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Male size, not female preferences 
influence female reproductive success 
in a poeciliid fish (Poecilia latipinna): a combined 
behavioural/genetic approach
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Abstract 

Objective:  We investigated the potential role of indirect benefits for female mate preferences in a highly promiscu-
ous species of live-bearing fishes, the sailfin molly Poecilia latipinna using an integrative approach that combines 
methods from animal behavior, life-history evolution, and genetics. Males of this species solely contribute sperm for 
reproduction, and consequently females do not receive any direct benefits. Despite this, females typically show clear 
mate preferences. It has been suggested that females can increase their reproductive success through indirect ben-
efits from choosing males of higher quality.

Results:  Although preferences for large body size have been recorded as an honest signal for genetic quality, this 
particular study resulted in female preference being unaffected by male body size. Nonetheless, larger males did sire 
more offspring, but with no effect on offspring quality. This study presents a methodical innovation by combining 
preference testing with life history measurements—such as the determination of the dry weight of fish embryos—
and paternity analyses on single fish embryos.
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Introduction
Female mate choice is one of the key drivers of sexual 
selection [1, 2]. In species where males provide direct 
benefits to females, this is easily understood. However, 
in many species such direct benefits are not apparent, yet 
female choice exists despite clear costs, such as, increased 
risk of predation, loss of time, and energetic costs [3–8]. 
To balance the costs of choice, indirect (genetic) benefits 
have been invoked. They are much harder to document, 
but are thought to enhance female fitness through an 
increased reproductive value of the offspring [1, 2, 6, 9]. 
Despite the immense theoretical support and conceptual 
relevance of the evolution of female choice for indirect 

benefits, it still remains controversial how important 
those effects are (meta-analysis by [10]).

Here, we studied the evolution of female choice for 
indirect benefits by investigating female mating prefer-
ence of the sailfin molly, Poecilia latipinna. The sailfin 
molly is a particularly well-suited model species to test 
female choice for indirect benefits because it is a sexually 
reproducing and promiscuous species. Males only con-
tribute ejaculates (mainly sperm) to reproduction with-
out providing any direct benefits. Yet, females typically 
show clear mate preferences, e.g. for large male body size 
[11, 12]. In the present study, we assessed female prefer-
ence for two males of different size, which we used as a 
proxy for male quality. Body size is heritable [13–17], and 
larger offspring generally have higher fitness in many dif-
ferent taxa [18–22], including fishes [23–25]. After deter-
mining female preferences, in our experiment, females 
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were allowed to mate with the two males, a large and a 
small one. We measured both offspring quantity (num-
ber of embryos) and a proxy of offspring quality (embryo 
dry weight). We investigated three hypotheses: (I) we 
expected females to prefer larger, higher quality males, 
(II) we expected larger and preferred males to sire more 
offspring, (III) and finally, we expected larger and pre-
ferred males to sire offspring of higher quality. Further-
more, we wanted to test if it would be possible to utilize 
ethanol preserved fish embryos for both DNA paternity 
testing using microsatellites and assessment of life his-
tory data (i.e., dry weight after gentle low temperature 
desiccation). The usage of microsatellite markers is a 
widely accepted and reliable method to assess parentage 
(reviewed in [26]). Embryo body weight is an important 
life history measure, as larger offspring generally have a 
higher fitness (see above).

Main text
Methods
Fish collection and maintenance
Fish were collected in August 2013 in Brownsville, 
Texas (Rio Grande Valley, Cameron County; 25°54.58′N 
97°26.61′W), P. latipinna (approx. 200–300 individuals; 
including males and females) were caught using a stand-
ard 1.2 m seine, with 0.3 cm mesh width, and transported 
to the University of Oklahoma in Norman, Oklahoma. 
Males (N = 60) were held in a common tank (60  L). 
Gravid females (N = 42) were isolated and kept in indi-
vidual tanks (7 L). All fish were maintained under stand-
ardised conditions (24–28 °C water temperature, aerated 
and filtered water, weekly water changes, specific con-
ductance (SPC) of the water: 1300–1800 μS/cm, 12:12 h 
light:dark cycle). Twice daily the fish were fed ad libitum 
with flake food in the mornings and frozen mosquito lar-
vae in the evenings.

Female mate preference
A detailed description of the procedure for female pref-
erence assessment can be found in Additional file  1. 
Females (N = 27) were tested for their mate prefer-
ence using binary choice tests (standard procedure for 
testing preferences; [27–29]), as soon as possible after 
giving birth to a brood (time lag 5–36  h). After par-
turition, females can be readily fertilised by males for 
approximately 3–4  days [30, 31]. It was assumed that 
female choice would be most acute during this phase. 
Females were allowed to choose between one small 
(mean ± SE = 29.5 ± 0.3  mm) and one large male (mean 
± SE = 34.1 ± 0.6  mm;  size difference within male pairs: 
mean ± SD = 5.0 ± 0.1 mm). Each male pair was only used 
once. We quantified female preference as the time spent 
with a male relative to the time spent with both males 

(please see Additional file 1). The two males presented to 
a female were defined as the preferred (preference > 50%; 
mean ± SE = 65.17 ± 10.58%) and the non-preferred 
male (preference < 50%; mean ± SE = 34.83 ± 10.58%). 
All males (mean ± SE = 31.8 ± 0.5  cm) and females 
(mean ± SE = 45.1 ± 0.6 cm) were measured for standard 
length after mate choice trials.

Mating
Immediately after the choice test, females were mated 
with their preferred and non-preferred male. Mat-
ing order was randomized. One of the two males was 
placed in the female’s tank for 24 h; followed by another 
24 h with the other male. Mating experiments were per-
formed in small 7  L tanks to increase the likelihood of 
a mating through a higher interaction rate. Half of the 
females were mated with the preferred male first (N = 13; 
with 8 large and 5 small males) and half were mated with 
the non-preferred male first (N = 14, 7 large and 7 small 
males). This was repeated, so that the overall mating 
period amounted to 4 days, spanning the entirety of the 
female’s fertile phase. Because not all females preferred 
the large male, we were able to cross male size and mating 
order in this experiment. After the mating period, a small 
dorsal fin-clip of each male was collected and preserved 
in 100% ethanol to yield paternal DNA. Twenty-two days 
after the mating ended, females were euthanized using 
an overdose of Tricaine methanesulfonate (MS-222) 
and preserved in 100% ethanol until dissection. Females 
were euthanized before they could release their brood. A 
period of 22 days was chosen because gestation of poecil-
iid fishes takes approximately 30 days [30, 31].

Life history measures and paternity analysis
Prior to dissection, a small fin-clip was taken of each 
female to provide maternal DNA. Females were dissected 
following the protocol of Riesch et al. [32]. The develop-
mental stage of each embryo was classified following the 
protocol of Riesch et al. [33]. During dissection and clas-
sification, embryos were kept in 100% ethanol and stored 
separately to prevent degradation and contamination 
of DNA. Embryos were dried in an incubator oven for 
10 days at 40 °C [33] and then placed in a desiccator for 
3–4  h to remove residual dampness before embryo dry 
weight (mg) was measured.

If available, a subset of 20 embryos per female was 
randomly chosen as representatives for the whole brood 
(N = 110, 15–20 embryos per female). For the paternity 
analysis, embryos and potential parents were genotyped 
at 10 unlinked polymorphic microsatellite loci [34], 
please see Additional file 2.
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Data analysis
Statistical analyses were performed using R version 3.2 
[35]. We tested for a difference in female preference 
(arcsine-square root-transformed) of small versus large 
males using a paired t-test (N = 27). A t-test power analy-
sis was computed using the R package pwr [36]. Further, 
we fitted a linear regression model (LM) on female pref-
erence for large males (N = 27; arcsine-square root-trans-
formed) using male size and the size difference between 
the small and large male within a pair as predictors. We 
analysed offspring quantity by fitting an LM on the num-
ber of offspring sired by each male (N = 6). The number 
of offspring sired by a male equaled a female’s fecun-
dity (i.e., we did not detect multiple paternity). The full 
model incorporated female preference and size for the 
father as predictor variables. Offspring quality was ana-
lysed by fitting a linear mixed-effect model implemented 
in the lme4-package [37] on the embryo dry weight 
(N = 110 embryos originating from 6 females), includ-
ing female preference and size of the father as the fixed 
effects and mother ID as a random effect. For all models, 
non-significant predictors were eliminated in a stepwise 
backward procedure. Before analyses predictors were 
z-transformed (except for the developmental stage) to 
control for potential non-linear relationships between 
variables. Prior to generating z-scores, predictors were 
transformed: number of offspring: square root-transfor-
mation; female preference: arcsine-square root-transfor-
mation; embryo dry weight: x2-transformation; male and 
female size: log10-transformation; [38]. Using prepara-
tory linear regression analyses, we removed the effect 
of female size on offspring number and the effect of the 
developmental stage and female size on the embryo dry 
weight before the analyses. Our data did not show devia-
tions from a normal distribution (Shapiro–Wilk-tests).

Results
We found no significant difference in female prefer-
ence for small (mean ± SE = 45.29 ± 3.48%) vs. large 
males (mean ± SE = 54.70 ± 3.48%), (paired t-test; 
t26 = 1.3691, P = 0.1827, power = 0.7316; Fig.  1). Female 
preference did neither correlate with male size (lin-
ear regression: F1, 25 = 0.0256, P = 0.8742) nor with the 
size difference between males (linear regression: F1, 

25 = 0.9348, P = 0.3429), for female preference data please 
see Additional file 3.

The number of offspring sired by a male was sig-
nificantly influenced by male size (LM; F1,4 = 8.0365, 
P = 0.0471, adjusted R2 = 0.5846; Fig.  2). However, this 
result is based on a low sample size of only six females 
with offspring (see Additional file  3). Female prefer-
ence for the father (mean ± SE = 55.48 ± 11.18%), (LM; 

F1,3 = 0.5421, P = 0.5149) did not affect the number of 
offspring. All offspring were exclusively sired by the 
larger male, independent of the female’s behavioural 
preference (3 females preferred the large male, 3 females 
preferred the small male), data are given in  Additional 
file 4. Furthermore, there was a strong effect of the mat-
ing order on offspring production. Only first males that 
were large sired offspring. Offspring dry weight was not 
influenced by male size (LMM; χ2

1
 = 0.2311, P = 0.6307). 

Also, female preference did not influence the dry weight 
(LMM; χ2

1
 = 0.0002, P = 0.9901).

Discussion
Female mating preferences for large male body size are 
widespread within a broad range of taxa (review by: [39]), 
with P. latipinna being no exception [11, 12, 28, 40, 41], 
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Fig. 1  Female preference for male standard length did not 
deviate from random choice (50%; dashed line). Box plots with 1.5 
interquartile range, mean (white diamond), and median (−); ns 
non-significant
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Fig. 2  Positive relation between male size and number of offspring 
sired. Original data presented (N = 6)
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but such a preference was not detected in the present 
study. Female preferences are based on the recognition of 
multiple cues, e.g. colouration [42] courtship behaviour 
[43] or MHC similarity [44–46], which provides a much 
more powerful assessment of male quality when com-
bined than size does alone. In this study, females received 
additional visual, behavioural and olfactory cues dur-
ing mate choice trials, which might have interfered with 
female preference for large male body size.

Only a subset of females had offspring and due to the 
low sample size we are interpreting our findings with 
great caution. Interestingly, however, although male size 
was not important in determining female preferences, it 
had an effect on the number of offspring sired by a male. 
Offspring were sired only by large males and offspring 
quantity increased with male size, providing evidence 
that male intrinsic quality may increase female reproduc-
tive success. A potential mechanism would be a positive 
correlation of male size with quality or quantity of sperm. 
Male size has been shown to correlate with the amount 
of sperm in the eastern mosquitofish, Gambusia hol-
brooki [47], mandarinfish, Synchiropus splendidus [48] 
and P. latipinna [49]. Furthermore, mating order had an 
effect on male reproductive success with only first males 
siring offspring indicating first-male precedence. Effects 
of insemination order on fertilization success are widely 
distributed in animals with internal fertilization [50, 51]. 
As the effect of male size and mating order were con-
founded, it is unclear whether first male precedence or 
male size per se generated this pattern.

Although offspring quantity was influenced by male 
size, offspring quality (measured as embryo dry weight) 
was not. Offspring quality is determined by various 
components, and to obtain substantial insight into 
the influence of mate preferences and mate quality on 
reproductive success, future studies need to consider 
various aspects of offspring quality, including offspring 
performance.

Limitations
Clearly, our study is limited by the low number of suc-
cessful matings, resulting in a small final sample size. 
Also, fish were collected at a single collection site not 
allowing to control for population effects.

Additional files

Additional file 1. Binary choice test. Detailed description for the determi-
nation of female preference.

Additional file 2. Paternity analysis. Detailed description for the determi-
nation of paternity.

Additional file 3. Data on female mate choice, mating and fecundity.

Additional file 4. Results paternity analysis and offspring life history data.

Authors’ contributions
Concept and experimental set-up was designed by IS and US. RT designed 
and supervised the genetic paternity analysis. US was responsible of data 
acquisition and analysis. IS, RT and US were involved in drafting and revising 
the manuscript. All authors read and approved the final manuscript.

Author details
1 Unit of Evolutionary Biology/Systematic Zoology, University of Potsdam, 
Karl‑Liebknecht‑Str. 24‑25, 14476 Potsdam, Germany. 2 Present Address: Insti-
tute of Zoology, Universität Hamburg, Martin‑Luther‑King‑Platz 3, 20146 Ham-
burg, Germany. 3 Department of Zoology, University of Oklahoma, 730 Van 
Vleet Oval, Norman, OK 73019, USA. 

Acknowledgements
The authors thank C. Burt and A. Makowicz for their assistance in designing 
the experiment and their contributions to the manuscript. T. McDonald also 
provided valuable comments on the manuscript. Thanks to L. Arriaga for his 
help with fish maintenance and K. Havenstein for her assistance during lab 
work. The study was conducted in collaboration of the University of Oklahoma 
and the University of Potsdam, both of which kindly provided facilities and 
financial support. Further, we thank an anonymous reviewer and an editorial 
advisor for their constructive comments on the manuscript. We acknowledge 
the support of the Deutsche Forschungsgemeinschaft and Open Access 
Publishing Fund of University of Potsdam.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
All data presented and analysed are given in Additional files 3 and 4. Further 
information available upon request.

Consent for publication
Not applicable.

Ethics approval and consent to participate
This work was approved by the University of Oklahoma Institutional Animal 
Care and Use Committee. The state of Texas provided a scientific collecting 
permit.

Funding
US was financially supported by DAAD (Deutscher Akademischer 
Austauschdienst).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 29 January 2018   Accepted: 5 June 2018

References
	1.	 Andersson M. Sexual selection. Princeton: Princeton University Press; 

1994.
	2.	 Jones AG, Ratterman NL. Mate choice and sexual selection: what have we 

learned since Darwin? Proc Natl Acad Sci USA. 2009;106:10001–8.
	3.	 Pomiankowski A. The costs of choice in sexual selection. J Theor Biol. 

1987;128:195–218.
	4.	 Crowley PH, Travers SE, Linton MC, Cohn SL, Sih A, Sargent RC. Predation 

risk, and the seasonal sequence of mate choices: a dynamic game. Am 
Nat. 1991;137:567–96.

	5.	 Kokko H, Mappes J. Sexual selection when fertilization is not guaranteed. 
Evolution. 2005;59:1876–85.

	6.	 Kokko H, Brooks R, Jennions MD, Morley J. The evolution of mate choice 
and mating biases. Proc R Soc B Biol Sci. 2003;270:653–64.

	7.	 Bleu J, Bessa-Gomes C, Laloi D. Evolution of female choosiness and mat-
ing frequency: effects of mating cost, density and sex ratio. Anim Behav. 
2012;83:131–6.

https://doi.org/10.1186/s13104-018-3487-2
https://doi.org/10.1186/s13104-018-3487-2
https://doi.org/10.1186/s13104-018-3487-2
https://doi.org/10.1186/s13104-018-3487-2


Page 5 of 5Scherer et al. BMC Res Notes  (2018) 11:364 

	8.	 Etienne L, Rousset F, Godelle B, Courtiol A. How choosy should I be? The 
relative searching time predicts evolution of choosiness under direct 
sexual selection. Proc R Soc B Biol Sci. 2014;281:20140190.

	9.	 Kuijper B, Pen I, Weissing FJ. A guide to sexual selection theory. Annu Rev 
Ecol Evol Syst. 2012;43:287–311.

	10.	 Møller AP, Alatalo RV. Good-genes effects in sexual selection. Proc Natl 
Acad Sci USA. 1999;266:85–91.

	11.	 Marler CA, Ryan MJ. Origin and maintenance of a female mating prefer-
ence. Evolution. 1997;51:1244–8.

	12.	 Ptacek MB, Travis J. Mate choice in the sailfin molly, Poecilia latipinna. 
Evolution. 1997;51:1217–31.

	13.	 Campton DE. Heritability of body size of green swordtails, Xiphophorus-
helleri.1. Sib analyses of males reared individually and in groups. J Hered. 
1992;83:43–8.

	14.	 Day TH, Crean CS, Gilburn AS, Shuker DM, Wilcockson RW. Sexual selec-
tion in seaweed flies: genetic variation in male size and its reliability as an 
indicator in natural populations. Proc R Soc B Biol Sci. 1996;263:1127–34.

	15.	 Gunay F, Alten B, Ozsoy ED. Narrow-sense heritability of body size and its 
response to different developmental temperatures in Culex quinquefas-
ciatus (Say 1923). J Vector Ecol. 2011;36:348–54.

	16.	 Mook-Kanamori DO, van Beijsterveldt CEM, Steegers EAP, Aulchenko 
YS, Raat H, Hofman A, Eilers PH, Boomsma DI, Jaddoe VWV. Heritabil-
ity estimates of body size in fetal life and early childhood. PLoS ONE. 
2012;7:e39901.

	17.	 Thériault V, Garant D, Bernatchez L, Dodson JJ. Heritability of life-history 
tactics and genetic correlation with body size in a natural population of 
brook charr (Salvelinus fontinalis). J Evol Biol. 2007;20:2266–77.

	18.	 Tessier AJ, Consolatti NL. Variation in offspring size in Daphnia and conse-
quences for individual fitness. Oikos. 1989;56:269–76.

	19.	 Marshall D, Cook CN, Emlet RB. Offspring size effects mediate competitive 
interactions in a colonial marine invertebrate. Ecology. 2006;87:214–25.

	20.	 Altwegg R, Reyer H-u. Patterns of natural selection on size at metamor-
phosis in water frogs. Evolution. 2003;57:872–82.

	21.	 Krist M. Egg size and offspring quality: a meta-analysis in birds. Biol Rev 
Camb Philos Soc. 2011;86:692–716.

	22.	 Janzen FJ, Tucker JK, Paukstis GL. Experimental analysis of an early life-
history stage: avian predation selects for larger body size of hatchling 
turtles. J Evol Biol. 2000;13:947–54.

	23.	 Einum S, Fleming IA. Maternal effects of egg size in brown trout (Salmo 
trutta): norms of reaction to environmental quality. Proc R Soc B Biol Sci. 
1999;266:2095–100.

	24.	 Hutchings JA. Fitness consequences of variation in egg size and food 
abundance in brook trout Salvelinus fontinalis. Evolution. 1991;45:1162–8.

	25.	 Reynolds JD, Gross MR. Female mate preference enhances offspring 
growth and reproduction in a fish, Poecilia reticulata. Proc R Soc B Biol Sci. 
1992;250:57–62.

	26.	 Jones AG, Ardren WR. Methods of parentage analysis in natural popula-
tions. Mol Ecol. 2003;12:2511–23.

	27.	 Gabor CR, Aspbury AS. Non-repeatable mate choice by male sailfin mol-
lies, Poecilia latipinna, in a unisexual-bisexual mating complex. Behav Ecol. 
2008;19:871–8.

	28.	 Schlupp I, Marler C, Ryan MJ. Benefit to male sailfin mollies of mating 
with heterospecific females. Science. 1994;263:373–4.

	29.	 Schlüter A, Parzefall J, Schlupp I. Female preference for symmetrical verti-
cal bars in male sailfin mollies. Anim Behav. 1998;56:147–53.

	30.	 Farr JA, Travis J. Fertility advertisement by female sailfin mollies, Poecilia 
latipinna (Pisces, Poeciliidae). Copeia. 1986;2:467–72.

	31.	 Snelson FF, Wetherington JD, Large HL. The relationship between inter-
brood interval and yolk loading in a generalized poeciliid fish, Poecilia 
latipinna. Copeia. 1986;2:295–304.

	32.	 Riesch R, Plath M, Schlupp I. Toxic hydrogen sulfide and dark caves: life-
history adaptations in a livebearing fish (Poecilia mexicana, Poeciliidae). 
Ecology. 2010;91:1494–505.

	33.	 Riesch R, Schlupp I, Langerhans RB, Plath M. Shared and unique pat-
terns of embryo development in extremophile poeciliids. PLoS ONE. 
2011;6:e27377.

	34.	 Tiedemann R, Moll K, Paulus KB, Schlupp I. New microsatellite loci confirm 
hybrid origin, parthenogenetic inheritance, and mitotic gene conversion 
in the gynogenetic Amazon molly (Poecilia formosa). Mol Ecol Notes. 
2005;5:586–9.

	35.	 R Core Team. R: a language and environment for statistical computing. 
Vienna: R Foundation for Statistical Computing; 2015.

	36.	 Champely S. pwr: Basic functions for power analysis. https​://CRAN.R-proje​
ct.org/packa​ge=pwr R package version 1.1–3; 2015.

	37.	 Bates D, Maechler M, Bolker B, Walker S. lme4: linear mixed-effects models 
using Eigen and S4. J Stat Softw. 2014;67:1–48.

	38.	 Riesch R, Plath M, García de León FJ, Schlupp I. Convergent life-history 
shifts: toxic environments result in big babies in two clades of poeciliids. 
Naturwissenschaften. 2010;97:133–41.

	39.	 Ryan MJ, Keddy-Hector A. Directional pattern of female mate choice and 
the role of sensory biases. Am Nat. 1992;139:S4–35.

	40.	 MacLaren RD, Rowland WJ, Behaviour S, Mar N. Differences in female pref-
erence for male body size in Poecilia latipinna using simultaneous versus 
sequential stimulus presentation designs. Behaviour. 2006;143:273–92.

	41.	 MacLaren RD, Rowland WJ, Morgan N. Female preferences for sail-
fin and body size in the sailfin molly, Poecilia latipinna. Ethology. 
2004;110:363–79.

	42.	 Fukuda S, Karino K. Male red coloration, female mate preference, and 
sperm longevity in the cyprinid fish Puntius titteya. Environ Biol Fishes. 
2014;97:1197–205.

	43.	 Kodric-Brown A. Female choice of multiple male criteria in guppies: 
interacting effects coloration and courtship of dominance. Behav Ecol 
Sociobiol. 1993;32:415–20.

	44.	 Aeschlimann PB, Häberli MA, Reusch TBH, Boehm T, Milinski M. Female 
sticklebacks Gasterosteus aculeatus use self-reference to optimize 
MHC allele number during mate selection. Behav Ecol Sociobiol. 
2003;54:119–26.

	45.	 Forsberg LA, Dannewitz J, Petersson E, Grahn M. Influence of genetic dis-
similarity in the reproductive success and mate choice of brown trout—
females fishing for optimal MHC dissimilarity. J Evol Biol. 2007;20:1859–69.

	46.	 Landry C, Garant D, Duchesne P, Bernatchez L. ‘Good genes as heterozy-
gosity’: the major histocompatibility complex and mate choice in Atlantic 
salmon (Salmo salar). Proc R Soc B Biol Sci. 2001;268:1279–85.

	47.	 O’Dea RE, Jennions MD, Head ML. Male body size and condition affects 
sperm number and production rates in mosquitofish, Gambusia hol-
brooki. J Evol Biol. 2014;27:2739–44.

	48.	 Rasotto MB, De Mitcheson YS, Mitcheson G. Male body size predicts 
sperm number in the mandarinfish. J Zool. 2010;281:161–7.

	49.	 Schlupp I, Plath M. Male mate choice and sperm allocation in a sexual/
asexual mating complex of Poecilia (Poeciliidae, Teleostei). Biol Lett. 
2005;1:169–71.

	50.	 Magris M, Cardozo G, Santi F, Devigili A, Pilastro A. Artificial insemination 
unveils a first-male fertilization advantage in the guppy. Anim Behav. 
2017;131:45–55.

	51.	 Jones AG, Adams EM, Arnold SJ. Topping off: a mechanism of first-
male sperm precedence in a vertebrate. Proc Natl Acad Sci USA. 
2002;99:2078–81.

https://CRAN.R-project.org/package%3dpwr
https://CRAN.R-project.org/package%3dpwr

	Male size, not female preferences influence female reproductive success in a poeciliid fish (Poecilia latipinna): a combined behaviouralgenetic approach
	Abstract 
	Objective: 
	Results: 

	Introduction
	Main text
	Methods
	Fish collection and maintenance
	Female mate preference
	Mating
	Life history measures and paternity analysis
	Data analysis

	Results
	Discussion
	Limitations

	Authors’ contributions
	References




