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ABSTRACT

Not much is known about the mechanisms affecting  the genetic 
composition of populations of d iffe re n t species. To in ve s ti
gate one of these potential mechanisms, mating behaviour, the 
f r u i t  f ly  Drosophila melanogaster, was chosen as an experimen
ta l animal.
To quantify mating behaviour in easily  measurable parameters, 

i t  was subdivided into several d is tin c t components; mating 
a c t iv ity , mating time, mating competition a b il i ty  and male 
mating capacity. As behavioural components to a great extent 
are influenced by environmental conditions a ll  experiments 
were performed under controlled temperature and humidity. A ll 
components of mating behaviour were estimated by introducing 
females and males into mating chambers.
Mating behaviour seems to be one of the major factors a ffe c t

ing the genetic composition of Drosophila melanogaster popula
tions. The experiments performed showed that differences in 
mating properties led to a substantial sexual selection among 
the genotypes. This selection was of a s ta b iliz in g  type with 
regard to characters associated to b r is tle  number and Y chromo
somal chromatin. This selection s ituation  seems to warrant 
the retention of intermediate phenotypes in a population and 
w ill therefore contribute to the genetic variation present. 
Differences in mating properties were also shown to be able 
to maintain a balanced polymorphism fo r allozyme variants in 
populations. This maintenance was obtained through d iffe re n t  
forms of balancing selection as heterozygous superiority  in 
sexual a c tiv ity  and balancing selection between female and 
male genotypes. Heterozygous superiority  or overdominance in 
fitness always leads to balanced polymorphism through segre
gation of individuals with lowered fitness . The balancing 
selection between the female and male genotypes is best looked 
upon as a form of marginal overdominance, conferring the aver
aged highest fitness to the heterozygous genotype, thereby 
maintaining the polymorphism of the population.
(Key words: Drosophila melanogaster, mating behaviour, fitn e s s ,
allozymes, b r is tle s , Y chromosome, polymorphism, selection)
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INTRODUCTION

In the la s t few years the in teres t in the rolp of the geno

type in the establishment of behavioural patterns has been 

increasing which has led to the development of a new branch 

of genetics, behaviour genetics. Even i f  works in the p e ri

fe r i of th is f ie ld  have appeared from time to time commenc

ing with the pioneering works of Galton in the la t te r  part 
of the nineteenth century, behavipur genetics in a proper 

sense has been said to begin with the publication of the 

monograph "Behavior Genetics" by Fu ller and Thompson in 

1960.

Behaviour genetics has three major domains of concern:

( i )  The genetic bases of variation in behavioural t r a i ts ,  
including the mapping of genes which have been fpund to a f
fect behaviour, ( i i )  Physiological and developmental pheno
menons which are associated with the pathways between genes 

and behavioural t r a its .  ( i i i ) The population genetical as
pect which deals with conditions influencing a lle le  frequen
cies at loci for genes affecting behaviour, This approach 

also touches upon problems of evolution, as those of iso la 
tion mechanisms in speçiation which partly  are of a be
havioural nature.

Drosophila has been used fo r investigations in each of these 

domains of behaviour genetics, though in the present thesis 

i t  is mainly the population genetical aspect which is at 
focus. The aim of these studies has been to investigate the
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relations between mating behaviour and fitn ess , and the e f 
fects of variation in th is  fitness on the genetic composi

tion of Drosophila populations.

MATERIAL AND METHODS

So fa r  as i t  has been possible wild-type strains of Drosophi
la  melanogaster have been used in the experiments ( I ,  I I ,

I I I ,  IV ). In some experiments where a more close control of 

the genotypes was necessary, animals with v is ib le  mutations 

were also used (V ).

The orig inal w ild-type s tra in , EZ IV , used in the experi

ments was set up by Rasmuson et al (1967). This s tra in  was 

constructed fo r a population study of allozyme polymorphism 

and is characterized by showing a balanced polymorphism s i
multaneously fo r two allozyme systems, esterase-6 (E st-6 , 
3-36.8) and leucine aminopeptidase-A (Lap-A, 3 -98 .3 ). These 

balanced polymorphisms were reached a fte r  only 30 genera
tions in a population cage and have thereafter (more than 

200 generations) showed stable gene frequencies. These sys
tems, examined with starch gel electrophoretic separation of 
isozymes (according to Ayala et al 1972), were used in the 

present studies to elucidate the re la tion  between allozyme 

phenotypes and mating behaviour ( I I - IV )

From th is stra in  several selection lines fo r high and low 

numbers, respectively, of sternopleural and abdominal b r is t-
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les have been set up and used in the present work to in 

vestigate the relationship between b r is tle  number and mating 

behaviour ( I ) .

In investigations of the e ffec t of variation  in the Y chro

mosome number on mating behaviour (V) the v is ib le  mutants y 

(ye llow ), w (white) and f  (forked) had to be used as markers 

fo r d iffe re n t karyotypes.

Mating behaviour in Drosophila embraces the series of acts 

and postures females and males display during the mating 

procedure. From a population genetic view, mating behaviour 

is treated as a fitness factor which comprises the re la tiv e  

mating a b il i ty  among d iffe re n t individuals and genotypes. 
With this view on mating behaviour i t  is necessary to quan

t i f y  i t  in easily  measurable parameters. To do th is the f i t^  

ness aspect of mating behaviour was divided into several 

d is tin c t components.
Mating competition a b il i ty  ( I - I I I ,  V): the competition abi« 

l i t y  demonstrated by a p articu lar genotype re la tiv e ly  to 

other genotypes.

Mating a c tiv ity  ( 111-V); the number of copulations performed 

in a population w ithin a settled  time.

Mating time ( I I I ) :  the time elapsing un til a settled  propor
tion of copulations has been in it ia te d  in a population.
Male mating capacity ( I I ,  I I I ,  V): the number of females a 

male of a certain genotype is  able to inseminate within a 

settled  time.
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The techniques used to measure these parameters are simple 

and have been described in considerable deta il ( I -V ) .

MATING BEHAVIOUR AND ITS GENETICAL BACKGROUND

Rapid and e ff ic ie n t mating should be an important component 

of fitness since i t  influences the extent to which in d iv i

duals w ill transmit th e ir  genes to the succeeding generation. 
This w ill as Spiess (1970) pointed out lead to natural se

lection tending to stress the various aspects of sexual be
haviour. The males of many species display to the females 

prio r to mating and such displays are generally called  

courtship. Bastock and Manning (1955) who described the 

courtship behaviour of Drosophila melanogaster in consider

able d e ta il , divided the series of acts and postures which 

can be observed in males into four phases:
(1) orientation in re la tion  to the female; (2) v ibration of 

wings, which seems to be species specific (Bennet-Clark and 

Ewing 1968); (3) licking  the female's genital region and 

f in a lly  (4) achievement of genital contact. The female court

ship behaviour is , on the other hand, a discrete "accepting" 

or "rejecting" behaviour of the courting male, in a more or 

less complex way (Connolly and Cook 1973). Differences found 

among individuals in mating e ffic ienc ies  should depend on 

th e ir  a b il ity  to execute an e ffec tive  and co-ordinate se
quence of the acts and postures which make up the mating 

procedure.
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One of the observations commonly made when mixing v irg in  

f l ie s  of laboratory strains fo r mating experiments is the 

variation in time elapsing before the s ta rt of mating. Flies  

taken from recently collected natural populations mate 

rapidly (Åslund, unpubl.). Inbreeding or merely maintaining 

mass cultures in the laboratory causes the strains to d if fe r  

greatly in mating propensities. I t  has been demonstrated 

through selection experiments that a large fraction  of th is  

variation  is due to genetic differences (Manning 1961).
A fter some generations a considerable divergence appeared 

among lines selected fo r fas t and slow mating time, respect- 

iv le y , revealing that the variation in sexual performances 

has a polygenic background. Quantitative analyses of mating 

behaviour are, however, complicated by the fact that the 

performance recorded depends on the a c tiv it ie s  of two in d i
viduals, both of which must be under control with respect to 

the genetic constitu tion. Such a situation is demonstrated 

fo r example in the study of mating behaviour associated with 

the allozyme system Est-6 in Drosophila melanogaster, where 

the highest sexual a c tiv ity  is associated with d iffe re n t  

allozymes in males and females, both in regard to mating 

competition a b il i ty  ( I I )  and mating time (Åslund 1976).

Studies u t il iz in g  d ia lle le  crosses (Hosgood and Parsons 

1967) among inbred lines of D. melanogaster revealed that 

most of the variation observed in sexual performances was 

additive but with considerable reciprocal (maternal) effects  

present. Fulker's (1966) analyses of the mating performances 

in males indicated the presence of s ig n ifican t additive
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variance but also of dominance deviation strongly directed  

towards higher mating a c tiv ity . He found no evidence of com
plex in teractions, estimated h e r ita b il ity  to 0.36 and the 

number of e ffec tive  genic blocks to be about f iv e . With th is  

in mind most progress in selection response would be expect
ed in the d irection of low mating a c tiv ity  which also was 

found by Manning (1963).

Few attempts of locating these genic blocks to chromosomes 

seem to have been made. Chromosome substitution among 

strains of Drosophila melanogaster with high and low mating 

a c t iv ity , indicated that a major block affecting  the sexual 
a c tiv ity  of males was located to chromosome I I I  (Åslund, in  

prep .). An appreciable interaction was also found between 

chromosomes X and I I I  and between chromosomes I I  and I I I .  In 

females, on the other hand, a small but s ign ifican t in fluen
ce on mating a c tiv ity  was obtained from chromosome I I ,  and 

in addition to that the same interactions between chromosom
es as those observed in males.

Few oligogenes with well-defined effects are known to a ffec t  

mating behaviour i f  exception is made fo r genes with major 
morphological e ffec ts , such as modification of eyes and 

wings which generally cause a decrease in mating a b il i ty .  
Among genes without v is ib le  morphological e ffec ts , isozyme 

genes have, in the cases studied, been found to influence 

mating properties ( I I ,  I I I ,  Marinkovic and Ayala 1975 a, b ). 
I t  is not yet known whether s im ilar effects  are present in 

most isozyme systems or i f  i t  is only a restric ted  number
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which can a ffec t the conceivably complicated processes con

s titu tin g  mating behaviour. One p o ss ib ility  is that the iso

zyme systems studied are solely markers fo r t ig h tly  linked 

genes affecting mating behaviour. The two isozyme systems 

studied in D. melanogaster, Est-6 and Lap-A, were found to 

exert e ffec t on a ll examined aspects of performance: mating 

time, mating a c tiv ity , mating competition a b il i ty  and male 

mating capacity ( I I ,  I I I ) .  The effects of these allozyme 

systems were large and they contributed considerably to the 

phenotypic variation present in mating a c tiv ity  ( IV ) . The 

loci fo r Est-6 and Lap-A are both located to chromosome I I I  

and may therefore be involved in the genic block previously 

mentioned.

SEXUAL SELECTION IN DROSOPHILA

The approach of population genetics to behaviour genetic 

matters w ill naturally  center around questions concerning 

behavioural patterns as fitness factors. As previously poin

ted out the probably most important fitness variation  as

sociated to behaviour should involve components connected 

with sexual selection.

Sexual selection works mainly as an in tra s p e c ific , in tra -  

populational mechanism, although in its  extreme form, sexual 
iso la tio n , i t  is important as a reproductive b arrie r between 

species. In many cases sexual selection has been shown to 

work through frequency dependent mating (fo r  review see
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P e tit and Ehrman 1969) and th is is often expressed as an ad
vantage held by the type of males which is in a minority in  

the population in which they compete fo r mates. This selec
tion pattern gives rise  to a high genetic v a r ia b ility  in the 

population and w ill guarantee the maintenance of genetic and 

chromosomal polymorphism. The major sexual selection mecha

nisms acting in populations of Drosophila are usually con
sidered to be of a s tab iliz in g  or directional type, although 

instances of other selection mechanisms have been found, 

p a rticu la rly  in the maintenance of polymorphisms (see next 
section). D irectional selection fo r sexual parameters w ill  

act to change the population in a specific  d irection with 

respect to various mating characteristics and w ill therefore  

be of particu lar importance from an evolutionary point of 
view. S tab iliz in g  selection, on the other hand, works to 

maintain intermediate phenotypes in a population without re
gard to the underlying genotype.

In natural populations of Drosophila melanogaster the occur
rence of particu la r b r is tle  numbers is highly uniform, a l 
though selection experiments have revealed that a high po
te n tia l v a r ia b ility  is at hand (Rasmuson 1952, 1955). This 

phenomenon may be due to some form of s ta b iliz in g  selection  

which discards extreme phenotypes with b r is tle  numbers fa r  

from the average. Among high and low selection lines with a 

common o rig in , the mating competition a b il ity  was shown to 

d if fe r  ( I ) .  As to abdominal b r is tle s , f l ie s  from lines se
lected fo r a low b r is tle  number had throughout a higher com
p etition  a b il ity  than f l ie s  from lines selected fo r a high
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b ris tle  number, while fo r sternopleural b ris tles  no such 

clear relationship between phenotype and mating fitness was 

observed ( I ,  Table 4 ). The results suggest that b r is tle  num

ber may be s tab ilized  through its  influence on mating 

characteristics. These selective forces could be partly  

counteracted by the positive assortati ve mating with respect 

to b r is tle  number that has been observed in Drosophila popu

lations (Parsons 1965, Åslund and Rasmuson 1974, Åslund in 

p rep .). Other conditions that seem to increase the uniform

ity  in b r is tle  number are the reduction in larval v ia b i l i ty  

and f e r t i l i t y  that has been found connected with deviating  

b ris tle  numbers (Kearsey and Barnes 1970, McGill and Mather 

1971).

A more c lear-cut s ta b iliz in g  selection associated to sexual 

selection has been found in the control of the amount of Y 

chromosomal chromatin in Drosophila melanogaster (V ). Devia
tions in Y chromosome number from normal were found to give 

rise  to drastic decreases in the sexual a c tiv it ie s  (V,
Tables 1 and 2 ). This e ffec t on mating behaviour is seen 

only in males, which supports the common view that the males 

are the main object of a ll  sexual selection (Parsons 1974). 
In what way the amount of Y chromosome material controls 

mating behaviour remains obscure, since no indications of 
genes on the Y chromosome affecting mating behaviour seem to 

have been found. Some effects of Y chromosome number was a l 
so obtained with respect to b r is tle  characters (V, Tables 4 

and 5).
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Nothing is as yet known about the background of the effects  

of deviations in Y chromosome number, but the results may 

indicate an influence of Y chromosome material on the ex
pression of other genes. The variation  in mating e ffic iency  

among karyotypes w ill in its  turn contribute to the preser

vation of the XX-XY sets of sex chromosomes.

SEXUAL SELECTION AND THE MAINTENANCE OF POLYMORPHISM

One of the most discussed phenomena of population genetics 

is the maintenance of genetic polymorphisms in populations. 

Part of the polymorphisms is by some evolutionists consider
ed to be due to random genetic d r i f t  of neutral a lle les  

arisen by mutation. However, polymorphisms are probably to a 

large part maintained by forces other than mutation and ran
dom genetic d r i f t .  In many cases, overdominance in fitness  

has been judged to be the principal mechanism responsible 

fo r the maintenance of polymorphism but i t  does not seem to 

afford a general explanation (Lewontin and Hubby 1966). 

Several other selection mechanisms have been proposed and in 

paper I I  i t  is shown how one of these acts in sexual selec
tion to maintain balanced polymorphism in the Est-6 allozyme 

system of D. melanogaster.

The Est-6 polymorphism seems to be maintained p rin c ip a lly  by 

a balancing selection between the male and the female geno

types with respect to mating competition a b il i ty  in such 

wise that the genotype with the highest fitness is dissim i-



15

la r  between males and females. In experiments performed at 

25°C males homozygous fo r the Est-6*7 a lle le  had the re la 

t iv e ly  highest mating competition a b il ity  compared to the 

other two genotypes while females of the same genotype were 

the least e f f ic ie n t . The highest mating a b il i ty  among fe 

males was observed in the heterozygous genotype while the

lowest competition a b il i ty  among males was found for  
S SEst-6 6 ( I I ,  Table 2B). The same rank order among the geno

types was also found fo r mating time (Äslund 1976). Simula

tions with the estimated values of fitness of mating compe
t it io n  a b il i ty  (not published) have revealed that the d iffe^  

rent selection pressures exerted on male and female geno
types should be able to maintain a balanced polymorphism. 
This balance is probably best looked upon as a form of 
marginal overdominance (Wallace 1968), in which the hetero

zygous genotype w ill have the highest averaged fitness in 

the population because of the differences present between 

sexes in the selection against the homozygotes. The outcome 

of these simulations is an equilibrium a lle le  frequency of 

about 0.65 fo r the e lectrophoretically  "fast moving" a lle le  

Est-6^. This value agrees well with the stable a lle le  frequ
ency observed in the orig inal population (EZ IV in Rasmuson 

et al 1967).

The allozyme polymorphism of the Lap-A enzyme system, in the 

same experimental population, seems to be maintained mainly 

through the classical type of balanced polymorphism; hetero

zygous superiority  in fitness . For a ll components of sexual 
selection investigated the heterozygous genotype was, at
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25°C, throughout the f i t t e s t  ( I I I ,  Table 8 ). This type of 

selection always leads to a balanced polymorphism.

Other types of selection mechanisms seem also to be present 
in the population under study and could under certain condi

tions be involved in the maintenance of the enzyme polymor

phism. A temperature dependent selection s h ift  observed in  

sexual performances with respect to the Est-6 system ( I I ,  

Table 2B) may contribute to the balanced polymorphism (c f  

Levene 1953). At 25°C heterozygous Est-6^6^ females had the 

highest competition a b il ity  while at 16°C homozygous Est-6^6^ 

females were superior. At the same time there was a s h ift  in 

the maximum male competition a b il i ty  from E s t - ô ^  males at 
25°C to Est-6F6  ̂ males at the lower temperature. Such selec
tion sh ifts  may indicate functional differences among the 

allozyme proteins (Koehn 1969). However, th is type of selec
tion should not be of importance in the maintenance of the 

polymorphism under discussion since the population has been 

kept under constant temperature conditions (25°C) from the 

s ta rt of the population in 1966.

In the study of the Lap-A polymorphism several cases of 
counteracting selection between d iffe re n t developmental 
stages were observed ( I I I ,  Table 8) which is s t i l l  another 

mechanism able to maintain polymorphisms (Marinkovic and 

Ayala 1975 b). In the present study, however, such selection  

sh ifts  seemed to influence only the position of the e q u ili

brium a lle le  frequencies (fo r a discussion see paper I I I  and 

Figure 1 th ere in ).
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The estimated values of the sexual selection components in 

dicate that the differences in mating behaviour among geno

types do have a major influence on the maintenance of the 

allozyme polymorphisms. This conclusion is supported by the 

fact that the allozyme genotypes in this p articu lar poly
morphism were found to contribute substantially  to the to ta l 

phenotypic variance obtained fo r sexual a c tiv ity  components, 
as much as 24 % of the to ta l phenotypic variation in mating 

a c tiv ity  was to be attributed  to differences among allozyme 

genotypes ( IV ) .  This very high value can to some part be ex

plained by the fac t that only homogametic matings were per
formed, but most lik e ly  also re flects  the influence of a llo 

zyme variation on sexual performances - at least under the 

conditions prevailing in the experimental populations.

To unravel the relationship found between allozyme a lle le s  

and sexual performances seems d i f f ic u lt  without knowledge of 
the c e llu la r  function of the enzymes involved and of the e f

fects o f the variation in allozymes. To th is comes lack of 
knowledge about genes and metabolic pathways involved in 

mating behaviour. An a lte rn ative  in terpretation  of the re
sults that should not be overlooked is that the variation in 

sexual performance obtained originates from genes tig h tly  

linked to the allozyme lo c i. According to this view the a llo 
zyme a lle le s  should ju s t function as markers fo r other gene 

complexes. Against th is in terpretation  speaks the long-term 

gene frequency s ta b ili ty  of the population, which means that 

up to now more than 200 generations have elapsed without 
th is linkage being broken.
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Irrespective of the linkage hypothesis being valid  or not, 
the genes involved should f u l f i l  certain requirements;

(1) they must have temperature dependent products ( I I ,  Table 

2B and I I I ,  Table 8 ) , (2) they must have d iffe re n t effects  

in males and females ( I I ,  Table 2B), (3) they must have 

pleiotropic  effects involving several fitness components as 

those fo r sexual a c tiv it ie s  ( I I - I V ) ,  f e r t i l i t y  ( I I I ,  IV ), 

v ia b il i ty  and fecundity ( I I I ) .  I t  lie s  close to hand to 

assume that genes with such properties should be involved in 

d iffe re n t metabolic pathways and usually code fo r enzymes.
I f  th is is correct the allozyme genes w ill be in the centre 

of in te res t. I t  seems thus reasonable to claim that the 

allozyme systems studied are involved in the control of mat
ing behaviour.

CONCLUSIONS

In spite of the fact that Drosophila melanogaster is one of 
the genetically best characterized organisms, re la tiv e ly  

l i t t l e  information is at hand about the factors which in f lu 
ence the genetic structure of Drosophila populations. The 

studies underlying the present thesis suggest that the mat

ing behaviour has a strong influence on th is structure. The 

mating behaviour seems to have a broad genetic base as i t  is  

associated to so d iffe re n t genetic systems as b r is tle  poly

genes, two randomly chosen allozyme systems, and Y chromoso
me dosage. Owing to the close correspondence between mating 

properties and fitn ess , an e ffec tive  selection should be ex-
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pected to act on these genes and gene systems. I t  has been 

shown that th is selection may comprise overdominance and se

lection pressures varying with sex or developmental stage, 
thus maintaining a high genetic v a r ia b ility  in the popula

tions.

The present results indicate the need of fu rther research 

directed to a more close understanding of mating behaviour, 

its  effects on population structure and its  re la tiv e  import

ance in re la tion  to other fitness components, as well as morç 

knowledge about the genes affecting mating behaviour and 

th e ir  association to other phenotypic t r a its .

With th is  in mind I do look forward to observe and p a r t ic i

pate in the future progress in th is f ie ld  of behaviour gene

tic s .

ACKNOWLEDGEMENTS

I want to express may sincere gratitude to my teacher profes
sor M. Rasmuson fo r introducing me in this in teresting f ie ld  

of genetics and fo r her constant support, encouragement and 

never fa ilin g  in terest during the course of th is work. I a l 
so wish to thank prof. B. Rasmuson fo r encouraging discus
sions and valuable advice, and fo r a ll fa c i l i t ie s  placed at 
my disposal. Dr. P. Holmgren is g ra te fu lly  acknowledged for  

teaching me much in genetics and other domains of biology, 
his f r u it fu l advice, discussions and criticism s have been of



20

invaluable help during this work. I am also indebted to Drs. 
K. Lundkvist and J. Nygren fo r introducing me into the so

phisticated technique of isozyme analyses and fo r a ll in te 
resting discussions in genetics and closely related topics. 
Thanks also to Mrs. D. Andersson, A. Bäckström and E. Olofs
son fo r th e ir  never fa ilin g  technical assistance, to miss 

M.-L. Nyström fo r sk illed  typing of this thesis, and to my 

other friends and colleagues at the Department of Genetics 

fo r th e ir  co-operation and companionship.
Financial support has been received from the Swedish Natural 

Research Council, the Nilsson-Ehle Fund and the University of 
Umeå, for which I express my deep gratitude.



21

LITERATURE CITED

Âslund, S .-E. 1976. D iffe ren t mating time between allozyme 
variants in Drosophila melanogaster: a factor involved in 
maintaining allozyme polymorphism. - Hereditas 84:239.

Âslund, S .-E . and Rasmuson, M. 1974. Assortative mating fo r  
metric characters in Drosophila melanogaster. -  Hereditas 
78:309. 7

Ayala, F .J ., Powell, J .R ., Tracey, M .L., Mourao, C.A. and 
Pérez-Salas, S. 1972. Enzyme v a r ia b ility  in the Drosophi
la  w ill i stoni group. IV. Polymorphism in continental and 
island populations of Drosophila w i l l i stoni. -  Genetics 
70:113-139.

Bastock, M. and Manning, A. 1955. The courtship of Drosophi
la  melanogaster. - Behaviour 8:85-111.

Bennet-Clark, H.C. and Ewing, A.W. 1968. The wing mechanism 
involved in the courtship of Drosophila. -  J. Exp. B io l. 
49:117-128.

Conolly, K. and Cook, R. 1973. Rejection responses by female 
Drosophila melanogaster: Their ontogeny, causality and 
effects upon the behaviour of the courting male.
- Behaviour 44:142-166.

Fulker, D.W. 1966. Mating speed in male Drosophila melano
gaster: A psychogenetic analysis. - Science 153:203-205.

F u lle r, J .L . and Thompson, W.R. 1960. Behaviour Genetics.
- Wiley, New York.

Hosgood, S.M.W. and Parsons, P.A. 1967. Genetic heterogenei
ty  among the founders of laboratory populations of Droso
phila melanogaster. I I .  Mating behaviour. - Aust. J.
B io l. Sci. 20:1193-1203.

Kearsey, M.J. and Barnes, B.W. 1970. Variation fo r metrical 
characters in Drosophila populations. I I .  Natural selec
tion . -  Heredity 25:11-21.

Koehn, R.K. 1969. Esterase heterogeneity: Dynamics of a poly
morphism. - Science 163:943-944.

Levene, H. 1953. Genetic equilibrium when more than one eco
logical niche is availab le . - Am. Natur. 87:331-333.

Lewontin, R.C. and Hubby, J .L . 1966. A molecular approach to 
the study of genic heterozygosity in natural populations. 
I I .  Amount of variation and degree of heterozygosity in 
natural populations of Drosophila pseudoobscura. -  Gene
tics  54:595-609.

Manning, A. 1961. The effects of a r t i f ic ia l  selection fo r



22

mating speed in Drosophila melanogaster. - Anim. Behav. 
9:82-92.

Manning, A. 1963. Selection fo r mating speed in Drosophila 
melanogaster based on the behaviour of one sex. - Anim. 
Behav. 11:116-120.

Marinkovic, D. and Ayala, F .J. 1975 a. Fitness of allozyme 
variants in Drosophila pseudoobscura. I .  Selection at the 
PGM-1 and Me-2 lo c i. -  Genetics 79:85-95.

Marinkovic, D. and Ayala, F.J. 1975 b. Fitness of allozyme 
variants in Drosophila pseudoobscura. I I .  Selection at 
the Est-5, Odh and Mdh-2 lo c i. -  Genet. Res. 24:137-148,

McGill, A. and Mather, K. 1971. Competition in Drosophila.
I .  A case of s tab iliz in g  selection. - Heredity 26:473-478.

Parsons, P.A. 1965. Assortative mating fo r a metrical charac
te r is t ic  in Drosophila. - Heredity 20:161-167.

Parsons, P.A. 1974. Male mating speed as a component of f i t 
ness in Drosophila. -  Behav. Genet. 4:395-404.

P e t it , C. and Ehrman, L. 1969. Sexual selection in Drosophi- 
l a . -  In Evolutionary Biology, Vol. 3 , Appieton-Century- 
Crofts, New York.

Rasmuson, M. 1952. Variation of b r is tle  number of Drosophila 
melanogaster. -  Acta Zool. 33:277-307.

Rasmuson, M. 1955. Selection fo r b r is tle  numbers in some un
related strains of Drosophila melanogaster. -  Acta Zool. 
36:1-48.

Rasmuson, M., Rasmuson, B. and Nilsson, L.-R . 1967. A study 
of isoenzyme polymorphism in experimental populations of 
Drosophi1 a melanogaster. - Hereditas 57:263-274.

Spi ess, E.B. 1970. Mating propensity and its  genetic basis 
in Drosophila. - In Essays in Evolution and Genetics in 
Honor of Theodosius Dobzhansky, North Holland Pubi. Co., 
Amsterdam.

Wallace, B. 1968. Topics in population genetics. - W.W. Nor
ton and Co., New York.


