the four replicates o! the +3 high 

line . 

zero . 

However , they were found to t e  not si gnificantly different fro• 

Varia tion be tw een replica tes within selection lines is quite 
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Table 28 : In tra-replicate realis ed heri tabilitiea ( regression 
coef ficie n ts ) ( S exes separa te ) 

fema le da ta Male data 

Or-R +3 Cross Or-R +3 Crosa 

HIGH SELECTION 

Rep . I o . o68 0 . 022 0 . 247 0 .061 0 .026 0 . 195 

Rep. II 0 . 038 -0 .019 0 . 2 96 0 . 038 -o .oo8 0 . 265 

Rep . I l l  0 . 061 -0 . 024 0 . 214 0 . 036 -o . oo2 0 . 157 

Rep . IV o . o6o -0 . 013 0 . 272 0 . 037 -o. oo6 0 . 22 .. 

LOi'l SELECTION 

Rep. I 0 . 191 0 . 146 0 . 133 0 . 142 0 . 129 0 . 1,9 

Rep. II 0 . 133 0 . 236 0 . 095 0 . 153 0. 189 0 . 119 

Rep . III 0 . 119 0 . 234 0 . 075 0 . 108 0 . 199 0 . 120 

Rep. IV 0 . 116 0 . 175 0. 121 o .o8o 0 . 154 0 .090 

apparent from the data in Table 28. Consequen tly , all the selection 

lines were tes ted for homogeneity of intra-replicate realised heri tabi1-
i ties us ing the s tandard f-tes t .  A summary of the F- test i s  presented 

in Tables 29 ( a )  and 29( b ) .  S igni ficant he tero genei t7 was de tected iD 

the Cross high line and the Oregon-R low line for bo th aa1es and feaalea 

while only the fema les of the +3 low line showed he terogeneity . The 

behaviour o f  the low selection lines was contrary to expectation , with 

the two original strains - Oregon-R and +3 - showing grea ter differences 

between replicates than the hybrid population. The behaviour of the higb 

lines was more in accordance w i th expec ta tions , with the Croaa showins 

grea ter he tero geneity than the Ore gon-R and +3 high linea . 

The 95% confidence intervals were compu ted !or each of the intra-



Table 29 ( a ) : Te s t  for homogenei ty of in tra-replicate regression 
co e fficie n ts ( rea lised heri t a b i l i ties ) of h i gh s e l e c tion linea 

Summary of F - t e s ta 

HIGH S ELECTION O r e gon-R +3 Cross 

Female clata 

S ource o t  
Vari a tion d . f . M • .:l . F M . S . F M . S . F 

D e T .  f r o m  ave r .  
r e gression 51 0 . 418 1 . 2 45 0 . 949 

Be tw . r e gression 
coe f fi ci en ts 3 0 . 42? 1 . 02 0 . 937 0 . ?4 4 . 053 5· 37• • 

Dev . from in d i v .  
regres s ions 48 0 . 418 1 . 2 64 0 . 755 

Male da ta 

Dev . fro m aver . 
regres s io n  51 0 . 255 0 . ??0 o . 831 

Betw . r e gression 
co e f fici en t s 3 0 . 290 1 . 15 0 . 493 0 . 63 3· 7'+7 5- 58• • 

Dev . from ind i v .  
regress ions 48 0 . 2 53 0 . ?88 0 . 648 
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Table 29{ b ) :  Tes t for homogene i ty of  intra-replicate regression 
co e f f icients ( realis e d  heritabilitios ) of low selec tion linea 

Summary of F- tests 

LOW SELECTION Oregon-R +3 Cross 

Female data 

SoYrce of 
Varia tion d. f .  H . S . F M . S . F M . S . r 

Dev. from aver . 
regress ion 51 0 . 929 1 . 854 0 . 815 

Betw . regression 
coeffi c ients 3 3- 727 4 . 94• • 4 . 963 2 . 99• 1. 393 1.79 

Dev. from indiv. 
regressions 48 0 . 754 1 . 659 0 . 779 

Male data 

DeY. from aver. 
regression 51 0 . 743 1. 266 1.074 

Betw . regression 
coefficients 3 0 . 632 3· 99· · 1 . 224 1 . 58 1 .090 0 . 76 

Dev . from ind iv . 
regressions 48 2 . 520 1 . 933 o . 827 
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'l'able 30 :  The 95% confidence intervals o f  realis ed heritabilitiea 
of individual replicates ( in percentage ) 

Female data (%) Kale data (� ) 

HIGH SELECTION 

Ore gon-R Rep. I 4 . 2  - 9 . 4  3 . 2  - 9-0 
Rep . I I  0 . 7  - 6 . 9 1 . 3  - 6. 2 
Rep .  I l l  3 . 2 - 11 . 8  2 . 2  - 5. 1 
Rep. IV 3· 5 - 8 . 5 1 . 3  - 6. 1 

+3 Rep.  I -2 . 9 - 7 . 4 -2 . 7  - 7 - 9  
Rep . I I  -7 . 1  - 3 . 4  -5 . 8  - 4. 1 
Rep.  I l l  -8 . 5  - 3 . 8  -4 . 1  - 3· 7 
Rep . IV -5. 2  - 2 . 5  -4. 4 - 3· 3 

Cross Rep . I 21 . 5  - 27. 9  15. 8 - 23. 2 
Rep.  II 26.0 - 33. 3  23. 5 - 29. 5  
R e p .  I I I  18 . 1  - 24. 7 12 .0  - 19. 4 
Rep. IV 24 . 2  - 30 · 3  19 . 0  - 25 . 7  

l.OW SELECTION 

Oregon-R Rep .  I 15 . 5  - 22 . 7  10 . 9  - 17 . 5  
Rep. II 9. 6 - 16. 9 10 . 8  - 19. 8 
Rep. I I I  9 . 2  - 14. 6 8 . 5  - 13. 1 
Rep.  IV 8 . 0  - 15. 3 4. 4 - 11 . 7  

+3 Rep. I 9 . 1 - 20 . 1  7 - 7  - 18 . 0  
Rep. II 19. 0 - 28 . 2  12. 9  - 25.0 
Rep. I I I  17 . 1  - 29. 7 14 . 1  - 25. 8 
Rep.  IV 11 . 3  - 23 . 7  10 . 2  - 20 . 6  

Cross Rep. I 8 . 3 - 18 . 3  7 . 0  - zo . 8  
Rep . II 7 . 0  - 16. 9 7. 3 - 16. 4  
Rep.  I I I  3 . 2  - 11. 8 7 . 2  - 16. 9 
Rep . IV 9. 3 - 14 . 9  5 . 0  - 13.0 
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replica te realised heri tabilities, and for the hetero geneous selection 

lines they were used as a means of de termining which o f  the four replicates 

wi thin the lines differed significantly from each other .  All the Yalues 

are given in percentages for ease o f  reference ( Table }0 ) .  One feature 

is clear , that is , the large interval es tima tes of individual replicates 

indica ting considerable sampling variation of the es timates of rea�iaed 

heritability , and gives warning aga inst using simply the eetiaates the•­

selves when dis cussing differences between repli ca tes . The con fidence 

interva ls are represen ted diagrammat i cally in Fig. 11.  Each Yertical line 

represents the confidence in terval of a single replicate and for e eh 

selec tion line the values for replicate I to IV are always giYen fro• 

left to righ t .  I t  is clear from the diagram tha t the Oregon-R and +3 

high selec tion reFlicates have low realised heri tabilities and that all 

four +3 replicates are not significantly different fro• zero . The 

replica tes wi thin these two high lines are clearly homogeneous . The 

Cross high replica tes are differe n t  from tha t of the Oregon-R and +3 1 in 

having high realis ed heri tabilitie s .  I t  can b e  seen clearly that XHII is 

significantly greater than XHIV and this difference is more pronounced for 

the males . 

For the femal es o f  the Oregon-R low line , the realised heritabilitiea 

of Or-RLI I I  and Or-RL IV are apparently signi ficantly smaller than that of  

Or-RLI . The +3 low line  showed differences be tween the fe lea o f  the 

first and second replicates . The homo geneity of the Cross low replica tes , 

despi te the he terogenei ty among the Oregon-R and + 3  low lines , was surprie­

ing and for the present the quea tion as to the cause or causes o f  this 

deviation from the expec ta tion of grea ter variability within the hybrid 

selec tion line mus t  be left  open. 



( ii )  Inter-line differences in realised heritabilitz 

From Fig. 11 it is apparent tha t among the hisb selection linea , 

the realised heri tabili ty of the Cross is considerablJ greater than the 

Oregon-R and +3• The +3 high line could be considered to have virtual11 

zero realised heritability .  However , the trend appears to b e  reverse 

among the low lines , with the +3 having the highest values and the Croaa 

the lowest ,  al though the differences be tween the low linea are leaa obYioua 

than be tween the high lines . The differences between the realised 

Table 31 : F-tes ts for homogenei ty of average realised heritabilitiea 
of lines sele c ted in the same direction . Suaaary of F-teata 

Source o f  Varia tion 

Dev .  from aver. pooled 
regression 

Dev. from indiv. 
pooled regressions 

Between indiv. pooled 
regressions 

Dev. from aver . pooled 
regression 

Dev. from indiv. 
pooled regressions 

Between indiv. pooled 
regressions 

d .  r .  

155 

153 

2 

155 

153 

2 

High selection 

Female data Male data 

M . S . F M . S . F 

1.9.53 

o . 871 0 . 619 

217. 800 2 .50 . 11• • 10� . 040 168. 1?· · 

Low sele ction 

1 . 512 1 . 089 

1 . 199 

25. 510 

F0 •05 = 3 . 91 ,  FO . O l  = 6. 81 (2 , 153 d . f . ) 
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heri ta bili ties of lines selec ted in the same dir e c tion were tested for 

significan c e  using the F-te s t .  The average realised heritabilities of 

the lines were used for these  tes ts on homogeneity , although it .ust be 

remembered tha t this avera ge is s tric tly not valid for the Cross high line 

and the Oregon-R low line . These tes ts were never the less carried out ae 

it is felt tha t  the average o f  the replica tes w i thin a line would giYe a 

more reliable estima te o f  the response o f  a popula tion thaa an7 single 

replicate itself,  s ince by pooling together the da ta , yaria tions due to 

sampling ,  random drift and environmental e ffects would be expected to be 

cancelled to some ex ten t.  Table 31 shows tha t the high selection linea 

and the females o f  the low lines were he terogeneous . The usual confidence 

interyals were used to de termine approximately w hi ch of the lines were 

Table 32 : Confidence in tervals of  average realised heritabilitiea 
( % )  of high and low sele c tion linea 

Oregon-R 
+3 

Cross 

Oregon-R 
+3 

Cross 

Femal e data ( % )  I Male data (�)  

High selec tion 

4 . 39� 5. 6?' 6. 95 

-3. 2 4,-0 . 89' 1 . 46 

23. 93�25. 64=27 . 35 

3 . 20� 4. 28' 5. 36 

-1. ?6• 0 . 31' 2 . 38 

18 . 65'20 . 46,22. 27 

Low selection 

12 . 4?�14 . 2 4,16.01 

17. 34'20 .0?�22 . 80 

8 . 44,10 . 19'11 . 94 

10 . 47'12 .28�14.09 

14. 04,16. 64•19. 24 

9 -23�11. 60'13. 9? 
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different ( Table 32 ) .  Examination of the iDterwal ea tiaatee reYeale 

that except for the males or the low lines , the three lines select•• 1a 

the saae directioa were significantly different. 

( i11 ) Pa tteJ'lUI or two-directional reapoue 

Analysis o f  t he average response ra t  in the previoua aectioa ( ... 

Part V C l ( v ) ) ha showa the Oregoa-R and +} populatioaa to be charact.r-

iee4 b7 nesa tive asymmetrical two-waJ response while the Croaa '7 "•• 

tr,. If the asymae try is due to scale effects, CODYera1 

respoaae data to realised heritabili ty would be expected to caaoel �• 

ecale effe c te ADd render the r-espoase pa ttern a,....trical. 

caaoe o f  cli fferences between the hish and low liaea withia each popul.aU 

was tes ted by the t-teat. S ignificant dif fereaces would .. ..  tha t 

aeJ&metry s till exista and that cale effe c t. are neal1Jlble. ID • 

case , the probability of non-significan t differeace betweea the real1ae4 

'fable �3 : Aa,mmetry o f  sel c tion response . Average re�ed 
heri tabilities of high and low selec tion linea 

Peaale d ta Male uta 

Or-R +J Croas Or-R +3 Croaa 

High selection 0 .057 -0. 009 0.256 o.o�J o.oo� 0.205 

(0.001 )  (0 . 001 ) ( 0 . 001 ) (0.001 ) (0.001) (0.001) 

Low selection 0 . 142 0 . 201 0 . 102 0 . 123 0 . 166 o . u, 

( ) Probability o f  insignifican t  difference betweea each pair t 
high and low selection liDfla 



her itab i l i ties o f  h i gh and low s e l e c t ion l ines is extreme ly low ( P < O . OOl ) .  

Thus , i t  shows that the asymme try present i n  t he thr e e  di f feren t popula­

tions was no t due to s ca l e  e f f e c ts , nor di f feren t ial effects of na t ural 

s e l e c tion on h i gh and low s e le c tion l in es . The extreme nega tive asyametry 

encoun tered in the +3 popula t i on , r i ght from the very ear ly genera tions of 

s e l e c tion , presents a par t i cu larly pu z z l in g  case and none o f  the possible 

known caus es of asymme try seem to be ab l e  to cater for its behaviour. 



3 · Variability be tween replicates within selection linea 

( i )  In troduc tion 

Variabili ty between replica tes derived froa the same base popula­

tion and raised under re asona bly cons tan t environmental conditione had 

been reporte d by dif ferent workers ( S ismanidis , 1942 ; Marien , 1958 1 

Frankham et al . , 1968 ) but few have a t tempted to s ta tis tioall7 anal7se 

this variabili t7 . Clay ton e t  al.  ( 1957 ) were among the first who 

attempted to parti tion the variability be tween selection replicates into 

the component due to gene tic drift and that due to the differential 

effects of arti ficial selection . Their results froa the data of the 

5th selection genera tion indicated tha t theore tical gene tic drift could 

accoun t  for the divergences be tween the low replicates but not for those 

be tween the high replicates . 

De Fries and Touchberry ( 1961 ) s pecifically set out to inves tigate 

the variability of  response to selection for increasing and decreasing 

body weight in �· af finis at two intensi ties o f  selection and with ten 

replica tes within each selection line . They computed the be tween repli-

cates and with�n replica tes var iance components and used thea to cons truct 

confidence intervals for the means of the replica tes . The range of the 

confidence intervals indicated the considerable variability of reeponeee 

both within and be tween repli ca tes . This was expe cted since the effects 

o f  randoa drif t would be maximum for the miniaum population size of two , 

in each of their replications . 
This se ction will be devo ted to the analysis o f  the variation between 

the means of the four replicates within each sele c tion line. The author 

regrets tha t more replicates could no t be carried for each l ine in thia 

present selection experimen t.  However the resul ts froa this analyeie , 

i t  is hoped , would provide additional evidence on thia important aspect 
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o f  selec tion. 

( ii )  Me thods of analysis and results 

In the previous section on the analysis of selection response ( aee 

Part V C l ( i )  ) ,  the s ignificance of divergences be tween replicates was 

evalua ted from the test for he terogeneity of average response rate and of 

realised heritability o f  individual replica tes within each selection line. 

Heterogeneity was found to be significant in some linea but not iD o thers . 

As  mentioned ,  De Fries and Tou chberry ( 1961 ) showed another • aninsf•l way 

of looking into this question using the analysis o f  variance where they 

isola ted the between replicates ( VB ) and within replicates ( VW ) variance 

components . The au thor decided to adopt this same method to evaluate 

the VB and Vw for each genera tion o f  each selection line.  Theore tically , 

the variance componen t between replica tes is expe c ted to increase aa 

sele c t ion proceeds . The reasons for this increase are : ( a )  rindoa drift 

can cause replicates to diverge and this e f fe c t  is decreased wi th an 

increase in the number o f  parents used per genera tion for each replicate 1 

( b )  secondly , if the quantita tive character is controlled by relatively 

few genes which are present at low initial frequencies , then the initial 

samples from the base population co uld be genetically different if favour-

able genes are inc luded in some replicates and no t in o thers .  Artificial 

selection could have differential effects on these gene tically different 

replicates , causing them to diverge in their selec tion response and 

( c )  las tly , environmen tal variation could perhaps be iaportant in lone­

term selec tion experiments if  the replicates have become 1 netically 

divergent so as to react  differently to environmental shif ts .  

Variance component be tween replicates : Before carrying out the analysis 

of variance , an inspe c tion o f  t he graphs of the changes of phenotypic 



variance o r  individual replicates ( F ig. 3 )  reveale d  considerable intra-

generation differences w i thin selection lines on some o c cas ions , which 

suggested that he terogeneity of variances may have occurred. I f  the basic 

assumption o f  homogenei ty o f  var iances is violated , the analysis of variance 

and the subsequent F-tes t would yield erroneous resul ts (Snedecor , 1967 ) .  

For this reason , it was de cided firs t to test the null hypo thesis of 

homogeneity 

consists o f  

E = 

< cr 2 2 <5 2  = (f 2 = = I 3 
calcu la ting:  

2 .�26 {< I fi ) log 

<5 2 
4 = cr 2 ) us ing Bartle tt ' s  tes t. 

-2 [filog s� } 8 -

where c ( correction fac tor ) l + l { Ll - 1 J = J(a-1} z_fi fi 

2 . }026 = cons tant ( log 10 ) e 
a = number o f  replications within l:lne ( I+ )  

ni = number o f  observations in ith replicate 

fi = ni- l  
-2 s = ( [ !i si

2/J_ fi ) 
2 variance of ith replicate si = 

E is .,dis tributed approxiaated as y...2 with ( a- 1 )  degrees o f  freedom. 

each selection line , 120 separate computa tions of E were involved .  

I t  

For · 

S is-

nificant heterogeneity was de tected on nine o c casions for the Oregon-R 

population , five for the +3 and three for the Cross . Considering the 

number o f  tes ts involved ,  it  appears likely tha t the he terogeneity 

de tected is no t greatly different from what would be expected under the 

null hypothesis . Consequently , the analyses o f  var iance were carried out 

and the be tween ( VB ) and wi thin (Vw )  replica tes components resolved . �he 

F-ratio is also evaluated and it provides a tes t for the heterogeneity o f  

mean abdominal bris tle numbers o f  in tra-generation re plicates . 



Table 34( b ) J  Variaace coapoueata betweea and wi thia replica tes o f  low aeleeUoa lta .. 

Gea 

0 

1 

2 

3 
� 

5 
6 

7 

8 

9 

10 
u 

12 

13 

14 

0 

1 
2 

3 

4 

5 
6 

7 

8 

9 

10 
11 

12 

13 

lit 

0 

1 
2 

3 

4 

5 

' 

1 

8 

9 
10 

11 

12 

13 
lit 

Female da ta 

Within MS Bet..MS V
B 

8.8o 

11. 65 

8 . 97 

lO. Ito  

8. 56 

?- 39 

1·11 

1.22 

?. 6o 

6.79 

1·" 

?. 65 
8. 65 

?. 05 
8.0} 

6. 98 
8. 9} 

9.46 

1· 5'+ 

�. 38 
?.06 

7.45 
6.7} 

5.6o 
6.01 

6. 73 
7.06 

6. 69 
?. 88 

7 . 88 

10. 37 

9. 84 

9 • 26 

?. 24 
7- 99 
7.06 

?.oo 
6. 79 

1· 79 

?. 64 

?. 49 

8.09 
6. 1t5 

6.65 

1· 91 

26. 48 

20. 51 
21.5() 

69.01 
68. 89 

42. 97 

6o. 55 

56.8:; 

112. }8 

1}}. 59 

207. 65 

}}2. 67 
424. 69 

2}9. 56 

23}.29 

1&. 48 

28. 78 

21.94 

22. 1? 
9. 8} 

!).06 

4.65 

0. 92 

}4. 96 
41.29 

6?. 21t 

135.13 

19}.?4 

28o. l4 

172 . 36 

118.6o 
}4. 3o 

}}. 64 

106. 17 

34. 18 
68 . 23 

3}. 40 

59· 53 
108.}5 
138.28 

6}. 33 

1}0. 67 

1}7. }5 

11t2.27 

139· 35 

0 . }93 

0 . 197 

u .28o 

1.302 
1 . 102 

0 . 593 
o . 88o 

0 . 827 

1. ?46 

2. 11} 

3· 337 

5. 417 
6. 9� 
}. 875 

5.006 

0. 211 

0. 441 

0.277 

0 . }25 

0.0}2 

-o.o44 

-o.o62 

-o. l26 

0 . 619 

0 . 641 

1.009 

2. 1}5 

3. 118 

4. 5}8 

}. 655 

2. 1fo5 
0 . 554 

0 . 541 

2. 198 

o • .582 

1 . 227 

o . 493 
0. 939 

1.6?6 

2 . 1?7 
0 . 9}0 

2.043 

2. 181 

2 . 26o 

2 . 919 

F-ratio 

}.01 

1. ?6 

z . �t<>  
6. 64 

8 . 05 

5.81 

?. 79 

?. 87 

14. ?9 

19. 67 

27. 91 

43. 49 
49. 10 

3}. 98 

29.05 

2.}ti 

:) . 22  
2 . }2 

2 . 94 

1 . 17 

0 . ?2 

o . 62 

0 . 14 

6. 24 

6. 87 

9· 99 
19. 14 

28. 96 

35. 55 

21.87 

11. 44 

}. 54 

} . 6} 

14. 66  
4. 28 
9.66 

4 . 77 

8 . 7? 
1}. 91 
18. 10 

8 . 45 

16. 15 

21. 29 

21. 39 

17. 48 

Male 4ata 

�ithia MS Betw. MS  V8 

O ri�XiOJt-.R 
0 

1 

2 

3 

4 

5 
6 

1 

8 

9 
10 
11 

12 

13 
14 

!2. 

?. 12 

6. 52 

6.00 
6. 1to 

?. ltO 

5-75 

5.56 

5e05 
4. 69 
5·50 
5.8? 
6.76 

5· 93 
5. 86 

5. 68 

0 6. 53 
1 9.21 
2 7-97 

3 ? • ..a 
4 6.05 

5 4 . 99 
6 5· 51 

7 4.93 

8 4.69 
9 4.05 

10 ..... 2 
11 4.89 

12 4.55 
13 5· 53 

14 4. 88 

CROSS 

0 10.23 
l 1 · 95 

2 8. 20 

3 5- 75 

4 6. }2 

5 4 . 43 
6 j. }5 

7 5. 22 

8 4. 70 

9 ;.28 
10 4.31 

11 6. 35 

12 4. 91 

13 4.19 

14 5.86 

12. 52  

58.01 

45 ... , 
34.03 
50 - 79 

3 . 66 

11.23 

18. 3()  
�8.26 

57. 64 

6?. 93 
96. 45 

136. 85 

215. 1't 
6Jt.6o 

35·22 
)6. 49 
11t. ,7 

21. 91 

45. 93 

10. 98 

22. }8 

11. 43 

}2. 6o  

28.o3 

6o.15 

116. 86 

52. 50 
53-7ft 

11. 39 

2}.62 

51.76 

11. 54 
70 . 82 

4<> . 46 

99. 95 

13.01 

4?. 64 

64. 25 

lt5. 91 
2,. 42 

26. 96 

22.07 

,. 5. 72 

?0. 88 

0 . 120  

1. 114 
o.871 

o . 675 

0. 895 

-o.035 

0.095 

0.221 

0.726 

0. 869 

1.0" 
1.�,, 

z.112 

,.w 

1. 309 

o.6}a 

o.6o6 

0 . 149 

0. }21. 
0 . 886 

o. lJJ 

0. }75 
o. 141 

o .,aa 

o.,.37 
o.-,a., 
1.8" 

0.?99 
o.8o4 
0.1 .. 5 

0-.297 

0. 973 

o.o?lt 
1·"' 

o . 6J7 

1. 592 

o . l2? 

0. '10? 

1.014 

o. 6n 
0. }18 

o. ,.., 

0..286 

o.692 

1."4 

r-ntlo 

1.?, 
8.90 
7·58 

,. ,2 
6.86 

o.� 
2.02 

}.62 

10.29 
10." 
11.57 

14.21 

2}.ol 

)6. 71 

U.J? 

,., 

'-" 
1.� 

2.9} 

1· 59 

2.20 
.. .0, 

2.)-: 

,.,, 

6.-,, 

1).61 

2}.90 

ll. S' 

9e?2 
2. ,, 

2. )0 

6. 51 

1 . .. 1 

12.)2 
6.� 

22.56 

2 ... , 
9.1} 

1}. 6? 

8.69 

, . .. , 
... 2, 

... ,1 

10. 91 

12.10 



Table 3�(a ) a  Variance components be tween a nd wi thin replica tes of h15h eele tioa llaea 

Fe��a1e cla ta 

Gea I W i thin MS Betw.MS v8 

0 1 
1 ' 

2 

3 

.. 

5 

6 

7 

8 

9 

10 

11 

12 

13 

1Jt 

� I 
2 

' 
At 
5 

' 

7 

8 

9 

10 

11 

12 

13 

14 

0 

1 

2 

' 

4 

5 

6 

1 

8 

9 

10 

11 

12 

13 

14 

8.04 

8. 29 

9-09 

?. 6.5 

7 . 54 

6. }9 

8. 10 

5. 91 

6. 44 

5· 93 

5· 93 

6. 6? 

5 . }6 

6. ?} 

6. ?0 

5. 02 

6. 40 

'· '? 

. 6. 78 

6. 4o 

).69 

5. 36  
5. 78 

6.78 

4. 9-\  

5.84 

6.00 

5. 68 

6 . 25 

?. 58 

11. 32 

9. 62 

9. '+6 

10 . 46 

8. 68 

9. 83 

6. 38 

6. 4} 

8. 36 

10 . 82 

8 . 84 

11. 29 

?. 89 

9. 51 

11. 66 

}6. 02 

18 • .55 

64.2? 

50 ·  51 

41. 15 

58.24 

65. 46 

60 .08 

24. 27 

}1.04 

15.20 

27.28 

8."10 

8. \o 

18.08 

.2}. }9 

6. 92 

10.81 

20.06 

7- 30  

8.03 

0 . 91 

10. ?0 

21. 92 

1}. 68 
2 . 24 

17. 5.5 

9.88 

1?. 8o  

20.01 

11.?7 

22.26 

19· 30 

66. }8 
94.42 

20 . 17 

44. 36 

64.10 
137·� 

74. 16 

85.01 

1'+2.09 

1}1 . }8  

8o . 46 

0 . 622 

0 .228 

1.226 

0 . 952 

0 . 585 

0 . 90} 

0 . 956 

0 . 90, 

0. 297 

0 . 419 

0. 155 

o . }lt4 
0.056 

0.028 

0 . 190 

0 . 374 

0 . }78 

0 .012 

0 .090 

o . 3(>Jt 

o.o8o 

0 .059 

-o . 1o8 

0.087 

0. 358 

0 . 157 

-o.012 

0 . 216 

0.066 
0 . 22? 

0 . 19} 

o.olt8 

0.284 

1 . 530 
1.282 

1. 880 

o . ;o6 

0 . 84} 

1.239 

2 . 42} 

1. 188 

1 .2.55 

2. 23? 

2 . 0}1 

1 • .529 

F-ratio 

4. 48 

2.24 

?.0? 

6.6o 

5.46 

9. 11 

8.o8 
10 . 17 

}. 7? 

5.24 

2.56 

4.09 

1. 62 

1 . 25 

2 . 70 

4. }5 

}. 65 

1.C9 

1.59 

} . 1} 

1. 98 

1 . 50  

0 . 16 

1 . 58 

4. 44 

2 . 34 

o . }? 

}.09 

1 . 58 

2 . }5 

1. 7? 

1 . 22 

2 . 35 

?. 58 

? . 6.5 

9 . 61 

}. 16 

8. 90 

?. 6? 

12 . ?.5 

8. 39 

7- 53 
18. 01 

1}. 81 

6. 90 
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Tables 34 ( a )  and 34 ( b )  present the VW ' VB and F-ra t io !or each generation , 

sex and selection line.  To depict visually the changes of variability of 

res ponse w i thin lines over the 14 genera tions , v8 for each genera tion is 

plo tted agains t generation number ( Fig. 12 ) .  The ques tion is , how such 

of this difference between replications is due to 11ampling var ia tion? 

}right ( 1921 )  has given a simple formula for evalu11ting the variance due 

to genetic drift : 

= 

where F = inbreeding level o f  the popula tion 

= additive gene tic variance of the base popula tion 

I t  mus t  be s tressed that this is & rou gh me thod oj� assessing the size of 

the genetic drift variance since bo th the terms , inbreeding level and 

additive gene tic variance o f  the population , are es timated w ith large 

errors . 

The first ter• F can be calcu lated from the rate of inbreedinl which 

is dependent on the number o f  parents used in each generation for each 

1 
replicate ( F  = 2i) . Fa lconer ( 196oa ) has pointed out tha t the effective 

population size ( N  ) is invariably smaller than the ac tual populatioa sise 
e 

( N )  due to causes like non-random mating among the parents ,  unequal contri-

bu tion o f  each parent to the o ffsprings of the noxt generation and 

prevalence of differential natural s e le c tion . l!'rom his e tud7 w ith 

Drosophila ,  Crow ( 1954 ) re ported differential fecundity among the females 

and ma ting ability among the males . This inewi tably means that eoae 

paren ts would leave more progeny than o thers leading to a higher degree 

of inbreeding. Morley ( 1954 ) pointed out that particularly where herit-

ability is high ,  the selected parents tend to be more closel7 related than 

expected from inbreeding theory ,  again resul ting in higher inbreeding rates. 
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Thus , i t  is difficult to ge t any accura te es timate of the effective 

popula tion size . Crow ( 1954 ) derived a formula for calculating the 

effective population size relative to the ac tual population size froa 

the parame ter , the variance of family size . He found the ratio of the 

effective popula tion size to the actual population size (Ne/N ) in 

Drosophila to be 0 . 73 for the females and 0 . 42 for the male s .  Using 

these ratios , the effec tive number o f  males and fem&les iD each replicate 

of this present sele ction expe riment were evalua ted. 'l'he rate ot 

inbreeding per genera tion �ithin a replicate is found b� the toraula 

(Wright 1931 ) :  

• 

F = 
1 

mr 
m 

+ 

effective number o f  males 

1 
8Nf 

Nf 
• effective number o f  females 

Table 35: Rate o f  increase in inbreeding 
per genera tion 

( F  1 l 
z mr- + mr:> m f 

High selec tion Low selection 

Oregon-R 4 . 33% 4. 33� 

+3 4. 97� 4 . 9n 

Cross 4 . 83% 4 . 4� 

The inbr.eeding level of each line for every generation is calculated b7 



the formula (Falconer , 196oa ) : 

F + ( l+ A F )F  t-l 

The second term necessary for the evalua tion of the theoretical gene tic 

drif t var iance is the addi tive gene tic variance of the base population 

This is ob tained from the s ire and dam component in the 4iallel 

analysis of the +3 and Oregon-R base populations ( se e  Part IV C ) .  The 

data o f  the ma les and female s were analysed separately and provided 

separate es timates of VA which were then averaged to give the value for 

the base population. 

Oregon-R : female data VA = 0 . 935 
Average = 1.070 

aale data VA = 1 . 205 

+3: female data VA = 0 . 331 
Average = 1 . 033 

male data VA = 1. 734 

S ince the realised heritability of the Cross was comparable to those of 

the +3 and Oregon-R in the f irst  generation o f  selection . the additive 

variance used for the CrosR was taken as the average of the two parental 

base popula tions . 

Cross : = ( 1. 020+1 . 0 33 )/2 = 1.052 

The inbreeding level and the random drift variance for each generation 

and selection l ine is given in Table 36. The gene ti c  drift variances 

are plotted on the same graph as the observed be twe en replicate variancea 

( Fig . 12 ) as t his enables visual comparison be tween the two values . 

The trends o f  changes o f  between replicate va rian ce turned out to 

be very interes ting w i th the Oregon-R and the +3 behaving in a verJ 

similar manner. It is found that the gene tic dri f t  could account for the 



Table 36 : Inbreeding level ( F )  o f  selection lines and replicate 
ditferences due to gene tic drift ( V

8
) ( S exes combined ) 

Hi5!! selection 

Oregon-R +3 
i Cross 

Genera tion F VB F VB F VB 

0 o . ooo o . ooo o . ooo o . ooo o . ooo o . ooo 
1 O . O lJ 3 0 . 0 93 0 . 0 50 0 . 10 3 o . o48 0 . 10.2 
2 0 . 085 0 . 181 0 . 097 0 . 200 0 . 094 0 . 198 
3 0 . 12 4 0 . 266 0 . 142 0 . 293 0 . 138 0 • .290 
4 0 . 162 0 . 347 0 . 184 0 . 381 0 . 180 0 . 378 
5 0 . 199 0 . 42 5 0 . 2 25 0 . 465 0 . 219 0 . 461 
6 0 . 233 0 . 499 0 . 2 63 0 . 544 0 . 2 57 0 . 54<> 
7 0 . 266 0 . 570 0 . 313 0 . 647 0 . 293 0 . 616 
8 0 . 298 0 . 638 0 . 347 0 . 717 0 . 327 0 . 688 
9 0 . 329 0 . 703 0 . 380 0 . 784 0 . 359 0 . 756 

10 0 . 358 0 . 766 0 . 410 0 . 848 0 . 390 0 . 8.21 
11 0 . 385 o . 825 o . 44o 0 . 908 0 . 4.20 0. 883 
12 u . 412 0 . 88 1  0 . 468 0 . 966 0 . 448 0 . 942 
13 0 . 437 0 . 936 0 . 494 1 . 021 0 . 474 0 . 998 
14 0 . 462 0 . 988 0 . 519 1 .073 0 • .500 1 .05.2 

Low selection 

Generation F VB F VB F VB 

0 o . ooo o . ooo o . ooo o . ooo 0 . 000 0 . 000 
1 C . 043 0 . 0 93 0 . 047 0 . 098 0 . 045 0.094 
2 0 . 085 0 . 18 1  0 . 092 0 . 191 o .o88 0 . 18 .. 

· 3 0 . 124 0 . 266 0 . 135 0 . 280 0 . 129 0 . 270 
4 0 . 162 0 . 347 0 . 176 0 . 364 0 . 168 0 . 352 
5 0 . 199 0 . 425 0 . 2 15 0 . 445 0 . 201 0 . 423 
6 0 . 233 0 . 499 0 .; 2 52 0 . 521 0 . 2 37 0 . 498 
7 0 . 266 0 . 570 0 . 288 0 . 594 0 . 271 0 . 570 
8 0 . 298 0 . 638 0 . 32 1 0 . 664 0 . 30 4  0 . 639 
9 0 . 32 9 0 . 70 3  0 . 354 0 . 730 0 . 335 0 . 704 

10 0 . 358 0 . 766 0 . 384 0 . 794 0 . 365 0 . 767 
11 0 . 386 o . 825 0 . 413 o . 854 0 . 393 0 . 8.27 
12 0 . 412 o . 881 0 . 441 0 . 910 0 . 4¥0 0 • &84 
13 0 . 437 0 . 936 0 . 467 0 . 965 0 . 446 0 . 939 
14 0 . 462 0 . 988 0 . 493 1 . 018 0 . 471 0 . 991 
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divergences between the replica tes within the Oregon-R and the +3 high 

selection lines. In fac t  for the la t ter par t of  the selec tion programme , 

the observed variabili ty was actually smaller than the predicted. For 

these two low sele ction lines , the random drif t  could be responsible for 

the variability be tween low replicates for the first eight or nine gener­

ations of s e le ction , from then on there was a sudden sharp increase in 

variability within these two low lines . The Cross high and low selec tion 

lines were charac terised by violent fluctua tions of VB froa generation to 

generation righ t  from the ons e t  of selec tion . There was a slight rise in 

VB over the 14 generations but this upward trend was masked to a large 

extent by the s trong inter-generation fluctua t ions . This err tic behaviour 

of the Cross selection lines was not unexpe c ted since this hybrid population 

con tained greater gene tic variability than either of the parental a traina. 

F-ratio : Using the between replicates variance component can be misleading 

if there is some reason to suspect s cale effects ; i . e . , if , for e xa•ple , 

a pos itive correlation exists between v5 and Vw • A way to overcome thia 

problem is to look at the change in the variance ratio ( between replicates 

mean square divided by wi thin replicates mean square ) where some of the 

bias due to s cale would be cancelled. The larger the value of the F-ratio , 

the grea ter are the differences between re ¥licates . The F-ra tios , calcu-

lated for each selection line in every gen eration , were plo t ted against 

generation numbers ( Fig. l3 ) .  The trends of the F-ra tio are very similar 

to those o f  the be tw een replica te  variance components shown in Fig. 12 .  

Two features are shown clearly i n  this diagram ; the s teady increase in 

divergences between the Cross high selec tion replicates and the great 

variability in response in the Ore gon-R low sele ction line in the later 

genera tions of selection. 



4.  Dis cussion 

Results from the analysis of high and low selection responses from 

the Oregon-R , +3 and Cross popula tions were by no means s imple and clear­

cut.  S ome results were in accordan ce w ith expectations while o thers 

were in d irec t  contradic tion . 

Among the high sele ction lines , high repeatability of response was 

observed from repli ca t es within the Oregon-R and +3 high lines.  O n  the 

o ther hand , significant he tero geneity of response was detected among the 

four replicates o f  the Cross high line and this is in accordance to the 

expec ta tions that greater variability would be pres en t in the hybrid baae 

popula t ion . The Cross high line gave s i gnifican tly grea ter re sponee 

than the Oregon-R and +3 high l ines which meant that sel�c tion within the 

Cross popula tion was able to exploi t the greater gene tic varia tion gener-

a ted by combin ing the two laboratory s trains.  The Oregon-R high l ine 

gave weak res ponse over the 14 gen e r a t io ns of selec tion .  A fter the first 

two to three genera tions of selection , the +3 high l ine uae xpec tedl7 

s topped responding al toge ther to h i gh s e l e c tion and even showed a ver1 

slight nega tive response despite continued upward selec tion . The aberrant 

behaviour of all four +3 high replicates could be due to the following 

causes ; depletion o f  additive gene tic varianc e through gene fixation , 

prevalence o f  loci with dominance in the direc tion of hi gh abdominal 

bris tles and the accumulat ion of  subvital factors which prevented further 

upward response . In an a ttempt to elucidate the real cause of the extreme 

nega tive asymme try of the +3 population , the fo l lo w ing subsidiary testa 

w ere carried out at  the end o f  the selection experimen t ;  heritabilitJ 

estimations , crossing between the +3 h igh and low se lec tion lines an4 

le thal tes ts . 

From the commercial br ee der ' s point o f  view of improving ao•e 
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economic trait by ar tificial selection , the resu l ts from this present 

experiment give evidence that it is clea rly advantageous to cross original 

s trains toge ther and practise selection on the hybrid bas e  population. 

Variability be tween replicates derived from the Cross base population ia 

expec ted and in order to minimise this he terogeneity Kojiaa and Kelleher 

( 1963 ) sugges ted that ,  " I t  is preferable therefore to adTance h7brid 

popula tion& by random ma ting for several genera tions prior to selection 

in order to reduce dras tic effec ts of linkage-epistasis complexes • • • " 

Frankham et al . ( 1968 ) advo ca ted using replicates w ith larger population 

sizes to in crease repeatability of responses. 

Responses from the three low selection lines could be considered 

to be almost in direct contrast to high selection responses .  Contrary 

to expecta tions , the responses from the Cross low line were more homo­

geneous and also sma ller in size when compared wi th those o f  the Oregon-R 

and +3 low lin es . Unlike the high selection lines ,  the low lines bore a 

s triking s imilar ity to each other in pat tern of  response , with the first 

seven generations of the selec tion e xperiment giving good downward response 

and the latter s even generations poor response. The conclusion froa the 

low selection responses from these three different population& is that 

respons es from the " purebredn laboratory s tra ins are comparable to 

responses from the hybrid s train . Ano ther fea ture which emerges froa 

these s tudies is tha t divergence be tween replicates wi thin sele ction 

lines seems to be the usual o bserva tion in replicated Dros ophila selection 

experiments. 



D .  PREDICTION O F  S ELECTION R E� PONSE 

This s e c tion will be con cerned w i th comparing the responses predi cted 

for the base popula tion& wi th the observed sele c tion re sponses . To date , 

results from various selec tion experimen ts have  pro duced con trovers ial 

evidence on the relia bili ty of the s imple additive pre d i c tion theory . 

There is evidence tha t where the popu la tion size is not too sma l l , the 

agreemen t between predic ted and o bs erved responses for short-term selection 

experiment ( five genera tions or so ) is reasonably good ( Clayton e t  al. , 

1957 ; Dawson , 1965 ; Wong and Boylan , 1970 ) .  But She ldon ( 1963 ) and 

Frankham e t  al.  ( 1968 ) have found tha t the predic tions are not borne out 

even on shor t-term basi s .  

Heri tability es tima tes o f  abdominal bris tles i n  the Oregon-R and 

+3 base populations were o b tained by paren t-offspring regression and 

diallel analysi s .  The usefulness o f  each me thod of es tima tion i a  assessed 

by comparing the es tima ted heri ta bility wi th the realised heri tability 

obtained from the s lope of  the linear re gress ion l ine f i t ted to the point• 

on the graph o f  response plo tted against cumula ted s e lection differential. 

The method which yields an es tima te which is closer to the realised herit­

abili ty would be considered to be th e more rel iable . 

1 .  H eri tability 

The heritabili t iee predi c ted from the Oregon-R and +3 base popula­

tion& were compared w i t h  the a vera ge realised heri tability of their 

respective selec tion lines . S ince  s tr i c t ly speaking the prediction holds 

for only one genera tion o f  selection the es tima ted heritabili tiea will be 

firs t compared w i th the firs t gen era tion rea lis e d  heri tabilitiea and then 
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with the average realised heritabilities over the 14 genera tions to see 

how far the predic t ions are carried out . Within each popula tion , the first 

genera tion (Gl ) realised heri tabilities for high a nd low selection are 

similar so tha t the asymme try has no t as y e t  a ppeared . The average Gl 

realised heritabilities for the Oregon-R and +3 are 0 . 21 and 0 . 33 respect­

ively (Ta ble 37 ) .  The parent-offs pring regressions by far over-es tiaate 

the Gl realised heri tabili ties even when their large sampling errors are 

taken into a ccount. The infla tion of  the regression coefficien ts could 

be caused by sampling variance and poss ibly by sex-linked effects in t he 

Oregon-R and non-additive gene tic variance in the +3· 

The noticeable weakness of  the diallel analysis is the apparent 

large dis crepancies between the four es tima tes from each analysis . The 

values ranged from 0 . 16 to 0 . 42 for the Ore gon-R and -0 .06 to 0 . 66 for 

the +3• This weakness , the author admits , is due mainly to insufficient 

replications of the present experiment where only 31 block mating& were 

successfully completed for the Oregon-R and 43 for the +3· Two aaiD 

reasons accounted for this low replica tion o f  these diallel tes ts ; lack 

of facilities , and low viability and fer tility o f  the s to cks par ticularly 

the Oregon-R . The discrepancies be tween the individ ual estiaates are 

likely to be due to a c cidents o f  sampling from various sources . Kojiaa 

and Kelleher ( 1963 ) also o bta ine d highly variable heritability es tiaa tes 

including some nega tive values . They a t tributed the inconsis tency to 

sampling errors , resul ting in some va lues being over-es timated while o thers 

under-es tima ted . Consequen tly , they a c cep ted the negative values to be 

valid even though they were con trary to the addi tive gene theory. They 

found tha t by averaging the indiv idual es timates the s ampling variations 

were cancelled to a large degree , leaving a mean which accorded well with 

the observed . Taking the same attitude as Kojima and Kelleher , the 



2 Table 3? s Summary of realised and predicted heritabili ties ( h  ) o f  Oregon-R and 

Predicted Heritability 

Regress ion : 
S ire-son 
Dam-son 
S ire-daughter 
Dam-dau ghter 

2 Diallel Analysis h� 

hD 
W eigh ted average 

Realised heritabilitl 

Gen . l :  High s e lection 
Low sele c tion 

Average : High s elec tion 

(Gen . l-14} Low s ele ction 

Average of  high and low 

+3 population& 

Oregon-R 

Female Hale 

0 . 34 + 0 . 10 
0 . 42 ; 0 . 13 
0 . 45 ; 0 . 14 
o . 4o + o . 11 

0 . 32!;0 . 12 0 . 2?!;0 . 12 
0 . 16+0 . 10 0 . 42!;0 . 13 

0 . 32 + 0 . 11 

0 . 24 0 . 20 
0 . 19 0 . 21 

0 . 0 6+0 . 006 0 . 0 4!;0 . 005 -
0 . 14!;0 . 009 0 . 12!;0 . 009 

o . 1o 0 . 0? 

+3 

Female Male 

0 . 52 + 0 . 10 
0 . 49 ; 0 . 13 
0 . 16 ; 0 . 13 
0 . 44 :;: 0 . 1 1 -

-0 . 06!;0 . 0 5  0 . 24!;0 . 0 9  
0 . 16+0 . 08 o . 66:tO . l3 -

0 . 3? ! 0 . 11 

0 . 37 
0 . 34 

-0 . 0 1+0 . 012 -
0 . 20+0 . 014 

0 . 10 

0 . 31 
0 . 30 
0 . 00+0 . 0 10 
0 . 1?!;0 . 0 13 

0 . 09  

..., � '-'> 
• 
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present aut hor averaged the four es timates within each diallel analysis 

and obtained average values of  0.29 for the Oregon-R and 0 . 25 for the +3• 

When compared w i th their respe c tive Gl realised heritabilities , the 

diallel me thod gave an over-es t ima te of the Oregon-R firs t generation 

res ponse and an under-estima te of the +3 response .  

In  summing up , a simple way to show how well estimates o f  herit-

ability by the two different des igns corresponded w i th the obserTed herit-

abili ty o f  the first genera tion of selec tion was to examine the size of 

the devia tion of the average heri tability estima tes from each method froa 

the avera ge firs t generation realised heri tabilities { Table 38 ) .  

Table 38 : Devia tion of  the  es timated heritability froa the 
realised heritability o f  t he first selec tion genera tion 

Oregon-R +3 

A ver. Deviation Aver. Deviation 
es timated froll estimated from 

Me thod of h2 observed= h2 observed= 
estimation es t . h2-o . 21 est . h2-0 . }3 

Parent-offspr ing 
regression o . 4o 0 . 19 o . 4o 0 .07 

Diallel analysis 0 . 29 o .oB 0 . 25 -o . o8 

Combined 
weighted es t .  0 . 32 0 . 11 0 . 37 o . o4 

I t  is apparent tha t for the Oregon-R population , bo th me thoda 

provided over-estimates of the first genera tion realised heritabilitiee 

of the high and low · selec tion lines.  The average regression heritability 

es timate was less reliable than the average diallel heritability eetiaate 
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s ince the devia tion from the observed was larger . On the o ther hand !or 

the +3 ,  the regression analysis pro vided an over-es timate and the diallel 

analysis an under-es tima te o f  t he firs t generation realised heri tability 

but the combined weighted heritabili ty es timate accorded well with the 

observed . 

As expec ted , there was even greater dis crepancy between the ea tia­

a ted heritabili ties and the average realised heritabilities over the 14 

genera tions of selection ( Table }7 ) .  The average realised heritabilitiea 

in all cases were lower than their respec tive firs t-genera tion realised 

heritabilities .  This decline was more marke d in the high selec tion linea 

than in the low lines thus indicating the asymmetr ical pa ttern o! two-•&7 

responses in bo th the Oregon-R and +3 populations . Falconer { 1953 , 1955 ) , 

Martin and Bell ( 1960 ) and Won g  and Boylan ( 1970 ) found that where 

asymmetrical two-way responses occurred , the es tima ted base popula tion 

heritabilities were more in line with the realised her i tabilities of the 

average divergence between high and low s election lines than with the 

realised heri tabili ties o f  eit her the high or low sele c tion lines.  

However , i n  the pres en t experiment the dis crepancy between the exp e c ted 

and the observed heritabilities could not be  remedied by averaging the 

values of the h igh and low s e le ct ion lines within a population since the 

base population heri tabil ity was an over-es tima tion of the realised 

heritabilities of both the high and low se le c tion lines .  

The general conclusion from this comparative s t udy o f  es tia ted w i th 

the realised heri tabili ties is not very encouraging. The only reasonable 

agreement was b e tween the es tima ted +3 base  population heritabili ty and 

the fir s t  genera tion realised heritability o f  the +3 selection linea.  

It  is  clear from this discus sion tha t to use these es tiaa ted base population 

heritabili ties to evalua te the respons es to be expec ted froa artificial 
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selec tion would definite ly yield over-es tima tes of bo th upward and down-

ward respons es . S heldon ( 1 963)  and Dawson ( 1965 ) sugges ted tha t the 

firs t-genera tion selec tion responses may be more reliable es tima tors of 

subs eque n t  genera tion responses than the es tima ted heritabilities . 

the author decided to check the usefulness of this re commendation. 

will be carr ied out in the follow ing s e c tion. 

2. Average response rate 

Hence , 

This 

The s tandard prediction equation for ob tainin g the expe c ted response 

from one genera tion o f  selec tion is s imply the heri tability multiplied by 

the s tandardised selection differen tial for se lection in tens i ty of 9/45 

( from Falconer 1960a ) and the pheno typic s tandard devia tion o f  the base 

popula tion . The heritability values used will no t be the es tiaated values 

from the bas e  popula tions bu t the average realised heri tabili ties of the 

s e le c tion lines in the firs t selection ge nera tion . The average realised 

heritabilities are ob tained by dividing the average response of the four 

replicates within a line by the average s elec tion different ial . The 

pheno typic devia tions employed are those of the Gl unselected con trols 

and the Cross was found to have the highes t value which was no t unexpected 

s ince it was the F
3 

genera tion where segregation and recombination wi th 

the resul ting increase in var iability were s till occurring. The predicted 

r esponse s  as well as the gen e tic parame ters needed for evaluating the• are 

presented in Table 39. I t  was mainly be caus e of its high pheno typic 

s tandard devia tion tha t the expected response for the Cross was the highes t .  

Except for the males o f  the Oregon-R po pula tion , grea ter upward responses 

are expec ted from all three popula tions . The grea tes t response is 

expe c ted from the Cross popula tion a nd the lea s t  from the Oregon-R . The 
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Table 39: Respons e per gener�t ion predic ted from 
first genera tion realise d  heri tabi lities 

Oregon-R +3 Cross 
Parame ter 

Females Males Fema les Male s Fema l es Males 

HIGH SELECTION 

Pheno typic s tandard 
deviation 3 · 0 3  2 . 50 2 . 81 2 . 58 3 - 73 2 . 98 

S tandard ised selec tion 
differential 1 . 40 1 . 40 1 . 40 1 . 4o 1 . 4o 1 . 4o 

Predicted selection 
differential 4.21+ 3 - 50 }. 93 3 . 61 5 . 22 4. 17 

Observed selec tion 
differen tial 3 . 2 6  3 . 45 3 . 04 3 . 20 4 . 2 6  3 - 87 

Firs t generation 
realised heri tabili ty 0 . 24 0 . 20 0 . }7 0 . 31 o . l+l o . 41 

Predic ted high s elec-
tion response ra te 1 . 02 0 . 70 1 . 45 1 . 12 2 . 14 1 . 67 

LOW SELECTION 

Pred i c te d  selec tion 
di fferential 4 . 24 3 . 50 3- 93 3 . 61 5 . 22 4 . 17 

Observed selec tion 
dif ferential 3 . 92 } . 08 3 - 70 3 . 58 4 . 29 4 . 22 

First gener at ion 
realised her i tabil i ty 0 . 19 0 . 2 1  0 . 34 0 . 30 o . 4o 0 . 36 

Predic ted low a e lec-
tion response ra te o . Bl 0 . 73 1 . 34 1 . 08 2.09 1 . 50  

reliabili ty o f  these predictions is t e s ted by compar ison with the obserYed 

average respons e  ra te over 14 s e le ction generations ob tained from the 

linear re gress ion me thod and fro m t h e  to tal response divided by the number 

o f  s e l e c tion genera tions ( Table 4o ) .  The rela tive sizes o f  the pre-

di e te d and obs erved response ra tes are r e presented diagrammati call7 in 



·rable 4o :  Comparison o f  observed w i th predicted response ( br is tle number/genera tion ) 

( t  • number o f  genera tions o f  selec tion ) 

Females Males 

Observed response Observed response 
Pred i c ted Predicted 
response respons e 

Re g. coe!f.  Total/t Reg. coeff.  To tal/t 

HIGH SELECTION ( Gen . l-14 ) 

Oregon-R 1 . 02 0 . 19 0 . 34 0 . 70 0 . 13 0 . 28 
+3 1 . 45 -0 . 03 0 . 1 9 1 . 12 o . o 1  0 . 14 
Cross 2 . 14 0 . 97 0 . 93 1 . 67 0 . 68 o . 77 

LOW SELECTION ( Gen . l-7 ) 

Oregon-R o . 81 0 . 71 o . 6o  0 . 73 0 . 64 0 . 44 
+3 1 . 34 0 . 98 o . 82 1 . 08 0 . 92 o . 88 
Cross 2 . 0 9  0 . 59 0 . 95 1 . 50 0 . 69 0 . 79 

LOW S ELECTION ( Gen . l-14 ) 

Oregon-R o . Bl 0 . 51 0 . 43 0 . 73 0 . 38 0 . 33 
+3 1 . 34 o . 65 0 . 63 1 . 08 o . 47 o .  58 
Cross 2 . 0 9  0 . 34 o . 62 1 . 50 0 . 33 0 . 45 

.... \.,., � 
• 
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Fig. l4 and it shows clearly that the predic tions from the first-gen eration 

selec tion responses on every occasion cons iderably exceed the obs erved 

average responses over 14 genera tions . One cause of this dis crepancy 

be tween the predicted and observed responses was tha t the expected selec­

tion differentials used in the e quation for obtain ing expected responses 

were found to be greater than the rea lis ed s e le c tion differential 1D the 

first sele c tion genera tion . I t  has been shown ear lier tha t the average 

response of  the low selection lines dec lined significantly a fter the first 

s even genera tions or so of  selection ( se e  Par t V C l ( iii ) ) ,  so  that the 

average observed response over the 14 gen era tions is smaller than the 

average response of the firs t seven genera tions . For this reason , the 

predic ted low selection responses are also compare d  w ith the average 

response in Period 1 (Gl-7 ) .  The results of this comparison are slightly 

more promising , for at leas t there is reasonably good agreement be tween 

the observed response rate over the fir s t  seven generations and the pre­
dic ted responses for the Oregon-R low selec tion line and the males of the 
+3 low l ine . 

The pa t tern of two-way s e lection response predic ted from the fire t  

generati on was for sli ght pos itive asymme try or for symme trJ • Only the 

observed pattern o f  response from the Cross accorded w i th  the prediction. 

Con trary to expecta t ions , n e gative asymme try was observed from the Oregon-R 

and +3 popula tions . W i th re gards to the a c tual size of  the response per 
gen eration among the three  high selec tion lines , the Cross gave the larges t 

response as predic ted but the +3 response was the low e s t  ins tead of  the 

Oregon-R . For the low select ion , responses from the three lines were 

similar but con trary to expec ta tions response from t he Cross was lower 

than the +3 respons e .  These results show tha t in general , the pred�c tiona 

of both the sizes and the trends of the s e le c tion response fro• the 
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firs t-generation res ponses were inadequa te in this presen t experiment . 

3· Dis cussion 

The main conc lusion which stands out from the study of the prediction 

of selection res ponses is one o f  poor reliability of the estima tes of herit­

abilities of the unselec ted base popula tions by the s tandard me thods . 

Theore tically . the prediction is expec ted to ho ld a t  leas t for the first 

generation of selec tion.  But actual comparisons revealed that the average 

estima ted heri tabilities exceeded the realised heritabili ties o f  even the 

firs t genera tion of s e lec tion in bo th the Ore gon-R and +3 populatione. As 

expe cted 9 the discrepanc ies between the es tima ted and the average realised 

heri tabilities of the 14 genera tions were even greater. The immediate 

ques tion which follows is wha t are the causes of this poor predic tability. 

The highly var iable values of the indiv idual heritability es timates aade 

it difficu l t  to elucidate the possible so urces o f  upward b ias which may have 

con tributed to the dis crepancy . There is sl igh t evidence that the estia­

a ted heri tability of the Oregon-R base popula tion could be biased upwards 

by sex-linked effec ts and tha t of the +3 population by epis ta tic variance. 

She ldon ( 1963 ) re por ted some evidence o f  sex-linked e ffec ts but negligible 

epis ta tic effects in his base population . Sheridan e t  al. ( 1968 ) found 

modera t e  amounts o f  sex-linkage and addi tive x additive variance . The 

d is crepancies betw een indiv idua l heritability es tima tes within and between 

differen t me thods seem to suggest  that the high overall values could be the 

resul t  of sampling errors . I t  s tresses the necessity to improve oa the 

experimental design u tilised in this present e xp eriment from the point of 

view o f  increasing the number o f  two sires and two dams block matings and 

perhaps also increa s ing the number of animals s cored from each ma ting in 
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order to increase the precision o f  the es timates . 

Ano ther me thod o f  �r edic tion tried in this thesis was to ex trapola te 

from the responses observed in t he firs t genera tion , the tr nds of response 

in the subsequent generations o f  shor t- term s e le c tion .  Here the realised 

heritabili ties of the firs t  genera tion of high and low sele ction lines were 

used in the prediction equation to evalua te the expected responses. These 

were then compared with the observed responses of the sele ction lines . I t  

was hoped that any asymme try might b e  predi cted by this me thod . All the 

predictions for the three high and three low selec tion lines exceeded the 

observed avera ge response over 14 gene rations . The only reasonable agree-

menta were found between the predic ted a nd the observed responses over the 

fir s t  s even genera tions for the Ore gon-R low selec tion line and the aalea 

o t  the +3 lo� line . The asymmetrical pa tterns of two-way response observed 

from the females o f  the Oregon-R and the +3  popula tion were ac tually in the 

opposi t e  dire ction to the predi cted. 

Us ing firs t-genera tion rea lis ed her i tabilities ins tead of  the 

es tima ted heri tabilities o f  the base popula tions did not appear to have 

improved to any large extent the reliability of  the predictions since the 

discrepancies w ere s till obvious . I t  had been sugges ted by Gritting ( 1960 ) 

tha t heri ta bilit ies from the firs t- genera tion responses tend to be over­

estimated if a ddi tive x addi tive ge ne tic  variance was an important source 

of varia tion as its con tr ibu tion to res pons es declined very rapidlJ in a 

few genera tions . The intera c tion var iance which includes dominance and 

epis ta tic devia tions was es timated to be negligible in the base population& 

and if this conclusion is valid , the discrepancies could not be attributed 

to this source of bias . Ano ther possib l e  cause of discrepancy was the 

large s tand a rd errors o f  both the obs erved and predicted responses , the 

la tter due to the ina ccura cy in es tima tion o f  the genetic  parame ters 
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( i ,  �p and h
2 ) used in its evalua tio n .  The results from computer s imu-

la tion s tudies o f  Gill ( 1965 ) show ed tha t for small population sizes the 

effects o f  random drift and ar tifi cial sele c tion could cause the geneti c  

parame ters o f  the selec tion line t o  devia te considerably from that of the 

base population in a few genera tions , thus resulting in poor agreement 

be tween the predic ted and obs erved res ponses . 
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A .  ANALYSES OF +3 H IGH S ELECT ION L INE 

159·  

S E L E C T E D L I N E S 

The cessation of response from all four replica tes o f  the +3 high 

selection line after the firs t few generations o f  respons e ,  des pi te 

continued selec tion for increased bris tl es , was quite unexpe cted. Par tic-

ularly , since heri tability was es tima ted to be abou t 37% in the +3 base 

popu la tion . In an a t tempt  to elucida te the genetic s i tua tion responsible 

for this aberrant behaviour , two subsid iary experimen ts were carried out 

on the +3 high selection line <. f ter comple tion of  the 14 genera tions of 

sele ct ion .  The firs t experimen t  was des ign ed t o  estimate heritability. 

The second experiment , cross in� be tween +3 high and low selection lines 

was under taken to a t te mp t  to elu cida te dire ctional dominance .  

1 .  Heritability e s tima tions of  the +3 high s e le c tion line 

( i )  Ma terials and me thod s 

The two sires and two dams r e s tric ted diallel cross employed iD the 

heritabili ty e s t imates of the Ore gon-R and +3 bas e populations was similarly 

used here . From ea ch o f  the +3 high re pli cates in gen era tion 14 , equal 

numbers o f  bo t tle cul tures were se t up from flies se le c ted at  randoa froa 

each o f  the repl icates . Progeny emer gin g from these cultures were used 

in the diallel c ross .  I t  wa8 pointed out e arl ier tha t the diallel crosses 

of the Ore gon-R and +3 bas e popu lations s uf fered from the disadvantage of 

insu ff icient repli ca t ions . For this presen t diallel cross , e fforts were 

taken to se t  up as many single-pair ma tings as facilities allowe d . For 
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Each replica te , a t  l aa t 4o sinal• pa ir �1 tings were made . Both first 

and second ma tinge for the dial lel cros s  were ma de s tric tlJ betweea aaloa 

and teaalea of the same replica te . 

( 11 )  Result• and discussion 

�iace the four +} hish repli ca tes were found to have ho o eneo • 

means and pheno tJpic yarianc a ,  da ta from the four replica tes were poole4 

be fore carryina ou t the analJses tor heritabilitie s . A l toge ther 68 blocka 

yie lded coaplete da ta for the dialle l an� lJs is . As before , the reaul ta 

were snalJs ed bJ parent-offspr ing regres s ion and diallel anal;rais . eaul ta 

of the analyses from these two me thods a re summari sed in ta ble 41. 

The r sults from the parent-offsprin g regression analy is give evid­

ence tha t a fa ir propor tion of the rema ining additive gene tic variance in 

the +} high se le c tion liae , a f ter 14 generations o f  selec tion , could be d e 

to additive sex-linked e f f e c ts .  Th is is indi ca ted b y  the dam-aoa aad daa­

dau ghter heritabili ty es tima tes being conside rably higher than the aire-ao 

heri tabili ty e·s tiaa te . However , tha sire-dauchter es tiaa to , which 1a 

aimilarl1 biased by sex-linked e ffe c ts �nd �s therefore expected to be 

compar ble to the dae-eon and dam-da ughter heri tability es tiaatee , 1a 

e�milar to the s ire-eoa es tiaa te ins tea d. 

to the prevalence o f  se x-linka ge .  

Thua i t  offers coa\1' r7 ertcle n 

Es tiaa tes o f  her i tabili t7 from the dia llel analysis varied eo 14er­

abl1 ( fro• -o. l� to 0 . 47 ) 1 despite t he larger nuaber o f  desreea of  

freedo• ( 68 )  i n  t his presen t dia l l e l  analysis w hen compared with 

the d iallel analysis of the +3 base po pula tion whi ch inYolYecl onl7 

4} degrees of freedom. There is no evidence of s ex-linkage froa 

this analysis . The size of the in terac tion term i.s o f  the •••• order 

o t  aagnitude as tha t obtained fro m  the +} base population . The 

average o f  the four estima tes from the d ial lel analysis ( 0 . 12 )  ia r .. arkabl7 



Table •1: HoritabilitJ es tiaatea of the +3 high aelectio 
line (Gen . llt)  

Regreaeion aaal:aia 

Dua-aoa 1 

Sire-claugh ter : 

Dall-daughter : 

AYe rage 

Dial1el an.a].zaie 

Source of Variation 

Be tweea sires i thi.Jl blocks 

Between daas w ithin blo cks 

S ire x dam inter ctioa 
Reaidual 

h2 s 

� 

h2 

h2 

h2 

h2 

h2 

d. r. 

68 
68 

68 

1088 

InteracU.OA ( <ri/ a-; )  

Bealised herit bi1itJ (Gen . 14 )  

• -o . olt + 0 . 11 

.. o . 23 ! o . o8 

• 0.02 ! 0 . 13 

• 0. 35 ! 0.09 

&S o . l� 

Mean square a 

Jt•emalea Male a 

9. 14 7-0� 

12. 48 13. 59 

11. 40  5. 1t6 

7.38 5·91 

-o. 1• ! o.o? o . 10  + o.o6 -
o .o5 ! o .o8 o . •? ! o . 13 

1\Yerage • 0 . 12  

0 . 12 0 . 02 

F'etU.le ll le -
o.o6 

161. 
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aiailar to the average of the estima tes from the re gression analysis (0. 1� ) .  

The o•erall w eighted verage heri tR bility o f  the +} high selection line waa 

found to be 0 . 10 + o.oa. -

There are two ways of looking a t  the es timated componen ts of varia-

tion of the +} high selection line. The firs t ia to compare with tbe 

coapoaen ta of varia tion ea tiaa ted in the original +3 baae population. �be 

se cond is to coapare the e• tima tecl heritabilit7 with the realised herit-

abi�ity of the +3 high s ele c tion line in the l .. th selectiOA geaera tioa. 

Coapariaon with the +} base popula tion : Theore ticall7 , the gene tic ooapo­

aitioa of the selection line is expec ted to devia te from the original �• 

popula tion as a res ul t o f  selection , random drif t  or ��atur l aelectio .. 

The aclditi•e gene tic variance is expected to decline while the oa-a4d1ti•• 

coaponen t o f  gene tic variance to increas e .  The coaponen ts of •ariatioa of 

the +J base popula tion and +3 high line a t  the end of selection are P.•ea 

below: 

+3 baae pop. +J high selection 

A dditive gene tic 0 . 35-o . !to  0 . 10-0. 15 

Non-additive gene ti c  0 . 0 5-() . 10 o.o5-0 . 1o 
Develop en � error 0. 2 5  0.25-0.}5 

True environ en tal o . }O-o . 4o o . 5<)-0 . 6o  

l'he de cline in add i tiYe gene tic •ar iance i s  evident but it is DOt accoapaa-

iecl b.J aa7 apparent increase in aon-addi ti.e gene tic varia nce. Shel a 

( 1963 ) reported increase in non-additive gen e tic variance and decrease iD 

additive geaetic Yariaace in hie se lection liaea b7 the thirteeath aeleo-

tion geaeration, a lthough he also fouad tha t the in terac tion Yariance 

d clined with further sele ction. Bo th th e developmental error aad the 



true enYironaental v riance appeared to have incre4aed wi th de crease in 

additiYe gene tic variance and this could be indica tion of the weaker 

buffering abilit7 of the more bomozJgous +3 high sele ction lin when 

coapared wit� the +3 base population . The average herita b1lit7 of 

0 . 10 ! o.o8 eatiaa ted in the +3 high s election lin leads to the expecta­

tion of tur th r response being possible w ith con tinued sel ction. Thla 
es tiaated heritabilit7 will be compared with the realised heritab1lit7 of 

the 1 at se lection generation in the following aectioa. 

Cotlpariaoa with the real.iaed heritability of the l'tth s e lectioa seneraU,., •JU 

Froa Fig. 5 i t  is clear tha t the average realised heri tabilit7 o f  �· +3 

high election line had decl.ined dras tically fro 0 . 35 in Gl to 0.05 ia G2 

and aubaequentl7 remained a t  this low 1 vel till the end of the aelectioa 

experiment .  Thus , although the es tima ted heritability o f  the +3 hi 

liae (0. 10 ! 0.08 ) ehowecl a decline in addi tive gene tic variance , it clid DOt 

predict cessation of selection response . Ther is soae evidence that the 

dia erepa.nc7 between the eatiaa ted and the realised heritab1lit7 could M 

due to aex-li.Dked effects ,  although there was no eyidence o f  sex-lillkap 

in the unaelected +3 base popula tion. 

2 .  Crossing be tween +} high and low selection linea 

!here are two reasons for suspecting the prevalence of directional 

dollirlance for h.ig.b bris tle number in the +3 popula tion . !he firat 1a tu 

marked negative aay e tr7 of two-directional response. The eeoo .. la the 

uch greater decline iD reproduc tive fitness of the +3 low selectio liae 

thaa in the high selection line. A eana of tea tins thia hJpothea1a tor 

the prevalence of directional dominance is to make crosses be tweea � 

high and low selec tion linea and o bserYe the me aa bri tle score of the 

F 1 progeD,J' . 
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rable lt2 a Recipro cal crosses between +3 high sele c tio liu 
and +3 low selec tion repli ca tes 

Mean abdo•inal b-ris tle DWIMI" 

Males Fell&lee 

H id-paren t Y&l\le 30 · 30 }6." 
Reciprocal ( l+:SH • i-+3LI 29. 94 31·1� 
Progen7 ( '-+311 ( • cS+JLI 29. 94 37. 22 

. 
Mid-piU'en t •alue 30 · 99 }6. 45 

Reciprocal ( l+JH X �+3t.II }0 . 46 36.28 

ProgeaJ � '+JH • cA:stii 3() . 81t 36.62 

Mid-parent •alue }0 . 28 3?. 45 

Reciprocal ( l+3R X t..3LI II 31. 14 37- 58  
Progea7 < �3n ( X 6.3LIII  3() . 10 }8.o8 

Mid-parent Yalue 3() . 81 36. 56 
Reciprocal ( l+3H X �3Lill 30 - 58 }6.20 
ProgeD.J � �+3H X <f+JLIV }1. 66 37. 62  

The croese were carried out after th selected linea had beea 

relaxed for fiye gen.era tions . Equal nuabers o f  lea aDd YirsiA t ... l .. 

were colle c ted fro each o f  the +3 high re pli cate • SiJlce the four hip 
repli ca tes were shown to be ho110geneous , i t  was decide4 to pool tu tU.ea 

froa these replicates . Reciprocal cros ses were then aade betwee tbe +3 

high selec tion line and each of the +3 low re pli cates aeparateq. ft1a 

was because the +3 low replica tes were more yaria b l  • Values f the 

r ciprocal crosses .ou ld gi•e an indication of the effect of the s ex 

chroeosomes . from each o f  the crosses , 50 male and 50 female pro eft7 



were scored for abciominal bristle and their means were giTea in 'l'a'ble 42. 
I f  the h7potheais was true , the eaae of the F1 progeny would 

exceed the aid-parent means . In all cases , the F1 means were coaparable 

to the aid-parent Y luee. Thus it giTes eTidence that directional 

do in ce was not respon ible for the asymmetry o'bseryed iD the +} popala-

tioa. Alao , the aiailarity between the pairs of reciprocal erose .. la 

the aalee indicated the absence of ex-linked effects. 

�he co ncluaioa from the aboYe two teste is that the lack of reaponae 

in the +J high line was largely due to the decline in additiYe genetic 

Yariaace ,  although the eetiaated heritability was greater than the real1ae4 

heritability at the end of the selection .  S ince there w as ao eYideace of 

directional dolliaance , an alternatiYe hypo thesis is needed to accoua t for the 

aayllmetry. I t  ia poaeible that a few additive genes with large e ffecta 

are respc ne ible for high bris tle number. • Fixation o f  these gene iD the 

early generatioRS of selection could account f or the iaeffectiveneea of 

further high selection and also the obscr.ed decli.Jle in both the pheao-

t7pic and addit1Te genetic variance. 



B. RELAXATION OF S ELECTION LIN F� 

166. 

'rhe maiA purpose in relaxing selection was to observe the aap.1t1l • 

of the forces of natural selection opposing artificial. selection an4 to 

see whe th r there was 8111 differential a ction of natural selec,ioD ooatri.­

butilag to the observed aaylllate try o f  responses from the three populatiou . 

All the high aDd low replicates were relaxed for niae seneratioaa 

after the 14 generations of  aelection. The relaxe4 replicate• were 

cultured tmde.r identical oonditiou aa the selection. replicates , with 

three bo ttles ��aintain.ed for each replica te . The on.ly differe.nce waa 

that for each relaxed generation , fiYe paire of randolll.7 selected paruta 

were used in each culture bot tle inatead of  the three pairs e4 ill the 

selection linea. This was used iD attempt to max181ae aD7 action. of 

natural sele ction aad al.s.o to reduce random drift. 

�be changes of the mean abdominal bristle nuaber oYer the aiae 

generations o f  relaxation of individual replicates were graphed 1ll Fit• 1. 

The general pic ture which emerged from the graphs wa that there waa little 

tendency for the selected replicates to regress to the uASelected pop�la­

tion means . To bring out the trends o f  regression on relaxatio aore 

clearlJ9 Fig. 1.5 shows th e  deviation of the mean of the relaxed selection 

line froa that o f  the unaelected con trol line tor each generation of 

relazaUon for the f emales. The 118.lea showed very similar trenda. 

Generation 0 in the figure corresponded to the l�tb aelecticm ge eratiOD. 

�he Croaa high line showed no tendency to return to ita origiaal 

popula tioD means over the nine relaxed generations . A gradual cleclilae 

ot about two bris tles OYer the nine generations was obserYecl in the 

Oregon-R high line. A t  first i t  wo uld appear that the +3 high liae 

quic:kl7 re tur11ed to ita con trol popula tion means wi thin two gener tio .. 
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of relaxa tion , but i t  rose back to i ta original selection mean• af ter 

further relaxation , thus ind ica t in g  tha t the r gress ioa was proba�lJ d e 

to sa pliag varia tion. The +3 and the Oregon-R low l in es showed DO 

apparent regression while the Cross low line declined about one bristle 

over the whole p riod of relaxation. 

the behaviour of the relaxed high and low selected liaes indicate 

tha t the forcea o f  na tural selec tion were not s trong in aoving geae 

fre quencies back to their original level.s. It seems probable that the 

s light d ecline observed in th Oregon-R high line and the Croaa low line 

could be due to the break-down or favourable epistatic combinati��•· �he 

final. conolueion 1.8 tha t the observed asy rme try in the thre different 

populationa 1e no t caused by natural selection opposing artificial aeleo­

ti.oa in aDJ oae direc tion. 



C . CHROMOSOME ANALY�IS 

168. 

Simple tes ts to de termine the rela ti ve effe cts of differeat chroso­

aoaea on the quantitative char c ter in se lection linea have beea u.ed 

•xtenaivelf by Thoday aD4 hia aaeociatea ( 1959, 1964 , 1966) . Such tea\a 

coBeiat essentially of substituting different chromosoaes from the &elec­

tioa linea into an uneelected tes ter s tock, which is ho ozygoua for 

recessive aarker genes , on the chroaoa omea where th effect on the 

selected character is desired to be assessed . Thia te t will be uaad 

ia the present experiment aa a aeana of giving informa tion oa the locatio 

of the genes con trolling the selection response for high and low ab4oalual 
bristle numbers in the s election replicates or the Oregon-R , +3 aad Croae 

populations . 

1 .  Materials and me thods 

�he tes ter s tock employed for these chro•oaoae aeaa7a was aaaeleot.t 

for abdominal bris tle score. It  was homosygoue for a secoa4 ohroeoeoae 

recessive !I ( Yea tigial)  and a third chromosome receeaive !! ( sepia )  and 

was con equentl7 designated the Yg ae s tock. Both these recessive .. tante 
haYe no appar nt effects on abdominal bristle nttaber ( Bridges and Brea.e , 

1944 ) .  

To li i t  the amount of work, i t  was decided to aaea7 two replica� .. 

froa each selection li.ne . ·rhe two replicates wi thin each selectioa liae 

chosen were those which sa•• the greates t and leas t  selection reapoaae.  

'l'heae sa  e replica tes were tes ted la ter for the presence o f  recessive 

lethala aa this m y reYeal he ther there w�s any associa tioD betweea the 



eise of the e f fe c t  of the chro mosome on bris tle charae� r and the pres nee 

of l.ethals . 

I t  waa no t posBible to assay all 12 repli cate s  at the same time 4ue 

to lack o f  facili ties an4 difficul ties of obtainin g sufficient nuabera of 

virgin femnle yg ae flies needed !or the ma t in ge . 

were apreac out fro • the 12 th genera tion of s e lection to the third relazed 

genera t ion. The ma t ing scheme used in the su ba titutioa o f  seco d arad 

third ( II an4 III ) chromosoaea from the s e l e c tion replicates to the Yl •• 

gene tic background ie aho1Jll in Table 4.; . The firs t genera tioa aa tinp 

( P ) consis ted of reciprocal cros ea between flies randomlJ picked froa the 

se lection re plica te and the vg e s to ck .  

fiye fentalea an d  three males we.re t1.6ed. 

For each reciprocal croaa . 

In generation two (71 ) .  aale 

progeay fro• the reciprocal crosses were randoaly selected aad aate4 to 

virgin VI ae feeales . FiYe cul tures w ere eet up for each reciprocal teat 

cross and aicilarly three males and five or six Yg •• feaa les were uae4 

for each culture bot tle. In the r2 • foQr dif ferent marker type proa-.r 

were segre gating. The four typea w ere : 

{ a )  wild-t:rpe flies wh i ch w ere he t�rozygoua for the second and third 

chromoaoaea 

( b )  !! fliea which were h e terozygous for the se cond chroaoao .. 

( c )  !I flle • heterozygous for the thi.rd chromosome 

( d )  Yg •• flies . homozygous for !I and !!• 
Froa each cu l ture , fiYe lee and fiYe femalea tor each of the aarker \Jfe 

progen7 were s cored for abdominal bris tle number. 

2 .  Oeaerva t ions and resul ts 

Before the reaul ta o f  the chrcmosoae aeau.t:rs are presented it 1a 



Ta ble 4}1 �ating caeae tor chromosome aaaa7a of selection replicates 
agai.ae t vg •• tee ter etock 

( I ,  II and III refer to X cbro-oaoae , second and third chro.osoae of the 
e&lected repli� te res�ect1..-1J . t ia the X ohroaosome of the •• •• s took) 

Gea. -

p 

Dittere t aarker 
tne proce•1 

Feaale 

..!.. ..!.L ..!!.. 
_ __. _  t ., •• 

-L .!L ..!!.. 
,- .,. ...-

t II Ill - - -

t II ae - - -

- - -t ., •• 

X 

X 

Male -

I II III - - -

t II III - - -
- - -

.,., .. 

t II III - - -
- - -

Yg ae 

t I I  se - - -
- - -

Yg s e  

- - -
• , e 

.,, .. 

Feaalee of the F2 procea7 deriYe bo th X chromuao-.e 
troa the Yl • •  s took. 

Gen. -

p 

Fe��e.le 

I I.I Ill - - -

....L .!I.. ..!!.. 
- - -

t .,, ee 

I 11 Ill - - -

I II Ill - - -

- - -
t .,.. ae 

I 

I 

Mal.e -

- - -
.,, .. 

I II Ill - - -
- - -

•• •• 

t II 111 - - -
- - -

•• •• 

t II .ae - - -
- - -

.. .. 

- - -
. . .. 

- - -
•• •• 

Females ot the F 2 progea7 are lleteJ"Oqso-a 
tor aa X chromoeoae tro • the Yl •• atock 

and the o ther troa the sele-cted repll te. 



worthwhile eo• enting on th e •a se s tock. I t  proTed to be a 41ff1 lt 

s to ck to handle because of the low viabili t7 of the adult. 

ability of the pupae. The male Tes tigial w ing fliea 1a parti lar 

to get trapped and subaequen tl� killed on the eoia t food aarfa • 9 

among the r2 progen71 the urviTal rate of the !1-i aad •• •• fliea ... 

low compared with their rela tives with normal •1DI8 aad th1a waa partl.a-

larl7 noticeable when th cul tarea were crow ed. la att. pt to 

the aortalit� ra te o f the Tes tigial tlie , ever7 e ffort was takeD to ..._ 

proapt and re &alar counts of the F 2 flies aa aooa aa the7 .. erpcl. 

However , in spite of this preca ution , the aale da ta ia a t  ..... ••n 

iaco ple te . A110ng th.e fi •• cultures set up for eaoh recip:roeal 

invariabl7 one o! them failed to give the full quo ta of pro..-, ao t 

fiaal analyaia involved oal7 tour cultarea for each teat-oroaa. 

A full anal7sis of variance waa carrie out t r th female .. ta 

The signi ficance o f  the chro110soae efteota a d the intera.oti.oa wu 
tested bJ the s tandard F- tes t. The s ta ti t1 cal aodel e4 for the 

analysis is as follows � -

where = lth o bserva t ion oa bris tle nuaber witkia t e aaalleat 
subclass 

p � grand mean eo on to all obeer.atioaa 

a
i 

b i j  
c

k 
ac1• 

bcijk 

• i.jkl 

= 

• 

e f fect of the ith crosa 
effect o f  the j th e&alture withia the 1th croae 

effect of the kth genotype 

in t rac tion be tweea i th cross an4 ktb ce tJPe 

intftrac tioa be tweea the j th  cultare wit la tile 1tl& 

cross and the kth genotype 

= ran do• error p-eculiar to ijltl th o erYa.U • 

( l'hese errors are aasuaed to have zero •ean, coas tu t Ya.rlaace aa4 to 

norma ll7 and ind pendently d is tributed. ) 



1?1. 

The resul ts o r  the analysis o f  variance for each a 1 ct1o replicate 

asea�ed agains t the yg ae s to ck are awaaariaed in �able �. 

high selec tion replic tee , all except the two +3 hi .. replicates haYe 

chroaosoae II with sipifican tly larger high abcloaiaal bristle e.tfect th 
the !I second chromosome. �he chro•o ome Ill effects were ailftificaat 

for a ll six high replica tes . Interac tions between the eecoa4 aa4 thir � 

sele c t ion chrososo•s were s ignifican t in the Or goD-R a 4 cro .. MP 

replicates . Effects o f  all o ther sources of variatioD .. re ahoea 

ae gligible . 

The results fro• analysis o f  the low aelectio replicatea wen a 

ao clear-out aad aiaple aa froa the high replicates . Oa moat oocaaioaa . 

the third chromoeoa s of the low replica tes had si1Bifieaatl7 hl .. er 1aatead 

o f  lower bristle e ffects than the ee third chro.oaoae. -

howe-.er , do ea show 1.n a quall ta ti ve sease that the aeooad chi'O•eo•• lt.an 

larcer effects oa low abdominal bris tles thaa the th1r4 ohro:.o ....... 

S ignificaat genotype by cross in tera c tioae w ere pre eat 1a • two Ore 

low r plicates but their aean squares were aaall w hea oapare wit' "-

ffects o f  the ae concl and third chroJtOsoaea . 

Having s.hown by these r-tea ta tha t the e tteota of ohrollo.- Il aa• 

III and the interactions between thea are aicDificaat 1a 

next s tep is to make a compara tive s tudy o f  the acta&! alae of ette ta a 

high and low bris tle c harac t er of the differeat chro8080 • froa 4lffereat 

selec tion replica tes . Res u l ts from this coaparaU..-e e t  47 •o•l a 

whe ther there ia an1 resulari t7 o f  th rela tive e ffeeta of ohra.G II 

and III on the selected charac ter fro• replicatea wi tkia laU u ad  

fro• differen t populatione. 

Th mean a bdominal bristle number o f  each aarker tJPe prose., of 

each aelec tioa replica te ia given in Taole '5· 'the etfe '- of ouc-8011 ... 



Table 44a AnalJaia o f  Yariance o t  female abdominal bris tle auaber troa ohroaoeoae aaaaya 

source ot Variation elf 

Or•RHI I  Or-RHIII  

Chrom , II t I I  se 1 191. 41• • 378 . 23• • 
Chrom, III a Y& Ill  1 5?. ?6• 148 . 2}• • 
Interaction 1 29. ?6• 25. 60• 
Between Crosses 1 l . lto  25. 60 
Cultures wi thin oroaeee 6 8. 80 3 · 4? 
Geno types x crosses 3 10 . 52 1. 64 
Geno types x cultures 

within croosea 18 6. 4<> 8. 51 

· i thin geno type , 
cul ture and cross 128 6 . 64 6. 34 

Or•RLI Or-RLIII  

Chroa. Il a 11 ae 1 148 . 2)• • l<). 6)• 
Ohroa. IIl a Yl Ill 1 lto . oo  sa. 90• •  
lataraetioa 1 10.00 8.10 

at•••• oro•••• 1 2. 50 o.o2 
Cultures wltbiA oroaaea 6 1}.08 a. ,, 
OeaotJpa8 x eroaae8 ) ,,. 12 . . 14. )1• 
GeaotJp•• x ou1tare8 18 4. 17 ,, ,. 

wlthla oroaaa8 

Withia ••aotna , 
ua u1 tura u4 01'088 4.62 ,. 61 

• p • o.os • •  p ' o.o1 

Mean S quare• 

HIGH SELECtiON 
+}HI +}Hili 

24. o:s• ? . 66 
1254 . 40 • • 596. ?6• • 

o .oo 1. 41 
1 . 22 31 . 50  

11 . ?6 9 . 72. 
4 . 34 9. 27 

,. ,4 4. 1? 

5. 6o 6. ?4 

LOW SELEC:!:ION 

+}LII +}LIV 

41.01• 170 . 16• • 
1}1. 41• • 51. 76• 

51. 76• • 2 .26 
o . 15 o , JO 
,. 10 �. aa• 
1.}6 1. 19 
' ·" .,, ,, 

6. 16 ,. ,6 

XBI I I  XHIV 

27 5 . 63 . .  48:s . o:s• • 
902 . 5<) • •  113 . 23• • 

18 . 23• lto . oo • 
27 . 23 0 .03 
10 . 90 9.01 
10 . 04 43 . 6?• 

15.27 6. 35 

6. 39 5 - 94 

XLI XLII I  

61. 26• 1)8 . ?6 · ·  
0 . 76 218. 56• • 

10 . 51 2 . ?6 
17. 55 5· 25 

9· 92 9· 50 
10 . }2 8 . 84 

,. 29 4. 68 

,.70 ... 17 5 
• 



II and I l l  and the size of the interaction between II aad 1II ia the Yl ae 

gene tic ba ckground are found by or thogoaal compariaons . 'fhe effeeta of 

the X chroaosome can be assessed bJ comparias th te .. lee of the reolpr al 

F 2 offs pr ing. I t  ean be seen froa Table �3 that 1A one reo1procal cro•• • 

both X chromosomes of the females were derived from the YC .. s tock ( t/t ) 

while the femal of the o t.her reciprocal cro a were heterosJ .. for a X 

chromosome fro the va s e  stock and the other from the eleote repli te 

( I/t ) .  Thus , the effec t o f  the X cbromoso e ( chromoaoae I )  caa be ........ 

b7 subtrac ting the former from the la�r withiA eacb of the foar .taaa .. •f 

The va lue of the e f fect of th X chro- soae witJaiD each repUo-

ate ,  given iD Table 45, is the average of the effect. of the X chro.oao••• 

in the four diftereA t classes o f  genotypes. 

rroa Table �5 . i t  can be se en that the X chroaoaOM of llotb tU bicb 

and low selection replicates has small e ffects whell coapare4 with cdtJ!'e.a-

osaea II and I I I .  Franlthaa ( 1970 )  reported larpr effect. of X o:u-o.o-

aoaee 1A two of his high abdominal bris tle selec tion lia ... 

effects of chro110soaes II  aDd Ill on high bris tle auaber proYed to H Ye_, 

i.Jlteres t ing. One no ticeable fea ture of the thr•e h1Sb aeleotioa ltae• la 

tha t there are clear s iailarities be tween replicate• withla tile ea- Id 

line and s trong differe nces be tween the replicate• froa 41ffer at .-
lines. For the two Oregon-R high replica tes , both ehro�s • II 
have s ignificant effects ,  although i t  is evident tha t the effect t t'-

IU 

foreer i s  larger. The +3 high re plica tes show different reaalta. 'f en 

is s trong evidence tha t nearly all the genea controlli.Jag high ae1eot!. D 

res ponse • re loca ted in chromosome III and the chro o•o e II oa tba other 

hand had lower bristle effects than the � eecon4 chroaoao ... For the 

Cross , bo th cl�omosomes II and III have sizable high ria \le ettecta. I\ 



tta'ble 4Ss 

liiGB SELIC'riOH 

( t/t 
Or-Rill I ( I/t 

( Aver. 

( t/t 
Or-UIII ( I/t 

( Aver. 

( t/t 
+311 ( I/t 

( A ver. 

( t/t 
+311111 ( I/t 

( A•er. 

( t/t 
XHI11 ( I/t 

( A•er. 
( t/t 

XBIV ( 1/t 
( AYer. 

LOI S£LEC'l'ION 

( t/t 
Or-RLI ( 1/t 

{Aver. 

( t/t 
Or-ILIII( I/t 

( A•er. 

( t/t 
+Jt.II ( I/t 

( Aver. 

( t/t 
+3LIV ( I/t 

( A  vel'. 

( t/t 
XLI ( I/t 

( A  vel'. 

( t/t 
XLI II ( I/t 

( AYer. 

� p • o.os 

Chroeosoae aaaa,a of selection replicates a gainst Yl se a to ck  ( fecale ta )  

Meaa abdominal bristle no. Chromosoae effect IateraU.oa 
( test oroea progeu7 ) X I I  Ill teeea 

II III II ee VI 111 11 aa4 Ill vc se 

�-35 39.00 }8. 15 }6. 8o  
}9. 45 � .25 39. 00  36- 35 
}9. 90  39. 63 ,a. sa }6. 58 0 . 19 4 . }?· · 2.2?• • -1. 73• 

39. 60 38 . 45 }6. 95 �.6o 
lto.20 39. 10 38. JQ }5. 20 
39· 90 }8 . 78 37. 63 }lt. C)O  o . So  6. 1,5• • ,. as• •  -1. 61• 

�-05 34. 75 41. 45 35 · 95 
'+1.05 }5. 15 41. 20 35· 50 
'+0. 55 }4. 9.5 41. 33 35- 73 o. 19 -1. 56• u.zo• • o.oo 

40.6o }6.20 � - 15 }7. 6o  
}9. 4o 35· 70 4<> . }5 35- 55 
�.oo 35- 95 lto.os }6. 58 -o. 89 -o. 68 1·52· · o.sa 

4 1 . €5 }8. 65 39. ?5 34.8o 
43. 30  38. 15 41. 30 35. 4o  
42. 48 }8. 4o 4G . 5} 35- 10 o . 83 5-.25· · 9. 51•• -1.)5 

lt5.00 41. 55 41. }0 }4. 9() 
44. 15 }8. 95 lt2. 90  }6. 65 
44 • .58 �- 25 42 . 10 35- 78 o.oo 6. 95· · 10. 65• • ·1· 99· 

}6. 3.5 35- 90 36. 70 35· 30 
3lt. 10 33· 55 }8. 6o  37.00 
}5. 2} J't-73 }7. 65 }6. 15 0.25 -3. 84• • z.oo• • -1.00 

37- 95 }6. 6o }6. }5 34. 8o 
}7. 4o  35- 55 36. 35 }6. 5() 
37 .68 ". os }6. 35 35. 65 o .oo 1. 76• 2.3()• •  0 . 90  
34. 05 3}. 70 36. 15 33· 50 
}4. 25 }}. 25 .}6. 45 }}.20 
}4. 15 }}. 48 36. 3() 33- 35 -o .o6 -2. 02· · 3. &2• • -2. 28• 

}4. 6o 33- 70 }7.05 35· 90  
}4. 95 ,34.05 37- 10  35· 50 
34. 78 3}. 88 37. 08 35. ?0 0. 11 -4. 12• • 2. 28• -o . lta  

35· 90 34. 6o  }6. 4o }6. 25 
3lt. 15 }4. ?0 35. 10 36- 55 
35. 03 }4. 65 35· 75 }6. 40 -o . 69 -2. 47• -o.27 1.0} 

35.&5 }2. 6o 37. 5C  34. 3()  
}4. 95 3}. 85 37. }5 35· 3.5 
35· 30 33. 23 37. 43 .}4. 8} 0 . 36 -3- 73• • ... 6?• • -o. s, 

• •  P ' o.o1 



174. 

cou ld be i.DJ'erred tha t the b i gh chae tae fac tors of the Cross chroJDOao • II 
were deriYe4 fro• the Oregon-S parental � tra in and those of c omosoae Ill 
from the +3 paren tal s train. No iD tera e t ion be tween chroaoaoa .. II u4 

I I I  of th +3 high replica tes was apparent. Significant negatlwe iater-

actions were de tected in the Oregon-H and Cross high replioatea , lapl71Dc 
that the two chromo omes reac ted with a ch o ther to depreea tAe brlat� 

score ins tead of increasing i t .  Boweyer , these interactlou were a-.11 

when compared with the effec t of the chromosomes theaaelYea. 

A ong all the six low replica tes , there is eYideace that the loci 

responsible for low abdominal bris tles were loca ted aaial7 1D t e •• 

chroaosome. The third ehro111oaomee of all the low replicatea , except XLI, 
have aignificantl7 higher bri s tle effects than the .. third 

-

�he +}LII s howed the i.Dteres t ing pheno•enon of in ter ctioa9 .ttk ohro 

eoaea II aad III reac t ing with each o ther in the positive directloa to 

cause fUrther reduc tion ln bris tl e nu•ber. Poai tiYe iateractioa 

been obs erved by Thoday e t  al. ( 1966 ) between the second cQro8o ... . 

loca ted " gene" ia the third chromosome o r  a high s teraopleural eeleot1o 

line . 

}. Dis cussion 

I t  sus t be mentio ned tha t thes e s iaple chro.oaoae aaaaya are lialte4 

1n their uses since they canno t de tect the effectu o f  � receaai•• s• .. 

which mAT affec t the selected quan t i ta t iY character. Howewer, t 

results from the chromosome analyses tie iD recurkahly w ell with the 

obaerYed two-way responses o f  the three populatio.a aa4 proYi e tar\her 

supporting eYidea ce for the hypothesis proposed earlier to ca ter for � 

observed respoases. Compara tive gen e tic analyses of the bicb aeleoti 



replicates rev aled s trong similari ty be tween rep lica tes witbis aelectioa 

linea and apparent differences b e tw een the Oregon-R , +3 an d Cress hilb 

li.Bea. For the Oregon-.& ,  more o f  the loci contro l llDg h1.gh bru u  .. wen 

located in chrosoaoae I I  w hil-e in the + 3 ,  such lo ci were locatecl al.lloet 

entirely in t he t hird ehromo ome . Both chromosoaea II &ad. III ot tu 

Cro .. higb replicates have consider&ble bdomina l bris tle eff•cta. Sa 

eviclence indica tes tha t the two original a traina , Oreaoza-1 aa4 +3, ha•• 

different array of genes affe ct ing high bris tles and tha t b7 lpaattaa 

the two pop�la tiona to form the Cross , the fac tors reaponaible tor iaoreaae 

in abdominal bris tles , s i tua ted predoa!Aantly in ehro aoae Il of the 

Oregoa-R ana cllroaoaoae III o f  the +3 , are brought tose thaz aJUl - eq• .. U-7 

selected for in the Cross. This could accout for the atroaa hip reaJMtU .. 

oba rYecl in the Cro a despite the poor respollae up• ru troa tu two 

parenta1 s traine. 

the chromosome assays reveal t ha t  the third chro80aoaee of the ., 

hip replica tes have considerable e ffects on high briatlea. fte Ud.r4 

chroaosoaes or + 3RI and + 3HIII exce-eded the •• third cb.ro aa.e 1J7 11.20 -

eel 7a.52 bris tles res p e c t ively .  This deYia tea cone!Oerabl7 troa \ke 

obaerYed response of one to two bristles in the +3 hllh replieat .. atte� 

14 genera tions o r  selection. 

to the hypothesis of in ter-allelic epis ta tic interactions propoaed 7 

Clarke e t  al. { 1 961 ) 9  to explain ae,-e etrical responae. It would ana 

that the +3 genetic background acted aa a "barrier" inhibitiag t1w 

expression of the allele for high bristles. 

trua ferrecl to a different genetic back groUDcl such as that of the ..,•,.clo.Oiiio-. 
or the " Cros•" • the pheno typic expreaaion or the +3 allal .. tor iaoreaae4 

bristles was no longer inhibi ted.  This genetic aituatioa 

acco t for the ex treHly poor upward respoJtse of the +} hish re}llic.atea. 



1?6. 

The lo ci resrone ible for low bris tle nuober a ppea r d to be locate 

on the second chro110 ome in ho th the Oregon-R and +3· The ho oaeneitJ 

ot selection responses and also the simi l�rity in chromosome etfecta , not 

only ot the Oregon-R and +} but alao of the Cross low lille .  ga.-e turtheJ' 

eTidence that the loci responsible tor low bris tles in the two paN tal 

s �raiaa were siailar, thus resul ting in no pparent increa 1a e tlo 

Yariability or election reapoDae in the Cross low replica t • 



D .  LE'fliAL TES'l' 

In Drosophila9 the aYailability of specia l sto cka  e&rr.Jial aarked­

illYera ioae affords a unique technique for de termini n g the frequeBclM t 

dele terious genae in a population. Such lethal teste haYe be .. .... 

extensiYely by DobzhaDakJ and hie aasocia tea to study the hl44ea se tlo 

yariabili ty of na tural populationa of Drosophila ( Dobahaaak7 aa4 paaakJ. 

l9S3 ; Dob&haneky 9 Spaasq e d  Ticlwe l l , 1963 ; Dobahanak7 , 196\ ) .  la 

la ter yeara , it has been adopted b7 other workera to analyse \he geae\lo 

a i tua ti.oa unclerl.7i.ng the reapoaae ill ae lecti.on li.nee. :a.... Ro r 

( 1953) tes ted for the prese ce o f  second and third chro aaae re at .. 

lethala i.n linea of _e. aelanoga.ater selec ted for loaa aa4 ahort wiap for 
58 generations. Reaults fro• these t�ate a· .owed that the receaal•• let 111 

were confined to the third cbroi'DOaomea i.n bo th  lOA& and ahort-•la ... fltea. 

The overall viabi.li ty of the shor t-winged flies waa about '-' klsber tbaa 

tha t of their long-winged counterpa.rts . A s:iailar tes t waa oond11ctu -,. 
Brown and Be ll ( 1961 ) to assess the impor tance of le th 1 d o\her etrl­
men tal fa c tors in a populati.on o f  £• malanogaa ter whic ha coaplately 

ceased responding to sele c tion for high fecuadity. !beir rea lta • a.el 

tha t neither sex-linked or autosomal le thala or o ther aabYital tac ra 

were responsible for re tarding response to selection as their trequeaclea 

were ao higher thaa those reported for na tural popalat:ioaa whlo • re 1a 

equilibri�&aa. 

Cl� ton e t  al . ( 19.57 I ,  us ing similar te chaiq ea . to1lll all appreelable 

frequency of lethals on the second chromosomes ia aoae high low owiaal 

bri..s t l e  selec tion re pli ua tes and. on the third ohromoaoae 1a o ther replio-

a tea . Evidence ind i cated tua t these re cessive le thale were aaiatain ., 

high frequencie in the sel ction line because of lethal heteroaJpte 
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auperiorit7 for extreme bris tle number. Tbey were rea naible for the 
high genetic variabili t7 persis ting in the sele o t ioa liaea 4eap1te ceaa­

a tioa of r s poaae. 

two hip and two low abcloainal bri.e tle linea were tea 

and Robertaoa ( 1962 ) at the t n th genera tioa of aeleotio • q of 

�ird ohroaoao .. le thala , which is near i ta theore tical .. xs ... of '"• 

wa de tected in one o f  the low selec tion linea. 

Fra.nk.ha.a e t  al . ( 1968 ) analysed 27 high a b dominal brietle ael..ecU• 

line s .  Moe t of the linea ba d  low frequencies o f  se coad aa \h1r ohro8o­

aoae le thale . However , two lines ahowecl a hish freque CJ of letbala aa49 

beca'llse both li:aea regressed cons iderably on relaxat ioll f aelectioa, lt 

waa clear tha t these le thals had large e ffects on bris tle acora. 

The preva lence of recessive lethala appear to be a co-.oa p eaeaoa 

in bo th na tural and sele cted popul tions . The dele terioa8 factor. -., be 

aaintaiaed in high fre qu en cies in se le c tion linea for t e foll •la& 

reasone s ( a )  ·rhe le thals are fznoured by arti fioal aelect1oa Hoa ... •t 

large effe c ts of th e lethal he terozygo te oa the !Sele cted tralt 1 ( ) atu­

al selection may favour le tha ls because of their heteroQ'pte allperiol'l\7 

for fitDesa ; and ( c ) Le thal re cessi• a aJ be liaked wilb .. aea affe t1ac 

the selection character .  

Le tl�l tes ts were carried o u t  on the selectio rep1i tea ot • 

pre ant experiment to de tect whe ther the preseaca of le tha la  wae ltai\lac 

the re s ponse to s e le c tion , par ticu larly 1a the Or con-R aa +3 hlsb 
eelection lines .  The tes ts were t!X t.?nde d to evalu te t he  e ft e ta ol 

aecond and third chromosome h�mozygo tea on via bilitJ and alao the effects 

o r  epis tat ic in terac tions be tween se cond and third chro SJIOte 



1 .  Materials and methods 

'l'he two replica tes fro• each high a.Dd low seleetio U..ae .  whi. luul 

been aasa7ed earlier for e ffecta on bris tle auaber ,  were aaabJecte to 

le thal tea ts .  This would a fford the oppor t unitJ to exaaiae whet r there 

ia an7 direct correla tion be tween chromosome effect aa4 freqGa 07 of 

le thals in the selection lines . The tee ta were aade N tweu the 12Ul 

selection generation and the second relaxed pnerat1oa. 

�he me thod emplo7ed was a modifica tion of the techDiqae uee4 bJ 

Brown and Bell ( 1961 ) .  The tester s tock carried the doaillant .. tanta 

Curlz (Qz) and .£!!! (!!_) on the second chromosomes a.DCl IU.chaete (Jl) aJUl 

� tubble (�) on the third chromosomes. TheBe dosiAaat le th l .-rker nu 

are associated with multiple inv�rsions which suppreee TirtaallJ all 

crossing-oYer in the heterozygote , so tha t the ehromoeoaee eecreaat• ae 

whole Wli.te . The second aad third chro1110somea froa the selectioa repl.S.-

cate were tes ted. !or the presence of recess1Ye lethale or aubY1tal factora 

b7 trans ferring the chromosomes into the gene tic baoksro d of the teeter­

s tock and rendering them hoaoz7goas b7 a aeriee o f  controlled croe• .. • 

�he �ting scbeae used is sb�wn in Table � and it inYolYea three oroa .. a -

Crose 1 :  4 o r  5 aalee were randoal7 picked froa eac h  eelectioa rep�oate 

and each was - ted to 4 or 5 Yirgin females or the tee ter etock. 

Croae 2 : 6 sales wer� randomly selected troll the prosenJ of ea of 

Croaa 1 ma tinge.  Each male as back-aro sed to a fe• teeter feaal••• 

leas t six o f f's pl'ings were tested from ea ch cross to ensure tha t !toth the 

second and third chromosomes ( selec ted ehromoe��es ) of the original air 

w ere being teeted. 

At 

Cross 3z In order to duplica t� the se cond and third cb.roaoao ea troa t 

seleetio� replica te , Cy t a� lea &nd vir�in temalea froa prose-7 of Croaa 2 



18o. 

w re ll& ted to ge ther . the main reason for using the � aarkera waa that 

the progeny a,grega ting in the fourth gen eration could be groupe4 into 

their respe c tive pbeno typic classes withou t  haYiDg to exaaine der tbe 

binocular mi eros cope . The Cy/Cy and D/D hoaozygo tee would aba .. t tro. 

Cross 3 pro geny as the mu tants are dominant le thala . If aei\ller t 

second or third chroaoaoaea fro the selection replicate• are lethal. four 

pheno typic class es would be present a ong the Croae 3 progeay. 180 .. �· 

four classes would be the wild- type flies which are boaoSJSOQa for 

the second and third selected chromoao11ee (!.....!) ,  flies w i th the domiaant 

11arker Dichae te (�) which are homozygous tor the second select• 

ch.roaosome , progen1 which snow the Curly (.Qz...!.) which are hoaosJgolla for 

tb third se lected chroaoSG e and la.s tl7 the double he terosqco tea (�) . 

I t  either second or third chromosoae contains rec ssiYe lethal faetora , 

the ph no t7pic claaa with the respec tive homozygo te woul be abaeat. 

This enabled the frequencies of second aad third chroaoeoae lethala 1a the 

sel ction replica tes to be assessed directlJ• The proseq of Cro • } 

were orted into their various pbeno t7pic classes ancl the aubera r•corie4. 



�able �61 Ma ting sys tem u t ilised for 4e te c tias receea1Ye 
le thale in second and third chro1110so .. a in the e elecUoa 
repli ca tes (�he male used ia 0rose 1 is equ1Yaleat to a 

f l7 froa the s e le c tion replica te ) 

Cross l 

Cro s 2 

Cross 3 

Croes J 
progeny 

Expected ra tio 

ChJ'oaoeoaes 

11 III 

4/9 2/9 

ChroiiO oaea 

11 Ill 

2/9 1/9 

181. 



2 .  Observa tions and resul ts 

182 . 

The frequency o f  s e cond and third chromosoae le thals as well as 

the rela tive viabili ties of the second and third chromosome homozygotee 

and the intera c tion betw e en the s e cond and third chromosomes are evaluated 

according to the me thod des cribed below . The assumpt ion inherent ia this 

me thod o f  es tiaa tion is tha t the gene tic background o f  the tes ter s tock 

does no t ha ve differen tial effects on the viability o f  the different 

pheno typic class es . Under su ch conditions , if all the progeny are 

equally viable , the expected ra tio o f  the four pheno typic classes , �� 

�� fl_i and :_:, would be enqual to 4 : 2 : 2 : 1 ( Table �7 ) .  �he 

observed number of � flies would be taken as the cri terion for 1� 

fi tness . I f  either the se cond or third chromosoae contains re cessive 

le thals , the pheno typic class wi th the homozygo te would be aissing. But 

if the chromosomes are semi-le thal or subvital , the observed number o f  

flies in  their respe c t ive phenotypic classes would be  less than expected. 

Table 47 : Me thod o f  analysis of the effects of the second 
and third chromosome homozygo te& of the selection 

re plicates on viabili ty 

Pheno types .9LE. + D £L:.t + + - -

Expected numbers w �- i• iw 

Observed numbers • X 1 z 

The viabil i ty index o f  the second chromosome ho ozygo te ( S )  1a 

obtained by dividing the obs erved number of � flies by the expected 

number , which is half the number of the observed � individuals 



(S • x/iw ) . S imilarly ,  T ,  the viability ind x o f  the third chroaoeome 

homozygote i8 evalua ted by dividing the obse rved numbe r of Sl_! flies b7 

the xpected ( T  • y/�w ) .  

The interact ion ( I )  be tween the econd and third chro.oeoae o.a-

z,gotes can also be evaluated. I f  the two chromoaome ho.osJ \ee are 

iadepeadent in their effects on viability , the expected uaber of iadivi 

uals 1a the + + clasa would be equal to STi•• - Bu t if iDteractloD c cara ,  

the act�l number o f  individua ls in the !-! class would be equal toa 

z • I S 'f � w 

Rearranging the e�ua tion and subs titu tina for values of S aad T, the 

interaction can be evalua ted by : I a ••IX7• 

The re la tive viabilities of the homozygot s are claaei fied 

below . The classifica tion is arbitrary and is adapted fro• Crow ( 1968 ) .  

• V . I .  ( < 0 . 10 )  : le thal 

V . I .  (O.l0-Q. 50 )  a s emi-le thal 

V .. I .  ( > 0 . 50 )  : quasinoraal 

The ho o zy go te is regarded as lethal if the re lative viability 1a leaa tbaa 

0·. 10 .. This criterion for le thality has also been adopted bJ C ( 1962) 

and Temin ( 1966 ) .. For ea ch selection replicate , about 20-2� chro.oao .. a 

were tested for leth ls . The fr�quenciea of second 

lethals tor each replicate were calcula ted and expres eed aa perceatasea. 

( i )  Frequency o f  recessive le thals 

This analysi� shows the rela tiYe frequenciea of reoeaalve le\hale 

in the delectioa re plicates from different popula t ione.· 

o f  lethal se con4 and third chromosomes for each aelecti 

given in per centa ges in Table 48. 

• ( V .  I .  a viability index ) 

'fiLe treq•e ., 

replicate la 



Table 48 : Fre quen cy o !  le tha l se concl net thircl eh eo ... ill hip 
and low selection replica tes ( n � nu ber o r  chroaoaoaee te te4) 

H IGH St:LECTION 

Fre q . o! le thals ( � )  . 

S election 
replica t n Chrom . II Chrom. I I I  

Or-R Rep. I I  19 

Rep. I l l  22 

+} Rep. I 2� 

Rep. I I I  21t 

Croaa Bep . III 21 
Rep. IV 23 

4 . 2  

o . o 

4. 8 

,. . ,.  

o . o  

o. o 

o . o 

LO� SEt.ICTlOI 

Freq.of 1e thala(•) 
S electi.on 
re plicate 

Or-R �ep . I 2} 26. 1 

Rep. I I I  23 56. 5  

+ 3  aep. I I  2\ o.o 
Rep. IV 23 3�. 8 

Croea Rep. I 2} 3.? 
Rep. I I I  2� 12.5 

17.\ 

,.,_ , 

31· 5  

'·'  

Extremely high frequencies o !  se cond and tl'• ircl chro·• oaOJie lethala 

were presen t in Or-RH I I  and O r-RLII I .  For Or-RKI II , onl7 the th1r4 

chrolll0s011e had a high le thal fre quency . From such eYiclece . it la pla-

ible tha t  the poor res pon5e o !  th Oregon-R hi gh repllcatee aacl t-. -.rke4 

decline in response ra te of Or-RLI I I !ros genera tion eeY .. o warde were dae 

to the selec tion o! re cessiYe le thal !a c tors in their he tero&J'&'O • e tate. 

S ince these replicates showed little regres ion iD bria tle score oYer t 

nine relaxed gesera tiona ( F'ig. l5 ) , it could be ia ferre that these lethala 

were no t s e l e c ted because of their heterozygo te euperiori t7 for hriatle 

s cor e .  T hey could b e  selected becaus e  of linkage to senee atfectiaa the 

s l e c tecl tra i t .  

A differen t pic ture emerged froa the +} po p  la tioa . '!he no ., 

high replicates had extl"en1ely low frequenc1 o f  le thala in the sec 



chromos08e and none were uncovered in the third chromosome. 

lit tle doubt that the extremely poor upward response !roa the +) popalat 

is ualik ly to be due to the presence of recess ive le thals . The r .. elta 

froa th +::5 low repli.ca tes proved to be ra ther iDteres ti.za.&. 'there •­

evidence or high fre quencJ of chromo ome I I I  le thala ( ::57 . S' )  bat loe 

tre quenc7 o f  chroJROsome I I  le thals in +3LII . 'rhe +3LIII on t o er 4 

showed hip s e co nd chro osome le tha ls ( }4. 8,� ) and low third ohro.oa 

l e th ls ( � . �� ) . The marked difference be tween the two replicates froa 

the +3 pop u la tion could be du e to two possible cauaea 1 I t  could aiaply 

be the result o f  sampling varia tion , since onl7 a ve� a all aaaple of 

flies was tested tor l e tha ls from e a ch replicate or ; I t  could alao be 

tha t recessive le thals were pr esent a t  low initial fre�uenciea 1A tbe +) 
base popula tion so tha t due to sampling varia tion , aoae of the receaai .. 

le thals were included in o ne repli ca te but not ia another. 

The two Cr�ss high replica t es , which gave good reapoaa .. throaJbe t 

the 14 generations o f  selection , had low fre quencies of both ae ad • 
third le t! ,a l chromo omea. The Crosts low repli ca tes d higber lethal 

frequencies th n the high re plica tes particu larlJ on the tbir � ... 

In conclusion , the replica tes froe the Orecoa-R populatio aa well 

as the +3 low replica tes bad high le thal frequenc1ea of over �. T 

o ther selection replicates tes ted had frequencies below 2� an4 la the 

au thor ' s  opinion this co uld no t be regarded to hawe atfec te4 elect1oa 

responses to an1 large exten t s ince it has been foWl4 1t7 o tb.e.r worken 

tha t both na tural popula tions as well as labora tory a to cka ot Dros•phila 

carried le thal fre�uen cies o f  this order of aa gni tude . Gree bera an 

Crow ( 1960 ) reported the frequenc1 o f  the second chroaos�• lethala 1a 

wild and cage popula t:ions o f  .Q• melanogas ter to be about 2�. la atacliea 

w i th a large popula tion o f  £• ae lanogaater a t  equilibri , Teain ( 1966) 
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oha erv d a 23� fr e quency of s e cond chro mosome le thals . More recen tl7 , 

Frankham e t al. ( 1968 ) found le tnal f're q11enciea o! 9. 5� aad lit. "' for the 

se cond and third chromos omes respe c t ively in the Canberra cap populatioa. 

( 11 )  Rela tive viabili tiea 

Oai t ting the le thals , the averag viabil i t7 indices for the ae 

ad third chromosome holllo zygo tes can be computed. and are giYe ia !'able 1t9. 

As mention d ,  the viabi li ty indices were obtained b7 coepariaa t • Yla� 

ili ty o f  the homo zy go te wi th tha t o f  the double he terosysot • �hla la 

based on the aasuaption tha t the marker genes do aot affeet the Ylabil�t� 

of the he tero z,-go te e i th�r favourabl7 or adverse ly. Donhanaq aa4 

Spa sky ( 196} ) and Dobzhansky , Cpa.sslq and Tid•ell ( 196-' ) r poru4 that 

the au tan t markers th y used did no t appreciably a ffect the Yiabilit7 of 

the he terozygo tes. 

It mus t be borne in mind tha t all the resul.ta froa the preseat 

ana17ais 11s t be in terpre ted in the context of the pae tic ackp-o 4 ot 

the tes ter s tock eaployed in this par ticula r experi•ent ,  aa leeye aa 

f . � . Robertson ( 1953 ) and S pasekJ , Oobzhanaky and Aaderson ( 1965) ha•• 

poin ted. ou t that the degree of le thalit1 o !  a cbroaoaO!N could M 11041tu 

b7 changes in the gene tic ba ckground . 

A ! t a ture whi ch s tands out from the da ta iD Ta'bl.e lt9 h the aia1lar­

i t7 o f  resul ts be tween the two replicates within selectioa liaea � th1a 

a t  leas t giYes soae suppor t that the results ar• not apurloua cl e to b1lb 

sampling varia tion of' cu l tures with too few progeJl7• 'Ph• +3 ucl Cross 

high replica tes showed o verall high homozygous Yiabilltie• • particulul7 

for the third chromosome and this tallied well with the actual obaerYa t1 

of high fitn ess o f  thes e repli ca tes througho 11t the selectloD pregr ..... 

The Or egon-R high replica tes differed f'roa the +-' aad Cross hi repli tea 

in tha t the se cond c hrol!losome homo zy r�o tes had low viabilitiea cl 14 



Table 49: Viabilit1 indices o f  e coad ( S )  aD4 third (T)  chro8oao .. 
homozygo te& of the selection replica tes � e  well ae interactioa ( I )  

!I GB .:iELEC"riON 

Or-.R Rep. II  

Rep. Ill 

+3 Pep. I 
Rep . III 

Cross Re p. I I I  

Rep . IV 

LOW ...i ELECTION 

Or-R Rep. I 
Re p. I II 

+3 Rep . 1 1  

Rep . IV 

Cross Rep. I 

Rep. III  

Viabilit1 Index 

S T 

o . 84 + o . 1o -
o . 86 ! o. o7 

o . 87 !: 0 . 0 9  

0 . 62 !: 0 . 17 

0 . 9} !: o . o6 

0. 77 + o. os 
-

0 . 51 :!: 0 .09 
0 . 41 :!: 0 .09 

o . 89 ! o . 11 
0 . 91 :!: o . 11 

0 . 90  ! 0. 07 

0 . 93 :!: o.o6 

0 . 56 !: 0 .23 

0 . 46 + 0 . 12 -

1 . 2 3  ! 0 . 10 

1 . 35 ! 0 . 15 

1 . 5} ! 0 . 18 
1 . 63 ! 0 .26 

1 . 4o + 0 . 12  -
1 . 40 + 0 . 18 -

0. 90 ! o . 13 
o . 83 + 0 . 11 -

0 . 95 ! 0 . 09 
o. Bo + 0 . 12 -

regarded as semi-lethals. 

later< cti.oa 

I 

o. 67 + o . 1o -
1.02 + 0. 1? -

1.0} + 0. 10 -
1.0} + 0.11 -

1.05 ! 0.16 

1 . 11 + 0.12 -

o . 87 + o. 13 -
1.06 + 0.1  -

1.2, + o." ... 
0.82 ! o . u  

o.79 + o.o-9 -
1.0? ! 0 . 14 

The Tiability of the second and third chroaoaoae hoeos7cotea of 

the +3 and C ross low r e pli ca tes f 11 in the quaainoraal rans•• Ia 

tras t ,  the Ore gon-R low re plica tes had second chro.o oae hoeoz7�tee 

which could be class ified as semi-le thals and thid chromoeoae ho s,r,otee 

ae quaei-nor la . 
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( iii ) In teractions 

�he interac tions be twe en the se cond and third ahroaoaoae bomos7 tea 

for each replica te are given in Table �9. Interactions betwee chr ao­

somes could be roughly classified into three types according to the Yalue 

of I .  

( ) I • 1 : Viability e f f s c ta o f  the second aD4 third ohro .._ 

hoao zygotes are independent ( no -aynergiaa) .  

( b )  I < 1 

( c )  I � 1 

: reia!orcing or posi tiYe SJ'Dergism , waere the cl ble 

zygote is less Yiable than ei ther ot tlle ain&le s7p tea. 

s opposiag or nega tiYe syaergiam , where the deleterio a 

e ffects of one chromosome ho11ozygote aeutrallae r tile clev1-

meatal effecta of the other hoaosygote. 

There is lit tle li tera ture aYailable on the effects ot iAteraotioaa 

be tween ho•ozygous chromosome pairs on YiabilltJ. 'fllere is so e eY14eaoe 

that such epis tasis may enhanc the decline in Yiabili t7 ill Droaopbi.la 

( Dobr.hu.nsky , .Spaasky arrti Tidwell , 1963 ; Spasaky , Dobzhanalq aa Al.ldAtrlllGil e 

1965; Muka i ,  196? ) .  C row ( 1968 ) found interactioae be tweea a e  4 4 

third chro osome homozygotes to be inaigai!icant. lA tadiea ut�ialac 
the grasshopper , Moraba a curra , Parsons ( 1961+ )  fotmd ericluoe t iater-

actions between t•o pair• of homoz1gotea which caused a riae la Yl& 1lit7. 

Brown and Bell ( 1961) repor�ed s imilar aega tiYe syaergiaa betweea the 

second a.ncl third chromosome homozygo tes in a ' 'plateaaecln popalatioa ot 

la• ela.nogas ter. Results from the presen t  experiaent eoul a tur\her 

useful information on the effects of such in teractions. 

'.rhe general conclusion from the resul ts o f  the 12 a 1 ctioa repl1o­

atea would be tha t there is a general tendency tor aoa-•Ja•rsiatic later­

actions . HoweTe r ,  positive epis taeie occurred iD four repli tee , 

Or-RHI I , Or-RLI , +3L I I  and XLI , w here the Yaluea ot I were belo• •• 



The o11l1' i.a1s taace of  aega tive epis tasis was found in the +3LI I 

( 1. 2} ! 0 . 64 )  bu t this has to be in terpre ted wi th cautioa because of 1'­

large s tandard error. 

3. Discussion 

Results !ro11 these lethal t�s ta indicate ths t balaaced lethal ap-... 

bull t up in the second and third chromoeomee could be U .. lli tills the aele lioa 

responae of the followiJlg replica t .. ; Or-RHII 9 Or-RLll i ,  +}Lll aad +}LIV. 

The low fre queac7 of le tbala 1J1 the +3 high re plicates ,  iJl coatr t to tile 

high treqaenc7 in the +} low re plica tes , could aean that 1A the +) 

popu:la tion the re cesaiye lethala and o ther de trillental factora are aaa o­

iated with low hriatle number eo tha t in tbe process of selectiaa tor 

hip bris tles these fa c tors haye bun selectecl oat of the hip replica t.a. 

In all the tes t ed replica tes , except the + }  and Cross hicb replicates . t 

Yiabili ties of the second and third chromosome bomoaJptea were lower 
• 

the heterozJgous Yiabilities . 

� i th regard to int r- chromosoaal in teractioaa 

is s tron eYideace that ill the presen t gene tic bao.ksroWt4, the ia\e%"Aotio-

teaded to be aon-significatl t ,  tha t is , the effecta of  the aeco cl thir4 

chromosome hoaoz7go tes wer independent.  ·there 1a eo .. eY14eace tor 

poaitiYe epis tasis ,  where the double homozygo te haa lower Yiab11it7 a 

either of th aillgle b.omo zn�o tes . The occurrence of eca U•• eplataaS.. 

was rare ana thia we.s aot surprising as i t  is hich17 1ml1ltel7 tor no.Jl 

hoaozygous si tua tions and conaequen tl7 favou.rable 1Dteractiou et thia 

kind, to arise in na tural or s e l e c te d  po pula tio�s . Also• it haa eea 

cleJAOns trated tha t nataral sele c t ion normally faYours hf!terozygo • &•ao­

typea beca use o f  higher fi tness ( 5allace and Maddea 9 1953; lallaoe 

Dobzhansky , 1962 ; Dobzhansky and Spassky , 196} ) .  Ill thie reapect. it 
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is more like ly f�r in tera c t ions be twee n he terozygo us chroeoso es to be 

bu il t  up t han bet�een homo �ygo u s  chromosomes . I t has also been pointed 

ou t by Parsons { 1964 ) th� t althou gh in ter- chromosomal intera c t iona 7 

ass u•e impo r tance in lessening the ge n e t ic loa d in s pe cies with low 

r e produ c tive r3 t e  l ike rr.an , t h ey a r e  much less l ikely to occur ill 

Dro3ophila whe re high mor ta l i ty co uld be tolera ted . 

E. Ol� CUJS ION 

The main purpose o f  conductin g  the s e  series or e xperi eats -

r e la xa tion o f  selec tion . c hromosome analyses and 1 thal tes ta - 1a to 

e lu c id a te the gene t ic si tua tion res pons i ble for the obser.ed selectio 

re s pons es . Results from the h. ·ri ta bility es t illa tes of the +3 high 

selec tion l ine and the cross e s  be tween th +3 h i gh and low selection 

l ines giv a clear indi ca t ion o f  d e c l ine in add i tive gene tic variaace 

and the absence o f  direc tio na l dominan ce . The rar i ty of recessi?e 

le thals in the s e cond an d third c r.romosomes and the lack of ten eac7 

for the +3 hi £h replica t e s  to re gr e s s  in bris tle s core whea selectioa 

� a s  s u s pended au,ge s t  tha t the lack o f  u pw ard responses w s no t  due to 

t he s e l e c tion o f  supe r io r  le tha l h e t e rozygo tes ei the r for the elected 

trs i t  or f or f i tness . I t  is prob� b l e  th� t the sudden cessa tion of 

re sponse in the +3 high l ine . a f ter only a bou t  t.vo genera ti.oDa of select1oD 9 

was du e to the rapid f ixa tion o f  a few genes with large ef fec ta oa 'bria Ue 

s core which were con tri bu ting t .:.-. n e a r ly all the gene tic yariabilit7 loa4 

iD the +3 ba s e  popu la tion . 

A l l  the s e l e c tion r e p li ca tes relaxed for niae genera tio s showed 

li t tle or no ten den cy to re gress to the unselected popula tion eaDB and 

thus indica ted tha t the f o r c e s  o f  na tura l s e l ec tion opposing artificial 
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selec tion w e re no t s tron g . I t  co u ld a lso me an tha t the high fre queaciea 

of le tha l  chromosome8 ( oYer 30 � ) found in replicates , Cr-RHli , Or-RBII I ,  

Or-RLII I , +3LI I and +3L i r  were no t 1:1aintained be cau"'e o f  th ir heterozycote 

s uperio r i ty for bris tle number bu t ins tead could be s elec tecl 'because of 

linkage to genes contro l l ing abdominal bristles ( Ma ther , 1949 ; rrankbae 

e t  al. , 1968 ) . 

Ano ther reason to su spe c t  tha t the l e tha l s  •�re not associa ted with 

e x treme bri s tle numbe r was tha t there a ppeared to tre lit tle corre la tioa 

be twe en the fre quency o f  l e t ha ls in a c l .ro mosome and the e ffe c ts of t 

chromosome on the selec ted charac ter. I t  is expect cl tha t if a l.e thal 

fa c tor with apprecia ble effect on the selec ted character waa selected 1D 

its heterozygous s ta te , the c hromosome in whi ct. thia fac tor • a located 

wo uld haTe a large e f f � c t  on t he s e le c ted trai t .  Bu t th is expectatioa 

was not observed;  for example , i n  the Or- RHI II , chro some aeaa7a ahowecl 

tha t chromosome II had a bou t twice t he e f fect o f chro oaoae Il l oa bris tl.e 

s core bu t ha d a lower !re�uency o f  le tbals th n th lat ter. Sieil.arl7, 

tor +3LII •here the second chromo soae w i t h  a p preciable e ffecta oa low 

bris tle s core had no le tha l s , whereas the third chroaoso .. •� th aaaller 

e ffe c ts had high le tha l fr e q u ency . 

The chromosome assa� on the wtole gave coaeis teat reeulta .  Par tic-

ularly for selec t ion in the high direc tion , there was aarke4 aieil. rit7 

be t•een re pli ca tes • i thin th e sele ction lines and alao pro ounced 41ffe� oea 

be tween t he three hi gh line s .  In the Oregon-R high replicates , loci 

controlling hig� bri s tle number were lo ca ted aain l7 in the a con chre 

sonae while in th e +3 high replica tes they were pre4oai.aaBtl7 iD the thi.r4 

chromosome . The Cross high repli ca tes appeared to haTe the combin 4 

proper ties o f  bo th paren ta l s tra ins , w ith bo th ae coad aad thircl chro ao •• 
ha ving appre ciable e f f e c ts on br is tle s co r e .  



The res u l t& fro the le t ha l  tes ts were less cl ear-cut and showed 

grea ter he tero D e i ty between replicates wi thi.a the sele ctiou liaes. 

Th i is well illus tra ted in the two +3 low r e plicates , wh re a laace4 

le thal sys tem appeared to be preva l e n t  in the s e cond chromoeo .. 1a one 

replica te and the third in the o ther re plica te .  This cou ld seaa that 

replicates within the same s e le c t ioD line were trul1 gene ticallJ 41vergeat 

with regard to the incidence of  re ces s ive le thala b cause of fac tor• like 

initial sampling errors , random drift and the effects o f  artificial selectio 

actinc on gene tic differences . Or it could aerelJ be due \o aaap� 

varia tion since onlJ a saall nuaber o f  f lies were tes te froa each replica te .  

the au thor admits that the w eakaessea o f  the lethal teats are not oal7 t 

smal lness of the saaplea of each re plica te w hich were tea ted b t ala t.luat 

only two re plicates o f  the f o u r  froa each se lectioD liae were tee ted. 



VII.  G E N E R A L D I S C U S S I 0 N 



V I I .  G l!. N E R A L D I S .:: U ., I 0 !f 

' iDee deta iled d is cuss ions o f  results and observa tiona have alreadJ 

been aade a t  the end o f  each separa te s e c t ion o f  this thesis . the ge .. ral 

discussion w ill be concerned mainllf w i th tying toge ther the reaalta t 

the differen t sections . 

Preliminar7 diallel crosRes carrieci out oa the two orisillal 

labora tor7 s trains . Oregon-R an d +3.  allowed the phenot7pic variaacee lA 

abdominal bris tle nua�er to be partitioned broacll7 into p etic aa4 

environ .. n tal componen ts .  A f ew  dif fereacee 1A variancea betwe .. tbe 

Oregon-R anci +3 were no ted : th alightl7 higher additive gene t� variaaee 

in the +31 s o  e evidence of addi tive sex-linked e f fect. iD the Ore a-R 

bu t not in the +3; an indi cation of the presence of some epis tatic 

varia tion . mainly o f  the additive x addi tive type , in tbe +3 bat t la 

the Oregon-R . I t  au� t be borne in sind tha t too euch reliance ahoul4 

no t be pla ced on th s e  resul ts be cause of large sampliDc errore . f 

componen ts o f  v ria tion o f  the two pres ent base popula tions were al80 

coapared w i th thos e of the base popula tione u tilised b7 Cl&Jtoa et al. 

( 1957 ) .  S he ldon ( 196} ) and ...l heridan et a.l. ( 1968 ) . It was to t t 

the Oregon-R and +3 oas e popul�:t t ione bore grea ter reseablaace to each 

o ther than to &nJ of these o ther base popu la tion • 

The priaary aim o f  this thesis was to eYalua te th varia iliQ t 

response o f  a quan ti ta tive chara c ter , a bdominal briatl .. , a Bl 41ttereat 

base popula tions . To a c hi e ve thie , id n tical a lectioa was praotiae4 oa 

the Oregon-R , +3 and the �ross 9 formed by cro6s in8  the two oripaal 

popula tion s , under uni form environmenta l  con d i tione . The general 

expecta tions tro s uch an experimen t would be for grea ter � t re 
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variable responses from the hybrid s to ck w hen co mpared � i th those troa 

the two closed popu la t · on e .  

The avers �·.e high sele c t i on respons es in these three popula tioaa 

were significan tly different ,  � i t h  the +3 giving virtuall7 no resp�nae , 

the Oregoa-R poor response and the Cross good res pon� e . Also,  ai;ait­
ican t hete rogen e i ty was de tec ted a�ong the h i gh replica te• of the Croea 

but no t among those o r  the o the r two popula tioas . Thua the high aelec­
tiott. responses •ere in accordance to the abo..-e expe o ta tioas. 

Resu lts fro• the cb.romosome ass ays of the ael e ctioa r plicate• at 

the end of t.he selec tion prograi1Uile gave evideace of gene tic d.iftereac.a 

be tween the three hish s e l e c tion lines . I t  was found tha t seae 1 cl 
con trolling hi gh abdominal bris tle aumb e r  w ere lecated aaial7 la chro 

eoae 11 in the Oregon-R high lin e .  O n  the o the r hana , a u ch  tac t  ra were 

found predominat1tl7 ill the chr o moaorae I II in the +3 hip line. Bo th the 
se cond and third chromosomes of  the Cross had luge effects o lUp 

bristle score . A a iaple iftterpr e ta t ion of these resulta would be that 

the high bris tle fac tors in chrososoae II o f  the Or goa-R and chro ao .. 

II I o f  the +3 were combined toge ther in the Cross , reaultin& in areater 

gene tic variabi lit7 and consequently grea t er selection reaponae thaa the 
two parental s trains. 

The h�ri tability of abo u t  0 . 35 e s t iaa tea in the +' b • popul t1 a 

proved to be co ple tely ill.a dequate in predictin g  the +3 high selectioll 

response . This aeant tha t the s imple addi t ive selection theoz>7 baae4 

on the premise tha t the sele c t e d  tra i t  is con trolled bJ a larce er 

of addi t ive genes with small effe c ts would no t applJ to the +} popula t1 
for high bris tle chara c ter . Ins tead , a di f feren t hypothesis waa ae 

to ca ter for i ts aberrant behaviour . The hypothesis that high bria Ue 

character in the +3 popula tion wi'As con trolled b7 a few additive s• ea 
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wi th large e f fe c ts ,  w hi c h  'tit!re subse quen tly f ixe d in the e rl)' ae era tioae 

o f  selec tion , th•s cau s ing cessa tion o f  re � ponse despite continued hi 

s e le c tioD ,  seemed t o  fi t in w e l l  w i th tbe follo w in g  obs erva tioaa : 

( a ) Comple te cessa tion o f  res pons e in a ll four •3 high r plicate• 

a f t er only three gen era tions o r  selec tion 

( b )  Cons i s tent low pheno ty pic var iances or the rE pli ca te s  throusb4at 

the s e l e c tion e xperiment 

( c ) Sharp decli.ne in additive gene t i c Yari b ilit1 a t  t e end of 

sele c tion despi te the lac k  or respon e 

( d )  A bsence o f  direc tional dolliinanc e  as izuli c ted b7 the i.R teraediaq 

of the h7bricls of the +3 high and low sele c tioa linea 

( e )  Low frequency of reces sive se cond and third chromoso e le thala . 

An a l terna tive hypo thesis proposed by Clarke e t  a l .  ( 1961 ) . of tu 

gene ti c ba ckground o f  the s tock a c ting as a ' ' barrier" to inhibit the 

phenotypic e x pression o r  the lo ci con trollin g  the selec ted character , 

could also ca ter for the +3 high res pons es . �videnoe auppor tiag thi.a 

hypothe is was the lb r ge bris tl e ffe c t  o! the third ohroraoao e of the 

+3 high liae w hen traas ferred to the gene ti c  backgrouad of the va ae a to  k, 

and alao t b  large upward res pollSe in the Cr os s . which a sugg s ted 

earlier was lllllde poss ible par tly by the favoui·able loc i  froa the +) 

parenta l  popula tion . An assump tion inherent in thia hypothesis 1a that 

the gene ti c variance of the charac ter is made up mainl7 of in tar-alleUo 

epis ta t ic yariance. Conse quen tly if this hypothesis as corr et. one 

would expec t  a large a ount o f  epis ta tic varia tion to be presen t iD the 

+3 popula t ion . In fac t ,  the amoun t  o f  epis ta t ic Yarianoe fo in bo 

the +3 base popula tion and +3 high a e l e c t ioll line was rela tiY ly amall, 

and thus i t  pr c s n ts contra d i c tory eYidence to the a�plicaoi1i t7 of th1a 

hypo thesis . 
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The low responses from t he three differ e n t  fo unda tion s tocks were 

comparab le in bo th s ize and 6en :, ra l trend . A ll t he three low selectioa 

lines gave fair res pon�e in t!a fi rs t c; even �ene r:Jt tions or so and showed 

a de fini te de c line in r es�cnse ra t e  in the lat ter seven gene ra tions . 

Unlike the high s e le c t ion lines where bo th the l s rgoe t respon e d the 
grt:a tes t varia bil i ty o r  responses occurred ill the Cros� high line ; tor 

the low se le c tion line� , the +3 gave the grea tes t low response aad the 

Oregon-R , the larges t d ivergences be tween r e plica tes . 

The similarity of res ponses from the thre e  different low selectioa 

lines susges ted t� t the two or iginal pop� la tione , Ore on-R and +3 h&4 

comparable arr y o f  genecl affe cting lo111 abdomin£1 bris tle nut�ber , eo that 

cross iag thee did no t r�eult in any grea t increa� in g ae tic varia�1lit7 

an4 consequen t l7 no grea ter re s�ons e from the h7brid ba • popala tLon. 

Evidence a �p porting this hypo thesis comes froa the re sults o f  the 

chromosome analysis o f  the low s e le c tion repli c� tes where the fac tors 

affec ting �ow bris tle number w ere found to be lo cated main}J in the 

second chromosome in all thres low s e l e c tion lin e s . 

A comparable t•o-dir e c tional s e le c t ion e xpe rim,at for fe cundi tJ 

was conduc ted by � ichardson and Koj ima ( 1963 ) us ing two cage popula tiODa 

o f  �· paeudoobs cura and also the hybrid form e d  b7 croasia them. their 

res u l ts differe d tz·om ttose e t  the pree.ent e xp�r � men t 1ll tha t tbelr three 
high se l e c t ion lines gave oomp�rable res ponses while aaong the three 1 

lines , the hybrid y ie ld�d gr en ter r e s ponses than those o r  the two pare tal 

low lines .  

· RetHll. ts from le thal t� f> ts conducted on t w o  repli cate ! ro  each 

selec tion line indi c..atE.:c:l th•· t ba lan ced l e t hal s y s teu co uld. be preaeat 

on the se cond or third c hrumosome ( or on bv th ctro�somea ) iD the teate4 

Oregon-� hi�A &nd low replicates as well aa in the +} low replicates. 



Evidence aueP, as the scall tendency o f  the s e  r e .:. lica te� to resre.sa iA 

bris tle score on r e lt� u t ion o f  s e l e c t ion and also th ab.r;eace of hJ. 

pheno typic var iances iD th ee:e r eplica teo , s11" e s t  thut these lethAla 
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were no t favoured be cau•> e o t'  their h e t e r o zygo te 11upe riorit7 oa bri tle 

score . A aore likely ea� s e  of the hi gh l e thal trequoncies is linka&e 

o f  these receasive leth.llls tc genes con trol li.Ag bris tle score . la all 

three popula tion& , the lower viability and higher frequenCJ of eeeoad 

an d third chromos oae le tha l s  observed in the low replicates than 1.a the 

h igh repli ca tes s ugges ted tha t ther was Grea ter teudena.r tor the r cesaiYe 

le thala to be linked to genes affe c tin g  low bris tl e awaber. Clay ton e t  al. 

( 19.57 ) raised the qu .. -s ·UoA as to w h e- ther these l e thals were original}¥ 

pre s ea t in the ba s e  popu�.s. tions and w e re subse quen tl7 SHl lec ted for. If 

this was the cas e , it co � ld mean tha t s ince the Or gon-R selection replioatea 

ha.4 higher fre �ueuc7 o t  le tha la than the +3 re t- li u tes , the Oreaon-R baee 

popula tion had a gr� ater load of r e cessive le thals th a the +3 base 
popul.a tion . 

I t  was mainly be cause of the d i fferen tial higb selection reopoaa .. 

froa the three popu la Uons th•; t differen t pa ttenus C#f a&1ametrical .reapoaae 

were obtained. E x tr4!me nega t ive a sylfillle try was obeerved ia t e +'• •114 

ne ga tiYe asymme try in the Oregon-R and pos i t i v e  & SJMae tr, in the Cro ... 

In rela tion to ex tra.f'ola tion of s e l e c tion r esponse o f  a qaaa U ta tive 

charac ter from oae po pul& tion to an o ther , the res u l ts !roe t.hia sele ct.ioa 

experiae n t  show6d tha t if o the-r fa c tors a f f e c t illg a e lec tio re p ue were 

coaparable , thea e x tra�la tion ie reason8 tl e  for low sele ction reapoaa .. 

bu t n o t  for high res �nses . D iffer e n t  s i zes and pa t terns of aa1 .. • tr7 

have been re ported by e�r lier work�rs �sing the sam e selectioa trait. 

Pos i tive aa7mme try was ob ta i n e d  by M a t ter and Rarrison ( 1949 ) , Cla7to 

e t  al. ( 1957 ) and La t te r  and �ober tson ( 1961 ) .  Nega tiYe a 7 e tr7 waa 
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o beerTe4 by Rasnaon ( 1955 ) and �) he ldon ( 196} ) .  

The a bdominal bristle eh r� e ter has be en class ified ae a a .. tral .. 

{ A . Robertaon , 1955 ) , wi th li ttle d irect effect on fitDea , so t t the 

forces of na tural sele c t ion ope ra t ing on i t  are no t s tron s. Thue , the 

na ture of gen e ti c  Tariance o f  the abdomina l bris t le charac ter 1a aa 

unselectecl popula tion has been s haped mainly b1 i. ta  eTolutiOD&rJ h1eto17 

of chaace muta tion. lhia in turn could lead to the 41Yereit7 of gene tic 

sys teas go v ernias this cha racter in different D&ae populations , thua 

resul tin1 in different pa tterns of se le c tion respons e ,  ill teras of th 

the size and trends , from different un � e lected base popula tieaa. 
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S U M M A R l 

This �heais ia a a ta4y o f  s hor�-�era se le c tion reapoaaea fro• 

three di !feren � base popu la t ion& o f  Dros ophila e lanogaater aubjeote4 

to idsn tical aad co ncurren t mass se l ec tion !or increae1D1 

abdominal bri� tles on th e four th and fi f th s ternites . popu-

lations utilise� were b o  ln'-··ora tory s tra ins of divers origins , Ore -R 

and +3 , and th e hybrid formed by cros s ing them. 

summaris ed as follows : 

The resu l ta � be 

( l )  The + }  popula tion ean exc eded the Ore gon-R popula tioa • a a  b7 

about two bri& tlea . l he hy brid base popul� tion des i gna ted aa the "Cr an 

exhibited >:;t; he teros is and had grea ter pheno typic variaace than those of 

( 2 )  In orde r to inves t iga te the na ture of the two ori glaal aae popula­

tion , Oregon-R and + 3 ,  a two s ires and two d s d ia lle l croa waa 

carried on e a ch of them . Her i tability es tiaa tea obtaiae4 b7 parent-

o ffspring regreas ion analys i s  and froa the diallel analysis were Aiabl7 

Y riabl e .  The weigh te d  ave r� ge he r i tabilit iea o f  the Oreson-R aa +' 
were foUild to b e  0 . }2 ! 0 . 11 and 0. 37 ! 0 . 11 reepec tiYely .  'lhere •aa 

so•e indica t ion o f  sex-linked e f f e c ts in t he Oregon-R N!se populatioa &ll4 

some eviden ce o f  epis ta ti c  var ian ce in the +3 base pop latioa. 

( 3 )  Fourteen gene ra t ions of tw o-dire c t ional se le e t ioft were practiae4 

on the Ore gon-R , +3 and F3 of the C roRs . In ea ch high a cl low a el.ectioa 

lin e ,  there were !our r e plica t ions w i th nine pai rs of paren ts ia each 

a t  20% s e l e c t ion in te n s i ty . 

tained fo.r ea ch popala tion . 

.A mass-ma ted unselected co n trol wae main-



( 4 ) the + 3  popula tion exhibited an e x treme nega t1Ye �•Jaae trical 

response , the Ore gon-R aild nega tive asymmetry and the Cross p a1 t1Ye 

asymmetry .  

( 5) W ith th e exception o !  the Cross high sele c tion 11ae , all o ther 

lines declined in rate of response ,  pbenotypic var iance aad realiae4 

heritability. 
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( 6 )  S ipif.icaa t he tero genei ty of a v erage response rate was deteete 
be tween th four replica tes o f  the Cross high aele ctioa liae . The high 

res ponses fro the tbree founda tion s tocks were bighl� yariablea with 

th Croaa high li.Ae giving excellent sustained re& fJODBe ,  the Orepo-i 
weak respon e and the +3 Yir tually no response . The trends of the three 

low selection linea were similar wi tb fa ir r.a ponse in t.lle firs t ..... 

gene ra t ions and poor res pons in the la ter seYen genera tion. . Betweea 

the two origina l popula t ions , Oregon-R and +},  the roraer a••• sreater 

upward responses while the la t te r grea ter downward respo s ea , eo t t the 

diYergencea b e tween th high a nd low sele c tion linea o t  the tw popula tio 

were rema r kably imilar . 

( ? )  The trends of variability o f  response w ithin selectio liaea ••re 

traced by eYaluating the Yariance componen t between replicates withia 

linea as well sa the F-ra tioa !or ea ch generation. Gene tic drift � 

account for the o bserved divergences be tween replica tes withia the 

Oregon-R and +3 high selection lines bu t not for the erose high line. 

For the Oregon-R and the +3 low lines , genetic drif t could be the aaiD 

cause o! Yaria bil i ty in the firs t eigh t  selection generations aad there­

after the observed diYergence � by far exceeded the theoretical. 

( 8 )  'l'he heri tabilitietS es tima ted in the Oregon-P an d +3 baa pop 1 tiou 

exceeded the a erage realised herita bili tiea of the f1r� t e le e t ioa 



genera tion of both the high a nd low se le c tion lines o f  their reepec ti.e 

popula tiona . The d is crepan cies be tw een the ee t ieate base popula tioa 

heritabili t ies and the avera ge realised heritab111ties over l't geDer -

tiou were even more pronouncecl. 

( 9 )  Pre d. ic tecl r & poruses from the firs t-s nera t101l realised eri\ab­

ilities exceeded the observecl avera ge reaponaea for all selectioa liaea 

but the ciiac.s:·epa.nci.ea • ere less than w.nen base population herita ili\7 

·.rne fir t-genera. t.ion respoASea prov a 

reaeona�le pre�c tor of the average res ponse o f  the firs t aevea po la• 

tions o f  the Oregon-� low l ine a ,d the males of the +3 low liae. la 

general , predic tions of shor t- term selee tioa respoaaee ei ther froa the 

base popala tion or the ! irs t-gen ra tion sele c tion reepoaaea were 

inadequa te . 

( 10 )  Various subsidiary tes ts cons isting o f  relax.a ti.oa of eelectioa 1 

tea tia.g for le thal second and third. chromoso .. a and cb.ro•oao .. anaJ.7a:la9 

were conducted towards the end o f  the s e le c tion progr ... e to de�e 

the na ture o f  the g ne tic situa tion res ponsible for the obaerve4 ree .... 

There was evidence tha t  the pla te u which o ccurred verJ earlJ la t • +' 

high selec tion replica tes was due to the fixa tion of a few a441t1ve • e• 

w it h  large effe c ts thus accoun ting for the low ph�aot7pie aDd a4d1t1v. 

gene tic var iance , the slight regression in bris tle s core oa relaxatlo • 

a bsence o f  dire ct ioaal dominance and low frequenc7 of reoeea1Ye le�. 

( 11 )  Five of the 12 selection replicates tes ted were found to eofttaia 

high fre q enciea of se cond and third chro oeome receeeiTe lethala. !he 

le thals w ere not se lec ted for ex treme bris tle e ffec t  ae indi ca ted b.J tbe 

aaall re gress ion on relaxa tion o f  selec tion 8 nd also by tbe pheao tyric 
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variaaces w i thin these replicates which were low r tha thoae o f  the ir  

respective unselected con trol s . 

( 12 )  From the chromosome assays i t  would a�pear tha t the two pareatal 

s trains , Orecon-R and +3, appa ren tly have diff rent arraJ of senea affect­

iac high bris tle number and these high bris tle fa c tors w ere locatecl aaial7 
in chromosome I I  in the Oregon-R high line and chromoaoae Ill in the +} 
high liae. la the Croea high line,  hi. gh bri.ls tle genes were 1 catecl 1a 

both chroaosomee II and Ill.  The low bris tle fa ctors on the o ther haacl 

were located predo•inantly in the s econd chromoao•e in the three 1 .. llaea. 

( 13 )  I t  would appear that crossing the two origiDal atraiaa bacl 

success fully combined the different genes favouring high bristles tARe 

allow ing grea ter gene tic r s poase ia the Cross high l.iJle. 'l'he eaae cU.ct 

not occur for low bria Ues s ince the response from the Cross low lllle was 

comparable to those from the two parental lines.  
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