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Abstract

This project concerns variation in preference fo:

environmental variables in Drosophila and its relationship

to habitat selection. Several lines of the two sibling

species Drosophila melanogaster and D. simulans were there:

fore selected for both positive and negative preadult taxi:
in relation to three environmental variables supposedly

relevant to Drosophila ecology. Pupation site preference

for white light intensity as well as larval chemoprefér-
ences for ethanol and acetic acid were assessed in a
gradient appératus and the genetic architectures underly-
ing these behaviours were investigated from the responses.
to artificial selection, reciprocal hybridizations between
divergent lines and a chromosomal analysis. D. simulans .
responded only to selection for negative larval photo-

preference, while D. melanogaster responded strongly to

selection for positive but weakly to selection for negat-
ive photopreferences. The results from ethanol preference
experiments were not conclusive whereas those from acetic
acid preference experiments suggested that in D. melano-
gaster natural selection might favour preference for low

concentrations of this compound.

The possibility of environmental and/or genetic

correlations between preadult and adult photopreferences



was examined in both species by recording the behaviours
of gravid females of the selected lines at the time of

oviposition. The results supported a genetic correlation
between preadult and adult preferences, and the potential
role of this correlation in enhancing habitat loyalty was

considered.

The effect of the environmental conditions ex-
perienced by the flies immediately after their choice had
been made was also examined. Selected lines of flies .that
experienced conditions grossly at variance with those they
chose (traumatic lines) sometimes diverged in preference
from those that experienced the conditions they had
chosen (rewarded lines). The traumatic lines always
diverged from the corresponding rewarded lines in the
direction of preférences that were associated with high
fitness, as revealed by low response to selection in the
rewarded lines. Although the difference between traumatic
and rewarded lines was stable under constant environmental
conditions, the hereditary basis of the divergence seems
to be complex and various possible interpretations of the

results are discussed.
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CHAPTER 1 : GENERAL. INTRODUCTION

1.1 - General background

The study of the Evolutionary Theory can legitim-
ately be comparéd to the task of retracing back the course
of a.stréam by collecting a few drops of its muddy water.
Since evolutionary changes. take place over relatively long
periods of timé, the. average duration of research grants
must be born in mind when considéring the small amount of

gold often found among the drops sampled.

In this "against-thé-stream race'" one of the
firmest planks for research on. the evolutionary mechanisms
supposed to be at work in nature is to investigate how
“subpopulations stemming from the same base population may
diverge in their genetic architecture when they are consis-

tently exposed to different environmental conditionms.

Natural environments vary in space and timé,
which can result in variable selective forces on the in-
hébiting populations. The main consequences of variable-
selection are then local adaptation (e.g. Clausén’gg'gl.,
1940) and changes in gene frequency with time (e.g. Wright
and Dobzhansky, 1946). In addition, both spatial and tem-

poral.variability of environment tend to allow the main-



tenance of genetic polymorphisms (Felsenstein, 1976 ;
Mackay, 1981), a preliminary condition for some mode of
population differentiation to occur. Therefore the ability
of animals to select a habitat appropriate for their own
genotypé can be véry important both in producing local
adaptation and in maintaining a high level of genetic

polymorphism.

1.2 - The importance of habitat selection in the main-

" tenance ofigenetic'variability

Waddington'ggﬂgl, (1954) already emphasized how
habitat préférences, if coupléd with different fitness
coefficients in different environments could lead to the
appearance of a stable polymorphism in the population as a
whole. With the acquisition of mobility animals have become
more able td select placés to éxplore, in which to séttle,
and more importantly in which to leave their offspring.
Such a capacity is referred to as habitat selection which
can réadily lead, as just méntionéd, to substantial changes
'in-géne freqﬁenciés of subpopulations in different habitats

by éxposing them to different selective regimes.

If animals intégraté information about the pot-
ential suitability of alternative placés in which to
settle, they would then be expected to select habitats in
which théy have high fitness. Individuals indeed show Te-

fined ability to assess their probable success, although



such appafent discrimination or active choice must be in-
terpreted very cautiously since several factors often
contribute simultaneously to explain the observed spatial
and temporal distribution of animals. Predators, parasit-
ism as well as inter~- and intraspecific competition for
space or food are probably the best known such factors
involved in the control of the distribution of coéxisting

populations in nature.

Néverthéléss,it is the extent to which an active
choice of habitat can ultimatély favour genétic polymorph-
ism which primarily interests.us in the presént context.
Several mathematical models have been proposed to account
for the maintenance of genetic polymorphism in heterogen-
eous environments, based on habitat selection linked to
fitness différences. For éxamplé Taylor (1976) argued that
whenever organisms practicé habitat séléction, génetic
polymorphism can be maintained under conditions much weak-
er than heterozygous advantage if the different genotypes
are able to select the ecological niches in which they are
most fit. Maynard Smith's (1966) model showed how dis-
ruptive selection operating-on génotypés which control
host selection could be éxpéctéd to ultimately lead to

sympatric speciation under favourable conditions.

The crucial question of whether a stable poly-
morphism can effectively lead to sympatric splitting of a

single population into two sexually isolated populations



has been a highly controversial subject for years. Yet the
circumstances under which the préliminary situation favour-
ing the establishment of a stable polymorphism on which
disruptivé selection can act-is difficult to investigaté
in the field. It still remains véry important to ask
whéthér the présencé of génes conferring a selective ad-
vantagé in a particular "niche!" often tends to be related
to individual preferences for that "niche" since this
would constitute a strong basis for an equilibrium state
in which gene frequenciés would remain constant but diff-
erent in different habitats. Jones (1982) showed that in

. semi-natural conditions the land snail Cepea nemoralis

indeed tends to display such association betweén_genétic
 differences and behavioural differences. Different shell
genotypes do not apparently have the same patterns of
activity which might.contributé to the maintenance of

shell polymorphism by influencing individual fitness.

Several laboratory studies have shown that under
relatively intense selection pressures subpopulations can
be expected to diverge even when a maximum géné flow is
allowed to occur (e. g. Pimentel et al., 1967). Neverthe-
léss,the disruptive selection pattern evoked in such
studies remains difficult to relate to field conditions
and therefore the main debate still focuses on the nature
of the barrier to gene flow between speciating populations.
Mayr (1947, 1978) was one of the first to adopt the

extreme view according to which there will be no possibil-



ity of speciation occuring as long as no assortative mat-
ing effectively prevents free hybridization between an-
imals with different habitat preferences. Still Jones
(1980) points out that habitat selection "might, never-
théless, lead to the genetic division of a population if
the different genotypes mate within the micro-habitats
which they.havé chosén", which explicitly suggests another
way in which an assortative mating pattern can be guarant-

eed.

Although the proponénts of sympatric speciation
mostly presented théoretical models for sympatric speci-
ation (e. g. Maynard Smith, 1966 ; Bush, 1975 ; White,
1978), there is now some good factual evidence to sﬁpport
it. Since the models were usually based on very few gen-
etic changes underlying a spéciation'process their rele-
vance seemed priﬁarily restricted to host-specific, mono-
- phagous or parasitic animals. Nevértheless,habitat choice
linked to génetic differences has indeed been described
for a variety of genetic polymorphismSV(Jones, 1980).
Tauber and Tauber (1977) givé séme eviden;é that sympatric
speciation can be at work in an intérbreeding.natural
population of Chrysopa, conformably to the predictions of
Maynard Smith's (1966) model, through selection on genes

controlling diapause.

However the prevalence of such a mode of speci-~

ation relative to allopatric modes is in insects by no



means substantiated by émpirical evidence (see Futuyma and
Mayer, 1980, for a discussion). These authors stressed
that the occurrence of oviposition preference (even among
phytophagous insects) determined by experiencé as larva
does not appéar to be a widespread phenomenon at all in
this group. As we shall see later my work initially tend-
ed to focus oh further investigation of this possibility
of conditioning effect or genetic correlation between

" preadult and adult preférences since I felt less sceptic-
al than the above authors about the recent evidence from

studies on stenophagous insects.

1.3 - Phytophagous insects and sympatric spéciatiOn

- When considéring the poténtial opportunities
that food substrates offer to animals for self selection
of a feéding site it appears that phytophagous insects
occupy a privileged situation. Théy arévtherefore excell -
ent candidates to exploit a wide range of spatially and
temporarily variable surrounding conditions which in some
cases can be expected to limit substantially the géne
flow between incipient isolated subpopulations.ADéthier
(1954) noticed that diet specializations have reached
their highest development among parasitic forms and the
insects which feed upon plants, that is to say about half
of the living insect spéciés. Although he clearly asserts
that in '"no other groups of animals are fééding prefer-

ences so sharply delineated",thé author points out that



despite the apparént specialization the obsefved prefér—
ential féeding is not primariiy directed by nutritional
requiréments. Several behavioural factors as well as toxic
principles present in non-chosen substrates largely con-
tribute tqiinfluence such preferences. This indicates

then that the way in which an apparently selected feeding
site can guarantee high fitness is often delicate to es-

tablish.

Successful colonizétion of a new plant requires
both behavioural adaptation such as oviposition site pre-
ference and physioldgical adaptation such as assimilation
efficiency or the capacity to overcome toxic compounds.
One can thus legitimatély ask whether these traits tend
to evolve to a coadaptéd state among phytophagous-insects
(Wassérman' and Futuyma, 1981). These authors studied

such a possibility in the béetle'CaIIOSObruChUS'maculatus

but their results did not support such a coadaptation
pattérn. Resplts of selection and choice éxperiments in-
dicated that the pigeon péa_was a better host than the
azuki bean while females préferred to oviposit on azuki
bean. Increased capacity of the larvae to develop, survive
and produce fertile offspring in one type of bean thus did
not correlate with the tendency for females to oviposit on
the same type of bean. The authors conclude that their
study suggests "that the diets of phytophagous insects
could be evolutionarily more labile at the béhaVioural

level than at the physiological level™.



Wood (1980) and Guttman et al. (1981) among
others documented that several biological differences exist
among conspécific insects native to different host plant
species. Guttman’gg al. (1981) collected nymphs of

- Enchenopa binotata in a small area where individuals were

removed from seven host plant spécies to be analyséd
electr0phorétically. The results clearly demonstrated a
higher amount of genetic differentiation among host races
than within host races. Various écological}and éthological
differences were parallely observed between animals from
different host races and showed that gene flow between
host races was severely restricted despite insects in-
habiting adjacent tree species, even with inter-meshed
branches. As suggested By the authorS’thesé results sup-
port the idea that_differéntial sélection regimes alone
coﬁld not account for the apparition of séparaté gene
pools. Besides, limited gene flow amoﬁg insects native to
différent host spécies led to the differentiation of re-

productively isolated spécies along host plant lines.

Holometabolous insects are of particular in-
terest among phyfophagous insects since the choice of a
pupation site where metamorphosis takes placé irreversibly
determines the environmental conditions to which théAde-
veloping imagos are éxposed. Whatever factor primarily»
underlies a given preferénce per se, the choice of a
typical pupation site by a larva (as well as a resting or

oviposition site by an adult) always impliés that a pré-



cise microclimate or a set of biotic factors have to be
accepted together. This logically brings us to the del-.
icate question of what factors determine preferences,
which can only be examined very superficially. Accurate
préference~patterns in insects are obviously of crucial
importance to insure their close adaptation to local
conditions which are usually highly changeablé through
seasonal cycles. Before it even identifies at close range
a particular vegetable by its odor, taste, toxins or
nutrient an insect can présumably,respond to environment-
al variables such as temperature, humidity or light in-
tensity to increése its chances of locating a suitéblé
site. In other words any refinements which improve vision,
phototaxis, geotaxis and chemotaxis may-wéll contribute to
guide an insect more effectively to places’whére its fit-

ness can be maximised.

1.4 --The concept of preference

It is worth realizing first how huge an ab-
straction the concept of preference clearly is, used in
this context only as a semantic device necessary to de-
scribe the observations made of a correlation between
some activity of an organism and a component of the extern-
al world. Moreover the investigation of the physical basis
accounting for a preference and the phyéiological mech-
anisms involved in its expression is often made difficult

by the possible implication of the central nervous system



10

in mediating the behaviour.

Many of the behavioural traits which mediate a
preference can quite simply be accounted for By straight-
forward causes such as the presence or absence of some
peripheral sensory strdcturé (such as a modification of
the antennae) or even of a single muscle allowing a
particular physical performance. For instance Thomas and

Wyman (1982) showed that in Drosophila melanogaster the

absence of -the tergo-trochanter muscle (due to a single
X-linked mutation) prevents the éxpression of the escape-
jump résponsé, which presumably also restricts the access

to certain sites otherwise more sought for.

Nevertheléss,in many cases the contribution of '
the central nervous systém to both the quality and/or the
quantity of the expression. of a so called préférence can-
not be denied. Just as a spidér monkey spends most of its
time in the trees for reason undoubtedly due to something
'in the neural and psychic activity of its brain (Williams,
1974) it can be argued that habitat préférences in inver-
tebrates can be influenced By some brain activity. Among
the infinite range of stimuli which surround an organism,
only part can have a significant impact on its sense
organs, out of which only a filtered proportion is process- -
ed by the brain to produce an éxtraqrdinarily simplified
representation or "map'" (made up by the overall result of

the integration of the external impact) of the external
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world. Each species then obviously uses its own sensory
equipmént and its specific '"map'" which enable it to per-
ceive at least the environmental clues most useful to its
survival. The complicatéd procéss séparating the gather-
ing of environmental information through sense organs
from the phenotypic expression of a behavioural response
of a preference certainly makes the task of viSualizing
the nature of the corréspondancé stimulus-behaviour high-

ly speculative.

Moreover the 'choices" we commonly observe among
animals, to which we are inclined to assign a unique pre-'
ference value are not simple permanent or fixed behav-
iours. Gould and Gould (1983) insist that when honey bees,
show spontaneous preferences for certain coiours and
shapes of flowers such display of preference is not ab-
solute, but probabilistic. Given a choice between two
alternatives we know from discrimination tesfs it can dis-
tinguish reliably an animal chooses its '"favourite" most

of the time but not all the timé.

1.5 - Habitat preference in Drosophila

It is no surprisé that within the extensivélyA

studied insect genus Drosophila there have been a number
of field investigations aimed at a better understanding of
various aspects of the mechanism of;habitat selection.

Taylor and Powel (1978) were able to show by mark-release



recapture experiments that Drosophila pseudoobscura and D.

persimilis tend to return to their area of original capt-
ure or an area ecologically similar to it, although a
genetic basis for this variation was not proven. Jungen

and Wunderlich (1972) observed that in D. subobscura gene

arrangement frequencies differ among flies caught early in
the evening and those caught close to dark, which suggests
that flies carrying various gene arrangements differ in
their use of différent microhabitats. In his review of

habitat selection in Drosophila, Parsons (1978) generalizes

that "adults are able to distribute themselves into micro-
habitats suitable to their ecological requirements, the
main controlling factors being wind intensity, humidity,
temperature, light intensity, food sources, and acceptable
céurting and ovipositiqn sites". The study by Atkinson and
Shorrocks .(1977) clearly shows how specific are the breed-

ing sites chosen by the domestic species of Drosophila.

1.6 - Environmental components and organisms used for the

artificial selection for preferences

As we have seen, the precise way in which habitat
choice operates in the wild is difficult to elucidate
since numerous environmental variables‘with which animals
continuously interact cannot be studied individually. Even
when parallel laboratory studies are conducted in order to
investigate preferences along a gradient of a single vari-

able controlled experimentally, the interpretation of such
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observations remains difficult. It is for instance often
arguable that an organism basically goes indiscriminatély
anywhére until some deficiency in some stimulus causes a
siowing down of an éxploratory behaviour or more intense
activity.at such limit point. The simplést kind of orient-
ation behaviour, the kinesis occurs whenever an animal is
subjected to an unpleasant stimulus which is non-direct-
ional (Robérts, 1971). Fraenkel and Gunn (1940) arguéd
that a variation in forward movement (what théy called
ortho-kinésis) depending on the inténsity of stimulation
by an environmental variable often éxplains-thé tendency
that animals may. show to aggregate in particular placés.
However the orientation preference behaviours I shall be
dealing with in this study correspond more closely to the
concept of a taxis, which is one typé of self orientation
with réspect-to a directional stimulus (Roberts, 1971).
Additionally,it must be born in mind that whenever a mean
preference is observed expériméntally for a group of
organisms. presented with a gradiént of 'a particular vari-
able, this tells us, as a Partridge (1978) stressed that:
such a variable can be important in nature but it does not
tell which cues the animals actually use to distributél
themselves. More generally one has to reckon thaf ﬁhe
relation between the proximate and ultimate propertiés of
any environmental element sought for or selected remains

in most instances an unsolved problem.
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Since one of the main purpose of my study was
aimed at investigating how preferences displéyed early in
development are genetically controlled and environmental-
ly influenced during development I firstly needed some
standardized experiméntal désigﬁ which could reliably pro-
vide an estimate of the additive genétic variation that

natural populationsharbour for the traits investigated.

Artificial selection experiments are often very
informative about.the genetic architecture of é behaviour-
al trait as long as the trait selected can be rigorously
controlled. For this purpose préférences for white light
inténsity seemed to be an appropriéte énvironmental vari-
able to start with as Waddington.gz_gl, (1954). for in-

stance reported that various wild type and mutant stocks

of Drosophila showed more variation in luminosity prefer-
ences than Qith other environmental variables, although
these were adult préferences. Furthermore light has been
widély used over the last two decades as répelling-attract-
ing cue to compare adult photopréféréncés between Droso-
phila species through directional artificial selection so
that the subject is well énough documented. Bésidés, light

inténsity preference of late larvae of Drosophila are

easier to control experimentally than preferénces for the
two variables closély related to light in the fiéld, name-
ly temperaturé and humidity, or for any chemical occurring
in the culture medium. This is because during selection

for pupation site preferences in a stépwisé light gradient
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it is not necessary to force the larvae to pupate within
the medium or on its surface. When the variable used is

part of the medium itself, there is no means by which the
pupation site preferences of all larvae present can be

assessed as accurately as with incident 1light, since a

proportion of the larvae always pupate outside the medium. -
Although artificial selection was always carried out for
larval photopreferences,several behavioural observations
were often made in parallel on adults in order to inves-=
tigate the pqssibility of a correlation between preadult

and adult phototaxis.

Experiments similar to those on light prefer-
ences were later carried out on earlier larval preferen-
ces for chemical compounds common in places where Droso-

phila are found,nnameiy ethanol and acetic acid.

The use of Drosophila throughout the experiments

was motivated by three main advantages these animals pre-

sent with respect to my specific interest

a) The presence of a well developed nervous
system.

b) The experimental advantage of a short gen-
eration time. ‘

c) The availability‘of balancer stocks carrying

marker genes which allows detailed genetic analyses.
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Apart from the genetic information sensu stricto the tre-

mendous wealth of literature now available on almost

a privileged position among the other favourite organisms
commonly used in genetics (microorganisms, nematodes or
mice). In this study the two cosmopolitan sibling species

Drosophila melanogaster and Drosophila simulans have been

used for reasons which will become clearer through my

literature review on phototaxis in this genus.

1.7 - Preadult and adult preference in insects

1.7..1 - Correlation between preadult and adult preferences

I have alreédy referred to the idea of habitat
loyalty whereby parallel trends in preferences, both in
direction and/or in strength can be observed between pre-
adult and adult insects. Two possible causes of this need
to be distinguished, one environmental through direct
conditioning and one through genetic correlation. The lat-
ter is chiefly due to pleiotropy (when a gene has the pro-
perty to affect two or more characters) although it can

occasionally result from genetic linkage.

For the investigation of such characteristics
holometabolous insects with indirect development (showing

complete metamorphosis), such as Drosophila, are of par-

ticular interest since the oviposition site preferences of

the adults determine quite strongly the sort of micro-
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environment to which all preimaginal stages of their off-
spring will be exposed. Both larvae and pupae are indeed
considerably restricted by their limited mobility to the
conditions imposed by the substrate selected by their
mothers at the time of oviposition. Carson (1971) in his
review on the séparation between feeding and breeding

sites in Drosophila, points out how oviposition is for

most species a very specialized and delicately adapted
performance. In an experiment choice situation Bos and
Boerema (1980) showed that when five different media were

presented to the six D. melanogaster subgroup species so

far described these provéd to have highly specific pre-

ferences for oviposition.

Mechanisms which would link adult behaviour to
some early experiencé as preadult are probably more diff-
icult to understand in organisms with more direct develop-

‘ment, experiencing more diverse environmental conditions,
even though this phenomenon has been better investigated
in higher vertebrates than in insects. Partridge (1978,
and references therein) reports positive effects of early
experience of a habitat on later preference for that
habitat in some insects, fish, amphibians, birds and
mammals. Although amphibians have indirect development
too, this represents a less drastic metamorphosis than in

holometabolous insects.



Numerous attempts have been aimed at testing in
polyphagous insects what Hopkins (1917) enunciated as the
"Hopkins Host Selection Principle' which focussed on the
possibility that some sort of memory of larval feeding
habits could predispose them to oviposit as adults on thé
same species of plant as that upon which they had fed.
From a theoretical point of view preimaginal conditioning
could be expected to have long lasting effects either
through habituation or associative learning on a trial and
error principle. A form of olfactory preimaginal habitu-
ation which persists up to the adult stage has been re-

ported in Drosophila melanogaster by Thorpe (1938),

Manning (1967) and others. Flies are normally aversive to
the smell of peppermint o0il but when they are reared as
larvae in a medium containing 0.5 percent peppermint oil
they show greatly reduced aversion to it. Attempts to

demonstrate associative learning in adult Drosophila and

other Diptera have met with some success but in larvae

Aceves-Pifia and Quinn (1979) showed that a relatively ra-
pid memory decay (less than 30 minutes) makes it very un-
likely that conditioning could affect adult behaviour days

later through memory.

1.7.2 - Possible correlation between preadult and adult

photopreferences in Drosophila

It was tempting from my own study on early pre-

ferences for light intensity to look at whether the same



genes affecting larval light preferences could be respons-
ible for the variation in adult preferences for light
conditions at the time of ovipositing. This was investng

ated both in D. simulans and D. melanogaster,although a

precise partitioning of the measured variance into environ-

mental and genetic components was made only for the latter.

If any commonalties existed between components
of the larval and adult visqally based responses it is
fundamental to work out first if they explain some possible
constancy recorded in phototactic preference at the differ-
ent stages. There is no a priori reason to believe that

this can be the case in Drosophila since larvae of insects

with complete metamorphosis lack both compound eyes and
ocelli but may have laterally positioned photoreceptors
called stemmata. Besides, Truman (1976) emphasized how
larval extraretinal photoreception even plays the major
role in the coordination of physiological and behavioural
processes with daily and seasonal photoperiodic cycles.
The cerebral lobe area of the brain is very likely to be
the site of photorecéption which mediates these rythms

through neuroendocrine activity.

In Drosophila Demerec (1950) pointed out that

if larvae lack compound-éyés they still possess non-image
forming photoreceptors at their anterior ends. However
late third instar larvae already possess a partially de-

veloped compound eye and this seemed of some interest



since I precisely intended to record light preference at
this developmental stage. Waddington and Perry (1960)

observed that in D. melanogaster "the developing eye, un-

like certain other organs such as legs and wings, conti-
nues rather steadily and without interruption throughout
the prepupal instar and the first stages of the true pu-
pal period"™. They pointed out that twenty-four hours
after pupariation the various elements in the eye can be
easily recognized. More recent wéfk is summarized by
Kankel et al. (1980) who report that during the middle of
the third instar larva the morphogenesis of the optic

lobes of D. melanogaster proceéds in conjunction with the

morphogenesis of the compound eye and "by the end of the
larval period the rudiments of the majority of the com-
pbnents of the adult central nervous systém are recogniz-
able®”. By the late third instar larva the eye imaginal
discs. "occupy positions anterior and lateral to the brain
and are connected to the latter via the optic sfalk".
Judging from Hanson's work (in Kankel et al., 1980) the
arrival of the firsf photoreceptor axon bundles to the
developing lamina takes place about twenty-four hours be-

fore pupariation.

In spite of the above considerations Markow
(1981) considers that genes controlling the structure of
the compound eye should not be expected to be functioning
in the larval photoreceptor systém. She found nonetheless

that severe mutations at the norp A locus appear to leave



larvae blind as well as adults. This led her to suggest
that at least part of the phototransduction procéss might
be the same in both larval and adult photoreceptors. Al-
though there are some discrepancies between descriptions
of the formation centers of the optic lobes (see for in-
stance White and Kankel, 1978 ; Hanson, 1978), this subject
is currently uﬁder intense invéstigation and should soon

be clarified by further study.

Before attempting to justify the experimental
design I devised,it is nécessary to report some of the
laboratory work done to date since the study of photo-
taxis has been the concern of scientists working in quite
different fields since it was in its infancy at the beginn-

ing of the century.

1.8 - Phototaxis in Drosophila

1.8.1: - Previous studies 6n Drosophila phototaxis.

Most of the pionéer work on phototaxis in adult

Drosophila was concerned with the study of the effects of

white eye and bar mutant génes on photactic response
(Brown and Hall, 1936 ; Scott, 1943). The results indic-
ated that these genes determined altered phototaxis by
their transformation of the réception area of the compound

eye and therefore the neural input to the central nervous

system was directly affected.



This line of investigation has been substantial-
ly developed by the use of gynandromorphs (sex mosaics)
leading to a genetic dissection of phototactic behaviour
(Benzer, 1967, 1973 ; Hotta and Benzer, 1970, 1972).
Mosaic flies were produced by crossing males from a stock
carrying on their X- chromosome a recessive marker gene
(1inked to the mutant gene XM under study) to females
from a stock having one of their X- chromosome ring

shaped, X This XR is so unstable that it may get lost

R
during the first division of zygotic females carrying it
thus giving rise to flies with different genotypes in
various parts of their body. The mutant was then only ex-
pressed phenotypically in male parts XM and not in female
parts XR XM'
This elegant technique enabled the authors to
pinpoint the primary site of action of some radiation-
and chemically induced mutations that they were studying.
Results from such studies confirmed that conditions in-
trinsic to the eyé are at least responsible for the pre-
sence or absence of phototactic behaviour. By tagging the
genotypes of the eyes by colour génes, Hotta and Ben:zer
(1972) studied a series of mutants having defective vision
and abnormalities in the electrical response of the eye
(ERG). While genetically normal eyes functioned normally
the authors found that evéry mutant eye produced a mutant

ERG.
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More investigation on the variability of photo-
taxis and its genetic basis was later carried out using
selection experiments. This has been done mainly by using
Hirsch-Hadler multiple unit classification photomaze
(Hadler, 1964a) where flies entering the maze have to make
a series of fifteen successive light/dark choices, emerg-
ing into collecting tubes which are ranked in order of the
proportion of + and ~ choices made in the maze. Negative-
ly and positively phototactic strains have been success-

fully selected this way in D. melanogaster (Hadler, 1964a,

b, ; Walton, 1970 ; Markow, 1975 a, b), in D. simulans
(Markow, 1977), in D. ananassae (Markow and Smith, 1979),

in D. persimilis (Polivanov, 1975), in D. pseudoobscura

(Dobzhansky and Spassky, 1967, 1969 ; Woolf, 1972) and in

D. subobscura (Kekié and Marinkovié, 1974). Values for the

realized heritability of phototaxis found in these exper-

iments vary between less than 0.1 in D. pseudoobscura to

more than 0.5 in D. melanogaster.

1.8.2 -~ Importance of the experimental design

Rockwell and Seiger (1973) discuss three differ-.
ent types of phototactic measurements which have been used
in léboratory studies. They point out that these three
designs dq not necessarily measure the same type of

response to light

a) Designs in which the measurement of photo-

taxis is a function of movement towards a directed
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light source (light gradiént parallel to the plane of

movement of the organisms).

b) Designs in which the measurement of photo-
taxis is done by the distribution of the organisms in a
light field (light perpendicular to the plane of movement

of the organisms).

c) Designs in which the measurement is done
after the animals have repeatedly selected one of two
alternatives at choice points, as in the phototactic maze

described above.

The investigation of larval phototaxis was done
with two designs which both fall into the second class,
whereas that used to investigate adult phototaxis falls
into the third class. Désigns of the second class were
thought to better simulate the natural situation in which
larvae may often be exposed to a wide range of light in-
tensities at the surface of their feeding substrates
(such as a rotten fruit or vegetable). In a third instar
larva ready to pupaté; it can be assumed that such sub-
strates expose one side of the larva to incident 1light,

whereas its other side may be quite shaded.

Rockwell and Seiger (1973) point out that the
sign and intensity of the phototactic response may be in-

fluenced by numerous factors such as temperature, age,
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the effect of diurnal rythm, water balance or nutritional
level. The first aim of my apparatus for measuring larval
phototaxis was to avoid as much as possible the inter-
ference between each trial of such factors in order to
make sure that the recorded behaviour best reflected move-
ment in relation to the gradient of l1ight. This is indeed
in accord.with the definition of phototaxis in its broad
sense even though several researchers have proposed more
restrictive definitions..- Regrettably many of these defin-
itions are not very satisfactory when one considers the
difficulty of using direcf comparisons between different
test procedures. Some of such discrepancies might reflect
no more than various interests of separate researchers

working in their spécific contexts.

1.8.3 " - Phototaxis in Drosophila in nature

Attempts to relate laboratory observations to
field conditions must always take into account how a
phototactic responsé is temperature and/or humidity de-
pendent. In nature areas with high light intensities are
usually associated with more dry microclimatic conditions.
Médioni (1962) found that northern populations of D. me-

lanogaster have a more positive phototaxis than southern

ones. This seems in accordance with the expectation that
under conditions of high température and dessication flies
tend to select more damp habitats which are presumably

more shaded. Kekié et al. (1980) report that progeny of

— —
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D. subobscura captured in neighbouring areas characteriz-

ed by contrasted light intensity had significantly differ-
ent scores when run through a photomaze (the flies from

the light areas being more photopositive).

The difference in photopreféfence between D. me-

lanogaster and D. simulans as measured in laboratory con-

ditions (see later) is worth to be compared with some
ecological differences that determine the divergence 1in
ecological niches between the two sibling species. Basden
(1954) noticed that D. simulans disappears completely in
Scotland at the end of Noyémber-one month before D. gglg—
nogaster does so. Kawanishi and Watanabe (1978) point out
that the absence of D. simulans inside houses has been re-
ported by Okada (1971) and Watanabe and Kawanishi (1976),

whereas D. melanogaster was found both inside and outside

houses. These authors supposé‘that the difference in
photopreferencé plays a role in the ecological different-

iation of the two species.

Interestingly enough many authors have found

that D. melanogaster was genérally competitively superior

to D. simulans in the laboratory and was therefore expect-
- ed to have a larger "pétential niche breath™. Still
Hoenigsberg (1968}, Tantawy-éﬁ al. (1970), Watanabe and
Kawanishi (1976) and Sokolowsky and Hansell (1983) report
striking observations which apparently support the view

that over the last two decades D. melanogaster tends to
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loose ground in California, Columbia, Egypt and Japan in

competition with D. simulans.

1.9 - Chemotaxis in Drosophila

Mostly for the practical reasons alluded to
earlier on much less importance was given in this study
to the -other environmental variables used for the invest-
igation of early preferences, ethanol and acetic acid.
Both these compounds are resources highly available where

D. melanogaster and D. simulans are found and the amount

of research carried out on enzyme activity at the alcohol
dehydrogenase (ADH)Vlocus testifies the importance of this
product for the metabolism of the flies. Parsons and

Spence (1981) demonstrated that acetic acid acts as an

attractant to larvae of D. mélanogaster at concentrations
down to. 1/1000 of concéntratiéns at which ethanol is
attractive. Thus if ethanol can be considered to be pri-
marily a food resource compound, acetic acid can be
thought to act as a recognition-compound as well as a food
resource. The authors suggest that acetic acid acts as an

attractant similary for larvae and for adults of D. mela-

nogaster since their results on preadults paralleled very

closely the results of Fuyama (1976) on adults.

As can be predicted by numerous studies on

adult preference, larvae of D. melanogaster show strong

preference for alcohol containing media while larvae of
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D. simulans do not (Parsons, 1977). Larval préferénces

for alcohol were studied in five Drosophila species by

Gelfand and McDonald (1983) who found important inter-
specific variation. Furthermore McKenzie and Parsons
(1972) found some evidence that oviposition preference
with respect to alcohol tends to parallel larval prefer-

ence.

Additionally,it is worth considering to what
extent pupae and adults can be sensitive to the vapours
of acetic acid and alcohol. Van Herrewegggﬁngmgavid"(1978)

gave strong evidence that a significant part of adult D.

melanogaster nutrition can .occur through their inhaling
alcohol vapours. Similar results have.been obtained in

various species of Drosophila by Starmer et al. (1977) and

Parsons et al. (1979). The authors believe that the va-
pours entering via trachae dissolve directly in haemo-

lymph without having to cross the intestinal barrier.

1.10 - Possibility that préference behaviour might be

affected by environmentally induced cytoplasmic

effect similar to dauermodifications

This introduction focussed so far on the potent-
ial role of variability of individual preférences for
particular‘environméntal components acting as a trigger

for or reinforcer of population differentiation. The ul-

timate genetic modifications that such.phénoménon can bring
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about in the incipient divérgencé of subpopulations or
demes is then entirély-concordant with the orthodox neo-
darwinian approach in which génome-énvironment interactions
can be completely described in térms of differential

selective regimes.

At this point I nevertheless encounter some
difficulty in presenting much relevant background material
to justify some of the experiments described later since
one basis of my work was a hypothesis with almost no
empirical evidence to support it. In short I wanted -to
ask whether harsh environmental stress could in extreme
cases alter some extranuclear hereditary factors maybe
involved in the control of early préference behaviours.
The theoretical possibility of such ‘effects could presum-
ably be somehow related to those experiments reported on
the role of environmentally induced persistent changes
known as 'Dauermodifikationen" (Jollos, 1935),whose liter-
al translation is "lasting éhangés". Grun (1976) réports
that '"a number of éxperimeﬁts carried out using
plants, animals, and prbtozoa have shown that.sometimes a
change can be inducéd, apparently by an environmental
factor, that is inherited through the maternal parent"...
and "persists, sometimes, through five or more genér—

ations.™

Jollos (1935) who first discovered these so

called dauermodifications observed that by exposing D.
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melanogaster late larvae to a twenty-two hour heat treat-

ment of 36°C he could obtain dwarf progeny of both sexes.
When these were repeatedly crossed together at 21°C the
proportion of dwarf individuals slowly decreased but the
author still found abnormally small flies up to the fifth
generation. Interéstingly only progeny from the crosses
dwarf females x normal males produced some dwarf offspring
which led to the conclusion that cytoplasmic inheritance
was probably involved in the phenomenon. The author also
observed that late larvae exposed to a twenty-four hour
heat treatment of 36°C equally produced flies with ab-
normal abdomen or aeroplanoid wings showing a similar in-
heritance pattérn. Flies with abnormal abdomen were even

found up to the sixth genération of untreated progeny.

AllfdaﬁermodifiCations described in the liter-
ature deal with morphological characteristics so that
there is an important difference between these results
and my own concern as far as this deals with behavioural
characterisfics. The only possible empirical evidence to
support the idea that the above phenomenon could also
apply to behaviour was found in a reinterpretation of
Sokal's (1966) data relative to central and peripheral

pupation site preferences of D. melanogaster larvae rear-

ed in shell vials. The author carried out various cross-
ing experiments between divergent lines selected for
each pupation site.preférence, and obtained results often

difficult to interpret, some of them even suggésting an
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apparent ''paternal” influence. Taking into account the
genetic architecture of the traits investigated it can be
argued that pupae exposed to the '"peripheral situation™
were repeatédly experiencing more adverse environmental
conditions (as will be extensively discussed in chapter
5) than those pupae exposed to the 'central situation'.
The idea behind this was that an environmentally induced
cytoplasmic change (similar to the dauermodification phe-
nomenon) could thus be postulated to occur under somehow
thwarting circumstances, which seemed to provide an in-

teresting explanation in this particular example.

The reason why I initiaily felt that early pre-
ference behaviour could be a favourable place to further
investigate such phenomenon could be resumed as follows,
even though'it may seem a little obscure at this stage.
If a preference behaviour pattern could be in some way
mediated by a cytoplasmic factor, such factor might be-
come of selective advantage so long as the exposure to
the environmental variable considered could simultaneous-
ly affect the action of the factor itself. This would be
so because a cytoplasmic susceptibility to interfere with
the environment at a pafticular developmental stage could
ultimately allow a greater genetic variance of the be-
haviour by differently mediating the expression of the
preference in different individuals. As a corollary,
circumstances under which such cytoplasmic factor could

show a capacity of self replication are éxpécted to make



such an environmentally induced preference polymorphism

more likely to be promoted.

1.11 - Statement of aims of the present thesis

The composite nature of the present introduction
partly reflects the scope of the subject dealt with in
this thesis. Some points only briefly mentioned so far
will need to be more extensively discussed after the de-
scription of the experiments and their results. The basic
scheme of the experiments can then be summarized in the

following way.

1) An investigation of the genetic basis of

larval preferences in D. melanogaster and D. simulans,

firstly for light intensity and secondly for ethanol and
‘acetic acid. This was pérforméd through artificial selec-
tion, reciprocal hybridizationsof divergént strains as

well as a straightforward chromosome analysis in D. me-

lanogaster.

2) An investigation of adult’photopreférences
in the same species aimed at-éxamining the possibility of
environmental and/or genetic correlation(s) between pre-

adult and adult behaviours.

3) An investigation of the possibility that

some lingering alteration of the above preferences can be
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induced by varying the levels of light and chemicals in a
way related to what is suggested from observations on

dauermodifications.

This last part of the work became an incréasing
preoccupation as the experiments progresséd and therefore
the concluding general discussion will pay particular

attention to it.
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CHAPTER 2. : PHOTOPREEERENCES IN D. SIMULANS

2.1 - Introduction

2.1.1 - Peculiarity of D. simulans phototaxis

The reasonAwhy D. simulans was used for the
first set of experiments on phototaxis primarily stemmed
from previous results relative to the influence of light
on mating success. By looking at adult behaviour, Wallace
and Dobzhansky (1946), Spieth and Hsu (1950), and Gross-
field (1966, 1968, 1970) showed thét light has an import-

ant influence on mating ability in Drosophila. Grossfield

(1970, 1971) considers that Drosophila species fall into

three main classes with respect to their depéndénce on
light for mating. D. simulans belongs to the second or
intermediate class, showing a significant inhibition of
its . mating ability in darkness. The genetic architecture
underlying this ability can therefore be expected to be
more flexible than that of members of the two extreme
classes which are completely light dependent or light
independent. Still the extent to which light directly

affécts behavioural traits. involved in thé structure of
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courtship remains unclear. Grossfield (1971) pointed out
the salient and rather unique situation of D. simulans.
Most often cosmopolitan species are light indépendent for

their mating ability like D. melanogaster and this differ-

ence initially seemed to me of some interest. McDonald and
Parsons (1973) showed that the dispersal activity of D.
simulans adults is also more dépéndent on the présénce of

light than in D. melanogaster.

2.1.2 - Previous results on phototaxis in D. simulans

D. simulans was useful material also because its
phototactic behavibur is well documented both as larva and
adult. Photomaze results support a polygénic, additive
mode of inheritance for its levélbof photopréferénce as

in all species examined so far (see Markow and Smith,
1979). The emerging picture for D. simulans adults is that
of variance 1in phofotaxis being controlled mainly by
autosomal genes, while strongly sex-linked in D. melano-
gaster (Hadler, 1964b; Walton, 1970 ; Markow, 1975b,and
Markow and Smith, 1977). Interestingly,more photopositive

adult preference has been repeatedly observed in D. simu-

lans (when comparédeith D. melanogaster) even with the

use of quite different experiméntal designs (see also Mc-
Donald and Parsons, 1973, and Parsons, 1975). Kawanishi
‘and Watanabe (1978) measured adult photopreferences of
the two species in an apparatus présenting a gradient of

light intensities. Although an "aggregation effect™ of
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the flies run simultanéously was not éliminatéd,thé au-
thors could confirm the above difference and their results
support the common view that in experimental conditions
D. simulans invariably prefers to stay and lay eggs in

light places whereas D. mélanogaster does not show such

strong preference. Vaysse and Médioni (1982) report that
the latter species shows two activity peaks (one at the
beginning and the other at the end of the light period),
while D. simulans has a single activity peak at about the
middle of the light period, which seems in agreement with

the above observations.

Remarkably the same difference in trends between
the two species is observed among larvae as measured as
pupation site preference. Manning and Markow (1981) show-
ed that D. simulans larvae prefer to pupate in lighter

places than do D. melanogastér larvae. The authors de-

monstrated that such light préferénces (when compared with
light preferences prior to late third instar) were highly

specific and restricted to the time just before pupation.

2.2 - Methods

2.2.1 - General pattern of selection and environmental

conditions

- Directional selection for pupation site prefer-
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ence along a gradient of light was carried out both for
light and dark préferénces. At most generations the ovi-
position site preference of the females issued from the
selected pupae was scored in a choice situation where
single females had to choose between two contrasted light
intensities to lay eggs. Before further describing the
method used to investigate this possibility of a corre-
lation between larval and adult photopreferences, I shall
treat at some length the various light conditions to
which the animals of each selected line were exposed.
These conditions constituted the main difference between
the selection design I used and those previously used by

other workers.

The investigation of the possibility of an en-
vironmentally induced alteration of larval preferences
was made by varying the light conditions to which iden-
tically selected replicates were exposed. Figuré 1 shows
the general pattern of selection and environmental con-
ditions which was initially to be followed in each select-
ion experiment. HowéVér,thé experiménts described in this
chapter did not conform as exactly to this pattern as did
all the subsequent experiments (chapters 3 and 4) but the

principle was identical.

To summarize, replicated lines were selected
both for light or dark third instar larva preférences

and thereafter two'typés.of environmental conditions were
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preference E
behaviour Z
-'"1logical continuity" reward
high
-"logical discontinuity" trauma
r''logical continuity" —— Teward
low
-"logical discontinuity" —— trauma

progress of selection

Figure 1. General pattern of selection and environmental
conditions (E) of the selected lines (S.L.).

faced by early pupal stages, as contrasted as possible
with respect to the choice the late larvae had made. The
first type of environment was characterized by a kind of
"logical continuity" between the preference shown by the
larvae as measure& by specific light intensity chosen for

pupation and the later light intensity to which pupae and
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adults were exposed. One might regard these first environ-
mental conditions as a type of 'reward'" which tends to en-
hance the preference indicated by the choice. The second
type of environment offered by contrast a complete
'""logical discontinuity' compared with the previous situ-
ation and one might then regard it as a kind of thwarting
situation or "trauma'" which tends to contradict the pre-

ference indicated by the choice.

2.2.2 - Strain and medium used

The strain of D. simulans used was descendent
of eight wild females and four wild males caught at a
fruit market in Edinburgh. Approximatelybone hundred
flies of the first progeny from these twelve flies (or
more since all the females had already been inseminated
when captured) were pooled together with approximately
one hundred flies of a recently caught (unlabelled) stock
from the Institute of Animal Genetics at Edinburgh. The
flies were kept in a population cage for four generations
to form the base population. The flies were reared.in one-
third pint glass milk bottles containing standard medium
of the following composition (later referred to as stand-

ard medium)

cornmeal (maize meal) 150 ¢
treacle 130 g
flaked yeast | 22 g
agar technical 3 20 g
nipagin M 1g
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propionic acid 5 cm3

water 1600 cm

All the components except the nipagin were mixed at 20°C
then boiled for two to three minutes. The nipagin was

added when cooling down (at about 60°C). Saccharomyces

cerevisiae in dried form was used when inoculation of

living yeast was necessary.

2.2.3 - Light gradient apparatus used for larval photo-

preference

A cool white 1ight tube horizontally position-
ed in the incubator ceiling constantly illuminated the
gradients from a distance of 50 cm. An opaque black rect-
angular box (Figﬁre 2) containing 2 cm of standard medium
without 1living yeast formed the bbttom of the gradients.
A set of five holes (# 1.5 cm) on both sides of‘the boxes
allowed a lateral aeration through foam stoppers. Another
set of ten holes (éame diameter) also fitted with foam
stoppers allowed an aeration from above. The tdp of the
boxes was made up of a succession of ten filters absorb-
ing the incident light to provide a regular gradient
(10 % to 100 % absorbed 1light). The middle of the boxes
allowed the maximum light intensity (irradience of 40
F.C.) to reach the surface of the medium and the two ends

were opaque to light. The 1lids were fixed to the boxes
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with black tape. Eggs were removed from the egg laying
medium (see under 2.2.4 ) and counted under a magnifying-
glass,although this counting procedure was not very
accurate because some eggs were in tight groups. The eggs
were deposited in two rows of about séventy-five, respect-
ively at 1/4 and 3/4 of the length in order to avoid any
parallel selection for activity (thé distance from the
eggs to both extremes of light being thé same). One hun-
dred and fifty eggs per box was the sample size chosen in
order to avoid the effect of larval density, since a re-
lation between pupation site and density has been found
at high densities (Sokal et al., 1960). Two boxes were
alwayé run simultaneously per selected.line (300 eggs per
line per generation). All the experiments were performed
at 25°C + 1°C and the level of relative humidity was kept

close to saturation in the gradient apparatus.

2.2.4 - Method of egg collection

Experiments were initiated by eighty fertilized
females issuing from the base population, being allowed
to lay eggs in egg collection pots to form the parental
generation (0). In subsequent generations the selected

females of all lines were put for nine hours in pre-laying

light conditions before their transfer to egg collection
pots . Four to five days old fertilized females in cul-

ture bottles containing living yeast were therefore



exposed to the same dim light conditions (9 F.C.) for all
selected lines. This was done in order to prevent any
direct light conditioning of the embryos through their
mother's body. At the end of the pre-laying period of
nine hours the females were transferred to egg collection
pots (f# 30 mm) containing 2 mm of fresh standard medium
without living yeast. These were placed back under the
same light (9 F.C.) conditions. After fifteen hours narrow
strips of medium about 20 to 30 mm long were sliced out,
washed in distilled water and deposited in the gradients

where the number of eggs was counted as indicated.

2.2.5 - Recording of pupation site preference (PSP) and

selection procedure

One hundred and thirty hours after laying (when
the pupae were about one to fifteen hours old) the boxes
were opened either in white light for the lines selected
for light preference (L-lines) or in deep red light for
the lines selected for dark preference (D-lines). This was
done in order to insure a continuity with later environ-
mental conditions which:cdrresponded to the 'rewarding"
situation mentioned .earlier. The pupae wére then countéd
in each of the ten areas of lighting conditions and the:
mean of classified pupae was computed to give a mean pupa-

tion site preference (PSP) in the following way :
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whére X; = percent of light absorption of ith area,

fi = number of observations in ith area, and n = total
number of observations. Replicated lines were always run
simultaneously,'éll with 300‘eggs per line per generation.

Flies were always mated in'pairé in vials and CO2 was used

as anaesthetic throughout.

2.2.6 - Control for a “gradient effect"

“Gradient effect" was tested by using two
homogeneously lighted boxes (ten areas of 10 % of absorb-
ed light) as controls for possible effects of the base of

the gradient on larval distribution.

2.2.7 - Control-line (C-line) -

An unselected line descended from the base
population was maintained as control to examine PSP of a
line which underwent a degree 'of inbreeding similar to
that of the selected lines. For this purpose twenty pairs
picked and mated at random were used for each generation.

The flies of this line were exposed to a 12 hour light
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(49 F.C.)/12 hour dark cycle. Owing to time problems this
line was only kept until generation five of selection in

this first experiment.

2.2.8 - Light preferencé rewarded lines (L-lines)

From the two boxes run simultaneously in each
selected line forty-two to forty-six pupae were removed
with a paintbrush and put in pairs in vials to guarantee
ébout twenty flies of each sex. At eclosion about twenty
couples were then put all in fresh vials to be used as
parents of the nextvgeneration-aftervrandom mating. Since
there were occasionally-not»enough pupae in the areas
where 10 % of the incident light was absorbed a few pupae
sometimes had to be,takén from the areaswhere 20 % of the
light was absdrbed (and exceptionally 30 %). The vials
wereprovided with a drop of a suspension of living yeast
and four to five days after emergence the males were re-
moved and the females transferred to pfe-laying conditions
(see under 2.2.4.). Selected pupae and adults were kept
under a 12 hour light (49 F.C.)/12 hour dark cycle. Two
replicated L-lines (L1 and L2) were always treated simul-
taneously, the first for twenty-eight and the second for

twenty-three generations of selection.



2.2.9 - Light preference traumatic line (LT-1ine)

At generation twenty-two of selection an
additional line selected for light PSP was set up to
undergo a traumatic environmental treatment. This LT-line
originated from twenty-one pairs eclosing from forty-four
L1- and L2-1line pupae, all removed from the areas where
10 % of the incident light was absorbed. Selected pupae
and adults of this line were treated as those of L-lines
for five generétions excépt that they were exposed to a
12 hour dim light (9 F.C.)/12 hour dark cycle. L1-line

and LT-line were always run simultaneously.

2.2.170 - Dark preference rewarded lines (D-lines)

Forty-four pupae were always selected from the
areas where 100 % of the incident light was absofbed.
Selected pupae'and adults were kept under a 12 hour dim
light (9 F.C.)/12 hour dark cycle. Two replicated D-lines
(D1- and D2-lines) were.always run from twenty parental
pairs and treated simultaneously, the first for twenty-
three and the second for twenty-four generations of
selection. Dim light was used (as for LT-1line) in order
to insure that some-iight cduld allow the flies to mate
since complete darkness inhibits mating in D. simulans

(see under 2.1.1 ).
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2.2.11 - Dark preference traumatic lines (DT-lines)

At the fifth generation of selection an addition-
al line selected for'dark PSP was set up to undergo a
traumatic environmental treatment. This DT1-line originat-
ed from twenty parental pairs of flies coming from sixty-

five D2-1line pupae,all removed from the area where 100 ¢

oYX

of the incident light was absorbed.

At the eight generation another similar éddition—
al line (DT2-1line) was set up for the same purpose from
nineteen parental pairs coming from fifty-two DT1-line
pupae, all removed from the areas where 100 % of the inci-
dent light was absorbed. Selected pupae and adults of
these lines were treate& as those of D-lines except that
they were exposed (immediately after their removal from
the boxes) to a constant horizontal white light source of
an irradience of 236 F.C..DT1-line was treated this way
for twenty-five generations and DTZ2-line for fifteen
generations. D-iines and DT-lines were always run simul-

taneously.

At generation 16 selection was relaxed for one

generation in all L-, D- and DT-lines.

2.2.12 - SubD1-line and subDT1-line maintained under uni-

form lighting conditions

Sub-samples of both D1-line and DT1-line were



simultaneously cultured from generation eighteen to gener-
ation twenty-two under identical conditions of light and
without further selection. Forty residual pupae were re-
moved for this purpose from the dark ends of the boxes of
both D1- and DT1-1ines. The boxes were opened in white
~light and selected pupae and adults were all exposed to a
12 hour reduced light (20 F.C.)/12 hour dark cycle. At
each generation two éets of one hundred and fifty eggs
were run respectively in two boxes for both lines (as in
the selection experiments) to record the PSPs of the two
lines. The flies were always randomly mated in pairs in
vials and twenty inseminated females were alloﬁed to lay
eggs in egg collection pots when four or five days old.
SubD1- and subDT1 - lines were always run simultaneously

in the gradient apparatus.

2.2.13 - SubDT1-line without further traumatic treatment

(DTD-1line)

At generation 22 of selection, forty residual
pupae of DT1-1line were removed from the dark ends of the
gradients to set up-a DTD-line which had no more traumatic
treatment, but was instead treated like D-lines. Pupae
and adults selected for dark PSP were thus exposed to a
12 hour dim light (9 F.C.)/12 hour dark cycle and PSP was
always recorded simultaneously to that of DT1-line for

seven generations.
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2.2.14 . - Lines kept in permanént‘light and'pérmanent

darkness for twenty-nine generations (PL- and

PD-1lines)

Two samples of fifty females each coming from
the base population initiated réspectively one PL-line
kept in permanent light (constant irradience of 90 F.C.)
and another PD-line kept in permanent darkness. These
flies were not artificially selected and were kept for
twenty-nine generations in bottles where no random mating
was imposed. Every fifteen days twenty to thirty females
were transferred for tweﬁty-four hours into one-third
pint milk bottles with fresh medium and a few drops of
living yeast suspension. This transfer was performed under
white 1ight for the first line and under deep red light
for the second line. At generations 14, 19 and 29 twenty
fertilized females (five to seven days old) were allowed
to lay eggs in egg collection pots in reduced light
conditions (20 F.C.) and PSPs of both lines were record-

ed in the gradient apparatus.

2.2.15 - Reciprocal hybridizations between selected lines

Several reciprocal hybridizations between
selected lines were carried out by crossing twenty fema-
les with twenty males in single pairs in vials. These

flies were always eclosed from pupae previously put singly
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in vials. Fertilized females were always placed in pre-
laying conditions for nine hours before their transfer to

egg collection pots.

2.2.16 - Statistics used to compare larval photo-

preferences between lines

Since larvae showed a slight tendency to
aggregate near the lateral plugs of the gradient apparatus
to pupate,the distribution of the pupae along the gradient
was often not a normal one. In order to compare such
distributions the median test was then used and probabi-

lity values were determined by a chi-squared table.

2.2.17 - - Recording of oviposition site preference (OSP)

At the end of the fifteen hours’period of egg
collection,fifteen to twenty selected females (five to six
days old) of L-, D- and DT-lines were placed individually
in vials to test their photopreference at the time of ovi-

positing. Several authors have reported that Drosophila

females tend to oviposit near sites previously used for
oviposition by other females (in Del Solar, 1968), there-
fore it was necessary to test females individually. As
shown in Figure 3 the test vials contained 2 cm of stand-
ard medium without living yéast and a thin vertical

plastic separation (opaqué to light) was inserted into
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Figure 3. Test vials used for
oviposition site preference.

51



52

the medium along the diameter. One half of the vials was
illuminated by a direct horizontal cool white light
(source situated at 30 cm) of an irradience of 213 F.C. at
the surface of the vial. The other half of the vials was
lined with black paper from the bottom to the top. Females
to be tested were anaesthetized as lightly as possible in
order to facilitate their transfer into the test vials.
Theée were then kept horizontally for ten minutes in
reduced light (20 F.C.) before being exposed to the test
light conditions. Twenty-four hours later the eggs laid

in each half of the vials were counted under a binocular.

Although the flie§ of}aliiiihes{io be ‘tested were
thus exposed for twenty-four hours to the same 1light
intensity of 9 F.C. (including the pre-laying light
conditions period),we shall consider under 2.4.1. the
possibility that the test procedure did not take into
account an effect due to the differential conditioning
of the flies which had-been previously raised either in
almost darkness (éuch as D-lines) or in more light (suth

as L- and DT-1lines).

2.2.18 - Statistics used to compare adult photo-

preferences

Square roots of the percentages of eggs laid

[

were first arcsine transformed before 95 % confidence



limits were plotted with the means of the transformed data.
The above angular transformation was appropriate to the
percentages measured since it stretches out both tails of

a distribution of proportions and compresses the middle.

2.2.19. - Fecundity of the selected flies

The fecundity of the selected females was
estimated in L-, D- and DT-lines from the scores of the
oviposition site preference, by adding the number of eggs
laid per female per twenty-four hours in both light and
dark. As ﬁointed out under 2.2.17 - this procedure might
actually not have only measured true fecundity but also
some inclination to lay eggs under the test conditions,

- since these might have represented a stronger contrast of
lighting conditions for D-lines flies than for the other

lines investigated.

2.2.20. - Egg-larval mortality

An estimation of egg-larval mortality rates was
obtained at most generations from the difference between
the number of pupae found in each box and the number of
eggs which had been déposited. Because of the lack of
-precision of the counting procédure mentioned under 2.2.3,
I based the estimate on an initial number of 150 + 20

éggs in all boxes.
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2.2.21 - Mortality at the pupal stage and sex ratio of

An estimation of pupal mortality rates was
obtained at most generations from the number of flies
emerging from a sample of forty pupaé retained for select-
ion. The relative proportion of males and females among
the emerging flies was used as an index of the sex ratio

of the adults emerging from the selected pupae.

2.3 - Results

2.3.1 - Selection for light PSP (L1- and L2-lines)

Figure 4 shows that both replicates of L-lines
did not respond to selection. The rather marked fluctu-
ations recorded at generations 7 and 9 for both lines are
commonplace in selection experiments and might have been
caused by some abrupt variation of an environmental para-
meter, such as medium contamination, atmospheric pressure
or incubator humidity level. Similar observations will be
reported later on for other lines run simultaneously.
Table 1 (p. 91) shows that the cumulated mean responses to
selection were low after ten generations of selection
(7.5 for L1-1line and 11.5 for L2-line). The relative
stability of later scores of PSPs of both L1- and L2-lines

suggests that the character sucééssfully selected in the
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upward direction in D-lines was apparently not strongly
subject to inbreeding depression. For the first ten gener-
ations of selection the average response to selection (R)
per generation was given by the slope of a regression
line fitted to the generation means of preferences
(Falconer, 1981) and yields values of R = 0.054 for the
L1-line and R = 0.300 for the L2-line. Both correlation
coefficients between R and progress of selection

(r = 0.033 for L1-1line and r = 0.188 for L2-line) are not

significant when tested against p= 0 (correlation = 0).

The realized heritability h2 was estimated from
the ratio % “(Falconer, 1981) where S is the selection
differentiallméguring the average superiority of the
selected parents. For the first ten generations of select-
ion,the generation means of preferences were therefore .
plotted against the cumulated selection differentials.

The average value of the ratio %, was then given by the
slope of the regression line fitted to the points. The
realized heritabilities had low values of hZ = 0.001 for

L1-1ine and h2 = 0.005 for L2-line. Both are not signifi-

cant when tested against = 0 (slope = 0).

Since some selected pupae were occasionally
removed from areas of the gradient where more than 10 %
of the incident light was absorbed (see under 2.2.8) this
was taken into account by computing adjusted selection

differentials as reported in table 1.



The PSPs of L1-line and L2-line remained close
to each other throughout the. experiment and phenotypic
variances remained at about the same level as selection
progressed. Intra-line variation of PSP was low and
table 2 shows that nine cases (of pairs of replicate box
distributions compared) out of forty-five were signifi-
cantly different at the .05 level. Inter-replicate lines”’
variation of PSP (between L1- and L2-lines) was apparent-
ly slightly greater which could have partly been due
(besides a drift effect) to the small differences between
selection differentials applied between the lines (see
table 1). Table 3 shows that fourteen cases out of forty-
eight were significantly different at the .05 level. This
table gives four probability values per generation because
there were fwo boxes per line per generation (see under
2.2.3) which makes four combinations of comparison of
pairs of box distributions. Such combinations will always
be presented in the same order in tables, with the sign
(') referring to the first box of a pair and the sign (")

to the second box of the same pair.

2.3.2 - Selection for light PSP with traumatic environ-

mental treatment (LT-line)

Figure 5 shows that PSPs of LT- and L1-lines
remained close to each other and this experiment was

stopped after five generations of LT-line because the
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preferences were getting more and more similar as the
treatment progressed. Table 4 shows that after three gen-
erations of LT-line treatment (twenty-second to twenty-
fourth) the PSPs of the two lines were very similar indeed
with most probability values falling between <.5 and <.9.

Selection was relaxed at generation 25.

2.3.3 - Selection for dark PSP (D1- and D2-lines)

Figure 4 shows that both replicates of D-lines

did reSpona to selection and a plateau was already reach-
ed by generation six. This result could have been predict-
ed considering the relatively small size of the sample
used to set up the base population. Table 5 shows that
after six generations the cumulated mean responses to
selection were high (29.4 for Di1-line and 32.3 for D2-
line) compared with those of L-lines (11.5 and 4.0, see
table 1),after the same number of generations. For the
first seven generétions the average response thus had
high value of R = 4.088 for Dl-line and R = 4.186 for

D2-1line. The realized heritability of Di1-line was 0.177
‘and that of D2-line was 0.183. When tested against = 0
the former is significantly different at the .001 level

and the second at the .01 level.

It is worth noticing that by generation 7 the

selection differentials were very low and as a result



the responses to selection were necessarily weakened.

At generation 7 the flies were mass mated but
still selected which apparently caused a decline in the
responses. Interestingly such homeostasis might have
largely operated through sexual selection if the dropping
of the mean preference which occurred in both D1- and D2-
lines was not just due to an uncontrolled environmental
variation. The selection differentials were consequently
higher again and the responses calculated from generations
8 to 15 were R = 1.319 for the D1-line and R = 1.048 for
the D2-line. The realized heritabilities calculated for
these generations were-h2 = 0.058 for D1 and hZ = 0.048
for D2. When tested against p = 0 the first has pw~.05
and the second p <.2 to be significantly.different. This
suggests that although an apparent plateau was reached
after six generations of selection, some lesser selection

was still possible afterwards, at least in the D1-line.

At generation 16 no selection was applied and
the flies were again mass mated. Again this might have
caused a substantial decline in both D1- and D2-lines
responses (unless this decline was due to random fluctu-
ations) but further selection appears to have reestablish-
ed the previous level ofAthe_preference values in about

two generations.



Intra-line variations of PSPs of both Di1- and
D2-1lines were low and table 6 shows that only six cases
out of forty-five were significantly different at the .05
level. The same can be said about inter-replicate lines’
variation of PSP measured between D1 and DZ and table 7
shows that between generations 1 and 12 of selectipn five

cases out of forty-eight were different at the .05 level.

The standard errors on the mean preferences
have been calculated at each generation but they are not
reported here since they were not really adequate when
distribution patterns differed slightl& from normal (see
under 2.2.16). Nevertheless,these remained at about the
same level as selection progressed as has been often
observed in selection experiments (Falconer, 1981),.a1-
though the expected loss of genetic variance might be
expected to lead to a progressive decline of the observed
phenotypic variance. Félconer suggests several possible
reasons for this phenomenon and I shall come back to this

point at the end of this chapter.

Tables 8 to 11 show that D-lines separated very
quickly from L-lines. The difference observed for the
first two generations is_perhaps slightly overestimated
because of the rather low values of PSP of both L-lines

at the outset when compared with later scores.



2.3.4 - Selection for dark PSP with traumatic environ-

mental treatment (DT-lines)

Compared with D-lines, the two replicated DT-
lines showed more intra- and inter-lines’ variation and
the shape drawn by the lines of PSP (figure 6) was more
erratic. Intra-line variations of PSPs of both DT1- and
DT2-lines are given in table 12 and between generations
6 and 24 of selection eight cases out of thirty-two were

different at the .05 1level.

Table 13 shows inter-replicate lines’variation
of PSP and between generations 14 and 21 six cases out of
twenty-éight were different at the .05 level. Interesting-
1y some of the above discrepancies were synchronous in D-
and DT-lines. Since all the four lines were always run
simultaneously, these coincident variations are likely to
have a common environmental cause as suggested earlier for
the L-lines (see under 2.3.1). A comparative look at both
tables 6 and 12 suggests that such disturbances might have

occurred at generations 10, 13, 17 and 109.

Tables 14 to 17 show that apparently the trau-
matic treatment significantly altered the mean PSP of DT-
lines (compared with D-lines) after two or three gener-
'ations._Aftqrfabout:five to six generations of repeated
exposure to light, the mean PSPs of both DT-lines became

significantly different from the mean PSPs of both D-lines
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in most cases at the .001 level. Between generations 14
and 24 the comparison of all possible pairs of boxes
(tables 14 to 17) shows that one hundred and forty-three
cases out of a totai of one hundred and forty-eight were

different at the .05 level.

For the sake of comparison, table 18 shows the
cumulated mean "responses' of DT-lines as measured as a
trend towards more light PSPs. These cumuléted "respon-
ses'" rapidly reached high values, even though the select-
jon differentials (of selection for dark PSP) were marked-
ly increased. The responses measured simultaneously in D-
lines were thus obtained with lower selection different-
jals (13.5 for D1 and 15.9 for DZ at generation 15). The
apparent "'responses' to the traumatic treatment measured
this way were then R = -2.309 for DT1 and R = -2.619 for
DT2 between generations 6 and 15 of selection. When test-
ed against B = 0 the former is significant at the .02
level and the 1attef,at the .005 level. If the above
series of generations is divided into two subseries
(generations 6 to 10 and 11 to 15) the 'half-responses"”
measured this way become R1 = -4.150, R2 = -4.,770 for
DT1 and R1 = -4.210, R2 = -4.150 for DT2. None of these
"half-responses' are significantly different when tested
against B= 0 (p <.2 for DT1 and p <.3 and <.1 for DT2),

but the number of generations considered is small.



These results might still suggest that the
separation of DT-lines from D-lines was progressive or at
least delayed,although the slopes of the '"responses'
measured between successive generations (table 18) do not

support any regular progressive pattern.

Figure 6 shows that after about ten generations
of traumatic treatment both DT-lines tended to have
slightly darker PSP. In addition,data which are not re-
ported here because high mortality made them unreliable
further suggested that between generations 28 and 31 the
PSP of DT1-1line were perhaps becoming even closer to

those of D-lines.

2.3.5 - SubD1- and subDT1-lines maintained under uniform

light conditions

Figure 7 shows that subD1- and subDT1-lines re-
mained separated when cultured under identical light
conditions. Regrettably this experiment was only carried
on for four generations but all pairs of box distribut-
jons compared between generations 19 and 22 were signifi-
cantly different at the .001 level (table 19). According
to what has been observed about relaxing selection in D-
lines (see under 2.3.3) one would have expected subD1-line
PSP to go back towards more light PSP through homeostasis,

but this was not observed. Nonetheless,it must be remem-
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bered that the flies used as parents in subD1-line were
always mated in pairs since homeostasis was suspected (see
under 2.3.3) to be very effective when operating through
sexual selection. These results at least suggest that DT-
line flies were genotypically different from D-line

flies.

2.3.6 - SubDT1-1ine without further traumatic treatment

(DTD-1ine)

Figure 8 shows that DTD-line tended to have
more dark PSP when treated again like ordinary D-lines.
Despite the significant differences in PSP shown in table
20 more data are obviously needed here as this experiment
was done with highly inbred animals. Selection was re-
laxed at generation 26 and flies were still mated in pairs
but subsequent recording of PSP cannot be directly com-
pared with D-lines PSPs since these were no longer se-
lected after generations 23 and 24. When looking at the
apparent shift of DTD-line toward darker PSP it is worth
considering that DT1-line had shown a similar trend from

genération 19 onwards.

2.3.7 - Lines kept in permanent light (PL-lines) and

permanent darkness (PD-lines) for twenty-nine

generations

Table 21 shows that PSPs of lines kept either in
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permanent light or in permanent darkness seemed to remain
similar and stable in both lines. As we shall see later
these data provide only limited information relevant to
the observed discrepancy between D-lines and DT-lines,

although they were initially collected for this purpose.

2.3.8 - Control-line (C-line)

As mentioned, the PSPs of the control-line were
only recorded at generations 3 and 5 in which four boxes
were run instead of two for more precision. Table 22
shows that mean PSPs at generations 3 and 5 were signi-
ficantly different at the .05 level in only two cases out
of sixteen. Since these results did not rule out a
possible longer term chaﬁge in PSP attributable to in-
breeding depression a more tight control was carried out

in further experiments (see chapter 3).

2.3.9 - Control for a "gradient apparatus effect"

The distribution of pupae in two boxes run with
homogeneous incident lighting conditiops showed no signi-
ficant difference from a homogeneous distribution (table
23). There was-still a weak tendency (already mentioned)
for third instar larvae to select pupation sites near the
lateral aeration plugs as well as at both énds of the
boxes where presumably they found slightly dimmer light

than elsewhere.



2.3.10 - L2-1ine X D2-line reciprocal hybridizations

At generations 21 and 22 of selection reciprocal
hybridizations were carried out between the L2- and D2-
lines and the summarized results are presented in table
24 . Probability values of tables 25 and 26 support a
strong involvement of the X chromosome in larval photo-
preference since PSPs of progeny from the reciprocal
hybrids were different and more similar to those of the
female parent . Six cases out of eight are significantly
different at the .02 level and all the four distributions
compared at generation 22 are different at the .001 level.
In table 24 differences significant-at the .05 level be-
tween progeny PSPs are indicated by an asterisk and the
emerging picture is entirely compatible with an X-linked
dominant genetic basis controlling light PSP, unless a

strong maternal effect can account for the results.

2.3.11 - Sex ratios of light and dark preferring progeny

issued from L2-line females X DZ2-line males cCross

According to the genetic basis just suggested
by the previous results one would expect no sexual di-
morphism in PSP of progeny from LZ-line females X DZ-line
males cross. This is because among such progeny both

sexes are equally likely to get one X chromosome carrying



the dominant gene(s) determining light PSP. Fifty pupae
issued from this cross were thus removed from extreme
light conditions in the boxes and sixty pupae from ex-

treme dark conditions of the same boxes. Proportions of

N

males (respectively 46.8 % and 53.7 %) found in these
samples did not show any significant departure from a 1:1
ratio. Comparisons of percentages observed with 50 % give
p:v.66 in extreme light and p ~.59 in extreme dark. Re-

grettably sex ratios of progeny issued from the reciproc-

al cross were not recorded.

2.3.12 - D2-1ine X DT1-line reciprocal hybridizations

Results given under 2.3.5 suggested a genetic
difference between DT-line flies and D-line flies there-
fore it was worth attempting to hybridize these lines as
well. Table 27 summarizes PSPs of progeny issued from the
reciprocal hybridizations between D2-line and DT1-line.
Progeny from the reciprocal hybridizations appear to
have different PSP,although a mere maternal effect cannot
be excluded here. Table 28 shows that PSP of the progeny
from DT1-line females X D2-line males differed markedly
from D2-line but not from DT1-line. Since the situation
was different for progeny from D2-line females X DT1-line
males the emerging picture looks as if DT-line genotype
may have influenced larval phototaxis in a similar way to

L-1line genotype despite the fact that flies had been se-



lected for twenty-two generations for extreme dark PSP.
Caution is necessary in accepting this interpretation
since only one set of crosses were made and the differ-
ence between D2 X D2 and D2 females X DT1.males progeny
is not significant, as would be expected if X-linked
dominant genes were present in the DT1-line. These re-
sults must also be cautiously treated since a fairly
high larval mortality was observed. This rather odd
observation will be compared in chapter 3 with similar

observations obtained with D. melanogaster. About 85 %

of the descendants from DT1-line female X D2-line male
cross reached the pupal stage but for D2-line female X
DT1-line male cross only about 40 % of the descendants
~reached the pupal stage. One therefore should not con-
clude that the trends observed in phenotype frequencies
necessarily reflected similar trends in genotype fre-
quencies. Because there was a possibility that some
extfa selection for X-linked dominant genes controlling
light PSP had taken place within DT-lines through the
traumatic treatment both the fecundity and mortality

rates must be compared between D- and DT-lines.

2.3.13 - Fecundity of L-, D- and DT-flies

Figure 9 shows that the fecundity of the flies
of both L-lines tended to decrease throughout the select-

ion experiment. The correlation coefficients between fe-
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cundity and progress of selection are r = -0.838 for the
Li1dine and r = -0.683 for the L2-line. Both are signifi-
cant at the .01 level when tested against p= 0 (correl-
ation = 0). The fecundity of the flies of both D-lines
declined in a similar way,although at almost all gener-
ations D-line scores were slightly ‘lower than those of
L-lines as figure 9 shows. Between generations 4 and 10
D-line females were most of the time significantly less
fecund than L-line females as indicated in table 29. The
correlation coefficient between D1-line fecundity and
progress of selection ‘is r = -0.733 and that of D2-line
is r = -0.802. Both are significant at the .01 level,

when tested against p = 0.

The fecundity of the flies of D-lines and DT-
lines was compared between generations 10 and 14 (cor-
responding to the period during which DT-lines signific-
antly diverged in pupation site preference from D-lines)
and the results are presented in table 30. Only four
cases out of twenty were significantly different at the
.05 level but this does not rule out the possibility
that some females (having in common genes influencing
positive larval phototaxis) were actually laying more

eggs within DT-1ine.

Nevertheless, by looking at the standard de-
viationsof the above means (table 31) it appears that

the measure of dispersion around the means is very si-



milar in D-lines and DT-lines. At first sight the trau-
matic treatment did not abruptly diminish the fecundity
of some particular DT-line females,although the definite

absence of differential fecundity rates was not proven.

2.3.14 - Egg-larvalvmortality

Table 32 shows the approximate mean egg-larval
mortalities of all L-, D- and DT-lines. It is possible
that the ''matural' egg-larval mortality was sometimes
slightly overestimated because a few eggs may have been
damaged during the slicing out of the strips of medium
containing them. Nevertheless,the mean egg-larval mortal-
ities varied between 4.7 % and 10.2 % which is reasonably

low.

2.3.15 - Mortality at the pupal stage

Here too the removal of newly formed pupae with
a wet paintbrush may have accidentally hurt some of them
and affected their survival. Therefore the rates of mortal-
ity at the pupal stage reported in table 33 may also have
been occasionally overestimated. From both tables 32 and
33 it seems unlikely that the total preimaginal mortality
(egg-larval-pupal mortality) substantially exceeded 13.3 %.
Although this roughly corresponds to the proportion of

flies selected in all lines at each generation, the dif-



ferences between lines were comparatively small. From
eggs to pupae the animals of all lines were always ex-
posed to identical environmental conditions,therefore if
selective deaths were significantly altering some gene
frequency in one line this should have occurrédﬂprimarily_

through differential mortality rates at the pupal stage.

2.3.16 - Sex ratios of L-, D- and DT-flies emerging from

selected pupae

The sex ratios of the adult flies emerging from
selected pupae were recorded at most generations in L-,
D- and DT-lines. Table 34 shows that in none of the lines
did the sex ratio differ significantly from 50 %. In fhis
table a comparison of the percentages of males of both D-
and DT-lines may seem worth more attention but table 35

shows that the difference was not significant.

2.3.17 - Oviposition site preference (OSP)

As already mentioned the possibility of a
correlation between preadult and adult behavieour-was
studied through oviposition site preference (OSP), and
table 36 shows that L-line females did not show signifi-
cant variation for this behaviour as selection for PSP
progressed. As expected by looking at figure 10 no cor-

relation was found for either L-line between OSP and
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progress of selection for PSP from generations 1 to 10.
For Li-line r = 0.523, for L2-line r = -0.014 and both
are not significant when tested against p = 0. This
absence of response thus parallels what was observed for

PSP in these lines.

By contrast D-line females tended to lay si-
gnificantly more eggs in dark as selection for PSP pro-
gressed (table 36). Both lines diverged rapidly during
the first generations of selection and figure 10 shows
that the 95 % confidence limits of D-line means over-
lap only once those of L-lines between generations 4 and
10. Between generations 1 and 10 a positive correlation
between OSP and progress of selection for PSP was found
in both D-lines. The correlation coefficientsr = 0.902
for the D1-1line and r = 0.929 for the D2-line are both

significant at the .01 level when tested against p= 0.

The results obtained for L-line  and D-line
OSPs thus strongly suggest the existence of a correlation
between OSP and PSP, the‘most photonegative late larvae
giving rise to the most dark oviposition sites preferring

adults.

If there were an important environmental com-
ponent accounting for the adult behaviour through pre-
imaginal conditioning,this should have made DT-line OSPs

different from D-line OSPs. Since DT-line newly formed
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pupae were exposed to intense light (even more intense
than that to which pupae of L-lines were exposed) instead
of darkness, one could indeed have expected DT-females to
display more light OSP through similar conditioning pro-
cess. The results shown in table 37 as well as figure 11
thus militate against such an environmental conditioning.
Table 37 shows that the mean OSPs of both DT-lines were
.rather similar to those of D-lines and figure 11 indi-
cates that the 95 % confidence limits of DT-lines’means
“overlap most of the time the mean 0SPs of D-lines. The
shift toward lighter PSP observed in DT-lines was thus
not paralleled by a shift in OSP. If one assumes that the
above result relative to the comparison between D- and
DT-lines OSPs pointed to a genetic component of the
correlation investigated, this last. result would then be
in contradiction with the idea (mentioned under 2.3.12)
that the DT-line genotype might have been similar to

the L-line genotype.

Figure 10 shows that between generations 11 and
14 OSPs of the D-lines tended to be more photopositive
than in previous generations but this was not paralleled
by the trend simultaneously observed in PSP of both D-

lines (see figure 4).

No mean OSP is given in table 36 for generation
0 because I omitted to record this before selection for

PSP was undertaken. However,the mean OSP of twenty fe-
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males coming from the base population was recorded by the
time the twelfth generations were being selected for PSP
and a mean of 54.06 : 3.01 was obtained, which is very
close to the means reported in table 36 for the first
generations of selection. This value was nevertheless not
taken into account in the statistics reported in this

section.

2.4 - Discussion

2.4.1 - Genetic architecture of larval phototaxis in

D. simulans

According to the results of Manning and Mar-
kow (1981), natural selection can be assumed to favour
positive larval photopreference at the time of pupation
in D. simulans. The clear cut asymmetry observed in the
response to selection for PSP in my own results thus
appears to be in good accordance with this view. The
control of 1até larval positive photopreference would
then be expected to involve a good proportion of domin-
ant genes and my results from the reciprocal hybridiz-
ations between L2- and D2-lines suggest just such genetic
architecture. Besides, as Falconer (1981) points out the
rapidity with which the asymmetry-in response appears 1in
the very first generations of selection may reflect a

genetic asymmetry of genes having large effect on the trait
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selected. Still, a maternal effect was not ruled out by the

results. Such hereditary pattern tends to suggest impli-
citely that the characters selecte&, or some other charac-
ters correlated with thém, are components of natural fit-
ness, fhus‘likely to show some degree of inbreeding de-
pression, with selection towards decreased fitness giving
a faster response than selection towards increased fit-
ness. This way of reasoning follows the idea that domin-
ant genes get more easily naturally selected than re-

" cessive ones when they confer a selective advantage to
their carriers. Although artificial selection slightly
reduced the fecundity of the D-lines compared with that
of the L-lines,no difference in viability was found be-

tween these lines.

When introducing the hypothesis proposed in
chapter 5,1 shall further discuss how the argument under-
lying the above picture of the genetic architecture in-
vestigated becomes questionable in the light of some re-
sults of the present work. At this stage I shall simply
~point out some difficulties encountered by the above

picture.

If one assumes that PSP (or some other chara-
cter correlated with it) is a component of natural fitness
the apparent stability of the control-line, although poor-

ly informative, would be contradictory since it did not



indicate that the character selected was strongly subject
to inbreeding depression. Furthermore,one must ask why
light PSP should be a selective advantage at all. Markow
(1981) argues that dark PSP may act as an adaptation a-
gainst predation and dessication. As we shall see in the

next chapter,D. melanogaster might then be expected to be

at an advantage with respect to this character since it
prefers to pupate in the dark with geneé controlling such
dark PSP being this time partially dominant. In relation
to the question of whether genotypes can choose habitats
in which they are the fittest (see under 1.2) any attempt
to relate such contrast in genetic architecture of the
same behaviour in two sibling species to a fitness differ-

ence might prove to be of great value.

It was mentioned earlier that variation of the
standard errors on the mean responses to selection (al-
though we saw that they are not very appropriate estim-
ations of the sample variafion) remained relatively
stable throughout the whole selection experiment. Although
inbreeding should have equally reduced the genetic
variance in L- and D-lines,it can still be argued that in
L-lines (which did not respond to selection) the loss of
genetic variance brought about by artificial selection
could have been less important than in D-lines. In D-
lines however the observed lack of loss of phenotypic
variance despite a greater expected loss of genetic

variance might be explained as follows. As Falcomner (1981)



emphasizes, increased homozygosity with approach to fix-
ation often results in more environmentally induced

variance than heterozygosity. This could be explained by
the different values of environmental variables at which
homozygotes have their maximal enzymic activity compared
with heterozygotes. Homozygotes with a same allelic form
of an enzyme would then maintain an adequate level of en-
zyme activity over a narrower range of environmental

variation, therefore being more sensitive to environment-

al variable than heterozygotes.

The last point relative to the response to
selection of D-lines which will be only briefly mentioned
- concerns the observation that once a 'plateau'" was reach-
ed by generation 7 some lesser selection for dark PSP was
still possible (at least in D1-line) for a few generations.
Although this did not constitute a clear renewed response
as sometimes observed in selection experiments,this may
still shggest that some degree of recombination had
occuired between loci whose favourable alleles were origin-

ally in repulsion linkage.

2.4.2 - Correlation between preadult and adult behaviours

Like several other results in this first chap-
ter the data relative to the nature of the relationship

between larval and adult photopreferencesare not con-



clusive. To predict the response to selection of a
correlated character the measurement of the heritabilities
of both correlated characters is required but this was
done only for thé response to selection for PSP and not
for OSP because of lack of time. Therefore no genetic

correlation can properly be measured from my data.

Nevertheless, at first sight, the existence of
such a correlation is supported by the similarity in
asymmetry of PSP and OSP Variafions between L- and D-lines
as selection for PSP progressed. In effect OSP of flies
selected for about twenty generations for light PSP were
still undistinguishable from OSP of the base population.
On the other hand OSP of D-line flies showed a signifi-
cant shift towards darker preference already after four
generations of selection for dark PSP. Since all the
flies tested experienced the same lighting conditions for
twenty-four hours before they were tested,it seems rather
unlikely that the difference in OSP recorded was merely
caused by differential environmental conditioning re-
tained through this period (see also the absence of
difference between OSPs of D-lines and DT-lines reported

under 2.3.17).

It can therefore be suggested that the above
results indicate the possibility of a genetic cause in-
volved in the correlation observed between the two be-

haviours without providing conclusive evidence for it.
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This led me to further investigate this possibility in

D. melanogaster as will be described in the next chapter.

2.4.3 - Effects of the traumatic environmental treatments

Table 38 summarizes the effects on PSP that
either rewarding or traumatic environmental conditions
had in the main lines studied. It must be stressed first
that apparently only trauma associated with the presence
of light altered PSP (in DT-lines), whereas trauma
associatéd with darkness had no effect on PSP (in the LT-
line). This may indeed suggest that the nature of the
effect has to do with some kind of photoactivation pro-
cess. Bearing in mind that the mating ability of D. si-
mulans is substantially reduced in darkness it is worth
noticing that if this caused some selective mating to
take place within LT-line, this probably did not affect
PSP.

The evidence for a genetic difference in the
control of PSP between DT-lines and D-lines was given by
the experiment reported under 2.3.5, in which subD1- and
subDT1-lines were kept under uniform light conditions for
four generations. Results of D2-line X DT1-line reciproc-
al hybridizations also supported some genetic basis to
the PSP difference between the parental flies since pro-

_geny PSP were significantly different according to the



direction of the cross.

The observation that the unselected lines kept
in permanent light (PL-line) did not show any Change in
PSP even after twenty-nine generations may seem to con-
tradict the results found in DT-lines. Still it can be
argued that it could be difficult to generate genotypes
determining even more light PSP than do those genotypes
present in the base population, on the ground that arti-
ficial selection in this direction had no effect at all
either. Furthermore it must be stressed that PL-line was
only exposed to an incident light of an irradience of
90 F.C., which was very much less than what DT-lines ex-

perienced (236 F.C.).

The crucial question to be asked then seems to
be to what extent DT-line average genotype was maybe be-
coming more similar to L-line average genotype as the
trauma was further applied. As already mentioned,I shall
advocate the view fhat the induced similarity in PSP be-
tween DT- and L-lines was not just due to some increased
resemblance between average frequency of alleles influ-

encing light PSP on the following grounds:

a) The comparison of mortality rates and
fecundity rates did not indicate that intra-line select-
ion was operating differentially in DT- and D-lines. In-

deed if such mechanism was responsible for the above dis-
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crepancy it would have to have been very marked to bring
about a significant divergence in two or three genera-
tions. For instance the absence of an overall increased
fecundity of DT-line flies comparatively to D-line
flies fecundity would be difficult to explain on such

basis.

b) Mean OSPs of DT-lines were not differ-
ent from mean OSPs of D-lines. Assuming that a genetic
correlation existed between PSP and OSP,the photoprefer-
rences at the time of oviposition of DT-lines should have
been more like those of L-lines. Besides, the slight
trend towards more dark PSP shown by both DT-lines at the
end of the experiment would also be hard to understand
since OSPs of the same lines simultaneously showed the

opposite trend.

c) Lastly results from cross experiments
between L2-line and D2-line have shown that dominant
X-linked genes with large effect are likely to determine
light PSP. With respect to this it can be argued that if
the change in PSP of DT-lines (comparatively to D-lines)
was primarily determined by the gradudl increase of the
frequency of the above X-linked allele(s), DT-line fe-
males should then have been more likely to get at least
one such light PSP determining allele than males since
they carry two X-chromosomes. As a phenotypic consequence

more female than male larvae should have sought light



pupation sites thus causing a sex ratio rather biased
towards males among the selected pupae in DT-lines (se-
lected for dark PSP). Table 34 indicates that this was
not the case and there was even a weak trend (but consis-
tent between replicates) towards a sex ratio biased to-

wards females.

2.4.4 - Conclusion

It would be very premature to speculate at this
stage on possible alternative explanations accounting for
the contradictions listed in this discussion. A full con-
sideration will not be attempted until chapter 5, after
more relevant results have been presented. From this
first set of experiments using D. simulans it appeared
that the design used for the measurement of larval photo-
taxis could be improved at least in the three following

aspects.

a) The weak attractive effect that the
lateral plugs of the gradient apparatus exerted on larvae

must be suppressed.

b) The accuracy of the counting procedure
for eggs to be deposited in the gradients must be improv-

ed.

c) The possibility that different popul-

ations of yeast and bacteria between lines were repeated-



ly passed on through the strips of medium containing the
eggs must be suppressed. At the end of the selection ex-
periment it was observed that the texture of the surface
of the medium in the boxes was no longer identical between
lines at the time PSP was assessed. This might have been
due to the presence of slightly different "microbial
luggage' carried by lines exposed to different environ-
mental conditions,although it will be shown in the next
‘chapter that it is very unlikely that this substantially

interfered with larval photopreference.



91
Table 1

Cumulated mean responses to selection of Ll-lines and L2-lines-calculated

over the first ten generations of selection and adjusted selection dif-

ferentials.

generations cumulated -adjusted

of selection mean responses selection differentials

Ll-Tine L2-1ine L1-Tine L2-Tine

1 3.7 4.3 42.5 48.0
2 7.0 8.7 47.1 46.5
3 4.1 - 1.9 42.5 39.7
4 1.1 - 0.4 46.7 52.5
5 5.8 4.4 48.4 51.0
6 11.5 4.0 43.7 46.4
7 5.4 -7.5 33,9 39.0
8 10.0 6.8 56.2 58.3
9 - 4.3 1.3 - 35.4 39.0
10 7.5 11.5 54.2 49.5



Table 2

Intra - L1-line and intra-L2-1ine PSP variations.

The median test was used to compare pairs of box distributions
and probability values p were determined by a X? table.

generations of p (intra-L1-l1ine) p (intra-L2-line)
selection

1 < .05 * < .9

2 < .05 * < .001 *
3 <.9 < .5

4 > .9 < .9

5 < .9 < .9

6 < .9 < .05 *
7 < .5 <.3

8 < .01 * < .1

9 < .5 < .001 *
10 < .3 < .3

11 < .3 < .2

12 < .001 * < .1

13 < .1 < .9

14 < .9 < .2

15 < .9 < .1

17 > .9 < .3

18 < .5 < .2

19 < .2 < .01 *
20 < .01 * < .5

21 < .5 < .9
22 < .9 < .9

23 < .9 < .9

24 < .5

* indicates a difference significant at p<.05.



Table 3

PSP variation between L1-line and L2-line.
Median test and probability values p as in table 2.

P P P
generations (L1'vs L2') (Ll'vs L2'') (L1''vs L2')

of selection

1 < .5 < .2 < .3
2 < .2 < .01 * < .01 *
3 < .05 * < .01 * < .5
4 > .9 < .9 > .9
5 < .5 < .9 < .5
6 < .5 < .05 * < .9
7 < .5 n, < .2
8 < .1 > . < .05 *
9 < .5 ~ 05 * < .9
10 < .05 * ~ .01 * < .3
11 < .3 < .9 > .9
12 < .2 < .9 < .001 *

* indicates a difference significant at p £ .05,

p
(L1''vs
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Table 4

PSP variation between Ll-1ine and LT-line.
Median test and probability values p as in table 2.
(selection was relaxed at generation 25)

generations p(Ll'vs LT') p(Ll'vs LT'') p(L1''vs LT') p(L1''vs LT'")
of selection

23 < .05 ~ ,01 < .9 < .05

24 < .5 < .2 < .5 < .05

26 < .5 > .9 < .5 < .9

27 < .5 ~ .9 < .9 < .9

28 <.9 < .3 < .9 < .9
Table 5

Cumulated mean responses to selection of Dl1- and D2-lines calculated
over the first seven generations of selection and selection
differentials.

generations cumulated
of selection mean responses selection differentials
Dl-line D2-line Dl-1line D2-line
1 6.8 11.1 39.2 39.2
2 6.6 10.4 32.4 28.1
3 18.0 14.2 32.6 28.8
4 21.5 23.8 21.2 25.0
5 21.8 24.9 17.7 15.4
6 29.4 32.3 17.4 14.3
7 25.9 27.5 9.8 6.9



Table 6

Intra-D1-Tine and intra-D2-line PSP variations.
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Median test and probability values p as in table 2.

generations of selection p(intra-Dl-Tline)

1 > .9

2 < .9

3 < .5

4 < .5

5 <.9

6 <.9

7 < .5

8 < .3

9 < .9

10 < .9

11 < .2

12 > .9

13 ~v 01 *
14 < .5

15 < .9

17 < .3

18 < .5

19 ~ .001 *
20 < .3

21 < .5

22 < .001 *
23 < .9

24 -

* indicates a difference significant at p < .05.

p(intra-D2-1ine)

* e e . e .
N N W W W o v D O

.05 *

.05 *
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.« e
—
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Table 7

PSP variation between D1-l1ine and D2-1line.
Median test and probability values p as in table 2.

P P P P
generations (D1'vs D2') (D1'vs D2'') (D1''vs D2') (D1''vs D2'')

of selection

1 < .3 < .05 * < .3 < .1
2 < .9 < .5 < .01 * ~ .5
3 < .9 < .2 < .2 < .02 *
4 < .5 > .9 < .9 < .5
5 < .1 < .2 <.3 < .5
6 < .1 < .1 < .3 < .2
7 < .5 <.3 > .9 < .9
8 < .1 < .9 < .9 < .5
9 < .1 < .9 < .2 > .9
10 < .2 < .9 < .1 < .9
11 < .05 * < .05 * < .9 < .9
12 < .2 < .3 < .2 < .3

* jndicates a difference significant at p < .05.



Table 8

PSP variation between L1-1ine and Dl1-line.
Median test and probability values p as in table 2.

generations
) p(L1'vsD1') p(L1'vsD1l'') p(L1l''vs D1') p(L1''vs D1''")
of selection 4

1 < .9 < .5 < .01 < .02

2 < .001 < .001 < .001 < .001

3 < .001 < .001 < .001 < .001

4 < .001 < .001 < .001 < .001

5 < .001 < .001 < .001 < .001

6. < .001 < .001 < .001 < .001
Table 9

PSP variation between Ll-line and D2-line.
Median test and probability p as in table 2.

generations _
. p(L1'vs D2') p(Ll'vs D2'') p(L1'' vs D2') p(L1''vs D2'')
of selection

1 < .3 < .01 < .01 < .001
2 < .01 < .001 < .05 < .001
3 < .001 < .001 < .001 < .001
4 < .001 < .001 < .001 < .001

5 < .001 < .001 < .001 < .001
6 < .001 < .00l < .001 - < .001



Table 10

PSP variation between L2-1ine and D1-1line.
Median test and probability values p as in table 2.

enerations
g . p(L2'vs D1') p(L2'vs D1'') p(L2''vs D1') p(L2''vs D1'')
of selection

1 < .05 < .05 < .01 < .01

2 < .001 < .001 < .001 < .001

3 < .001 < .001 < .01 < .001

4 < .001 < .001 < .001 < .001

5 < .001 < .001 < .001 < .001

6 < .001 < .001 < .001 < .001
Table 11

PSP variation between L2-1ine and D2-line. _
Median test and probability values p as in table 2.

generations

) p(L2'vs D2') p(L2'vs D2'') p(L2''vs D2') p(L2''vs D2'')
of selection .

1 < .01 < .001 < .01 < .001
2 < .001- < .001 < .01 < .001
3 < .001 < .01 < .05 < .2

4 < .001 < .001 < .001 < .001
5 < .001 < .001 < .001 < .001
6 < .001 < .001 < .001 < .001



Table 12

Intra - DT1-1ine and intra-DT2-1ine PSP variations.
Median test and probability values p as in table 2.

generations
of selection p(intra-DT1-1ine) p(intra-DT2-11ine)

6 < .9 -

7 < .05 * -

8 < .5 -

9 < .2 < .9

10 <.3 < .05 *
11 < .9 < .9

12 <.1 < .1

13 < .001 * < .001 *
14 <.1 ~.,1

15 < .5 < .2

17 < .01 * < .2

18 < .5 < .3

19 < .05 * < .001 *
20 < .9 < .9

21 > .9 < .5

22 < .9 ~ .9

23 ~ .05 * < .2

24 <.3 -

* indicates a difference significant at p < .05.



Table 13

PSP variation between DT1-1ine and DT2-1line.

Median test and probability values p as in table 2.

generations P p

P

VAV,

P

of selection (DT1'vs DT2') (DT1l'vs DT2'') (DT1''vs DT2') (DT1''vs DT2'')

14 < .05 * < .05 * <
15 < .9 < .2 <
17 <.9 <.9 <
18 < .2 < .2 <
19 < .001 * < .5 <
20 < .5 < .2 <
21 < .9 < .9 >

* indicates a difference significant at p < .05.

L I B 2
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.001 *
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Table 14

PSP variation between D1-line and DT1-line.
Median test and probability values p as in table 2.

generations p P P P
of selection (D1'vs DT1') (D1'vs DT1'') (D1''vsDT1') (D1''vs DT1'')

6 < .9 < .9 < .2 ~.9

7 < .01 * < .001 * <.001 * < .001 *
8 < .2 < .5 < .05 * < .5

9 < .2 < .05 * < .5 <.1

10 < .001 * <.01%* < .001 * < .001*
11 < .001-* < .01 * < .05 * <.5

12 < .01 * < .2 < .01 * < .2

13 < .001 * < .01 * < .01 * < .7

14 < .001 * < .001 * < .001 * < .001 *
15 < .001 * < .001 * <.001 * <.001*
17 < .01 * ~ 05 * <.001 * < .001*
18 < .001 * < .001 * <.001 * < .001 *
19 < .001 * < .001 * <.001 * < .001*
20 < .001 * < .001 * <.001 * < .001 *
21 < .001 * < .001 * < .001 * < .001 *
22 < .01 * < .05 * <.001 * < .001*
23 < .001 * < .01 * <.001 * <.01*%*

* indicates a difference significant at p £ .05.
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Table 15

PSP variation between Dl-1ine and DT2-line.
Median test and probability values p as in table 2.

generations p p p p
of selection (D1'vs DT2') (D1'vs DT2'') (D1''vs DT2') (D1''vs DT2'')

9 < .9 ~.9 < .5 < .9

10 < .01 * < .001 * < .001 * < .001 *
11 < .001 * < .001 * <.l <.1

12 < .3 < .02 * < .3 < .02 *
13 < .001 * < .001 * < .001 * < .02 *
14 < .001 * < .001 * < .001 * < .001 *
15 < .001 * < .001 * < .001 * < .001 *
17 < .01 * < .001 * . < .001 * < .001 *
18 <.1 < .001 * < .02 * < .001 *
19 < .05 * < .001 * < .001 * < .001 *
20 < .001 * < .001 * < .001 * < .001 *
21 < .01 * < .001 * < .001 * < .001 *
22 < .2 < .5 < .001 * < .001 *
23 < .001 * < .001 * < .001 * < .001 *

* jndicates a difference significant at p < .05.
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Table 16

PSP variation between D2-1ine and DT1-line.

Median test and probability values p as in table 2.

generations p P p p
of selection (D2'vs DT1') (D2'vs DT1'*) (D2''vs DT1') (D2''vs DT1'')

6 < .1 < .2 < .1 < .2
7 < .001 * < .001 * < .001 * < .001 *
8 < .05 * < .2 < .02 * < .2
9 < .9 < .2 < .3 < .05 *
10 < .01 * < .01 * < .001 * < .001 *
11 < .1 <.5 < .2 <.9
12 < .001 * < .05 * <.1 <.9
13 < .001 * < .5 < .01 * <.9
14 < .001 * < .001 * <.01* < .001%*
15 < .001 * < .001 * < .001 * < .001 *
17 < .001 * ~ .3 < .001 * < .001 *
18 < .001 * < .001 * < .001 * < .001 *
19 < .001 * < .001 * < .001 * < .001 *
20 < .001 * < .001 * < .001 * < .001 *
21 < .001 * < .001 * < .001 * < .001 *
22 < .001 * < .001 * < .001 * < .001 *
23 < .001 * < .05 * < .001 * < .3
24 < .001 * < .001 * < .001 * < .001 *

* indicates a difference significant at p < .05.
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Table 17

PSP variation between D2-1ine and DT2-line.
Median test and probability values p as in table 2.

generations p p P p
of selection (D2'vs DT2') (D2'vs DT2'') (D2''vs DT2') (D2''vs DT2'')

9 < .05 * < .2 < .5 < .9

10 < .01 * < .001 * < .001 * < .001 *
11 < .2 < .2 < .3 <.3

12 < .1 < .001 * > .9 < .2

13 < .001 * < .05 * < .001 * < .01 *
14 < .001 * < .001 * < .001 * < .001 *
15 < .001 * < .001 * < .001 * < .001 *
17 < .05 * < .001 * < .001 * < .001 *
18 < .001 * < .001 * < .02 * < .001 *
19 < .001 * < .001 * < .001 * < .001 *
20 < .001 * < .001 * < .001 * < .001 *
21 ~ .02 * < .001 * < .02 * < .001 *
22 < .001 * < .01 * < .001 * < .01 *
23 < .001 * < .001 * < .001 * < .001 *

* indicates a difference significant at p < .05.
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Table 18

Cumulated mean "responses" to selection with trauma (measured as
trends towards light PSP) of DTl-line and DT2-line.

Corresponding selection differentials and slopes of successive
responses.

generations cumulated selection slopes of succes-
of selection mean responses differentials sive responses

DT1-1ine DT2-1ine DT1-1ine DT2-1ine DT1-line DT2-line

7 14.8 - 11.5 - 14.8 -
21.1 - 26.3 - 6.3 -

9 16.1 - 32.6 - - 5.0 -
10 20.1 14.8 27.6  20.6 4.0 14.8
11 16.0 7.7 31.6  35.4 - 4.1 - 7.1
12 18.9 7.6 27.5  28.3 2.9 - 0.1
13 15.5 19.6 30.4  28.2 - 3.4 12.0
14 25.8 18.5 27.0  40.2 10.3 - 1.1
15 36.4 23.0 37.3  39.1 10.6 4.5
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Table 19

PSP variation between sub Dl-line and sub DT1-line kept both under
identical conditions of 1light (12 hour dark/12 hour reduced
light cycle) with no selection applied.

Median test and probability values p as in table 2.

generation p p p p
number (D1'vs DT1') (D1l'vs DT1'') (D1''vs DT1' ) (D1'‘vs DT1'')
19 < .001 < .001 < .001 < .001
20 < .001 < .001 < .001 < .001
21 < .001 < .001 < .001 < .001
22 < .001 < .001 < .001 < .001
Table 20

PSP variation between DT1-line and DTD-line.
Median test and prdbabi]ity values p as in table 2.

(selection was relaxed at generation 26)

generations p p P p
of selection (DT1'vs DTD) (DT1l'vs DTD'') (DT1''vs DTD' ) (DT1''vs DTD'')

23 < .01 * < .001 * < .5 <.1
24 < .01 * < .001 * <.3 < .01 *
25 o~ .01 * < .01 * < .05 * < .01 *
27 < .001 * < .001 * < .001 * < .001 *
28 < .001 * < .001 * < .5 < .5
29 <.1 < .02 * <.1 < .01 *

* jndicates a difference significant at p < .05.
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Table 21

PSP variation between PL- and PD- unselected lines respectively
kept under permanent light and permanent darkness.
Median test and probability values p as in table 2.

generation number (PL'vs PD') (PL'vs PD'') (PL''vs PD') (PL''vs PD'')

14 < .01* > .9 < .2 < .9
19 < .2 < .3 - -
29 < .9 < .3 < .01* < .5

* ijndicates a difference significant at p < .01,
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Table 22

PSP of the control-line (C-line) and variation between generation
3 and 5. Median test and probability values p as in table 2 (4
boxes were run at generation 3 and 5).

generation mean PSP (%)

Parental O 60.8
Unselected control gener. 3 (C3) 59.3
Unselected control gener. S (CS) 64.0
Variation Cyvs Cs P
Cy' vs Cs' <.5
Ca'vs CS" < .3
Ca' vs Cs"' <.2
cal vs csllll < .5
Ca" vs cs' <.l

. e

C3' vs C5 < .9
c3n vs csul < .05 *
csll vs csllll < .2
Ca"' vs Cs' < .3
C3"' vs Cs" < .9
C3"' Vs csc'l < .1
€yttt vs Cglttt <.5
Cy'ttt vs ¢! <.3
't vs gt ’ <.9
callllvs csltl <_°1i
c3lll. vs csltll- <.2

* indicates a difference significant at p < .05.

Table 23

Comparison of pupation site distribution of larvae run in a "control
gradient apparatus" with a homogeneous distribution (2 x 10 contin-
gency tables were used).

2
X df | P

box 1 12.250
box 2 13.725 9 < .2
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Table 24

Reciprocal hybridizations between L2-1ine and D2-line.
Mean PSP of progeny (% in dark).

i
L2 D2
L2 54.0 55.4
Q —k / —e—
D2 76.6 * 84.9

generation 22

L2 D2
L2 55.1 56.4

Q e X e
D2 65.3 83.3

generation 23

* indicates a difference significant at the .05 level, using the
median test. o A ' D



Table 25

PSP variation between progeny issued from the reciprocal hybridiza-
tions between L2-1ine x D2-line at generation 22 of selection.
Median test and probability values p as in table 2.
P P P o P

variation between  (LD' vs DL') (LD'vs DL'') (LD''vs DL') (LD''vs DL'')
Q L2 x 0 D2 progeny

and < .001 < .001 < .001 < .001
Q D2 x 0 L2 progeny

P p p | p
variation between (LD'vs L') (LD'vs L'') (LD''vs L') (LD'' vsL'')
Q L2 x 0 p2 progeny

and > .9 < .9 < .2 < .5
L2
variation between P _ P ' P P
QL2 x 8 n2 progeny (LD'vs D') (LD'vs D'') (LD''vs D') (LD ''vs D'')
and < .001 < .001 < .001 < .001
D2
variation.between p P p p
Q D2 x 0L progeny (DL'vs L') (DL'vs L'') (DL''vs L') (DL''vs L'')
and < .001 < .001 < .001 < .001
L2
variation between P P P P
Q D2 x 312 progeny (DL'vs D') (DL'vs D'') (DL''vs D') (DL''vs D'')
and < .001 < .001 < .001 < .01

D2



Table 26

PSP variation between progeny issued from the reciprocal hybridiza-
tions between L2-1ine and D2-line at generation 23 of selection.
Median test and probability values p as in table 2.
P P P P
variation between  (LD'vs DL') (LD'vs DL'') (LD''vs DL') (LD''vs DL'")
Q L2 x 6 D2 progeny
and < .01 < .02 < .02 ~ 2
9 D2 x § L2 progeny
P P _ P P
variation between (LD'vs L') (LD'vs L'') (LD''vs L') (LD''vsL'')
QL2 x 8 02 progeny
and < .9 < .5 ~ .3 < .5
L2
P P P P
variation between (LD'vs D') (LD'vs D'') (LD''vs D') (LD''vs D'')
QL2 x 6 D2 progeny
and < .001 < .001 < .001 < .001
D2
P P P P
variation between (DL'vs L') (DL'vs L'') (DL''vs L') (DL''vs L')
Q D2 x 6 L2 progeny
and - < .001 < .001 < .001 < .001
L2
P P P P
variation between (DL'vs D') (DL'vs D'') (DL'' vs D') (DL'' vs D'')
Q D2 x 6 L2 progeny
and < .001 < .001 < .001 < .001
D2



Table 27

Reciprocal hybr .izations between D2-line and DT1-line.
Mean PSP of prc ny (% in dark).

D2 DT1

32 86.3 76.0

Q * ::)(:: *2
71 61.8 64.3

* indicates a d ference significant at the .05 level, using the
median test.
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TABLE 28

PSP variation between progeny issued from the reciprocal hybridiza-
tions between D2-line and DT1-line at generation 24 of selection.
Median test and probability values p as in table 2.

variation between p(0,DT'vs DT,D') p(D,DT'vs DT,D'') p(D,DT''vs DT,D') p(D,DT''vs DT,D'')
Q D2 x 6 DT1 progeny
and < .3 < .01 < .02 < .001

9 DT1 x 6 D2 progeny

variation between p(D,DT'vs D') p(D,DT'vs D'"') p(D,DT''vs D') p(D,DT''vs D'')
g D2 x 8 om1 progeny

and <.1 < .3 < .3 < .3

D2
variation between p{(D,DT'vs DT') p(D,DT'vs DT'"') p(D,DT''vs DT') p(D,DT''vs DT'')
Q 02 x ) DT1 progeny

and < .05 < .5 < .01 < .2

DT1
variation between p(DT,D'vs D') p(DT.D'vs D'') p(DT,D''vs D') p(DT'',D vs D'')
9 DT1 x 6 D2 progeny ‘

and _ < .001 < .01 < .001 < .001

D2
variatifon between p(DT,D' vs DT') p(DT,D' vs DT'*) p(DT,D'' vs DT') p(DT,D''vs DT*')
g DT1 x 6 D2 progeny

and < .2 <.9 <.3 ~ .001
DT1 '
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Table 29

Comparison of fecundities of L-lines and D-lines, T-test on mean
number - of eggs laid per female per 24 hours. Probability values
p were determined by a t-table. NS indicates that p is > .05.

generations
of selection P(L1l vs D1) P(L1 vs D2) P(L2 vs D1) P(L2 vs D2)

4 < .05 < .025 ~ .05 < .025
5 < .01 < .005 < .001 < .001
6 < .005 < .001 NS NS
7 NS NS NS NS
8 NS NS(< .1) NS NS
9 NS < .05 < .05 < .001
10 < .001 < .001 < .001 < .001
Table 30

Comparison of fecundities of D-lines and DT-lines. T-test on mean
number of eggs laid per females per 24 hours. Probability values
p were determined by a t-table.

generations
of selection P(D1 vs DT1) P(D1 vs DT2) P(D2 vs DT1) P(D2 vs DT2)

10 <.9 < .001 * < .3 < .2
11 <. < .01 * < |
12 < .4 < .2 < .9 < .4
13 < .05 * < .3 < .05 * < .3
14 <.1 < .3 < .2 < .4

* indicates a difference significant at p < .05,

3
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Table 31

Mean number of eggs (X) laid per female per 24 hours and standard
deviation (s) in D-lines and DT-lines at the time the two lines

separated.

generations Di-Tline D2-1ine DT1-Tine DT2-1ine

of selection X s X s X s X s
10 13.9 7.0 20.3 9,7 15.9 12.4 24.5 8.3
11 16.6 6.8 18.8 10.2 21.5 7.4 24.5 8.8
12 21.2 6.7 22.3 7.1 23.2 6.2 24.4 4.7
13 22.0 6.9 22.3 7.3 27.3 7.0 24.8 7.4
14 22.4 6.5 23.2 6.8 26.4 6.2 25.2 7.2

totals s: 33.9 41.1 39.2 36.4



Table 32

Mean egg - larval mortality (X) of L-, D- and DT-lines,and number
of eggs examined (n) calculated up to generation 23 of the selection

experiment.

selected lines x (%) n
L1-line 4.7 6600
L2-T1ine 8.4 6600
D1l-line 7.5 6600
D2-1ine 6.8 6600
DT1-line 6.4 5100
DT2-11ine 10.2 4200

Table 33

Mean mortality at the pupal stage (x)of L-, D- and DT-linesand number
of pupae examined (n).

selected line x (%) n

Ll-1ine 2.8 600
L2-1ine 5.2 600
Dl-1ine 3.2 840
D2-1ine 4.8 880
DT1-line 4.2 480

DT2-11ine 4.8 440
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Table 34

Percentages of males found among the flies emerging from the selected
pupae of L-, D- and DT-lines. Probability values p that these
percentages differ from 50 % were determined by a standard normal
table.

selected line number of flies examined percent males p
Li-Tine 583 51.6 ~.44
L2-line 569 53.2 ~.13
D1-Tine 813 51.8 ~.30
D2-line 838 51.4 ~ .42
DT1-line 460 46.7 ~ .16
DT2-1ine 419 47.3 ~ .27

Table 35

Comparison between the sex ratio of the flies emerging from the
selected pupae in D-lines and the sex ratio of the flies emerging
- from the se]éctgd pupae in DT-lines. Probability values p were deter-

mined by a‘){z table, from 2 x 2 contingency tables.

selected lines

compared P
D1 vs DT1 < .1
D1 vs DT2 < .2
D2 vs DT1 < .2
D2 vs DT2 <.2



Oviposition site preferences (0SPs) of L- and D-lines.

Table 36
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Mean values of arcsin Jproportion of eggs laid in dark by females
selected for light and dark PSPs and 95 % confidence limits (C.L.).
'generat'lo'ns of Ll-1ine 95 2°C.L. | L2-1ine| 95 % C.L.| Dl-line | 95 % C.L.[ D2-line } 95 % C.L.

selection osP osp ospP 0spP

1 52.45 +4.71 - - 52.71 +4.58 - -

2 . 51.82 +4.13 50.72 +3.88 53.20 + 4,75 52.46 +4.35
3 51.62 + 4.58 54.80 + 5.69 58.48 + 5.57 59.36 + 6.05
4 49.06 +5.40 49.21 + 5,22 63.84 +6.30 60.45 +5.33
5 46.90 +4.31 52.55 + 6.95 65.43 + 6.78 65.84 +6.31
6 49,89 +9.26 46.42 +3.59 62.19 +5.98 64.48 +8.56
7 49.89 | +8.22 52,31 | + 3.40 64.08 | + 5.66 64.10 | +5.59
8 49,49 +4.48 48.36 + 4,90 65.95 +4.03 66.05 + 5.57
9 43,63 + 3.52 52.77 + 4.58 66.63 +5.24 70.10 +6.23
10 51.04 +4.22 52.91 + 4,03 68.79 +7.82 71.59 +5.91
11 44,15 +5.13 50.89 +5.31 66.09 +9.26 58.30 +7.10
12 46.47 + 6.33 51.73 +9.72 66.34 +10.34 53.77 +9.97
13 46.40 +4.49 48,77 +4.20 59.80 +6.45 64.02 | +5.44
14 48.00 +4.46 55.91 +6.44 67.74 +7.05 62.50 + 4.64
15 45.83 + 4.60 45.12 +4.30 67.10 + 6.50 63.06 +3.72
19 §3.39 +6.37 54,49 +6.38 73.87 +5.87 69.71 +6.38
23 56.28 +7.11 54.91 +3.24 62.03 +7.35 58.66 +5.59




Table 37

Oviposition site preferences(0SPs) of D- and DT-lines.

Mean values of arcsin Jproportion of eggs laid in dark by females
selected for dark PSP experiencing either traumatic or rewarding
and 95 % confidence limits (C.L.).

environmental conditions

generations of |D1-line | 95 % C.L. | D2-Tine | 95 % C.L. | DT1-1ine | 95 % C.L. | DT2-line | 95 % C.L.

selection osp osp osP osp
10 68.79 + 7.82 71.59 + 5.91 72.06 + 6.04 72.95 + 6.01
11 66.09 + 9.26 58.30 + 7.10 52.44 + 11.12 58.81 + 9.52
12 66.34 +10.34 53.77 + 9.97 63.50 + 7.87 59.04 + 5.64
13 59.18 + 6.45 64.02 + 5.44 58.93 + 4.24 64.33 + 4.55
14 67.74 + 7.05 62.50 + 4.64 62.77 + 5.96 63.59 + 5.88
15 67.10 |+ 6.50 63.06 + 372 63.72 + 5.08 64.79 + 5.84
19 73.87 + 5.87 69.71 + 6.38 67.03 + 7.10 66.02 + 6.52
23 62.03 + 7.35 58.66 + 5,59 - - - -
24 - - - - 56.13 + 7.53 52.10 + 5.64

Table 38

Summary of the changes in PSP through generations in the main lines
studied. Estimates of the "changes" are measured as responses (R)
to selection over the generations listed.

generations over which

Jlines change in PSP (R) R was calculated
L1-Tline no change 1-10
L2-Tine no change 1-10
LT-1ine no change 1-5
PL-Tine " no change 1-29
D1-line 4,088 1-7
D2-1line 4.186 1-7
DT1-1ine - 2.309 1 - 10 (6-15)
DT2-1ine - 2.619 1-10 (6-15)
PD-1ine no change 1-29
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CHAPTER 3 : PHOTOPREFERENCES .IN D. MELANOGASTER

3.1 - intrbduction

3.11 - Justification of the choice of the species used

It was emphasized in the previous chapter that

in contrast with D. simulans, D. melanogaster is light

independent as far as its mating ability goes. Since this
difference, which is likely to reflect a difference in

the genetic architecture underlying this ability might
also affect other aspects of phototactic behaviour (as
alluded to in 2.1.1), I decided to collect data in similar
experimental conditions with this second species. The al-
ready mentioned higher photonegativity observed in ex-

periments with D. melanogaster relative to D. simulans has

again been mainly investigated in adults, although observ-
ations on larval phototaxis have been reported more
recently (Manning and Markow, 1981). Besides, the avail-
ability of various balancer stocks carrying marker genes
makes it easier to dissect phototactic behaviour genetic-

ally in D. melanogaster and the results of chapter 2 show-

ed the need for analyzing phototaxis at the genetic level.
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3.1.2 - Previous results on phototaxis in D. melanogaster

It was also mentioned earlier that variance in
phototaxis appears to be strongly sex-linked in D. melanog-
aster adults, in contrast with D. simulans. By assuming
that in short-term seléction_éxperiménts recombination and
segregation are the two chief sources of new genetic vari-
ation, Markow (1975a)obsérved that in most strains select-
ed in the presence of multiple inversions (used to suppress
genetic recombination) the X chromosome was important
regardless of conditions which restricted genetic recom-

bination during selection.

In many selection experiménts for adult photo-
preference a greater response to selection for light than
for dark preference was often recorded. Although there may
be several causes for such asymmetry in divergence (see
Falconer, 1981), such results are in accordance with
Walton's (1970) finding that sex-linked génes determining
negative phototaxis are at least partly dominant, having
been favoured by natural selection. Furthermore, it
appears that not only the X chromosome influences adult
phototaxis, and indeed Markow (1975b) reached the conclus-
ion that polygenes influencing phototactic behaviour in

D. melanogaster are probably located on all chromosomes.

Larval phototaxis may also be chiefly control-

led by X-linked genes ; Manning and Markow (1981) invest-
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igated PSPs of progeny issued from reciprocal hybridiz-

ations between D. melanogastér and D. simulans. They

females with D. simulans males showed PSP intermediate
between those of the two parental species, while the re-
ciprocal cross offspring showed more light PSP, which
agrees with the postulate of an involvement of a sex-link-
ed locus. Interestingly, the latter authors point out 1in
the same study that during the first two larval instars

D. melanogaster is markedly more photopositive than D.

simulans. The results presented in chapter Z relative to
this latter species also suggested sex linkage unless the

trait was under the influence of maternal effect.

3.2 - Methods

3.2.1 - Selection procedure

In this second set of experiments using D. mela-
nogaster the pattern of selection conformed to the general
pattern shown in Figure 1 (p. 38). This means that "re-
warded" and '"traumatic'" lines were selected right from the
beginning of the‘experiment and were always fun simultane-

ously in the light gradient apparatus.
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3.2.2 - Strain and medium used

Thirty D. melanogaster fémalés of a Death Valley

population recently initiated from a large collection made
by Dr. L. Nunney in California were pooled together with
thirty females of a wild stock (about two hundred and
fifty females caught near Leeds by Dr. S. Newbury, five
months before the beginning of the experiment). The flies
were kept for three generations in a population cage at
25°C to form the basé population. Standard medium as de-
scribed under 2.2.2 was used throughout, "and all experi-
ments were performed at 25°C > 1°C. CO, was used as an-
aesthetic until generation 22 of selection and was there-

after replaced by ether because CO2 cylinders were no

longer available in my laboratory.

3.2.3 - Light gradient apparatus used for larval photo-

preference

A different design was devised to assess PSP,
for reasons mentioned at the end of the last chapter. I
also intended to handle more lines .at the same time and
therefore a less time consuming design was needed (re-
quiring less preparation of medium and less washing up).
At each generation PSPs were then recorded for each line
in three square light gradients, much smaller than the

previous ones.
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Figure 12. Light gradient apparatus used for larval
photopreference. in D. melanogaster.
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11 x 11 x 6 cm glass staining dishes (figure
12) contained 20 mm of standard medium without living
yeast. Bottom, sides and one half of the 1lid of the dish-
es were opaque to light. The other half of the 1id aBsorb-

ed 20

o

of the incident light through a plexiglas filter
so that the irradience at the surface of the medium below
was 46 F.C..A vertical opaque separation fixed at the 1lid
increased the contrast between the two halves. The lids
-had two holes (@ 1.5 cm) fitted with foam stoppers and

they were fixed to the dishes with black tape.

3.2.4 - Method of egg collection

" Experiments were initiated by eighty fertilized
females coming from the base population, and egg collect-
ion was conducted as for D. simulans up to generation
seventeen of selection. At this time it was decided to get
rid of the microflora carried by the different selected
lines (see under 2.4.4) to see whether different 'micro-
bial luggage' had previously had an effect on PSP. For
this purpose the eggs of all lines wére sterilized for
three minutes in a solution of Karnovsky fixative pH 7.2.
This treatment was applied at generation seventeen and
eighteen, thereafter a modified method of egg collection
was devised as follows to keep the eggs more free of

microorganisms than previously.
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Gravid females were allowed to lay eggs (light
irradience of 9 F.C.) for fifteen hours on a paper towel
moistened with yeast suspénsion in an-egg laying pot
(@ 35 mm, height 65 mm). The éggs were then thoroughly
rinsed with distilled water through a 106 um mesh size
sieve and collected with a small paintbrush. One hundred
eggs were care