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Abstract  As in any field of research, the study of sexual selection is subject to ongoing debate over definitions and interpreta-
tions of the fundamental concepts involved. These arguments generally promote progress, as they highlight areas where current 
explanations are incomplete. Here we briefly review two ongoing discussions in the sexual selection literature. First, the defini-
tion of sexual selection has received renewed interest in light of increasing research effort into when and how it operates in fe-
males. Second, how best to measure sexual selection is an ongoing subject of debate; in practice, recognition that the appropriate 
measures depend on the focus of the specific study, and that multiple measures should be employed wherever possible, seems to 
provide the most informative approach. The wide scope of recent empirical work in these and related areas, with the application 
of new techniques and approaches, reflects that the field of sexual selection is being constantly expanded and enriched [Current 
Zoology 59 (4): 558–563, 2013]. 
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The 2012 ISBE symposium on ‘Recent developments 
in sexual selection research’ gave an eclectic taste of 
several current research avenues. Many speakers ad-
dressed longstanding debates over how to define, and 
use, some of the fundamental concepts in sexual selec-
tion theory. Here we attempt to give our perspective on 
two of these debates, which we see as closely interre-
lated but different in their focus. First, the last two deca-
des have seen a gradual increase in research attention on 
whether, when and how sexual selection operates in 
females. The importance of these questions is by now 
well acknowledged (Clutton-Brock 2007, 2009; Rosvall 
2011), though there is still only sparse information 
available on many aspects of female sexual selection. 
Investigating the differences in sexual selection and the 
interaction of selective processes between the sexes has 
already begun to improve our understanding of coevolu-
tion between the sexes, as well as the evolution and dy-
namics of mating systems. It has also led to some dis-
cussion over how sexual selection is defined. This links 
closely to a second problem: how should we measure 
sexual selection? Several measures are commonly used, 
but there is some argument over when these should be 
applied and how they are interpreted (e.g. Klug et al. 
2010; Krakauer et al. 2011). Recent work has begun to 
distinguish the information captured using different 
measures, address how these relate to one another, and 
empirically test their utility (e.g. Fritzsche and Arnqvist, 

2013). These studies further our ability to compare be-
tween studies and systems, and determine the generality 
of their results or identify previously unrecognized 
complexity in the processes of interest. Empirical tests 
are invaluable to the development of both these areas, 
and throughout our brief review we highlight some ex-
amples of recent empirical studies that are taking new 
directions, using innovative techniques, and bringing 
different perspectives to sexual selection research.  

1  Sexual Selection in Females 
Traits are sexually selected when they increase re-

productive success by providing an advantage in com-
petition for mates or fertilizations (Andersson, 1994; 
Shuker, 2010). Although proposed by Darwin (1859, 
1871) as an explanation for the evolution of exaggerated 
weaponry and ornaments, traits that more often occur in 
males, the original definition of sexual selection was 
phrased in general terms that did not exclude females. 
Nevertheless, early research effort was concentrated on 
males. This focus has been changing, albeit slowly, 
since the 1990s with studies of “sex role-reversed” spe-
cies demonstrating that sexual selection can act on fe-
males (e.g. Cumming, 1994; Berglund et al. 1997). 
Role-reversed systems have since been quite extensively 
investigated as they provide useful “exceptions to the 
rule” that males experience stronger selection to maxi-
mize mating rate, along with potentially illustrative dif-
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ferences in the nature of the constraints involved (Fitz-
patrick et al., 1995). In general, however, studies of sex-
ual selection in females are comparatively rare, and we 
still lack a thorough understanding of when and how 
sexual selection acts on females across other mating 
systems (Clutton-Brock, 2007, 2009; Stockley and 
Bro-Jørgensen, 2011). It is now clear that in most taxa 
individual females may mate with multiple males 
(Thornhill and Alcock, 1983; Pizzari and Parker, 2009) 
and that this polyandrous mating behaviour accrues di-
rect and indirect benefits to females (Thornhill and Al-
cock, 1983; Arnqvist and Nilsson, 2000; Jennions and 
Petrie, 2000; Slatyer et al., 2011; Shuster et al., 2013). 
Tests of the expectation that polyandry enhances the 
possibility for sexual selection to act on females 
(Andersson, 1994) have increased with the recognition 
of the prevalence of polyandry. For example, sexual 
dimorphism is usually greater in polyandrous than 
monandrous species, suggesting that mating multiply 
strengthens sexual selection on both sexes (Andersson, 
1994). Further examples are accumulating of both fe-
male competition for mates (Clutton-Brock, 2007, 2009; 
Rosvall, 2011), and the sexual selection of female or-
namentation by male mate choice (Amundsen, 2000; 
Bonduriansky, 2001; Funk and Tallamy, 2000).  

Estimates of the strength of sexual selection in fe-
males are particularly lacking, especially for species 
with “conventional” sex roles. Very few empirical studi-
es have directly compared the strength of sexual selec-
tion in females and males (but see Lorch et al., 2008; 
Fitze and Le Galliard, 2011; Aronsen et al., 2013; 
Fritzsche and Arnqvist, 2013, Mobley and Jones, 2013). 
The results of this handful of studies, scattered across a 
variety of mating systems, range from stronger selection 
on males, to comparable selection on both sexes, to 
stronger selection on females; and follow patterns both 
consistent with and contrary to predictions from mating 
systems theory (Lorch et al., 2008). Despite the expec-
tation that sexual selection acts differently on males and 
females, and a broad impression of the usual direction 
of these differences, we lack the direct comparisons 
essential for an explicit understanding of the parameters 
responsible. These are by no means easy data to collect, 
but as a starting point we suggest that wherever possible, 
studies estimating the strength of sexual selection in one 
sex should gather the same data for the other.  

Increasing emphasis on the fact that both sexes are 
subject to sexual selection is generating interest in how 
selection on one sex affects selection on the other 
(Bonduriansky, 2009; Clutton-Brock, 2009; Rosvall, 

2011; Kvarnemo and Simmons, 2013). For example, the 
strength of postcopulatory sexual selection on males, 
through cryptic female choice or sperm competition, 
will affect male investment in ejaculate (Parker et al., 
1997; Engqvist and Reinhold, 2007). The cost of ejacu-
late should influence how beneficial it is for males to be 
choosy about their mates, thus affecting intra-female 
competition (Lorch, 2002; Kvarnemo and Simmons, 
2013).  

While sexual selection evidently can occur in females, 
reproductive success is subject to different selective 
pressures and trade-offs in each sex (Fitzpatrick et al., 
1995; Parker, 2006). Frequently, competition for mates 
is not the most important factor influencing variation in 
reproductive success among females. For example, fe-
males commonly compete for breeding resources, such 
as territories, that are nonetheless vital for reproduction 
(Rosvall, 2011; Stockley and Bro-Jørgensen, 2011). 
Even when females compete for mates, the benefit is 
often access to resources provided by males, rather than 
sperm. Some authors have argued for a broader defini-
tion of sexual selection to encompass all intrasexual 
reproductive competition (Clutton-Brock, 2009) or any 
sex-specific selection (Carranza, 2009; see Stockley and 
Bro-Jørgensen 2011 for an overview). Discussion of 
when female-female competition constitutes sexual se-
lection highlights that some traits are not easily catego-
rized as being mainly naturally or sexually selected. 
“Social selection”, that is, selection arising from intra- 
or inter-sexual competition for any resource increasing 
reproductive success (West-Eberhard, 1983), has been 
suggested as an alternative framework (Lyon and 
Montgomerie, 2012, Rubenstein, 2012, Berglund, 2013 
this issue). Generally, distinguishing sexual from natural 
selection provides a useful and productive conceptual 
tool in the study of trait evolution, and defining the 
boundaries of social selection appears, if anything, to be 
less straightforward than defining sexual selection. The 
current framework of sexual and natural selection is 
able to incorporate environmental, including social, ef-
fects. Rather than moving the definitional boundaries, it 
seems more helpful to accept that any terminology has 
limitations and to be aware of them.  

2  How should Sexual Selection be 
Measured? 

Over the last decades several approaches to quantify 
the strength of sexual selection have been proposed 
(Bateman, 1948; Arnold and Duvall, 1994; Shuster and 
Wade, 2003, Jones, 2009; Collet et al. 2012; McDonald 
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et al., 2013). There is no consensus on which measure 
most accurately reflects the strength of sexual selection 
operating in a given species or population (Klug et al., 
2010; Krakauer et al., 2011, Jennions et al., 2012). Ide-
ally, studies should aim to gather as holistic and compre-
hensive a dataset as possible, for which several meas-
ures of sexual selection for females and males can be 
calculated simultaneously and compared (Kvarnemo and 
Simmons, 2013; Fritzsche and Arnqvist, 2013). These 
data should be generated with an experimental design 
that includes the two key selective episodes: (i) pre-
copulatory sexual selection, including intrasexual com-
petition and intersexual mate choice and (ii) postcopu-
latory sexual selection including cryptic female choice, 
cryptic male choice and sperm competition. Further-
more, to get realistic estimates of sexual selection, its 
strength should be measured throughout the entire re-
productive period and preferably on a population level 
(Rodriguez-Munoz et al., 2010, McDonald et al., 2013). 
Such comprehensive data sets are difficult to obtain and 
the most appropriate method and set of measures will 
depend heavily on both the model system and the spe-
cific research question. However, the suggestion that 
researchers take advantage of the complementary in-
formation provided by different measures is not just a 
recommendation to double-check measurements, but 
vital to ensure a complete picture of selection. It has 
been pointed out by authors on all sides of the meas-
urement debate that the different approaches measure 
different components of the selective process, and that 
no one measure will suffice for a truly accurate picture 
of sexual selection (e.g. Jones, 2009; Fitze and Le Gal-
liard, 2011; Kokko et al., 2012). 

Besides deciding which measures to use for estimat-
ing the strength of sexual selection, another important 
consideration is how to derive the parameters necessary 
to calculate those estimates. How mating success and 
reproductive success are defined, which traits are cho-
sen for study, and consequently what is directly meas-
ured, all affect estimates of selection. Estimating the 
strength of sexual selection on a phenotypic trait can be 
difficult and should be subject to careful interpretation. 
First, choosing an appropriate focal trait can be prob-
lematic, particularly if the aim is to compare the 
strength of selection across sexes or species. Even when 
comparable traits can be identified, phenotypic variabil-
ity can differ between species and limit the usefulness of 
such comparisons. Further, traits that are or have been 
under strong directional or stabilizing sexual selection 
show reduced phenotypic variability (Reinhold, 2011). 

This means that trait-based measures will often underes-
timate sexual selection because strong selection has 
already depleted phenotypic variance.  

The definition and measurement of mating success is 
another important consideration. Is it enough to observe 
apparently successful execution of mating behaviour 
(mounting, intromission) or should mating success only 
include pairings that are confirmed to result in sperm 
transfer? In practice, several methods are used, from 
counting “the number of mates acquired or matings 
achieved during some relatively long interval of time 
such as a day (for an insect), season (for a vertebrate), 
or lifetime” (Koenig and Albano, 1986; see also Arnold 
and Wade, 1984), to the number of genetic mates (with 
whom at least one offspring is produced, e.g. Topping 
and Millar, 1998; Barreto and Avise, 2010). While they 
are variably explicit about what constitutes success, 
these definitions do not allow a detailed breakdown of 
how selection acts across the mating process. This is 
important to understand, as a large body of work pre-
dicts that postcopulatory processes play a significant 
role in sexual selection, and may augment, diminish, or 
act on entirely different traits than precopulatory selec-
tion (Kvarnemo and Simmons, 2013). Jones (2009) 
suggested a method to estimate the contribution of 
postcopulatory sexual selection using the residuals from 
calculating the Bateman gradient; Fritzsche and Arn-
qvist (2013) showed that this residual selection can be a 
sizeable component of total selection. A rare attempt to 
measure the separate contributions of precopulatory 
mating success (the number of females a male mated 
with) and fertilization success (the mean proportion of 
offspring sired across those females) to total male mat-
ing success found that their effects were approximately 
equal in strength (Pischedda and Rice, 2012). However, 
studies examining postcopulatory processes in isolation 
have yielded results ranging from strong effects of 
postcopulatory selection to no evidence for its occur-
rence, even in related species with similar mating sys-
tems (e.g. in  pipefish Sygnathus spp., Partridge et al., 
2009; Paczolt and Jones, 2010). Although it is difficult 
to empirically disentangle the pre- and postcopulatory 
components of mating success, recent innovative work 
has allowed postcopulatory processes to be observed 
directly. In Drosophila melanogaster, Manier et al. 
(2010) labelled sperm from different males with col-
oured fluorescent proteins to observe sperm competition 
in the female reproductive tract. Male fertilization suc-
cess depended on both ejaculate-female and ejacu-
late-ejaculate interactions, as well as complex sperm 
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behaviour. Another exciting development seeks to use 
labelled sperm in combination with transparent study 
organisms (such as Macrostomum and Caenorhabditis), 
allowing postcopulatory mechanisms to be measured 
directly and non-invasively in live individuals (Lukas 
Schärer, personal communication, October 2012). Simi-
larly the transparent squid, Sepiadarium austrinum, in 
which spermatophore usage has been directly observed 
in females (Wegener et al., 2013), are another promising 
system allowing the detailed study of both pre- and 
postcopulatory processes at once. 

Defining and measuring reproductive success is 
equally important and no less problematic. If reproduc-
tive success is to reflect an individual’s fitness, the nec-
essary measure is the number of offspring that contri-
bute to the next generation (Westneat and Fox, 2010). 
This is often difficult to achieve, and the number of eggs 
laid, offspring hatched/born, or offspring that survive to 
adulthood can be useful approximations (e.g. Howard, 
1979; Pelissie et al., 2012; Fritzsche and Arnqvist, 
2013), although their limitations should be kept in mind 
when interpreting results. Random stochastic events, as 
well as other sources of selection, mean that offspring 
survival might have little to do with the focal trait under 
selection and are likely to affect the measure of repro-
ductive success. As these additional influences can oc-
cur throughout development, measures taken at different 
stages will yield different estimates of the strength of 
selection on the focal trait. In order to isolate the con-
tribution of sexual selection and estimate its potential it 
is important to generate these measures in controlled 
laboratory experiments that limit or make uniform such 
external forces. The use of experimental evolution de-
signs in laboratory populations provides a powerful way 
to examine selection. For example, this approach has 
been very successful in illuminating how sexual conflict 
can shape coevolution between the sexes. Several studi-
es show that females pay elevated costs under enhanced 
sexual conflict. Female Drosophila melanogaster evol-   
ving under low mating frequency conditions lose resis-
tance to male harm (Holland and Rice, 1999; Wigby and 
Chapman, 2004), while monogamously housed males 
become more benign in their effects on female fitness 
(Crudgington et al. 2005; Holland and Rice, 1999). 
Similar findings were made in the bulb mite Rhizogly-
phus robini (Tilszer et al., 2006), in Sepsis cynipsea 
(Martin and Hosken, 2003), and the seed beetle Acan-
thoscelides obtectus (Maklakov et al., 2005). By varying 
single key parameters predicted to alter the strength of 
sexual selection (e.g. mate availability) experimental 

evolution designs could additionally provide a valuable 
platform for the comparison of different measures of 
selection.  

3  Conclusion 
Sexual selection is a huge field, expanding rapidly in 

many directions. The current framework and definition 
of sexual selection are broad enough to account for 
sexual selection occurring in females as well as males. 
Yet, there are considerable gaps in the study of sexual 
selection in females and future research needs to con-
centrate on these, especially the comparison of measures 
of sexual selection of females of different mating sys-
tems. Comprehensive measurement of the strength of 
sexual selection in both sexes across taxa, as well as 
determining the relationships between measures targe-
ting different components of the selective process, are 
critical to a thorough understanding of sexual selection. 
A better resolution of the main parameters involved in 
sexual selection – mating success and reproductive suc-
cess – will be another fruitful challenge in the develop-
ment of informative measurement approaches. We are 
well on the way to a thorough understanding of sexual 
selection, especially if we continue to critically question, 
test and revise its underlying assumptions. 

 

Acknowledgements  We thank Kenyon Mobley for the op-
portunity to contribute to the special column. His suggestions 
and those of two anonymous reviewers greatly improved the 
manuscript. Thanks to Murielle Ålund for comments on an 
early draft. This work was supported by Zoologiska Stiftelsen 
(to K.F.), the Swedish Research Council (621-2010-5266 to G. 
Arnqvist) and the European Research Council (AdG-294333 
to G. Arnqvist). 

References 

Andersson M, 1994. Sexual Selection. Princeton, NJ: Princeton 
University Press. 

Arnold SJ, Wade MJ, 1984. On the measurement of natural and 
sexual selection: Theory. Evolution 38: 709–719. 

Arnold SJ, Duvall D, 1994. Animal mating systems: A synthesis 
based on selection theory. Am. Nat. 143: 317–348. 

Arnqvist G, Nilsson T, 2000. The evolution of polyandry: Multiple 
mating and female fitness in insects. Anim. Behav. 60: 145– 
164. 

Aronsen T, Mobley KB, Berglund A, Sundin J, Billing A et al., 
2013. The operational sex ratio and density influence spatial 
relationships between breeding pipefish. Behav. Ecol. (In 
Press) 

Barreto FS, Avise JC, 2010. Quantitative measures of sexual 
selection reveal no evidence for sex-role reversal in a sea 
spider with prolonged paternal care. Proc. R. Soc. B. 277: 
2951–2956. 

Bateman AJ, 1948. Intrasexual selection in Drosophila. Heredity 2: 



562 Current Zoology Vol. 59  No. 4 

 

349–368. 
Berglund A, 2013. Why are sexually selected weapons almost 

absent in females? Curr. Zool. 59(4): –  . 
Berglund A, Rosenqvist G, Bernet P, 1997. Ornamentation pre-

dicts mating success in female pipefish. Behav. Ecol. Sociobiol. 
40: 145–150. 

Bonduriansky R, 2001. The evolution of male mate choice in 
insects: A synthesis of ideas and evidence. Biol. Rev. 76: 
305–339. 

Bonduriansky R, 2009. Reappraising sexual coevolution and the 
sex roles. PLoS Biol. 7: e1000255. 

Carranza J, 2009. Defining sexual selection as sex-dependent 
selection. Anim. Behav. 77: 749–751. 

Clutton-Brock T, 2007. Sexual selection in males and females. 
Science 318: 1882–1885. 

Clutton-Brock T, 2009. Sexual selection in females. Anim. Behav. 
77: 3–11. 

Collet J, Richardson DS, Worley K, Pizzari T, 2012. Sexual 
selection and the differential effect of polyandry. Proc. Nat. 
Acad. Sci. USA 109: 8641–8645. 

Crudgington HS, Beckerman AP, Brustle L, Green K, Snook RR, 
2005. Experimental removal and elevation of sexual selection: 
Does sexual selection generate manipulative males and 
resistant females? Am. Nat. 165(SUPPL.): S72–87. 

Cumming JM, 1994. Sexual selection and the evolution of 
dance-fly mating systems. Can. Entomol. 126: 907–920. 

Darwin C, 1859. On the origin of species. Cambridge (MA): Har-
vard University Press 

Darwin C, 1871. The Descent of Man and Selection in Relation to 
Sex. London: John Murray 

Engqvist L, Reinhold K. 2007. Sperm competition games: 
Optimal sperm allocation in response to the size of competing 
ejaculates. Proc. R. Soc. B. 274: 209–217. 

Fitze PS, Le Galliard JF, 2011. Inconsistency between different 
measures of sexual selection. Am. Nat. 178: 256–268. 

Fitzpatrick S, Berglund A, Rosenqvist G, 1995. Ornaments or 
offspring: Costs to reproductive success restrict sexual selec-
tion processes. Biol. J. Linn. Soc. 55: 251–260. 

Fritzsche K, Arnqvist G, 2013. Homage to Bateman: Sex roles 
predict sex differences in sexual selection. Evolution 67(7): 
1926–1936. 

Funk DH, Tallamy DW, 2000. Courtship role reversal and decep-
tive signals in the long-tailed dance fly Rhamphomyia longi-
cauda. Anim. Behav. 59: 411–421. 

Holland B, Rice WR, 1999. Experimental removal of sexual 
selection reverses intersexual antagonistic coevolution and 
removes a reproductive load. Proc. Nat. Acad. Sci. USA 96: 
5083–5088. 

Howard RD, 1979. Estimating reproductive success in natural 
populations. Am. Nat. 114: 221–231. 

Jones AG, 2009. On the opportunity for sexual selection, the 
Bateman gradient and the maximum intensity of sexual 
selection. Evolution 63: 1673–1684. 

Jennions MD, Petrie M, 2000. Why do females mate multiply? A 
review of the genetic benefits. Biol. Rev. 75: 21–64. 

Jennions MD, Kokko H, Klug H 2012. The opportunity to be 
misled in studies of sexual selection. J. Evol. Biol. 25: 591– 
598. 

Klug H, Heuschele J, Jennions MD, Kokko H, 2010. The mis-

measurement of sexual selection. J. Evol. Biol. 23: 447– 462. 
Koenig WD, Albano SS, 1986. On the measurement of sexual 

selection. Am. Nat. 127(3): 403–409. 
Kokko H, Klug H, Jennions MD, 2012. Unifying cornerstones of 

sexual selection: Operational sex ratio, Bateman gradient and 
the scope for competitive investment. Ecol. Lett. 15: 1340– 
1351. 

Krakauer AH, Webster MS, Duval EH, Jones AG, Shuster SM, 
2011. The opportunity for sexual selection: Not mismeasured, 
just misunderstood. J. Evol. Biol. 24: 2064–2079. 

Kvarnemo C, Simmons L, 2013. Polyandry as a mediator of sex-
ual selection before and after mating. Phil. Trans. R. Soc. B. 
368: 20120042. 

Lorch PD, 2002. Understanding reversals in the relative strength 
of sexual selection on males and females: A role for sperm 
competition? Am. Nat. 159: 645–657. 

Lorch PD, Bussiere L, Gwynne DT, 2008. Quantifying the 
potential for sexual dimorphism using upper limits on Bateman 
gradients. Behaviour 145: 1–24. 

Lyon BE, Montgomerie R, 2012. Sexual selection is a form of 
social selection. Phil. Trans. R. Soc. B. 367: 2266–2273. 

Maklakov AA, Kremer N, Arnqvist G, 2005. Adaptive male 
effects on female ageing in seed beetles. Proc. R. Soc. B. 272: 
2485–2489. 

Martin OY, Hosken DJ, 2003. Costs and benefits of evolving 
under experimentally enforced polyandry or monogamy. 
Evolution 57: 2765–2772. 

McDonald GC, James R, Krause J, Pizzari T, 2013. Sexual 
networks: Measuring sexual selection in structured, polyan-
drous populations. Phil. Trans. R. Soc. B. 368: 20120356. 

Manier MK, Belote JM, Berben KS, Novikov D, Stuart WT et al., 
2010. Resolving mechanisms of competitive fertilization 
success in Drosophila melanogaster. Science 328: 354–357. 

Mobley KB, Jones AG , 2013. Overcoming statistical bias to 
estimate genetic mating systems in open populations: A 
comparison of Bateman's principles between the sexes in a 
sex-role-reversed pipefish. Evolution 67: 646–660. 

Paczolt KA, Jones AG, 2010. Post-copulatory sexual selection and 
sexual conflict in the evolution of male pregnancy. Nature 464: 
401–404. 

Parker GA, 2006. Sexual conflict over mating and fertilization: 
An overview. Phil. Trans. R. Soc. B. 361: 235–259. 

Parker GA, Ball MA, Stockley P, Gage MJG, 1997. Sperm 
competition games: A prospective analysis of risk assessment. 
Proc. R. Soc. B. 264: 1793–1802. 

Partridge C, Ahnesjö I, Kvarnemo C, Mobley KB, Berglund A et 
al., 2009. The effect of perceived female parasite load on 
post-copulatory male choice in a sex-role-reversed pipefish. 
Behav. Ecol. Sociobiol, 63: 345–354. 

Pelissie B, Jarne P, David P, 2012. Sexual selection without sexual 
dimorphism: Bateman gradients in a simultaneous hermaphro-
dite. Evolution 66: 66–81. 

Pischedda A, Rice WR, 2012. Partitioning sexual selection into its 
mating success and fertilization success components. Proc. Nat. 
Acad. Sci. USA 109: 2049–2053. 

Pizzari T, Parker GA, 2009. Sperm competition and sperm phe-
notype. In: Birkhead TR, Hosken DJ, Pitnick S ed. Sperm Bi-
ology. London: Elsevier Academic Press, 207.   

Reinhold K, 2011. Variation in acoustic signalling traits exhibits 



 FRITZSCHE K, BOOKSMYTHE I: The measurement of sexual selection on females and males 563 

 

footprints of sexual selection. Evolution 65: 738–745. 
Rodriguez-Munoz R, Bretman A, Slate J, Walling CA, Tregenza T, 

2010. Natural and sexual selection in a wild insect population. 
Science 328: 1269–1272.  

Rosvall KA, 2011. Intrasexual competition in females: Evidence 
for sexual selection? Behav. Ecol. 22: 1131–1140. 

Rubinstein DR, 2012. Sexual and social competition: Broadening 
perspectives by defining female roles. Phil. Trans. R. Soc. B. 
367: 2248–2252. 

Shuker DM, 2010. Sexual selection: Endless forms or tangled 
bank? Anim. Behav. 79: e11–e17. 

Shuster SM, Briggs WR, Dennis PA, 2013. How multiple mating 
by females affects sexual selection. Phil. Trans. R. Soc. B. 368: 
20120046. 

Shuster SM, Wade MJ, 2003. Mating Systems and Strategies. 
Princeton, NJ: Princeton University Press.  

Slatyer RA, Mautz B, Backwell PRY, Jennions MD, 2012. Esti-
mating genetic benefits of polyandry from experimental studi-
es: A meta-analysis. Biol. Rev. 87: 1–33. 

Stockley P, Bro-Jørgensen J, 2011. Female competition and its 

evolutionary consequences in mammals. Biol. Rev. 86: 341– 
366. 

Thornhill R, Alcock J, 1983. The Evolution of Insect Mating Sys-
tems. Cambridge, MA: Harvard University Press.  

Tilszer M, Antoszczyk K, Salek N, Zajac E, Radwan J, 2006. 
Evolution under relaxed sexual conflict in the bulb mite 
Rhizoglyphus robini. Evolution 60: 1868–187. 

Topping MG, Millar JS, 1998. Mating success of male bushy- 
tailed woodrats: When bigger is not always better. Behav. Ecol. 
10: 161–168. 

Wegener BJ, Stuart-Fox DM, Norman MD, Wong BBM, 2013. 
Strategic male mate choice minimizes ejaculate consumption. 
Behav. Ecol. 24: 668–671. 

West-Eberhard MJ, 1983. Sexual selection, social competition, 
and speciation. Q. Rev. Biol. 58: 155–183. 

Westneat DF, Fox CW, 2010. Evolutionary Behavioral Ecology. 
New York, NY: Oxford University Press 

Wigby S, Chapman T, 2004. Female resistance to male harm 
evolves in response to manipulation of sexual conflict. 
Evolution 58: 1028–1037. 

  
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


