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ABSTRACT

Intralocus sexual conflict (IaSC) arises when selection favours different trait values in
females and males despite their shared genetic architecture. In the presence of [aSC, sex-limited
selection is expected to resolve this conflict by allowing one sex to adapt without constraint from
selection acting on the other sex, with intersexual genetic correlations predicted to drive a
decline in the fitness of the opposite sex. In a recent study, we found that male-limited (ML)
selection produced the predicted decline in female fitness, but male fitness improvement was
sensitive to genetic background, suggesting unintended sources of adaptation. Here we dissect
these evolutionary responses using a fully factorial assay spanning control-like and selection-like
conditions, explicitly accounting for the unusual genetic features of the clone-generator (CG)
breeding system and the specialized (CG) females used to enforce male-limited inheritance.of
nuclear genetic variation. Evolved male fitness increased by more than 100% (relative to
controls) when tested with all the features of the CG breeding system. Retaining the CG, genetic
background while replacing CG females with control females yielded an approximately 66%
fitness increase. In a control-like genetic background, male fitness increased by 26% when males
competed for the CG females they had potentially adapted to, but only by a marginal 6%
otherwise. Despite this strong context dependence, the underlying phenotypie responses were
remarkably consistent: selected male improvements were driven by enhaneed precopulatory
traits; greater attractiveness, reflected in higher mating success and shorter mating latency; while
postcopulatory traits, including sperm offense (P2) and fecundity induced in mates, remained
unchanged. Intriguingly, evolved males also inflicted substantially less mate harm on CG
females, contrary to findings from an earlier ML selectioniexpetiment. Together, these findings
provide clearer evidence of intralocus sexual conflict, expressed as male-benefit adaptations
alongside previously established costs to females, but demonstrate that these adaptations were
also shaped by the genetic manipulations and mating context of the experimental design.

Keywords
Intralocus sexual conflict, experimental’evolution, Drosophila melanogaster
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INTRODUCTION

Gonochoric organisms experience fitness costs when sex-specific selection acts on shared
traits, a phenomenon termed intralocus sexual conflict (IaSC). As sex-specific selection is
common and traits are often genetically correlated between sexes, [aSC is expected to be
widespread (Lande 1980; Poissant ef al. 2010). It is predicted to influence: (1) maintenance of
genetic variance for fitness through balancing or disruptive selection (Connallon & Clark 2014,
but see Flintham et al. 2025), (2) evolution of sexual dimorphism (Lande 1980), and (3) patterns
of selection upon sex-biased gene expression (Connallon & Knowles 2005, Wright et al. 2018).

[aSC has been studied using a variety of approaches including comparative biology,
quantitative genetic analyses, genome-wide association, and experimental evolution with model
organisms (Bonduriansky & Chenoweth 2009). Drosophila melanogaster features prominently,
particularly with the analysis of intersexual genetic correlations (e.g., Chippindale et a/. 2001);
and “sex-limited" evolution (e.g., Rice 1998, Prasad et al. 2007) revealing evidence of a negative
association between genetic variation favoured in one sex and its effects upon the other/Sex-
limited experimental evolution has served as a key experimental tactic within‘this body of work.
These studies use a variety of genetic markers and aberrations to restrict chromosome
transmission to a single sex (typically males), allowing variation to respond.exclusively to
selection in that sex. Such responses can be expressed through different.components of sexual
selection: pre-copulatory selection, which acts through traits affecting mating success, and post-
copulatory selection, which acts after mating through processes 'such as sperm competition and
ejaculate-female interactions. If [aSC is present, fitness gains'in the selected sex should come at
the expense of performance of the opposite sex, through shifts in allele frequencies at sexually
antagonistic loci.

A classic design for sex- (male-) limited'selection in D. melanogaster is the “clone-
generator” (CG) system developed by Rice(1996). In this breeding scheme, a combination of
visible markers and genetic aberrations (a,compound-X chromosome and translocated major
autosomes) allow patrilineal transmissionof the X-chromosome, matrilineal transmission of a Y
chromosome, and easy sorting of paternal autosomal haplotypes that are transmitted from father
to son (fig. S1a) whilst the maternally-derived vehicles of their transmission are discarded each
generation. In other words, whole genomic haplotypes - “hemiclones” - can be bred into many
copies as sperm and fertilize eggs that develop into males. With large populations of genetically
diverse hemiclones;.selection can occur exclusively on male function, with the clone-generator
females used only for propagation.

Rice{(1996) showed that males could rapidly adapt to their evolutionarily “arrested” mates,
enhancing reproductive success and competitive ability while also increasing harm to these
femalesypasteflected in higher mortality - likely a collateral effect of post-copulatory sexual
selection. Rice (1998) later demonstrated that these fitness gains were generalizable and not
entirely specific to CG females. Further, females expressing the male-limited evolved haplotypes
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exhibited slower development, which was interpreted as an indication of reduced fitness
associated with male fitness gains (i.e., intralocus sexual conflict — [aSC). In a subsequent male-
limited evolution (ML) experiment, Prasad et al. (2007) expanded the analysis of [aSC and
confirmed the slower development of ML-expressing females. Here, they attributed the
evolutionary response more explicitly to the optimization of male development, as males too
slowed down under ML-selection. Sexual dimorphism in development time and body size is
highly conserved in this species and remained unchanged under ML-selection. Prasad ef al.
(2007) explained these changes as a shift in the direction of extant dimorphism, with both sexes
displaying reduced growth rate (later adult eclosion and smaller body size), or “masculinization”
of development. Later work (Bedhomme ef al. 2008; Abbott et al. 2010) showed that these
smaller, slower-developing males were more symmetrical, more male-like in phenotype, and
more attractive to mates.

Important differences between these two experiments’ outcomes emerged upon
comparison, leaving key aspects of ML-selection responses unresolved. While Rice (1996, 1998)
emphasized responses in post-copulatory traits such as sperm competition and mate hatrm, Prasad
et al. (2007) and Jiang et al. (2011) did not corroborate these findings despite using the same
LHwm base population and a larger experimental scale. These contrasting teadeuts and the
predominant use of LHwy in the Drosophila sexual conflict literature suggested to us the need for
investigation of additional fruit fly populations.

We recently reported on such an experiment using the male-limited (ML) selection
approach with different populations of D. melanogaster (Thyagarajan et al. 2025). Our approach
to assaying the response was to remove the genetic and mating context of the ML selection
protocol, in an attempt isolate responses to masculinizing-selection from the selection context.
Consistent with [aSC predictions, females expréssing,ML-evolved chromosomes displayed a
substantial reduction in fitness. Female performance could also decline from the atrophy of sex-
limited genes when selection is only opefating on males, but fitness decline was rapid and
consistent across replicate populations; this,pattern, also observed by Prasad et al. (2007), would
not be expected from stochastic process, like mutation accumulation. In contrast with previous
studies, we detected only a marginal increase in male fitness in selected lines relative to controls.
However, an assay of heritable variation in male reproductive fitness revealed a pronounced
reduction in variance accompanied by a marked increase in selected male fitness. Importantly,
this finding emerged from a quantitative genetic assay with test animals that deviated solely in
the incorporation of &€G-derived Y chromosome, suggesting that male fitness had indeed
improved, albeit in aymanner contingent on assay conditions. These mixed results motivated a
factorial examination across test conditions to characterise the context-dependent expression of
male fithess improvement.

One explanation for the context-dependent responses observed under ML selection is that
features of the experimental system shape the ML selection environment. Here, we explicitly

920z Jaquieldag Zg uo Jesn alielisiaAlun o sjeuoiues anbayiolqgig - Binoqu4 jo Ausieaiun Aq 192/ 188/2916edbinjoAs/g601 "0 /10p/el0IIB-80UBAPE/IN|OAS/WOD dNO"0ILISPEIE WO} POPEOJUMO(]



104
105

106
107
108
109
110
111

112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

131
132
133
134
135
136
137
138
139
140
141
142

take into consideration the fact that the CG females used to passage selected haplotypes are not
passive components of the breeding design, but can themselves influence evolutionary outcomes.

First, the repeated introduction of CG females as mates from a genetically distinct
population disrupts the coevolutionary arms race between the sexes, creating an evolutionarily
arrested sexual-selection and conflict environment (sensu Rice 1996). Specifically, through the
many genetic aberrations the CG population carries, this is an environment characterized by
females that are particularly susceptible to persistent male courtship and mating (personal
observation), exerting little control over mating-rate conflict.

Second, the very same genetic aberrations that enable ML selection also constitute a
distinctive genomic and cytoplasmic background that could potentially shape selection
outcomes. For example, the translocation of the two major autosomes (t2;3), used to facilitate
handling by forcing co-segregation of selected wild-type chromosomes, could be a target of
adaptation. While all the visible markers are recessive, this does not assure that the/aberration
has no fitness impact, as has been assumed in some earlier studies (Rice 1996; Prasad et al.
2007). Next, clone-generator (CG) females possess an unusual X-XY karyotype; catrying a
compound X chromosome alongside a Y chromosome. This arrangement teverses sex
chromosome parent of origin: sons are produced when X-carrying sperm fertilize Y-carrying
eggs. If X-chromosomes are normally modified epigenetically for daughters, sons inheriting an
X from their father could experience reduced fitness. And despite limited coding content, the Y
chromosome can exert broad regulatory effects (Chippindale & Rice 2001; Lemos et al. 2008;
Jiang et al. 2010) and is known to have such influences even when expressed in X-XY females
(Branco et al. 2017). Finally, CG females supply a foreign cytotype: a constraint that cannot be
removed through backcrosses because the compound-X is‘inseparable from its cytoplasmic
background. Strict maternal mitochondrial inhetitancefavours female-benefit variants, even
when harmful towards male function (Cosmides &Tooby 1980, Frank & Hurst 1996, Gemmell
et al. 2004, cf. Keaney et al. 2019). This""'mothet's curse" may result in compensatory adaptation
by nuclear loci to restore male fitness’(reviewed in Dapper et al. 2023).

Here we follow up on Thyagarajan et al. (2025) to fully characterize the extent of
adaptation in our male-limited evolution experiment. We assayed selected and control males for
mating success, fecundity induction (ability to upregulate female fertility), offspring sex-ratio,
and sperm offense (P2). These traits were assayed in a fully factorial design across two genetic
backgrounds: a complete elone-generator (CG) background retaining all selection features, and a
control-like (C)background lacking them; and against both CG and recessive marked control (C)
females, withimales in competition with marked control males. We additionally quantified mate
harm imposed by selected and control males (in both genetic backgrounds) on CG females, given
the potential for this sexual selection environment to influence male fitness through reduced
femaleresilience to mating stress. Finally, we evaluated the individual fitness effects of three
components of the selection system: foreign cytotype, the female-derived Y chromosome, and
the translocated autosomes.
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METHODS
Source populations, Selection treatment

The source populations, selection protocols and controls are described in detail in
Thyagarajan et al. (2025). Briefly, replicate pairs of populations — a male-limited (ML) and a
matched control (MC) population — were each derived from three independent lab-adapted
populations that had been maintained separately since their derivation from the IV base
population in 1980 (Rose 1984). To facilitate comparison with previous and future work, we
retain the original replicate labels (1, 3, and 5), which correspond to the designations of the
respective base populations. Sex-limited selection on males was imposed through repeated
crosses between ML males and clone-generator (CG) females (fig. S1a). CG females cause
paternal transmission of the X chromosome to sons rather than daughters, supply a Y
chromosome, and force co-segregation of the major autosomes (cII and cIIl); we refer.to this eo-
segregating X—II-III unit as a “target haplotype.” Competition among 1,050 target haplotypes for
reproductive success with CG females each generation constituted one round of ML seléction.
Completely asexual propagation was avoided by allowing a small fraction (5%)"6f ML genomes
to recombine as diploids in females (fig. S1b) in a “recombination compartment’’. The selection
experiment ran for more than 80 generations.

Experimental flies

We systematically investigated adaptation to the release ofjintralocus sexual conflict
(IaSC), both with and without the features of the ML selection treatment, examining these
features individually and in combination. The specifi¢.composition and production of test
animals and competitors are described in full below. Briefly however, combined genetic effects
were assessed in two “genetic backgrounds”: (i).clone<generator (CG), retaining all of the ML
selection genetic context, or (ii) control-like (€) background lacking all these features. Individual
components of the CG genetic background were tested in isolation to determine their
independent contributions. The role of sexual co-evolution was examined using CG and control
(C) females to evaluate male adaptationyto an evolutionarily arrested versus a novel mating
environment.

Test males

All test males assayed carried target haplotypes [cI(X), I and IIT] from ML / MC
populations. Toplace target haplotypes in the CG background, we crossed males from each
treatment to CG females, as per routine selection. Red-eyed sons from these crosses carry a
haploid geneme from the target genotype, combined with a CG derived (maternally inherited) Y
chromosome, Cytoplasm, and translocated autosomes (fig. S2a). The crosses conducted to
produce'males in the C background are described in detail in Thyagarajan et al. (2025), where a
subset (C-background males competing for C females) of the fully factorial dataset presented
here'was included as a repeat assay to test the consistency of the observed lack of a male fitness
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effect. Briefly, we use MC derived males to sire test offspring with either MC females
(producing MC test animals) or females carrying ML-evolved chromosomes from the
recombination compartment. Male offspring from these crosses carry a haploid genome from
either a ML or MC selected population, combined with control derived cytoplasm, a (paternally-
inherited) Y chromosome, and translocated autosomes (fig. S2b); and are distinguished by their
wildtype phenotype.

Marked Competitors and Interacting Females

Phenotypically-marked males and females were necessary for assessing competitive
ability of both males and females. We used lines backcrossed to have recessive eye colour
markers (either “peach”, p¥, or recessive brown bw’) in the control (MC) genetic background:
Both competitor stocks were outbred and deemed vigorous; we refer to them collectively as
“competitors” although the specific marker used is identified in each assay described below.

We took into consideration potential adaptation via sexual selection by assaying test
males with both clone-generator (CG) females and control-derived females. Males-were
evaluated for competitive reproductive fitness, mating success, mating latency, copulation
duration, fecundity induction of mates, sex-ratio drive, and sperm offense\(P2),while mate harm
was assessed using CG females only.

CG Genetic Components - Males

To explore specific components of the CG background,"we combined target haploid
genomes with individual CG-derived genetic elements‘while drawing the remaining genetic
background from controls. These test groups—termed “CG-cyto,” “CG-Y” and “CG-auto”™—
carried a cytoplasm, autosome pair, or Y chromosome from the CG females, allowing us to
isolate the effects of each component. For these assays, we measured only competitive
reproductive fitness relative to a competitor population, focusing on the net consequences of
each CG-derived genetic component.

(1) Cytoplasm. The cytoplasm of'the CG female, including potentially foreign
mitochondria, initially seemed. to-be inseparable from the compound X (DX) chromosomes
because both are maternallyiinherited. However, we recognized that one way to acquire the
cytotype of the CG females without the compound-X chromosomes was to isolate females that
had undergone a breakdown of the DX chromosome; such a female, and her maternal
descendants, could be crossed with males from another population to replace the nuclear
genome. We,began collecting these females, which occur at a very low frequency, however most
were infertile and it took numerous attempts before we could establish a “DX-cyto” line. Using
this fertile mutant female, we crossed in translocated autosomes (carrying a bwD marker) and a
balaneerX chromosome (F"M7a) to suppress recombination. Likewise, we also crossed the
translocated autosomes and balancer X into the control MC cytotype, creating two cyto-lines
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labelled FMTW-CG (carrying the CG cytotype) and FMTW-C (carrying the control MC
cytotype).

Female FMTW flies were crossed to ML and MC males to capture haploid target
genomes in female offspring. Daughters carrying these target haplotypes (balanced with FM and
bwD translocated autosomes) were then crossed to MC males, to produce male offspring
carrying the CG cytoplasm, with control Y and autosomes (fig. S3a).These “target” males were
thus phenotypically wild-type, heterozygous for control autosomes, and with normal (paternal)
inheritance of the Y chromosome.

(i1)) CG-Y males. To produce males with maternal Y-inheritance, we first crossed MC
males to dominantly-marked CG females. Sons from these crosses carry a CG-derived Y
chromosome, along with control derived autosomes. In parallel, we crossed ML and MC males
to FMTW-C females, producing daughters carrying a target (ML/MC) haploid genome (balaneed
with FM and bwD translocated autosomes). These sons and daughters respectively were erossed
to produce target male offspring carrying the CG Y chromosome, with control antosomes and
cytoplasm (fig. S3b).

(ii1) CG-auto males. To produce males carrying the translocation (t2;3)from the clone
generator system, we first backcrossed the CG males to MC females to.create a line homozygous
for CG autosomes. We then used crosses with MC males to replace the, CG derived Y
chromosomes while retaining the translocated autosomes. Males\from this line were crossed to
females homozygous for either ML or MC target haplotypés-tosproduce target male offspring
carrying the CG autosomes, with control (MC) cytoplastiitand Y chromosomes (fig. S3c).

CG Genetic Components - Females

As with males, we expressed ML and MCthaploid genomes in female flies, each
combined with a single genetic element of the €G background at a time, to test for correlated
responses to male adaptations. These females either carried a CG-derived cytoplasm with MC
derived X and autosomes (CG-cyta), of CG translocated autosomes with an MC derived X and
cytoplasm (CG-auto; and were tested for competitive reproductive fitness.

(1) CG-cyto. To capture the CG cytotype, we backcrossed MC males to the FMTW-CG
line to replace the autosomes and one of the X chromosomes with MC derived chromosomes. In
parallel, we crossed MLvand MC males to dominantly-marked CG females. Sons from this cross
were mated with the backcrossed females to produce target female offspring carrying the CG
cytoplasm, heterozygous for control autosomes (fig. S4a).

(i1) CG-auto. To study the impact of CG autosomes upon females, we backcrossed MC
males to CG females to produce males homozygous for the translocated autosomes, in
combination with a MC derived Y chromosome. These males were then crossed to females
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homozygous for ML or MC target haplotypes to produce target female offspring carrying the CG
autosomes, control cytoplasm, and either ML or MC X-II-III haplotypes. (fig. S4b).

Assays

The design used for competitive reproductive fitness (CRF), mate choice and sperm
competition assays are described in detail in Thyagarajan et al. (2025). They are described
briefly below, with additional notes on any deviations from the original design made to
accommodate the CG females.

Competitive Reproductive Fitness (CRF) assays

CRF was measured as competitive siring/damming success from mating arenas
(ventilated 'z pint bottles, with ~7 mL of food) containing 30 target animals combined with,30
marked competitors of the same sex and 50 individuals of the opposite sex. Reproductive suceess
was measured by phenotyping the progeny using eye colour. In assays using CG females;we
assessed 10 such competition arenas for both MLs and MCs within each replicate; and.collected
all the eggs laid (typically yielding 1-2 vials of ~80 viable individuals). For all.other CRF assays,
we assessed 6 such competition arenas and collected 6 vials of ~80 eggs.<The fully factorial CRF
assay across genetic background and female type was performed at generation 64, and the CG
component male CRF assays were conducted over generations 68<72. CG-cyto and CG-auto
female CRF was assayed in generation 83.

Mate Choice Assays

Female mate choice (or male-male competition) was assayed in generation 66 by
combining a single virgin female (CG or competitor)'with a target male and competitor male in
vials with ~4mL food. We identified the sire by phenotyping the progeny using eye colour. The
resulting brood was also sexed and enumerated to test for fecundity induction (male influence on
female egg output) and sex ratio. Matings were observed to estimate mating latency and
copulation duration. For each treatmeént(within each replicate pair of lines), we assessed 50 such
competition vials.

Sperm Offense Assays

Sperm offense(P2) was assayed (in generation 74) by first mating groups of virgin CG or
competitor females, with'marker-matched competitor males in vials (12 female—male pairs per
vial; ~4 mL food). Eollowing removal of the competitor males under brief CO: anesthesia,
females were-held for 24 hours before being exposed to focal males (10 per vial). From each
vial, 10 randomly selected females were then transferred to individual egg-laying tubes, yielding
10 P2 estimates per competition vial. P2 was scored as the proportion of offspring sired by the
focal males, with 30 replicate competition vials scored per treatment within each replicate line
pair:
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Male Mate Harm and Fertility Assay

Mate harm was assayed (in generation 76) by measuring CG female mortality and
productivity in response to being exposed to males. Following the crossing design, eggs of test
animals were collected to produce densities of ~80 larvae per vial. Test males were collected on
day 10-11. On day 12, 10 test males were combined in vials with 12 virgin CG females of the
same age, in vials with ~4mL food. Flies were held together for days 12-14, at which point the
males were removed from the females using gentle anaesthesia. Female mortality was recorded
daily for 7 days starting with the introduction of males, and the productivity of the females post
mating was measured in the form of pupal counts.

Statistical Analysis

Statistical analysis was conducted in R version 4.6.0 -- "Because it was There" (R Core
Team 2026). Generalised linear mixed, beta-binomial, and Gaussian models were fittedwising
‘Ime4’ (Bates et al. 2015) and ‘glmmTMB’ (Brooks et al. 2017). Fixed-effect infetence was
based on ‘car::Anova’ (Fox & Weisberg 2019), corresponding to Wald y? tests forgeneralised
linear models and generalised linear mixed models, and F-tests for Gaussian linearmodels.
Estimated marginal means were obtained using ‘emmeans’ (Lenth 2024), and-planned contrasts
using contrast (Kuhn et al. 2022).

For Gaussian models, residual normality and homogeneity were assessed using residual
histograms, fitted diagnostic plots, and Shapiro—Wilk tests.Eor generalised linear and mixed
models, residual dispersion, uniformity, and outlier structure were evaluated using simulated
residual diagnostics implemented in DHARMa (Hartig 2024).

Where possible, analyses followed a common factorial structure including selection,
(genetic) background, female type, and replicate as fixed factors, with all interaction terms
included. Exceptions to this structure arenoted for mate harm assays and isolated genetic
element assays, where simplified factor structures were applied as described below. Across
fitness, sperm competition, and mate harm assays, assay contest identity was included as a

random effect to avoid pseudo-replication; a contest refers to an experimental grouping or trial in

which multiple focal flies were assessed within a shared reproductive or survival assay context.
Where significant interactions, with selection were detected, planned contrasts between levels of
selection regime were‘conducted within each condition using estimated marginal means.
Adjusted significanee thresholds were calculated using the Sidak correction to maintain
comparison-wise.a = 0.05.

Competitive reproductive fitness (CRF) was analysed using binomial generalised linear
mixed models with a logit link function. The response variable assessed here was the count of
offspring-of the focal fly versus that of competitors. Equivalent models were used for all isolated
clone-generator genetic element assays, with selection regime and replicate population included
as fixed factors and assay contest identity included as a random effect.
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To study the mating success of target males in female mate choice trials, we used a
binomial generalised linear model with a logit link function, where trial outcome (success versus
failure for the focal male) served as the response variable. Mating latency, mating duration, and
fecundity induction were analysed using Gaussian linear models with the same fixed-effects
structure. Mating latency was log-transformed prior to analysis to improve residual normality.
Brood sex ratio was analysed using a binomial generalised linear model fitted to the number of
male and female offspring produced.

For sperm offense, the response variable was parameterised as competitor sperm defence
(1 — P2), representing the probability that the first male successfully defended paternity against
the focal second male. The response variable was inverted because direct modelling of P2
resulted in overdispersion. This inverted response was then analysed using a beta-binomial
generalised linear mixed model with a logit link function, to accommodate a zero-inflated
dataset.

Mate harm was analysed using a discrete-time survival framework. Female'survivorship
across seven days (including male cohabitation phase and the post-removal phase) was modelled
using a binomial generalised linear mixed model fitted to interval-specific'mortality probabilities
conditional on the number of females remaining alive at the beginning.of each interval. As only
CG females were assayed in this experiment, female type was not included as a fixed factor. All
other factors and their interactions were included. Likewise, CG female productivity following
exposure to males was analysed using a Gaussian linear model with the same fixed effects.
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RESULTS

Competitive Reproductive Fitness (CRF)

There was a strong adaptive response to selection in male CRF. This response was
context dependent, varying with genetic background and sexual environment. Selection regime
and genetic background both significantly affected CRF (both p < 0.001), with additional
significant selection x background and female type % background interactions (both p <0.001)
(table S1.1; fig. 1). These interactions were explored using pairwise comparisons, which showed
that ML males had significantly higher CRF than MC males in three of four test conditions (table
S1.2). The magnitude of this improvement in focal male paternity depended on context,
increasing with CG genetics and/or CG females: 66% in the CG background (29.5% vs 17.8%),
26% with CG females (46.8% vs 37.2%), and >100% when both were combined (22.4% v§
11.0%). In a C background with C females, the improvement was marginal (6%; 34.1% vs
32.2%).

The observed patterns suggest that selection favoured male-benefit variantsswithin the
ML populations, although their adaptation remained shaped by the specific: conditions under
which selection occurred, including adaptation to features of the selection-treatment.

Mate Choice

ML males showed higher mating success and faster mating initiation, but shorter
copulation duration compared with MC males, consistently across all tested conditions. Selection
regime (p < 0.001), female type (p = 0.013), and replicate population (p < 0.001) significantly
affected male success in mate choice trials (table S21)."Overall, ML males achieved a mean
mating success rate approximately 23% higher thanMC males (57.4% vs 47.1%; fig. 2a); with
advantages of 29.6%, 23.8%, and 11.8% in populations 1, 3, and 5, respectively.

Mating latency was affected by selection regime alone (p = 0.048), with no effects of
female type, genetic background, replicate population, or their interactions (table S3). ML males
initiated mating 18% faster than MC.males (14.05 + 2.08 min vs 17.17 £+ 2.89 min; fig. 3a).
Copulation duration was influenced by selection regime (p = 0.008), genetic background (p =
0.007), and female type (p=.0.005), with no significant interactions detected (table S4).
Although ML males initiated mating more rapidly, they exhibited approximately 4% shorter
copulations than MC males'(19.76 £+ 0.41 min vs 20.49 + 0.43 min; fig. 3b). Together, these
results provide evidence for male-benefit adaptations at the level of premating interactions. If
copulation duration is taken as a proxy for sperm allocation or mating investment, the reduced
duration in ML.males suggests that post-copulatory investment was not a target of selection in
this regime#Alternatively, reduced copulation duration may reflect differences in the intensity or
structurerof mating interactions, potentially arising as a correlated by-product of selection on
mating interactions, particularly under conditions involving feeble CG females.
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Fecundity Induction, Offspring Sex Ratio, Sperm Offense

Across all tested conditions, selection had no effect on the impact of male mating on
female fecundity (fecundity induction), offspring sex ratio, or sperm offense (P2), suggesting
that male-benefit adaptations were limited to premating traits.

Fecundity induction was influenced by genetic background, female type (both p <0.001),
replicate population (p = 0.021), and the female x background interaction (p < 0.001) (table S5).
Selected males displayed marginally higher offspring counts than control males did (27.80 +
2.20 vs 27.18 £ 2.46; fig. 3¢). The effects of genetic background and female type are expected
given that both CG females and CG genetic background result in high levels of aneuploidy due
to the translocated autosomes and production of X-XX and Y0 eggs resulting from the
compound X chromosome. This also pertains to corresponding effects observed for competitive
reproductive fitness and P2, where they manifest in competitive reproductive outcomes rathet
than as direct measures of fecundity counts.

Mirroring fecundity induction, sperm offense was shaped by genetic background and
female type, and their interaction (all p <0.001) (table S7). ML males exhibited slightly higher
P2 than MC males (84.8% vs 82.5%; fig. 2b). Offspring sex ratio was invariant‘across all factors
(table S6), with ML males producing broods comprising 50.5% males vs 49.4% for MC males
(fig. 3d).

Mate Harm

The survival trajectory of clone generator (CG) females (post exposure to males) showed
effects of selection (p = 0.003, fig. 4a). Final female surviyorship was 31-35% higher after
exposure to the selected (ML) males compared withtM€ control males, depending on genetic
background of the males; with or without CG genetics (CG: 48.1% vs 36.7%; C: 64.4% vs
47.8%). Productivity likewise depended on background: in the CG background there was no
significant effect of selection (40.0 + 5:36.vs43.5 + 4.76), whereas in the C background ML
males produced approximately 53% higher productivity than MC males (104.0 + 7.54 vs 68.0 +
8.33; selection p < 0.001; fig. 4b)=-ML males thus appear to have evolved reduced mate harm,
manifested in both improved immediate survival and productivity of their mates, at least under
some test conditions.

Genetic Background Components

Since the fitness differences between ML and MC males were marginal when tested in
entirely control-like conditions, we sought to parse out the individual effects of the different
genetic/manipulations employed. ML advantage in the presence of a given genetic element may
reflect either compensatory adaptation to an imposed cost or epistatic coupling between the
adaptive response and said genetic element. For flies carrying the foreign (CG) cytotype, ML
males displayed a 18% gain in competitive reproductive fitness (36.0% vs 30.4%, p = 0.017; fig.
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5b), with no replicate or interaction effects. In females with the CG cytotype, CRF depended on
replicate (p = 0.01) and the selection x replicate interaction (p = 0.006). Overall, we observe a
recovery in ML female fitness (fig. Se) with only replicate 5 remaining significantly lower in
MLs relative to MCs (~9%; 51.6% vs 56.9%, p = 0.005, no effect in replicates 1 or 3).

In contrast, males with the translocated CG autosomes showed no effect of selection or
interactions, with ML males exhibiting 29.7% competitive reproductive fitness versus 26.0% in
MC males (fig. 5a). Correspondingly, female CRF with CG autosomes remained reduced under
ML selection (~22%; 16.9% vs 21.5%; fig. 5d), driven by effects in replicate 3 (15.1% vs 19.6%
p <0.001) and 5 (15.4% vs 24.7%, p < 0.001), but not in replicate 1. Given that ML females
exhibited lower fitness than MC females in the absence of CG autosomes, the persistence of this
pattern in the presence of these autosomes suggests limited effects of the translocated autosomes.

For males carrying the CG Y chromosome, CRF was influenced by selection (p.<0.001),
replicate (p < 0.001), and their interaction (p = 0.002), with an overall ~33% increase in ML
males (37.6% vs 28.4%; fig. 5c¢). Effects were significant in replicates 1 (43.1%vs 31.2%, p <
0.001) and 3 (34.0% vs 19.8%, p < 0.001), but not in replicate 5.

Overall, we find that the CG cytoplasm and Y chromosome reveal context-dependent male-
benefit effects of selection. The CG cytoplasm further shows a corresponding recovery in female
fitness, suggesting sexually concordant benefits in this genetic context.’By contrast, the
translocated CG autosomes show no evidence of male adaptationand, correspondingly, no
recovery in female fitness. Notably, while no replicate x selection interactions were detected for
CRF, mating success, or sperm competition in the fullklCG genetic background, such effects
emerge in these partitioned analyses. This suggests that similar adaptive outcomes may be
reached through divergent evolutionary routes acrossiréplicate populations.
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DISCUSSION

Selection experiments on sexual conflict in D. melanogaster based upon the male-limited
(ML) selection protocol developed by Rice (1996, 1998) have been conducted on a single base
population of fruit flies, LHum (Rice 1998, Prasad et al. 2007), leaving us wondering about the
generality of the earlier results. In addressing this, we recently reported that application of the
ML selection protocol provided mixed evidence for the resolution of intralocus sexual conflict in
three newly investigated populations of D. melanogaster (Thyagarajan et al. 2025). We found a
clear signal of reduced fitness in females expressing male-limited (ML) evolved chromosomes,
and males that exhibited increased fitness in some assays but not others, potentially reflecting
adaptation to, or epistatic linkage with, unintended sources of selection. Unintended selection
may arise from two aspects of the ML protocol: the evolutionarily arrested sexual-selection
environment created by repeatedly introducing clone-generator (CG) females from a separate
population as mates for the evolving males; and the unusual genetic background of th¢ breeding
design, including paternal X and maternal Y sex chromosomal inheritance by sons, marked and
translocated autosomes, and a potentially novel cytoplasmic background. We devised-a battery of
experimental assays to dissect the evolutionary response to male-limited selection.across
conditions that systematically retain or remove the features of the ML selectionprotocol. We
show that these populations exhibited a substantial response to selection, with generalized
improvements consistent with release from intralocus sexual conflict;,alongside context-
dependent fitness effects shaped by male genetic background and female identity.

At the level of competitive reproductive fitness, the adaptive response was striking but
context dependent. ML males were more than twice as fit as controls when assayed under the
complete CG selection environment, with smallerbut.substantial fitness gains when either
element of that environment was removed, culminating in only a marginal difference under fully
control-like conditions. When partitioned into,the televant spheres of sexual selection, we found
that the fitness increase in selected males was exclusively in the pre-copulatory realm; in the
form increased competitive mating successyand lower latencies to mating, with no significant
changes between selected and control lines in post-copulatory effects, such as fecundity induced
in mates, offspring sex ratio or’sperm offense (P2). Importantly, these component traits were
consistent across assay conditions, indicating that ML selection produced general improvements
in pre-copulatory performance-despite the context dependence of overall fitness.

These resultsyalign precisely with earlier work on LHwm-derived flies, which reported
enhanced malefitness at a cost to female fitness (Prasad et al. 2007), acting through enhanced
male attractivenessy(Bedhomme et al. 2008), with no response in post-copulatory performance
(Jiang eral. 20 1); thereby extending this pattern to independently sourced populations,
supporting the broader generality of these responses. In doing so, they are partially in contrast
with Rice (1998), whose work implicated a response in the realm of sperm competition and
ejaculate-female interactions in the evolved male fitness improvement. Given that sperm
competition is already a male-limited trait, the absence of a post-copulatory improvement under
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ML selection is perhaps not unexpected. The improved postcopulatory performance reported by
Rice (1996, 1998) may instead reflect generalized fitness gains by males through differences in
available standing genetic variation. This possibility is consistent with the fact that both the
Prasad et al. suite of studies and the present work use long-domesticated populations, likely
closer to evolutionary equilibrium in their laboratory environments relative to those used by Rice
(1996, 1998). In this scenario, the latter may have retained greater opportunity for broad fitness
gains due to greater standing genetic variation. If so, more recent work may more specifically
reveal outcomes of [aSC resolution, with reduced contribution from broad, non-specific fitness
gains associated with laboratory adaptation.

In addition to the improved sperm competition, Rice (1996) reported increased mate
harm by ML males to CG females in the context of arrested intersexual coevolution. Since both
increased mortality and female fecundity resulted from just a single mating, Rice inferred
ejaculate-female interaction rather than sustained harassment as the causal agent. Her¢ we-find
consistency with the Rice’s framework of male adaptation to static target females; but once
again, the opposite with respect to the trait itself: when mating with the CG females," ML-
selected males caused substantially /ess mate harm than controls, in both genetic backgrounds.
Early in the selection experiment, CG females were so frail that we oftenhad.difficulty
maintaining the ML populations at full size in the face of their rapid mortality. Since we did not
detect the kinds of fertility-inducing effects or advantages in sperm ‘eompetition that have been
suggested to drive male ejaculate toxicity in this species, our results'raise an intriguing question
about the nature of intersexual interactions: can selection favour' reduced mate harm in the
absence of monogamy or kin selection? It appears that less harming males can be favoured by
selection, at least when male fitness is directly constrained by female survival; as facilitated by
fragile females and an interaction sustained over-a two-day period - as in the conditions we
maintained our lines. More broadly, altered mating-rate conflict can shift the evolutionary
balance between male reproductive success-and female costs, as demonstrated in experimental
evolution studies manipulating interlocus,sexnal conflict (Holland & Rice 1999; Nandy et al.
2013). The reduced mate harm also1eads us to retrospectively speculate about postcopulatory
performance. Selection to minimise harm toward CG females may have come at the expense of
sperm defense (P1), potentially. reflecting a correlation where ejaculate-mediated and interaction-
based harm—traits that would normally reduce female remating and thereby enhance P1—are
instead selected against under these conditions. In fact, such a reduced P1 against non-CG
females would neatly recencile our findings of increased attractiveness with the marginal CRF
gain under totally control-like assay conditions.

Returning to the role of the genetic background in the fitness response, we sought to further
dissect the eontribution of its individual genetic components. Like previous users of this system,
we originally assumed that the Y chromosome was inert and could not be modified by maternal
transmission. However, in our previous study (Thyagarajan et al. 2025), the principal difference
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between assays that detected large versus marginal gains in male fitness was the presence of the
CG-derived Y chromosome, implicating it as the primary suspect in mediating the observed
context dependence. Here, we confirm this effect: the CG Y chromosome alone conferred a clear
reproductive advantage to ML males relative to controls, even in an otherwise control-like
genetic background and in competition for control females. Two, not mutually exclusive,
explanations may account for this response. First, the Y chromosome forms part of the static
genetic background imposed by the CG system. Like the foreign cytoplasm and translocated
autosomes discussed below, its repeated association with evolving haplotypes could favour
adaptation to its specific allelic composition. Second, since the CG Y chromosome spends half of
its evolutionary history in females, selection during female expression or even carriage through
the female germ line may produce unpredictable selection outcomes, favouring compensatory:
adaptation by ML males to a potentially "feminized" Y chromosome.

In addition to Y chromosomes, our results suggest that the CG cytoplasmic background 1s
also relevant to male fitness. This cytoplasm, and the mitochondria it contains, can be traced
matrilineally to the origin of the compound-X chromosome in the 1940s (Mullér 1943), raising
the possibility of substantial divergence from the mitochondria present in the pepulations used in
our experiments. Consistent with this speculation, recent sequencing shows that'CG females
carry a mitochondrial genome resembling the OreR/w'''® lineage markedly-distinct from that of
the Ives-derived stocks used herein (F. Camus, pers. comm.). ML males experienced this
cytotype throughout selection, whereas controls encountered it‘'only ' when experimentally tested.
Having directly excluded infection by Wolbachia using PCRrassays (data not shown), adaptation
to foreign mitochondria remains the most plausible source,of the cytoplasmic effects we found.
Such a response is consistent with compensatory evelution of male function following mother’s
curse effects due to the nuclear—mitochondrial mismatch. Here, any reduction in male fitness
would have been transient and likely confined‘to'the early generations of selection, well before
our first assays at generation 48. A similar-mismatch may underlie the early-generation fitness
decline reported in male-limited X-chromosome selection experiments (Abbott ez al. 2013),
although the mitochondrial genotyp¢ of the’ LHwm base population relative to OreR/w'!'® remains
unknown.

Previously, we showed that female fitness of selected haplotypes declined substantively
following male limited selection (Thyagarajan et al. 2025). Here we ask if male adaptation to the
genetic features takes advantage of sex-limited selection to improve males through routes that
are indifferent (sex-limited), or antagonistic, rather than beneficial to female fitness. When the
CG cytotype was isolated and tested, we found a recovery of fitness in females expressing the
selected haplotypes relative to control females, suggesting that the nuclear response to the
foreign/cytotype produces sexually concordant benefits. If we assume that mother’s curse effects
would fayvour male-limited compensatory evolution due to it's exclusive costs for male function
(@lthough this assumption need not necessarily hold), our results are more consistent with broad
nuclear—mitochondrial coadaptation following cytoplasmic mismatch, rather than a strictly male-
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specific compensatory response to mother’s curse. By contrast, we detected no comparable
compensatory response to the translocated autosomes: these elements did not significantly
improve evolved male performance, nor did they alter female fitness. The contrasting effects of
these CG-derived components are notable, particularly given that the smaller genomic elements
appear to have stronger effects than the much larger autosomal component. One possible
explanation is that the cytoplasm and Y chromosome impose stronger selection due to their
potential for mismatch and unusual inheritance respectively, whereas the translocated autosomes
may represent a large element with less change in allelic content.

Further, component specific fitness effects were not entirely consistent across replicate
populations, with variation in which mechanisms allowed fitness to improve in the CG genetic
background. For example, unlike replicates one and three, selected males in population fiveshow
little improvement over controls under two component test conditions (the CG cytoplasm and Y
chromosome); female results concur. The strongest fitness gain for replicate five is seth, in
performance with the translocated (t2;3) autosomes of the clone generator (CG) system; selected
males in replicate five show a trend of improved fitness relative to their paired controls. Taken
together, the 3 selected populations appear to follow somewhat different routes.in.adapting to the
unusual features of the selection protocol, potentially reflecting differences in.the standing
genetic variation available to selection.

The adaptation to elements of the selection protocol displayed.in our selection experiment
raises concerns about previous experimental work conducted using the clone generator system.
CG flies have been widely used as dams in breeding designs to conduct hemiclonal analyses
(Chippindale et al. 2001; Gibson et al. 2002; Byrne & Rice 2005; Lew & Rice 2005; Lew et al.
2005; Linder & Rice 2005; Pischedda & Chippindale;,2006; Long & Rice 2007; McKean et al.
2008; Rode & Morrow 2009; Innocenti & Morrow 2010; Mallet ef al. 2011; Tennant et al. 2014;
Hill et al. 2017; Ruzicka et al. 2019) and male-limited selection experiments (Rice 1996; Prasad
et al. 2007). In different iterations, authots have taken various levels of precaution against
possible artefacts, ranging from Rice/(1998) where everything but the CG Y chromosome was
controlled for, to Rice (1996) whete none’of these artefacts were controlled for. A common
theme running through all these studies is the use of test animals with the novel cytoplasm and
potentially “feminized” Y ehromosomes derived from the CG females. We find that both can
introduce fitness effects, differentially affecting selected and control animals in selection
experiments, and potentially distorting trait variance in hemiclonal analyses. It is important to
note that most of thesesexperiments (all but McKean et al. 2008, Mallet ef al. 2011 & Tennant et
al. 2014) use the LHm base population, which may respond differently to selection pressures
described herein.

Qur work highlights both the strengths and pitfalls of experimental evolution using genetic
manipulations. On the one hand, we see striking evidence for rapid and substantial adaptation —
towsex; genetic background, and to mates — but, on the other the potential for artefactual impacts,
and thus unintended sources of evolution that can easily be misinterpreted. Our own paper
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highlights how technically challenging to follow these studies can be, even for veteran
experimentalists. Furthermore, long term domestication can lead to changes in the nature of
genetic variation in populations and may influence the outcomes of similar selection experiments
conducted on the same population at different time points (e.g., Rice 1996 vs. Jiang et al. 2011).
Quantifying intralocus sexual conflict is also inherently difficult because the sexes experience
different forms of competition and necessarily interact with one another in reproduction. Our
own experiments attempted to establish a common currency with assays we refer to as
Competitive Reproductive Fitness (CRF), drawing upon the long-term domestication of the
source populations and our ability to create marked replica versions of the Control populations as
competitors. This allowed us to nest focal test animals within a close approximation of the
ancestral populations and to thereby gauge relative fitness changes; still our CRF assays make
assumptions about the nature of competition within each sex (e.g., for resources in females and
for mates in males) which may or may not be fully justified. Intralocus sexual conflict therefore
continues to be a challenging phenomenon to investigate, even in model systems in.the
laboratory, where these simplified systems nonetheless reveal rich adaptive landscapes.
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Figure 1.

The competitive reproductive fitness.«of ML-selected males was greater than control
(MC) males in each of four different female=by=genetic background combinations, however the
relative magnitude varied considerably. “€G’ refers to both the clone-generator females
themselves, used to create male-limited selection, and to the genetic alterations they transmit to
their sons (a t2;3 translocation,maternal Y chromosome, and foreign cytoplasm). Fitness was
measured as mating success relative to marked control-type males. Adaptation by ML males
appears to have occurred in beth/interacting with the CG females and in functioning with the
unusual genetics they“nherit from CG dams; with neither factor present, the fitness advantage of
6% was nonsignificant.

Alt text caption: Two-panel point-and-error plot of competitive reproductive fitness, measured as
the proportion of offspring sired. The left panel shows matings with CG females and the right
panel shows'matings with control (C) females. The x-axis in each panel shows genetic
background (CG or C), and the y-axis shows the proportion of offspring sired, ranging from 0 to
1."Male-limited selection (ML; orange) has higher mean reproductive fitness than control males
(MC; blue) in all four female-by-genetic-background combinations, although the magnitude of
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the difference varies among combinations. The largest differences occur when CG females are
used, whereas the difference is smallest when both C females and the C genetic background are
present. Error bars show confidence intervals, and jittered shapes represent replicate population
means.
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Figure 2.

Pre- and post-copulatory reproductive success of males in relation to female type (Clone
Generator or Control) and genetic background (ineluding features related to CG mothers or
Control). (a) Mating success, measured as frequency of mating relative to marked control-type
males, was about 23% higher in selected eompared to control males (p < 0.001) across all four
treatments and showed little evidence'of interaction between the different factors. (b) Sperm
offense, or P2, measures the fertilization success of the last male to mate with a female. No
differences between selected and control males were detected in this post-copulatory fitness
component.

Alt text caption: Twe.setsof two-panel point-and-error-bar plots showing components of
reproductive fithess for ML (orange) and MC (blue) males. The left set shows mating success
and the right set'shows sperm offense. Within each set, the left panel shows CG females and the
right panel shows control (C) females. The x-axis shows genetic background (CG or C), and the
y-axis shows the proportion of trials won for mating success or the proportion of offspring (P2)
forsperm offense. ML males generally have higher mating success than MC males, across
genetic background and female type. In contrast, ML and MC males show broadly similar sperm

offense across female and genetic-background combinations, with values generally higher for the
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C than the CG genetic background. Error bars show confidence intervals, and jittered shapes
represent replicate means.
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Figure 3.

(a) Selected (ML) males acquired matings more rapidly with both kinds of females (clone
generator or control) and with haplotypes expressed in both genetic backgrounds (derived from
CG or control dams) comparedwith control (MC) males, suggesting increased attractiveness that
was independent of female type./ The speed differential of approximately 18% was significant (p
= (0.048) and insensitive to interactions. (b) The duration of mating was slightly (4%) but
significantly (p = 0:008) reduced in selected (ML) compared to control (MC) males, consistently
across female type and genetic background. (c) Female egg production in relation to male mate
(fecundity induction) did not significantly differ between selected and control males, but the
clone-generator’genetics significantly reduced both innate female fecundity and the fecundity
induetion ability of males. (d) No departures from a 1:1 sex ratio were found, despite the
hypothetical advantage a meiotically-driving X chromosome would have in the selected
populations.
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Alt text caption: Four two-panel point-and-error plots arranged in two rows, depicting mating
latency, mating duration (in the top row), fecundity induction, and brood sex ratio (in the bottom
row) respectively in the y axis. Each panel compares ML (orange) and MC (blue) males across
female type (panel) and genetic background (x-axis). Error bars show confidence intervals and
jittered shapes represent replicate means. (a) ML males acquire matings more rapidly than MC
males across female types and genetic backgrounds, indicating consistently greater mating speed.
(b) ML males have slightly shorter mating durations than MC males, with a similar pattern
across female types and genetic backgrounds. (c) Female fecundity and fecundity induction do
not differ substantially between ML and MC males, but CG genetics and females are associated
with lower female fecundity. (d) Sex ratios remain close to 1:1 across treatments, with no evident
difference associated with male selection or genetic background.
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Figure 4.

(a) Survival of clone generator (CG) females over six days after exposure to selected
(ML) or control (MC)‘males. Males were tested with both the CG (12;3; cytotype; reversed sex
chromosome inheritance)and control genetic backgrounds; in both cases, the survival of females
was significantly. greéater after exposure to ML males (p = 0.003). (b) The difference in
productivity (offspring pupal count) between male genetic backgrounds is expected due to
aneuploidies'tesulting from the translocated autosomes in the CG males. Productivity of the CG
females was'significantly greater (p < 0.001) after exposure to ML males, but only in the control
male genetic treatment. Altogether these results suggest lower levels of mate harm by selected
males.
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Alt text caption: Two plots comparing female responses to exposure to ML (orange) and MC
(blue) males across genetic backgrounds. Plot (a), on the left, represents CG female survivorship
upon exposure to males in the y-axis over time in days (x-axis), across male genetic backgrounds
(panel). Plot (b), on the right, depicts CG female productivity post exposure, measured as
offspring pupal count, across male genetic backgrounds (x-axis). For plot (b) error bars show
confidence intervals and symbols represent replicate means. (a) Female survivorship is higher
following exposure to ML than MC males across both genetic backgrounds. (b) Female
productivity is higher following exposure to ML than MC males in the control genetic
background, but does not differ substantially between male types in the CG genetic background.
Overall, the plots indicate reduced mate harm to CG females from exposure to ML males.

Isolated CG genetic effects

a (o}
CG autosomes (J) CG cytoplasm (J) CG Y chromosome (J)
* *kk
1.00 - 1.00 - 1.00
0.75 4 0.754 0.75
0.50 1 0.50 4 0.50
: [ ¥ -
o 0.251 2 3 0.251 2 0.251 =
=
=
S
£ 0.00+ 0.00- 0.001
2 ML McC ML Mc ML Mc
2
5 d e
by CG autosomes (%) CG cytoplasm (?)
2 *kk
o 1.00 1 1.00 1 .
Replicate
o 1
0.754 0.754 & B
=5
0.50 1 0.50 1 = =
Selection
0.25+4 3 0.254 - ML
- - MC
0.00 1 0.00 4
ML MC ML MC
Selection
Figure 5.

In-each assay, competitive reproductive fitness was measured with all remaining
components of the genetic background held in the control state. (a, d) In the presence of the
translocated autosomes, fitness patterns were qualitatively similar to those expressed in control-
like conditions, with female fitness remaining lower for ML than MC genotypes (p < 0.001) and
no significant difference in male fitness. (b, €) There was evidence of adaptation to the foreign
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cytoplasm supplied by CG dams, with ML males outperforming MC males (p < 0.05) and ML
female fitness recovering to levels comparable with MC females. (c) Selected males also
performed better than controls in the presence of the CG-derived Y chromosome, which may
have been modified by selection during female expression or by maternal transmission.

Alt text caption: Five point-and-error plots arranged in three panels across the top row and two
panels across the bottom row, showing competitive reproductive fitness when individual
components of the CG genetic background are isolated while all other genetic components are
held in the control state. Top row plots represent male fitness, bottom row female fitness assays.
The x-axis shows selection treatment (also represented through colour: ML - orange; MC - blue),
and the y-axis shows proportion of offspring. Error bars show confidence intervals, and jittered
symbols represent replicate means; circles, triangles, and squares distinguish replicates. (a) CG-
associated translocated autosomes in males: male fitness is similar between ML and M€
genotypes, with no evident difference between selection treatments. (b) CG-associated cytoplasm
in males: ML males have higher reproductive fitness than MC males. (¢) CG-derived Y
chromosome in males: ML males have higher reproductive fitness than MC males. (d) CG-
associated translocated autosomes in females: female fitness is lower for ML than MC
genotypes. () CG-associated cytoplasm in females: female fitness is similar between ML and
MC genotypes, indicating recovery of fitness in ML females.
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