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Abstract



The theory of antagonistic pleiotropy predicts that a trait which provides a fitness
advantage in early life but has a deleterious effect at a later life will be selected as
strength of selection decreases over age. So far, this theory has been validated with
experimental evidences from studies of life history traits such as reproduction and
longevity. Little emphasis has been given on the nature of age dependent pleiotropy in
traits evolving as a result of sexual conflict. Here, in this study we hypothesize that a
sexually selected trait which confers an early life fitness advantage will show rapid
decline with age in populations selected for high levels of sexual conflict than in
populations with low or intermediate levels of sexual conflict. The trait that we were
interested in was male mate harm - a trait that is already known to influence the fitness
of a male. Our aim was to investigate whether this trait which has evolved under
varying levels sexual conflict shows antagonistic pleiotropy. We have carried out this
study using experimental evolution on replicate populations of Drosophila
melanogaster that have been selected for altered levels of sexual conflict for more
than a hundred and forty generation. Previous studies on the very same populations
have shown that young males subjected to increased levels of sexual conflict evolve to
become more harming to females than young males subjected to intermediate or lower
levels of sexual conflict. However, what happens to this trait in selected males at a

later age still remains unknown.

We conducted two separate studies in order to understand how flies from selected
populations differ in the resources that they acquire early in life and to investigate the
effect of age on mate harming ability in males from selected populations and to
answer the question whether mate harming ability shows a negative pleiotropy with

age.

Our results indicate that selected populations do not differ significantly in the
resources that they acquire in their early life and male mate harming ability does show
a negative pleiotropy with age in populations with higher levels of sexual conflict.
This is to the best of our knowledge the first indication of antagonistic pleiotropy seen

in a trait evolving under sexual conflict.



Chapter 1: Introduction



One of the most fundamental problems in Biology that had puzzled scientists for
decades was that of aging or senescence. For several years, the scientific community
had to struggle with the question: why do organisms age and why has aging evolved?
Peter Medawar, in 1952, in his book entitled "An Unsolved problem in Biology"
attempted to address the problem of what makes organisms deteriorate with age
without conferring any apparent or obvious advantage. He speculated -in accordance
with the theory of "selection shadow" (that he and Haldane had postulated earlier in
the 1940's)- that the strength of natural selection is greatest at the onset of
reproduction and progressively declines with age (Medawar 1952). Therefore, natural
selection would generally favour the spread of beneficial alleles at an earlier stage of
an organism’s lifespan where they would bestow a greater advantage, and allow only
those deleterious alleles to accumulate that are expressed later at life to the point
where they would hardly ever have a detrimental fitness effect (Kirkwood et al 1979).
His conclusion that ageing is the result of the cumulative expression of deleterious

genes at a later age is known as the Mutation Accumulation theory.

G. C. Williams extended Medawar's theory to include the possibility of occurrence of
pleiotropic genes that have both positive and negative effects on the organism's fitness
at different times (Kirkwood et al 1979). Pleiotropy is defined as a condition in which
one gene controls or affects more than one trait. Here, antagonistically pleiotropic
genes are those that have opposite effects on an organism’s fitness at different ages.
Williams' argument was that since the strength of natural selection is maximum at an
earlier age and dwindles subsequently with age; traits which confer an early life
fitness advantage and that also outweighs the deleterious effects it has on the organism
at a later age will be selected for. This came to be known as the theory of antagonistic
pleiotropy (AP) which was first proposed by G. C. Williams in 1957 as an

evolutionary explanation for senescence (Williams 1957).

There have been multiple studies in the last six decades that have supported the theory
of Antagonistic Pleiotropy. Antagonistic pleiotropy has been illustrated through trade-
offs such as that occurring between reproduction and survival during early life versus
those at a later stage in life (Charmantier et al. 2006). Other confirmatory evidence for

the occurrence of antagonistic pleiotropy have come from studies which observed
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negative genetic correlations between life-history characters as well as antagonistic
indirect responses to selection (Rose et al 2007). Most of these studies have used
laboratory experimental evolution techniques (using Drosophila melanogaster) to
demonstrate that life history traits such as fecundity and lifespan show antagonistic
pleiotropy (Rauser et al 2005, Rose et al 2002). Recently, results from long term
studies conducted on natural populations of various vertebrate species are also
contributing to the growing body of evidence in support of AP (Charmantier et al
2006, Wenburg et al 2004, Bryant et al 2004, Orrel et al 2002).

It is important to note that all these studies have focused on major life history traits
that are under the forces of natural selection. However, traits may also evolve as a
result of sexual selection. Sexual selection operates through members of a species
having an advantage over others in terms of mating and fertilization success. For
males, the progression from acquiring a female to successfully mating with her and
siring a maximum number of progeny is extremely complicated and the process itself
is lined with multiple conditions that need to be fulfilled in order to ensure optimum
fitness. In species where females are promiscuous, these complications come in the
form of female mate choice (both before and after copulation) and male-male
competition. As a result of this, all male traits that are associated with increased
reproductive success get selected for. Males are subjected to strong sexual selection
through both female mate-choice and intense male-male competition for access to
females. This competition amongst males can potentially result in male specific
adaptations including the ability to manipulate their mates — either physically or
physiologically. Sexual conflict or sexually antagonistic co-evolution lead to the
following — (a) evolution of male specific traits that cause mate-harm (Nandy et al
2013)and (b) evolution of traits that triggers resistance in females (Nandy et al 2014).
Since both these traits have an immediate consequence on an organism's fitness, hence

they can be considered as fitness components of these organisms.

Since mate-harm is caused by male drosophila while courting the female and/or
through seminal fluid proteins, it is a resource intensive trait. Hence its amount at
various ages can depend on the amount of resources acquired by a male while
developing, since that is when drosophila mostly acquires and stores resources (adult

males feed minimally). Therefore it is important not to confound pleiotropic effects



with the amount of acquired resources while studying age dependent variations in trait

values.

Here, in this present study I tried to answer the following questions:

a. Whether the pattern of resource acquisition has changed in these selected
populations at an early stage of life.

b. Whether fitness components (mate harming ability) of male Drosophila
melanogaster from the selected populations show antagonistic pleiotropy with

age.

The study has been conducted using lab based populations that have evolved under
varying levels of sexual conflict (see Experimental System for details). The level of
intra-sexual conflict was varied by altering the operational sex ratio within these
populations. Three sex ratio regimes were adopted — M, male biased (3:1), C, equal
sex ratio and F, female biased (1:3). While male biased regime represents increased
male-male competition and intersexual conflict, female biased condition represents the
opposite. Equal sex ratio represents the ancestral conditions. Earlier studies on the
selected populations have shown that young males evolving under higher levels of
sexual conflict (M) show greater mate harming ability compared to young males
evolving under intermediate (C) and lower (F) levels of conflict (Nandy et al 2013).
The work presented in this thesis mainly aims to find out what happens to this trait at

subsequent ages.



Chapter 2: Experimental System



Model Organism

Drosophila melanogaster is a holometabolous dipteran insect which has a life cycle
consisting of four distinct stages— egg, larva, pupa and adult. Under usual laboratory
conditions , i.e., under 25°C temperature, 60-90% relative humidity, their
metamorphosis follows the pattern described in (Figure 1). Eggs usually take around
18 to 24 hours to hatch. The larval stage passes through three sub-stages or instars —
first, second and third. Maximal resource acquisition for these flies occurs during the
larval stages where they dig into the food (the fly media in case of laboratory cultures)
and actively feed upon the available food. After attaining a “critical size” the late
third instar larva stops feeding, comes out of the food and becomes stationary on some
suitable substrate and forms pupa secreting a chitinous covering. The pupa completes
development in about 4-5 days. The adult fly comes out of the pupal shell — a process
commonly referred to as ‘eclosion’. The entire pre-adult development takes about 8-
10 days. The adult males and females do not eclose as reproductively active
individuals. They usually take 8-10 hours to start reproducing.



Females start

laying eggs in 18-24 hours
about a day

ADULT LARVAF’-‘

J days

4-5 days

PUPA

Figure 2.1 - Life cycle of Drosophila melanogaster
Laboratory adapted population: LH

Usually a laboratory population is started by collecting a number of mated females
from their natural environment and then allowing them to produce progeny in the lab.
The offsprings of these wild caught females are then allowed to interbreed amongst
themselves. From this generation onward, a large group (here after referred to as a
‘population’) of interbreeding individuals are maintained under a more or less fixed
maintenance regime (temperature, humidity, food, density etc.). These populations are
used for experimental purpose only after they have adapted to the laboratory
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conditions for several generations. This system allows one to conduct experiments in a
manner that avoids inbreeding (by virtue of a large sample size) and also control for
environmental variations by making the organisms adapt to laboratory conditions that
remain fairly constant for generations. Additionally, these studies ensure that a huge
amount of standing genetic variation is preserved within the population by
maintaining a large effective size.

There are two populations that have been used for the present study.

a. Sex Ratio Selection Line (also referred as the MCF’s)

The MCF’s were derived from LHg populations. LHg populations were derived from
LH populations (LH-named after the original founder, Larry Harshman). LH
population was founded with 400 wild caught females from central California, USA in
1991 (Chippindale and Rice 2001). LH was derived from LH base population by
introducing the recessive-autosomal trait scarlet-eye (‘st’) by repeated back crosses
(Prasad et al. 2007). Both the populations are maintained under a 14-day discrete
generation cycle at 25°C temperature, 60-80% relative humidity and 12-h light / 12-h
dark, on standard cornmeal-Yeast-molasses fly food (composition described in the end
of this chapter). The populations are kept in 8-dram vials (25mm diameter x 90mm
height). A total of 60 vials constitute the LH population whereas the LH population
consists of a total of 30 vials. Every generation, larvae are grown under moderate
density (around 150 eggs per 8-10ml of food in 8-dram vials) in ‘juvenile competition
vials’. On 12" day post egg collection, adult flies across different vials are mixed and
distributed (16 males and 16 females per vial) in fresh vials having food seeded with
limited amount of live Yeast. This is done under light CO,-anaesthesia (exposure time
< 3 minutes). These vials are referred to as ‘adult competition vials’. They are left
undisturbed for two days and on 14™ day they are transferred to ‘oviposition vials’
having 8-10ml of fresh food without the use of anaesthesia. They are allowed to
oviposit for 18 hours, following which the flies are discarded. The egg densities in
these vials are trimmed to around 150 per vial and these now become the juvenile

competition vials for the next generation.

The present study was carried out on a set of D. melanogaster populations subjected to

experimental evolution under different operational sex ratio (ratio of males to
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females). The role of interlocus sexual conflict on the evolution of behavioural and
life-history traits in this population have already been reported in Nandy et al 2012,
2013. Varying the operational sex ratio within a population results in different levels
of male-male competition and interlocus sexual conflict. A male biased sex ratio is
expected to create intense competition in between the males, and can generate ‘high’
conflict condition. Equal sex ratio is the standard ancestral condition. Females biased

sex ratio is thought to relax intersexual conflict and male-male competition.

LHy
v W '
Gl C2 C3
| |
v } ' I
M1 2 F1 M3 C3 F3

M2 C2 F2

Figure 2.2 - Derivation of MCF- SRS lines from LHs;

Three sex ratio regime, each with three replicates were established from the baseline
population LHg. Replicates bearing the same numerical subscripts are treated as
statistical ‘Blocks’ in the analysis. All the experiments in this thesis consisted of three
statistical blocks (Blocks 1, 2 and 3). All aspect of the maintenance regime was kept
equal across the regimes except the adult sex ratio. All the populations are maintained
as 14-day discrete generation cycle (Figure 2.3), under 25°C temperature, 60-80%
relative humidity and 12-hours light / 12-hours dark. The maintenance regime of the
populations is described in Figure 2.3. Every generation eggs are cultured in food vials
under moderate density (140-160 eggs / 8-10ml of food in 8-dram vials). The flies
take about 9-10 days to complete the pre-adult development. On the 9™ and 10™ day

adult flies start eclosing out of pupal case. The adult flies are collected within 6 hours
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after eclosion as virgins and held in single sex vials (pre-reproductive vials). The adult
flies take around 8-10 hours to become reproductively mature.

This method of collecting the adult flies soon after eclosion ensures their virgin status.
Virgin flies are held at a density of 8 flies per vial in the pre-reproductive vials. After
two days, on 12" day post egg collection, the sexes are combined in food vials (adult
competition vials) provided with measured amount of live Yeast. The sex ratio in the
adult competition vials were maintained according to the selection regime — male
biased (24 males : 8 females) for M-populations, equal sex ratio (16 males : 16
females) for C-populations and female biased (8 males : 24 females) for F-
populations. The amount of Yeast available to each female is controlled at 0.467mg.
In the adult competition vials, the flies are allowed to interact for two days before
transferring them to oviposition vials. Oviposition vials are provisioned with 8-10ml
of food. Flies are given a window of 18 hours to lay eggs. After this 18 hour gap, flies
are discarded and the egg density in the each vial is trimmed to around 150 per vial to
start the next generation. The effective population size was controlled at around 450
for each these 9 populations.
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Figure 2.3: Maintenance protocol of selected populations



Amount

Ingredient (per litre of
food)
Water (ml) 1100
Agar powder (gm) 14.8
Molasses (ml) 100
Cornmeal (gm) 100
Baker's Yeast (gm) 41.2
Propionic acid (ml) 8
p-Hydroxymethyl benzoate (gm) 2.25
Ethanol (ml) 22.5

Table 2.1- Cornmeal-molasses food recipe for LH lines

b. Canton S

This is a standard inbred population that has been maintained in the lab for several
generations. These flies are grown inside bottles containing Banana-Jaggery food (See
recipe). Upon eclosion they are sorted into mating pairs of five under light CO,
anesthesia and transferred into fresh food bottles where they are allowed to lay eggs
for 48 hours. The flies eclosing from each of these bottles are again sorted into mating
pairs and transferred into fresh bottles. This is done every generation in order to

maintain a low effective population size (N¢) and to allow interbreeding between

siblings.
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Amount

Ingredient
(per litre of food)

Water (ml) 1180
Agar powder (gm) 12.4
Banana (gm) 205
Barley flour (gm) 25
Jaggery (unrefined cane sugar)

(gm) 35
p-Hydroxymethyl benzoate (gm) 2.4
Ethanol (ml) 45
Baker's Yeast 36

Table 2.2- Banana-Jaggery food recipe for Canton-S

Generation of standardized flies

Even though all other conditions were kept constant across all the regimes, since the
three regimes had different environment in terms of their operational sex ratios, it is
likely that the immediate environment itself affected the adult condition. Thus it is
possible to have some parental effect in the progeny. In the assays described in the
following chapters, the aim was to look at evolved genetic differences rather than the
immediate parental effect. Hence it was important to equalize the parental effects
across different regimes while running the assays. This was done by passing all the
populations through one generation of standard maintenance, a process known as
standardization (Rose 1984).

During standardization, eggs were collected from the selected populations at the
density of 140-160 per 8-10ml of food in each vial. Flies were allowed to grow till
adult stage for 12 days under the standard laboratory conditions, 25°C temperature,
60-80% relative humidity, 12 hours light / 12 hours dark. No virgin collection or
selection was done. On 12" day post egg collection, flies of each of the populations
were transferred to one fly cage (19cmxl14cmx24cm) with a petri plate (90mm
diameter) having food. The food was smeared with a paste of live Yeast (with water).
A cotton piece dipped in water was placed inside the cage in order to prevent

desiccation. They were allowed to remain in the cage undisturbed for the following
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two days before collecting eggs from them. To collect eggs, they were given a fresh
food plate and allowed a window of 18 hours for oviposition. Females lay eggs on the
surface of the food. Pieces of food having the desired number of eggs (Usually
150£10) were transferred to food vials having 8-10ml of food. An alternative method

of collecting eggs was used while collecting eggs of ‘exact’ density that is described

in the Development time assay.
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Chapter 3: Early life resource

acquisition patterns
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Organisms are often limited by resource availability and or ability of resource
acquisition. Therefore with limited resources, an increase in energy allocation in one
trait must result in a proportional decrease in resources allocated to another- this is
also known as trade-offs between traits. In these experimental populations, the
selection pressure dictates that males in M regime should invest more in reproduction
than males in F or C regime since they face greater intra-sexual competition. Also,
resource availability is the same across the three populations as roughly the same
number of larvae feed on roughly the same amount of food and the density is
moderate, keeping larval competition at a minimum. If this is the case, then one can
expect that the resources acquired by M males in early life will be different than C and
F males. In order to investigate whether there is any difference in early life resource
acquisition patterns, we checked the i) pre-adult development time ii) dry body weight

iii) lipid content of the flies reared under the selection regime described above.
Methods and materials
1. Development time assay

Even though this assay was previously done at a generation number (52-55) and is
reported in (Nandy et al 2013) we thought it might be beneficial to re-confirm that
result. However, there was one significant difference between the assay that we

performed and that described in (Nandy et al 2013) - we used two different densities

a. The same egg density at which the flies are maintained in their
selection regime which is 150 egg per vial.

b. A density 60 eggs per vial was also used as in the previous study
to check if density has any effect on the development time of these

flies.

During standardization the flies from the selected populations were transferred into
cages and provided with food and ample amount of live Yeast. Egg collection for this
assay was done in a specific manner. Fresh food plate with yeast paste was given

thrice consecutively at an

interval of one hour. After the third plate a food plate without any yeast paste was
provided and kept for oviposition for three hours. The eggs for the assay were

collected from the last plate. This method synchronised the larvae in terms of their
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developmental stage. Female D. Melanogaster can store eggs inside their body and lay
them over a prolonged period of time when a suitable medium is available. This could
potentially introduce a lot of asynchrony among the eggs of a single clutch. Therefore
the first three plates provided to the females allowed them to get rid of their stored
eggs. The last plate was removed after three hours. The eggs from the last plate were
transferred to an Agar-gel (1% Agar-agar solution) strip with the help of a fine brush.
The eggs were then counted under a microscope on the Agar-gel surface and pieces of
Agar-gel with the exact number of eggs required for the two densities (60 and 150)
were transferred to 8-dram vials containing 8ml of corn meal food. Time for each of
these plate changes was noted down. The mid-point of the time interval for the last
plate change and removal of the last plate was taken as hy for development time
calculation. In order to prevent larva from pupating on cotton plugs, special plugs
using muslin cloth and cotton was made. This prevented flies getting crushed between
the plug and the vial-wall while taking observation. Vials were given individual
identity and kept in the LD incubator under standard laboratory conditions (25 °
C/12:12 LD cycle). The total number of pupae in each vial was also counted to keep a
record of the number of eggs that have finished larval development in order to check if
there was any difference in larval mortality. Vials were checked for any signs of
eclosion from the eighth day onwards. Once the first few flies began to eclose,
observations were taken every two- to three hours. Total number of males and females
eclosing was noted down at each of these readings. Observations continued for 36-48

hours and ended when the last fly eclosed.

2. Body weight and lipid extraction

In order to quantify how much resource was acquired by these flies in their early life,
dry body weight measurements were taken. Flies eclosing from each of the vials were
pooled while maintaining their vial identity across different observation points. These
flies were then frozen at - 20°C. Ten flies of each sex from each vial were collected
in micro-centrifuge tubes . The frozen flies were dried at 60°C for 48 hours and
weighed in a high precision electronic balance (Sartorius CPA225D) to the nearest
0.01mg. A total of 100 flies of each sex per population per density were measured for
body weight distributed in ten groups of 10 each. Mean body weight of each group
was calculated and taken as the unit of analysis.
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These dried flies were subsequently used for lipid extraction. To each of the
aforementioned micro-centrifuge tubes 1.5 mL of diethyl ether was added. The flies
were kept in ether for 48 hours on a dancing shaker (gyrator). After this step the
excess ether was drained from these micro-centrifuge tubes and the flies were again
kept inside the hot air oven for drying for around 24 hours. The body weight of these
flies was taken using a high precision electronic balance (Sartorius CPA225D) to the
nearest 0.01mg. The difference between the dry body weight and body weight after
ether treatment was taken as the amount of lipid. Data from each of the micro-

centrifuge tubes was taken as unit of analysis.
Statisical Analysis

For both development time assay and body weight assay a mixed model ANOVA was
performed using statistical software JMP (version 9.0) keeping block as a random

factor and selection regime, density and sex as fixed factors.

20



Results
1. Development time

Median development time was calculated as the time at which 50% of the flies had
eclosed in each vials. This was done separately for the two sexes. We found a
significant effect of selection on the median development across densities and sexes.
Selection x Density also had a significant effect. At both the densities, F’s develop
significantly faster than M’s (in both males and females). Males take a longer time to
develop compared to females - which is the general case in Drosophila melanogaster.
There is no significant effect of density on the development time of these flies Density

x Selection Regime x Block is also non-significant.

2. Body weight

There was no significant effect of selection or density on the dry body weight of the
SRS flies. There was no significant Density x Selection interaction as well.
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Figure 3.2: Result showing development time of males
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Figure 3.1: Result showing development time of females
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Figure 3.3: Result showing dry body weight of males (top) and females(bottom)
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Table 3.1: ANOVA table for pre-adult development time (Males)

Source SS MS Num | DF Num F Ratio Prob > F

Selection Regime 268.369 134.184 2 15.770 0.013
Block&Random 609.466 304.733 2 9.212 0.057
Density 28.136 28.136 1.043 0.414
Selection Regime*Block&Random 34.198 8.549 4 3.368 0.133
Selection Regime*Density 39.385 19.692 2 7.776 0.041
Block*Density&Random 54.165 27.082 2 10.681 0.024
Selection Regime*Block*Density&Random 10.152 2.538 4 1.631 0.169

Table 3.2: ANOVA table for pre-adult development time (Females)

Source SS MS Num | DF Num | F Ratio Prob > F

Selection Regime 224.074 | 112.037 2 9.674 0.029
Block&Random 568.316 | 284.158 2 7.174 0.062
Density 77.827 77.827 1 2.642 0.245
Selection Regime*Block&Random 46.515 11.628 4 7.532 0.037
Selection Regime*Density 27.635 13.817 2 8.940 0.032
Block*Density&Random 59.104 29.552 2 19.128 0.008
Selection Regime*Block*Density&Random 6.175 1.543 4 0.8127 0.518
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Table 3.3: ANOVA table for dry body weight (Males)

Source SS MS Num |DF Num [F Ratio |Prob>F
Selection Regime 0.001 0.0002 2 2.379 0.208
Block&Random 0.023 0.012 2 14.92 0.065
Density 0.008 0.007 1 10.229 |0.085
Selection Regime*Block&Random 0.001 0.0003 4 0.994 0.501
Selection Regime*Density 0.0016  |8.33E-05 |2 0.738 0.533
Block*Density&Random 0.002 0.0008 2 6.905 0.050
Selection Regime*Block*Density&Random |0.001 0.0001 4 1.593 0.178
Table 3.4: ANOVA table for dry body weight (Females)
Source SS MS Num DF Num | FRatio | Prob>F
Selection Regime 0.001 0.001 2 7.368 0.119
Block 0.025 0.012 2| 10.694 0.0855
Density&Random 0.001 0.0012 1.007 0.417
Selection Regime*Block 0.001 0.0001 4 4.208 0.096
Selection Regime*Density&Random 0. 7.16E-05 2 1.769 0.281
Block*Density&Random 0.002 0.016 2| 28.890 0.0041
Selection
0 4.05E-05 4 0.431 0.786
Regime*Block*Density&Random
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Chapter 4: Male mate harm assay



In polygamous species, males are subjected to strong sexual selection through both
female mate-choice and intense male-male competition for access to females. As a
result of this, certain male traits that are associated with higher reproductive success
get selected for. The competition amongst males to effectively reproduce with a
female can potentially result in male specific adaptations including the ability to
manipulate their mates — either physically or physiologically. Sexual conflict or
sexually antagonistic co-evolution can lead to the following — (a) evolution of male
specific traits that cause mate-harm and (b) evolution of traits that trigger resistance in
females. Since both these traits are beneficial to the organism's fitness in the way they
function and have some consequence on an organism's fitness, they can be considered

as fitness components of these organisms.

The manner in which mate-harm is inflicted is fairly species dependent and vary
incredibly (Koena 2012, Arngvist & Rowe 2005). Males may cause mate harm
through purely physiological damage (mediated through chemicals transferred along
with sperms during mating) or by causing mechanical damage (injuries caused during

mating). In Drosophila melanogaster, mate harm is caused in two ways :

a. When males court they chase the females around persistently before mating
(Fowler & Partridge 1989, Kuijper et al. 2006, Rice et al. 2006).

b. During copulation, they transfer a lot of accessory gland proteins (ACPS)
along with sperms into the female reproductive tract (Chapman et al 1995).

These proteins bring about certain physiological changes in the females and make
them less eager for subsequent mating with other males. They also suffer fitness costs
both in terms of fecundity as well as longevity (Fowler & Partridge 1989, Kuijper et
al. 2006, Rice et al. 2006). This is an evolutionary strategy taken up by males in order
to ensure that the progeny sired by the female is their own.

It is predicted that when there is higher level of intrasexual conflict, males will evolve
greater mate harming ability. A previous study on our experimental system has
verified that males from the male biased regime cause more mate harm than males

from the Control or Female biased regime. Longevity experiments on males from the
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selected populations have shown that M males have lower mean lifespan than C and F
males. (Nandy et al 2012)

As already discussed above, traits causing mate harm in females benefit the males and
may provide fitness advantages to males at the cost of female survival and fecundity,
hence it is an important trait that is under sexual selection. Since the maintenance
protocol of these selection regimes dictated that the males and females interact with
each other only at a young age (12" to 14™ day post egg collection) what happens to
this trait at a later age remains largely unknown. Mate harm is quantified by the
fecundity and longevity of females housed with males. Lower fecundity and/or

longevity indicates higher mate harm.

Here | ask the following question: Does the ability of males to cause mate-harm

decline rapidly with age in populations subjected to higher levels of sexual conflict?
Materials and methods

Experimental males were generated by collecting eggs from standardised flies (see
Standardisation). Eggs were collected on strips of agar plate and transferred into 8
dram cornmeal vials at a density of 150 eggs per vial. Males were collected as virgins
and kept in single sex vials containing 8 males per vial. Females used for this assay
were taken from the standardised laboratory population Canton-S. Females were also
collected as virgins and held in single sex vials for two days. All females used for this
assay were young: three day old for the first male age and two day old for the second
male age(post eclosion). We assayed mate harm inflicted by males at two different
ages. Males were combined on the third day post eclosion with two day old Canton-S
females. This treatment will henceforth be referred to Age-1. Fifteen vials were set up
for each selection regime (M/C/F) for each block (Block 1/2/3). Observation was not
taken on the day of combination and was started two days after combining the males
and females. Every alternate day the flies were transferred to fresh food vials and the
number of flies alive recorded. Fecundity of the females housed with these males was
assayed by transferring the flies into fresh food vials and allowing them to oviposit for
three hours after which they were again transferred into fresh food vials. Number of
eggs laid on the food vials were the flies were held in the three hour window was
counted and noted. Fecundity measurements were done every alternate day on the first

week after combining and were gradually spaced apart in the subsequent weeks.
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Mortality of flies was checked every alternate day. Whenever a female died, a male
was removed from the vial in order to keep the sex ratio equal. Males that were not
combined at Age-1 were held in single sex vials and were transferred to fresh food
vials every two days. These were used for the next age assay. On the 43™ day post
eclosion these males were combined with young C-S females. Ten vials per selection
per block were set up. Longevity and fecundity observations were taken from the third
day after combining the males and females. Fecundity measurements were done

similarly as in Age-1.

M, C, F- 10 vials/ M, C, F- 10 vials/
population/block populztion/block
Young (3 dayold) e Old (43 day old)
+ *8 individuals per Vial +
Canton-Svirgin ;(tzu\rlrl\aels( &e/:;:;ectlon Canton-S Virgin
Young (3 dayold) it Young|3 day old)
Longevity + Fecundity Longevity + Fecundity

Figure 4.1- Experimental design for mate harm assay

Data analyses
All statistical tests were done using Mixed model ANOVA keeping block as a random

factor and treatment as fixed factor in the software JMP (version 9.0).
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Results

1. Fecundity:

Number of eggs laid by the female during the three hour window was counted and
recorded. We have used the fecundity count of flies for the first eleven days after
combining with males for analyses. Analyses revealed that control C-S females when
exposed to young M males had the lowest fecundity when compared to females
exposed to C and F males. However, C-S females when exposed to old M males had
the highest fecundity compared to females housed with old C and F males. Fecundity
of M- females at age 1 was significantly different from fecundity of M- females at
age 2. In fact, M-females at age 2 had the highest fecundity compared to all the other
treatments. This result indicates that M males lose their mate harming ability more

rapidly with age than F and C males.

2. Female longevity:

Mortality of females was recorded every alternate day and median time to death was
calculated for each selection regime in each block and male age. Analyses revealed
that control C-S females when exposed to young males experienced greater mortality
and lower longevity when compared to C-S females exposed to old males. Thus, male
age had a significant effect on female longevity. However, there was no significant
effect of selection regime or selection regime x male age on female longevity.
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Mate Harm measured as Female Longevity
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Figure 4.2 - Results showing longevity of females when housed with experimental
males from two age classes. Age- 1 being 3 day old males and Age -2 being 43 day

old males.
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Mate Harm Measured in Terms of Fecundity
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Figure 4.3 - Results showing fecundity of females when housed experimental males
from two age classes. Age 1- being 3 day old males and Age -2 being 43 day old
males.
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Source SS MS Num | DF Num | FRatio | Prob>F
Selection Regime 5.444 2.722 2 1.442 0.338
Block&Random 18.778 9.388 2 - -

Male age 320.888 320.888 1| 94.688 0.010
Selection Regime*Block&Random 7.555 1.888 4 0.288 0.872
Selection Regime*Male age 12.111 6.055 2 0.923 0.467
Block*Male age&Random 6.777 3.388 2 0.516 0.631
Selection Regime*Block*Male age&Random 26.222 6.555 4] - -

Table 4.1 - ANOVA results for female longevity

Source SS MS Num DF Num | F Ratio Prob > F
Block&random 50.321 25.160 2 0.171 0.853
Selection regime 69.182 34.591 2 3.609 0.127
Male age 201.344 201.344 1 1.399 0.358
Block*selection regime&random 38.337 9.584 4 1.503 0.351
Block*male age&random 287.808 143.904 2 22.580 0.006
Selection regime*male age 333.377 166.689 2 26.155 0.005
Block*selection regime*male age&random 25.492 6.373 4] - -

Table 4.2- ANOVA results for fecundity
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Discussion
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This present study was carried out in order to investigate whether a fitness related trait
that has evolved in response to varying levels of sexual conflict over several
generations shows any kind of age dependent pleiotropy. Resources are often limiting
and in a situation where there exists intense competition for access to mates, males

may

a) Start acquiring more resources early in their life, thereby ensuring that they can
preferentially allocate more resources to reproduction in order to optimise their fitness
and live for an average amount of time. In this case, since they already have a large
amount of resources to begin with, their investment of resources toward reproduction

will not rapidly decline with age.

b) Acquire less or the same amount of resources early in their life, rapidly deplete the
limited amount of resource that they have gained earlier in life majorly for
reproductive purposes, sire a lot of progeny and die sooner. Here, since they do not
have an excess of resources to begin with, they allocate more resources towards

reproduction at a young age and very little towards the later periods.

In our SRS lines, flies from all the three selection regimes are given the same amount
of resources (ad libitum) as they undergo development from egg to adult. Therefore,
resources are not limiting in the earliest stages of their life. The selection pressures on
these populations are imposed in a way such that the M males are forced to invest
more in reproduction (due to intense male-male competition) early in their lives when
compared to F males who do not need to invest a lot in reproduction early in life as
they are subjected to very low levels of male-male competition. So we wanted to
explore if this differential usage of resources for reproduction early in life is
manifested through differences in resource acquisition in early life. Previous studies
on SRS lines have shown that M males develop faster and have lower mean lifespan
compared to C and F males (Nandy et al 2013). | ran the same experiments once again
(with important modifications as mentioned in Chapter 2) . Surprisingly, my results
show that after more than a hundred generations of selection, the development time of
F's have become lower than that of M's in both the sexes- which means that M's take
more time to acquire resources than F's. We also measured the dry body weight of
these flies which is a good proxy to measure the amount of resources acquired at the

onset of their lives. Although M files have a higher development time, the body
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weights are not significantly different from that of F's and C's. This could indicate the

following:

)} They start out with the same amount of resources in their life.
i) The resources that they have acquired are differentially used up (not for
their somatic growth but maybe for some other function which could be

related to reproduction)

Results from the mate harm assay indicates that mate harming ability of M males
decline significantly faster with age than both F and C males which is directly
reflected on the greater fitness depression of M- females at age 1 and the reverse at
age 2. M males have highest mate harming ability when 3 day-old, but that ability is
lowest when they are 43 day-old. The longevity analysis shows that young males
cause mate harm more than old males. Females when housed with old males live
significantly longer than females housed with young males. However, there is no
significant difference between the longevity of the females across the three selection
regimes at both the ages.

As discussed in Chapter 3, mate harm can have beneficial effects on the male's fitness
by increasing the egg production in females and reducing the female's propensity to
remate with another male. Males from M regime have evolved to be more harming to
the females (as they face intense male-male competition) so that they can ensure the
fidelity of the females with whom they mate. In these populations, the opportunity to
reproduce is restricted at an early age (as described in the maintenance protocol of
these populations). Therefore an antagonistically pleiotropic interaction should result
in a rapid decline in the mate harming ability of M males with age compared to the

other two regimes.

These results which show a positive correlation between decline in mate harm and
early life selection match with this prediction. Thus, it indicates that the decline of

mate-harm is due to antagonistic pleiotropy.
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Conclusion
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In this study, | have tried to find out if a fitness related trait that has evolved in
response to varying levels of intra-sexual conflict over several generations shows any

kind of age dependent pleiotropy. Preliminary analyses of my data reveal that

a) The males from the three selection regime (M, C and F's) do not differ in the
amount of resources that they obtain early in their lives, i.e. while developing from
egg to adult.

b) The mate harm incurred by females is the highest when the females are housed with
young males from the male biased regime and becomes lowest when they are housed
with old males from the same regime. Females housed with young M males at Age 1
have lowest fecundity whereas those housed with old M males at Age 2 have the
highest fecundity. Fecundity of females when housed with males from the control and
female biased regimes showed no significant variation with age. This indicates that
the mate harming ability of M males declines significantly faster with age than
compared to C's and F's. To the best of our knowledge, this is the first indication of

antagonistic pleiotropy seen in a trait evolving under sexual conflict.

Our results are consistent with our prediction that mate harming ability- a fitness
component in males- will rapidly decline with age in populations with higher sexual
conflict. However, in order to further substantiate our findings, a thorough
examination of the effect of male age on other fitness related traits such as courtship
behavior, courtship frequency and sperm competitive ability that have also been
earlier reported to have evolved as a response to increased intersexual conflict (Nandy
et al 2013) needs to be conducted. Since mate harming ability also leads to the
evolution of female specific traits that would render them resistant to the detrimental
effects of males, a detailed study of the effect of age on female resistance in the same
populations also needs to be carried out. In that case, our hypothesis would be
generalized as follows: all traits related to fitness that have evolved in both sexes in M
regime will rapidly decline with age. The experimental evidence gathered from the
present and future studies will enable us to gain novel insights into the theory of

antagonistic pleiotropy and sexual conflict.
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