10

11

12

13

14

15
16
17
18
19
20
21
22
23

24

25

26

27

28

29

30

Comparing mating systems and the strength of sexual selection across three
congeneric species of pipefish spanning the continuum of sexual dimorphism
Authors:

Nicole M. Tosto' (ORCID: 0000-0001-9858-7046)

Emily Rose? (ORCID: 0000-0002-8794-1887)

Heather D. Mason® (ORCID: 0000-0001-7171-2919)

Sarah P. Flanagan" (ORCID: 0000-0002-2226-4213)

Affiliations:

1 - School of Biological Sciences, University of Canterbury, Christchurch New Zealand
2 - Division of Natural Sciences, New College of Florida, Sarasota, Florida, USA

3 - Department of Biology, University of Tampa, Tampa, Florida, USA

* - corresponding author, sarah.flanagan@canterbury.ac.nz

Data Availability

The microsatellite genotyping data, morphological measurements, and reproductive success for Syngnathus
fuscus are archived on Zenodo (https://zenodo.org/records/14053624). Publicly accessible data was used
for S. floridae (https://zenodo.org/records/10558631) and S. scovelli
(http://dx.doi.org/10.5061/dryad.bk03m). Photographs taken of pipefish prior to entering the mesocosms
for all three species have been archived on Zenodo (https://doi.org/10.5281/zen0do.22906552).

All code used for the analyses is on GitHub (https://github.com/flanagan-lab/syngnathus-selection-comp),

the version of the repository at the time of submission is archived on Zenodo
(https://doi.org/10.5281/zenodo.21330225).

Author contributions
NMT and SPF designedithe project. NMT conducted all field and laboratory work, supported by
ER and HDM. NMT analyzed and visualized data and wrote the first draft. SPF provided

substantive edits with additional review from ER and HDM. SPF and HDM provided funding for

the research.

920z 1990300 €1 U0 3s8nb Aq 8eet168/2) LBEoA/Gal/E60 L 0 L/10p/a[oNIE-80UBAPE/EI/LLI0S"dNO DIWLSPEDE WO PEPEOjUMOQ

© The Author(s) 2026. Published by Oxford University Press on behalf of the European Society of Evolutionary Biology. This is an Open Access article
distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits
non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact
reprints@oup.com for reprints and translation rights for reprints. All other permissions can be obtainedthrough our RightsLink service via the Permissions link on
the article page on our site-for further information please contact journals.permissions@oup.com



31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

Funding
This work was supported by the Marsden Fund Council from government funding, managed by
Royal Society Te Aparangi (grant UOC1904) and support from the University of Canterbury and

University of Tampa.

Conflict of Interest

The authors declare no conflict of interest.

Acknowledgements

While the experimental breeding populations were not conducted in New Zealand, we
acknowledge Ngai Taahuriri upon whose lands we conducted the consequent analysis. We
thank Mary Amato, Will Love, Sam Johnson, Ben Share, James Heiser;dada Brown, Ashley
Govig, Kristina Townsend, Sarah Sexton, Tyler Pollert, Patrick.O’Brien; Isabella Lesinski, Celina
Kostich-Nilsen, Wyatt Larrinaga, Alex Butler, Shane Kullen, Geoffrey Beane, Griffin Baughn,
Katie Serba, and Tamar Smith at the University of Tampa and Anthony Rose for their
assistance with collecting and caring for pipefish. Adam Jones provided feedback on an early
version of the manuscript. Bob Wong and.Judith Mank guided early thinking about this project.
Emily Beasley and other members of'the Flanagan lab contributed helpful feedback throughout
the project. We thank three anonymous reviewers and Tim Janicke for constructive feedback on

the manuscript.

Ethics Statement
All.Syngnathus fuscus were collected in the southern part of Chesapeake Bay under
scientific collection permit #21-038 granted by the State of Virginia. All animal-use protocols

outlinedbelow were approved under the University of Tampa AUP #2020-01.

920z 1990300 €1 U0 3s8nb Aq 8eet168/2) LBEoA/Gal/E60 L 0 L/10p/a[oNIE-80UBAPE/EI/LLI0S"dNO DIWLSPEDE WO PEPEOjUMOQ



57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

Running head: Comparing sexual selection in three pipefishes
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off; polygynandry

ABSTRACT

The strength of sexual selection is often linked to genetic mating system and is thought to
be a driving force in the evolution of sexual dimorphism. Here, we compared selection between
males and females across three closely related species: the dusky (Syngnathus floridae),
Northern (S. fuscus), and Gulf (S. scovelli) pipefishes, using new and previously published
datasets. These three species exhibit male pregnancy but vary in mating"systems and sexual
dimorphism, enabling us to test if (i) the species differ in their opportunities for pre- and post-
copulatory selection, (ii) females demonstrate a steeper Bateman gradient in polyandrous
species, and (iii) sexually dimorphic traits are targets of selection. We quantified pre- and post-
copulatory selection using a variance decompaosition,of the opportunity of selection, Bateman
gradients, and selection differentials on snout-vent length. Pre-copulatory fitness was estimated
with genetic mating success and post-copulatory fithess with the number of eggs stored and
proportion of developed eggs. We-found polygynandrous species had higher opportunities for
selection in both sexes than,the polyandrous species, S. scovelli. Despite S. scovelli showing
large sex differences‘in,thejopportunity for selection and selection differentials, Bateman
gradients varied little’between sexes and across species. Pre-copulatory selection accounted
for the largest opportunity for selection across all three species; however, we identified potential
sexually antagonistic selection acting on body size in S. floridae and S. fuscus, and a trade-off

between pre- and post-copulatory selection for female S. fuscus and S. scovelli. Overall, the
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largest differences emerged between polygynandrous and polyandrous species, with potential

trade-offs across episodes of selection.

INTRODUCTION

Sexual selection is an important driver of the evolution of secondary sexual characteristics,
especially ornaments and armaments. Sexually selected traits often differ between the sexes, a
phenomenon known as sexual dimorphism, and are presumed to evolve due to selection
favoring different trait values in each sex (Hedrick & Temeles, 1989; Mori et al., 2017; Punzalan
& Hosken, 2010; Tosto et al., 2023). The intensity of sexual selection and magnitude ofisexual
dimorphism are thought to be closely related to an organism’s genetic mating system
(Bjorklund, 1991; Jones & Avise, 2001; Shuster, 2009; Wiegmann & Nguyen, 2006). Sexual
selection theory predicts strong selection arising when reproductive success is highly variable,
with a few individuals achieving high mating success and others failing to mate or producing few
offspring (Jones, 2009; Jones & Ratterman, 2009). Following.this prediction, strong sexual
selection in one sex and extreme sexual dimorphism may be linked to the extent of multiple
mating, whereas monogamous mating systems,or lower variation in mating success may result
in lower selection strengths and minor differences in selection strengths between males and
females (Shuster, 2009). Therefore,uncovering the dynamics of animal mating systems is vital
for developing a complete understanding of sexual selection strengths in any system.

Quantifying sexual selection and its effects on trait evolution has been a central component
of mating system research (Anthes et al., 2017; Henshaw et al., 2018; Jones, 2009; Krakauer et
al., 2011). A powerful set of inferential tools for the study of sexual selection, with a strong focus
on pre-copulatory sexual selection, has been produced (reviewed in Henshaw et al., 2018). One
commonly used approach involves the incorporation of three metrics based on Bateman’s

principles (Bateman, 1948), including the opportunity for selection (Crow, 1958), the opportunity
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for sexual selection (Wade, 1979), and the Bateman gradient (Arnold & Duvall, 1994). The
opportunity for selection (I) and the opportunity for sexual selection (Is) are defined as the
variance in relative reproductive success (total number of offspring produced by an individual
divided by the population mean) and relative mating success (number of successful mates an
individual acquires within a set period divided by the population mean), respectively. The
Bateman gradient (Sss) relates relative reproductive success to relative mating success,
commonly estimated as a least-squares regression of reproductive success on mating success
(Arnold & Duvall, 1994). A shallow slope in the Bateman gradient implies a low fitness gain with
each additional mating event, and therefore weak or no sexual selection acting on traits related
to mating success, while a steeper Bateman gradient shows the reverse (Bateman;.1948;
Jones, 2009). The Jones Index (s',,4,) incorporates the Bateman gradient.and the opportunity
for sexual selection and has been shown to be the leading metric foridentifying sex differences
in the strength of sexual selection (Henshaw et al., 2016; Jones, 2009).

These approaches for quantifying sexual selection have beenpredominantly used to
measure pre-copulatory sexual selection, i.e., selection related to mate competition and mate
choice (Jones, 2009). However, behavioral, marphological, and physiological traits can be
targets of sexual selection after mating through mechanisms including sperm competition and
cryptic female choice (Birkhead, 2010)., Therefore, a full understanding of sexual selection
requires its decomposition intomultiple’episodes, at least one of which incorporates the
influence of post-copulatory,sexual selection (Evans & Garcia-Gonzalez, 2016). To do this, an
individual’s total reproductive success can be divided into distinct fithess components (Arnold &
Wade, 1984b, 1984a). With this framework, previous research has demonstrated the different
contributions of pre- and post-copulatory selection in a variety of organisms (hermaphroditic
plants: Barbot et al., 2025; brown anoles: Bhave et al., 2024, red junglefowl: Collet et al., 2012;
guppies: Devigili et al., 2015; snails: Janicke et al., 2015; flatworms: Marie-Orleach et al., 2016;

fruit fly: Morimoto et al., 2016; snails: Pélissié et al., 2014; fruit fly: Pischedda & Rice, 2012;
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pipefish: Rose et al., 2013a; crickets: Turnell & Shaw, 2015; flour beetles: Winkler et al., 2023).
For example, in the transparent flatworm (Macrostomum lignano), male reproductive success
was most limited through their ability to convert achieved matings into successful fertilization
events (post-copulatory selection), rather than the number of copulations they could obtain (pre-
copulatory selection; Marie-Orleach et al., 2016). In contrast, in brown anoles (Anolis sagrei),
larger males obtained more mates, resulting in pre-copulatory selection driving reproductive
success (Bhave et al., 2024). The relative importance of pre- and post-copulatory selection
differing across species emphasizes the importance of quantifying both.

Males typically experience stronger sexual selection compared to females, but thisiis-not
always the case (Fromonteil et al., 2023). Within the fish family Syngnathidae (seahorses,
pipefish, and seadragons), male parental care in the form of male pregnancy exists and can
limit females’ access to receptive mates, resulting in increased sexual selection on females, the
evolution of female sexual signals (particularly ornamentation),cand.sex-role-reversal (Berglund
& Rosenqvist, 2003; Rosenqvist & Berglund, 2011). Sex-role=reversal is defined here as species
with steeper sexual selection gradients and higher opportunities for sexual selection in females
compared to males (Jones et al., 2000), as opposed,to’a definition dependent on stereotyped
behaviors (Ah-King & Ahnesjo, 2013; Fritzsche et-al., 2021). Syngnathid mating systems range
from monogamous to polyandrous and.polygynandrous (Jones & Avise, 2001; Rosenqvist &
Berglund, 2011), presenting the.opportunity to compare selection strengths across closely
related species that span aicontinuum of sexual dimorphism and mating systems.

In this study we investigated the relationship between sexual selection, sexual dimorphism
in body size, and mating systems across three species of pipefish from one genus: the dusky
pipefish (Syngnathus floridae), the Northern pipefish (Syngnathus fuscus), and the Gulf pipefish
(Syngnathus scovelli). The species used in this study fall in the western-Atlantic clade with S.
fuscus and S. scovelli being the closest in relation (Hamilton et al., 2017; Stiller et al., 2022;

Wilson & Orr, 2011). In the wild, all three species have shown evidence of multiple matings in at
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least one sex, with the highest reported rates of multiple mating in both sexes presentin S.
floridae (Jones & Avise, 1997b; Paczolt et al., 2016). The three species additionally range in
degree of ornamentation, from the more monomorphic S. floridae to the highly dimorphic S.
scovelli, which possess a permanent, sexually selected female ornament that is absent in males
(Flanagan et al., 2014; Jones et al., 2001). S. scovelli is the only species to be previously
documented as polyandrous (Jones et al., 2001), while the other two are polygynandrous
(Jones & Avise, 1997b; Paczolt et al., 2016). With these three species, we set out to answer
several questions: (1) How do opportunities for pre- and post-copulatory sexual selectiondiffer
among species; will certain episodes be more prominent for the different species? (2) In“a~group
of species with obligate male parental care and female secondary sexual traits; will.females
demonstrate a steeper Bateman gradient compared to males, and will sex.differences in the
gradient reflect the mating system? (3) Can we identify traits that may.be-a-target of pre- and
post-copulatory sexual selection?

To answer these questions, we established experimental breeding populations of male
and female pipefish and used molecular parentage analysis to determine mating and
reproductive success for S. fuscus, combining the results with publicly accessible data on
mating and reproductive success for S. scovelli and S. floridae (Rose et al., 2013a; Tosto et al.,
2025). We compared the relative strengthof’sexual selection in males and females within each
species using Bateman gradients. Selection was further quantified by partitioning the
opportunity for selection into variance arising from genetic mating success, the number of eggs
stored per mate, and-the proportion of stored eggs that developed. While the definition of sexual
selection is subject'to debate (Janicke, 2024, 2026; Shuker & Kvarnemo, 2021, 2025; and other
commentaries), regardless of which definition is used, these episodes of fitness likely reflect
both naturaliand sexual selection in pipefish (Table 1). For clarity, in this manuscript we have
adopted'the approach recommended by Simmons (2025), namely that we will refer to ‘narrow-

sense sexual selection’ to specify competition over gametes alone and ‘broad-sense sexual
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selection’ when we cannot differentiate between fitness benefits arising from gametes or other
resources provided by the mating partner. In the case of pipefishes, broad-sense sexual
selection would include competition for nutrient provisioning of offspring, either transferred along
with gametes (in the case of females) or provided during male parental care (Kvarnemo et al.,
2011; Ripley & Foran, 2006a). As the limiting resource is likely the space in male brood pouches
rather than sperm, pre-copulatory selection on females would be broad-sense sexual selection
but narrow-sense for males (Janicke, 2024; Shuker & Kvarnemo, 2021; Simmons, 2025; Table
1). We also measured selection differentials on male and female body size in terms of snout-
vent length, partitioning these differentials into the same pre- and post-copulatory components.
The combination of the different quantification techniques across males and females_ from three
species of pipefish allows for a more holistic view on the relationship that-exists between sexual
selection, genetic mating systems, and sexual dimorphism.

Table 1. A summary of the decomposition of selection used in this manuscript; with some guidance on the
biological interpretations of each episode for females and males in theithree focal pipefish species for this
study. Note that mechanistic data is lacking so many of these intérpretations are hypothetical possibilities.
W, = relative mating success; W,;W,= relative number of eggs stored; W,W,W, = relative number of
developed eggs (relative values were calculated by dividing by the average value).
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Fitness
estimate

Quantitative definition

Types of selection in female
pipefish

Types of selection in male
pipefish

Genetic mating
success

Number of eggs
stored per mate

Proportion of
eggs developed

203

Wl = Wl
Wy W,
VT W
1
AL
AT

Pre-copulatory broad-sense sexual
selection (competition for access to
mates, including male choice), but
does not reflect any individuals that
mated but did not produce zygotes,
which means that it could include
some elements of post-copulatory
selection.

Fecundity selection and sexual
selection (either narrow- or broad-
sense) arising from copulation
duration or other factors such as
male choice or female-female
competition.

Sexual selection (either narrow or;
broad) arising from male
provisioning of the female’s eggs,
mediated through female
manipulation and/or cryptic male
choice.

Could also capture natural
selection arising from genetic
incompatibilities;,congenital
diseasesyorother factors that
impact offspring survivorship.

Pre-copulatory narrow-sense
sexual selection (competition for
access to mates, including female
choice), but does not reflect any
individuals that mated but did not
produce zygotes, which means that
it could include some elements of
post-copulatory selection.

Natural selection on bodyssize
and/or brood pouch size; along with
fecundity selection, if sperm
production is a limiting factor.

Could also reflect narrow-sense
sexual selection-arising from
copulation duration or other factors
such as female choice

Selection on male provisioning of
embryos.

Could reflect provisioning of eggs
by females and/or transfer of
compounds to manipulate
provisioning of other females’ eggs,
which would likely capture broad-
sense sexual selection.

Could also capture natural
selection arising from genetic
incompatibilities, congenital
diseases, or other factors that
impact offspring survivorship.
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MATERIAL AND METHODS
Collection of specimens

Adult Syngnathus fuscus were collected using 1.3m wide push-nets with a 6mm mesh
size at two timepoints, in late June and mid-July 2021, from a single continuous seagrass bed in
Cape Charles, Virginia, United States of America (Figure 1). To ensure sexual maturity, only
pregnant males were collected and only females larger than 125mm standard length (Figure
S1A) were retained (Ripley & Foran, 2006b). Pipefish were transported to the University of
Tampa in 150L aerated coolers and sustained with food caught during collection until arrival in
the lab. Once in the laboratory, all pipefish received a freshwater bath lasting three‘minutes to
remove external parasites and were acclimated to 38L sex-specific holding tanks:held at
conditions to mimic their natural environment (24°C and 25 parts per thousand) until males gave

birth. Pouches were visually inspected to ensure absence of eggs after birth.
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Figure 1. Description of the three Syngnathus spp. and the’corresponding collection locations. (A) Shown
here is the phylogenetic relationship between the three species of Syngnathus (Adapted from Hamilton et
al., 2017 and Stiller et al., 2022) and examples of female, (top) and male (bottom) pipefish from each
species. The images are scaled to represent accurate proportional differences between both sexes and
species using averages for standard length (Sk), SVL, torso depth (TD), and pouch length. Traits that
differed significantly between females and males are listed in parentheses following the species name. (B)
S. floridae were collected in three locationsincluding the Saint Joseph Sound (28.0516324, -82.7921436),
the southern region of Old Tampa Bay (27.8730210, -82.5397645), and off Fort De Soto (27.6273507, -
82.7002240). (C) S. fuscus were collected off the coast of Cherrystone Family Camping Resort in Cape
Charles, VA (37.3927330, -76.0139170). (D) S. scovelli were collected off Aransas Pass in Port Aransas,
TX (27.8941861111, -97.131025).

Alt text: In A, a phylogenetic tree shows Syngnathus scovelli and S. fuscus as most closely related, with
S. floridae as a close outgroup. ‘Drawings of male and female individuals of each species are pictured,
scaled by actual size —showing S. floridae is the largest and S. scovelli is the smallest species. The image
also shows that S. fleridae has a sex difference in SVL, S. fuscus shows sexual dimorphism in standard
length and SVL, and\S. scovelli is sexually dimorphic in standard length, SVL, and torso depth. Panel B
shows a map with the collection location of S. floridae in Tampa Bay, C shows the collection location of S.
fuscus in the"Chesapeake Bay, and D shows the collection location of S. scovelli in the Gulf of Mexico on
the Texas-coastline.
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Experimental breeding populations with Syngnathus fuscus

The experimental protocol outlined here mirrored a similar experiment conducted with
Gulf pipefish, Syngnathus scovelli (Rose et al., 2013a). To individually identify individuals, all
pipefish were anesthetized with a 0.01% clove oil solution for one minute and marked with three

visible implant fluorescent tags (Northwest Marine Technology) along the left side of their dorsal

fins. Protocols for marking followed those outlined in Woods & Martin-Smith, (2004). Two colors
were used in a combination of six unique patterns which contained at least one mark of each
color on each individual to limit mating preference based on tag color. Photographs weretaken
immediately after marking the fish before placing them back in their original sex-specific.holding
tanks and then again following the three-day recovery period prior to the start of trials-

Sixteen replicates were completed, involving a total of 192 S. fuscus. Each replicate
included six sexually mature females and six nonpregnant males housedtogether in a 140-L
tank (77cm x 30.5cm x 56¢cm) for 6 weeks. Tanks were equipped with three sources of
biological filtration and activated charcoal with 10% water changes performed daily. Pipefish
were sustained with a mixed diet of day-old artemia,14-day-old artemia, and various grass
shrimp, zooplankton, and copepods collected from the‘local seagrass beds. Males were
checked daily for pregnancies. Once eyespotsihad developed in at least two-thirds of the visible
eggs, the pregnant male was euthanized in.a 0.05% clove oil solution until ventilation rates
dropped to zero. At this stage inthe.male’s pregnancy, any eggs that failed to develop can be
easily distinguished from these which were successfully developing (Paczolt & Jones, 2010). At
the end of the trial peried all remaining male and female pipefish were euthanized. Pipefish
were stored in 70%'\ETOH at either 4°C or -20°C. Twelve of the 16 trials resulted in at least one

successfulimating and were used in the analyses outlined below.
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Morphological analyses

Photos taken of S. fuscus prior to entering the trials were analyzed in ImagedJ v1.53t
(Schneider et al., 2012) to measure standard length, dorso-ventral torso depth, and snout-vent
length (SVL) for each individual (Figure S1). Raw measurements were analyzed as follows
using Rv 4.4.2 (R Core Team 2025). Torso depth was adjusted by SVL (depth/SVL) prior to
analysis. Morphometric data were first analyzed for normality and equal variances and then
compared between males and females via a two-sample t-test to identify significant differences
between the sexes (i.e., degree of sexual dimorphism). If assumptions were not met, a Wilcoxon

rank sum test was used instead.

Molecular parentage analysis

Parentage analysis was conducted on the pregnant S. fuscus males resulting from the
mesocosm trials following protocols outlined in Jones & Avise (2001) and Tosto et al. (2025).
Briefly, each male’s pouch was dissected into 14 roughly equal‘sections with three randomly
sampled developed eggs per section and all remaining,eggs were counted and stored
separately (Figure S2). When a brood pouch was not.full (~25% of pregnant males), only the
sections containing eggs were sampled, resulting in fewer embryos being genotyped, but often
a higher proportion of the embryos sampled’(Table S1, Figure S2). Embryo and adult pipefish
DNA were extracted using a Chelex=based method and the Qiagen Puregene extraction kit,
respectively (Tosto et al., 2025). Three polymorphic microsatellite loci (micro25.10, micro25.22,
and micro22.3; Table S2) were used to genotype all sexually mature adults and embryos (Jones
& Avise, 1997a;.1997b). The markers were amplified using polymerase chain reaction (PCR)
conditions‘modified from Jones & Avise (1997a), with the primer concentration doubled for
micro26.22 (See supplemental methods). Primers were labeled with fluorescent dyes and

analyzed on a 3130xl Genetic Analyzer at the University of Canterbury, Christchurch, New
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Zealand, using the GeneScan 500 LIZ (Applied Biosystems) as the size standard. Alleles were
called and sized with the Geneious Prime microsatellite plugin (v1.4.7) using the automatic bins.
Alleles sizes were exported from Geneious, and maternity was assigned using Cervus v3.0.7
(Kalinowski et al., 2007).

Cervus computed the number of alleles, observed and expected heterozygosity, and the
likelihood ratio (LOD scores) between the offspring and candidate parents by comparing their
genotypes. LOD scores necessary to assign parentage with either 90% or 95% confidence were
determined by simulating maternity assignments for 100,000 offspring with the following
parameters: the number of candidate females in each experimental breeding population(6);
100% of the candidate females sampled, and the default 1% of loci mistyped. The proportion of
typed loci for the simulation was 66.9%. Known fathers were included in the analysis, since
paternity was known from the dissections. Cervus assignments were‘evaluated using trio LOD
scores which considered potential genotyping errors and the genotypes of the known fathers
when assigning maternity. All offspring were required to havera.minimum of two typed loci to be
included in the analysis.

Previous studies have shown that eggs.are spatially segregated by maternity in the
brood pouches of S. fuscus (Paczolt et al.,.2016). Therefore, if only one maternal genotype was
found for the three embryos from a section, all eggs counted in that section were allocated to
that female. In the sections in which multiple mothers were detected, one-third and two-thirds of
the total counted eggs were assigned to each mother depending upon the proportion of
genotyped embryos that were assigned genetically to each mother. Female reproductive
contribution was then calculated by summing all eggs assigned to each mother across all the
sections and all the fathers. Note that we are using these estimates of genetic mating success
for all our analyses, rather than observations of mating rates. We were unable to assign

parentage for two males due to lower rates of heterozygosity, therefore, while they were
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included in the analysis of selection in males, they were omitted in the calculation of selection in

females (as we cannot identify the mother).

Analyzing publicly accessible data for Syngnathus scovelli and Syngnathus floridae
Previous studies have quantified sexual selection strengths in male and female
Syngnathus scovelli and Syngnathus floridae using similar set-ups to those outlined here
(Flanagan et al., 2014; Rose et al., 2013a; Tosto et al., 2025), including the estimation of
maternity using subsets of offspring. The datasets used in Rose et al. 2013a and Tosto et.al.
2025 were included here to assess patterns across species with different extents of*sexual
dimorphism. Following Rose et al. 2013a, two male S. scovelli who died during theirpregnancy
and one female S. scovelli whose only mate died were removed prior to analysis. Additionally,
two males experienced complete brood loss throughout the trials. While they were included in
the calculation of opportunity for selection in males, due to thenability’ to genotype any of the
offspring, they were omitted in the calculation of opportunityforsselection in females. The
resulting S. scovelli dataset included a total of 55 females and 54 males across seven
experimental breeding populations. For the S. floridag-dataset (Tosto et al., 2025), only trials
with at least one successful pregnancy were.included, resulting in a total of 56 males and 56
females across seven experimental breeding populations. All the following analyses were
conducted in Rv 4.4.2 (R coreteam.2025), using packages magick (Ooms, 2021) and spfTools
(Flanagan, 2026) for visualization. In our analyses, mating success was measured as the
number of genetic mates. Because we partitioned post-copulatory episodes into two
components (Table'\1), two possible measures of reproductive success are available. We will
use ‘reproductive success’ to refer to the number of eggs developed, which is the final episode

of selection captured in this study.
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Estimating the relative strength of sexual selection in males and females using Bateman
gradients

We calculated the Bateman gradient (Sss) for males and females separately as the slope
of a linear mixed effects model of relative reproductive success (total number of developed eggs
stored/mean number of developed eggs) on relative mating success (number of mates/mean
number of mates), with the trial number included as a random effect. The model was run using
the R package Ime4 (Bates et al., 2015). Because trials were independent, relative reproductive
and mating success were calculated within trials. To compare Bateman gradients across groups
(i.e., sex or species), the group was added as an interaction term in the linear mixed effects
model. Non-mated individuals were included in both the calculation of relative fitness¥i.e.,
included in the mean) and the calculation of the Bateman gradient (as zeroes). ;To further
investigate fitness gain or loss associated with obtaining more than one mate without the
influence of the fitness gain corresponding to obtaining a single,mate, the analysis was done
with and without the males and females who secured no mates.In addition, we performed
Wilcoxon rank sum tests with continuity correction to cempare the proportion of eggs developed

between singly mated and multiply mated females within each species.

Decomposing the opportunity forselection in males and females

We calculated opportunity for'selection (I) as the variance in relative reproductive fitness
(number of eggs that developed/during the male’s pregnancy) and decomposed this calculation
into the same selection‘episodes outlined above for the selection differentials using equations
14 — 16 outlined'in Arnold and Wade (1984b). For the specific fitness components, we first set
relative mating'success as W, relative number of eggs stored as W, W,, and relative number of
developed.eggs as W; W, W5 (similar to the data in Table 1 of Arnold and Wade 1984a). Those

initial fitness components were then used to generate the variables employed in equations 14 —
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16 and A1 — A11 (w;) for the decomposition of the opportunity for selection and calculating the

co-variances (Arnold and Wade, 1984b). The final fitness components were calculated as 1)

Relative mating success, w; = W;; 2) Relative number of eggs stored per mate, w, = W;VWZ; 3)
1
Relative proportion of eggs developed, w; = % (Table 1). As each trial provides an
1vv2

independent “population” (i.e., pipefish from one trial could not mate with pipefish from another
trial) fitness decompositions were calculated separately for each trial and then averaged across

all trials to get the final measures of opportunity for selection.

Calculating selection differentials on snout-vent length in males and females

For all three species, the absolute and standardized selection differentials_ (s and s’)
were calculated as the covariance between SVL (Figure S1C) and relative fithess (Lande &
Arnold, 1983). We decomposed the total selection differential into three Successive,
multiplicative episodes (Arnold & Wade, 1984b, 1984a). In.this study, the episodes included pre-
copulatory selection (number of genetic mates, s; and’s’; Jiand two episodes of post-copulatory
selection (number of eggs stored per mate, s, andis’,, and the proportion of eggs developed
within the brood pouch during mid-pregnancy, s; and s';). Individuals who did not mate were
included in the calculations for pre-copulatory selection (the first episode) but not for the
following episodes of post-copulatory selection.

Although we aimed_ to capture sexual selection primarily, sexual selection in either the
narrow- or broad-sense definitions (Simmons, 2025) cannot be fully differentiated from natural
selection in all episodes.(Table 1). The first episode of selection, although mostly reflecting pre-
copulatory séxual-selection, does not reflect any individuals that mated but did not produce
zygotes, which' means that it could include some elements of post-copulatory selection. The
second\episode of selection likely captures fecundity selection in females and selection on

brood pouch size, as well as some elements of sexual selection related to choice in mating
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duration and/or post-copulatory male choice. The ‘maternity share’ of the population (the
proportion of eggs stored per female per male brood) is very similar to this estimate, and in this
experimental design is equivalent to the relative number of eggs stored. The final post-
copulatory episode of selection also likely includes a mix of natural and sexual selection, as
embryos might not develop due to congenital defects (natural selection), although pipefish
males have been demonstrated to absorb nutrients from embryos (Ripley & Foran, 2006a;
Sagebakken et al., 2010) and exhibit post-copulatory choice (Paczolt & Jones, 2010), which
could reflect sexual selection.

Finally, we estimated the maximum strength of selection a trait may experience\related
to that trait’s involvement in obtaining a mate by calculating the maximum standardized sexual
selection differential (s',,4, or the Jones Index; Jones, 2009). This metric.is the product of the
Bateman gradient and the square root of the opportunity for sexual séleection (I or I;). We used

the averaged I; across all trials for this calculation.

Generating 95% confidence intervals for the selection differentials and opportunity for
sexual selection

We estimated confidence intervals for the opportunity for selection and selection
differentials using a bootstrapping approach. Specifically, we randomly sub-sampled each trial
to retain 5 individuals. From this:sub=sample, we re-calculated the metrics for the opportunity for
sexual selection partitions and the decomposed selection differentials, as described above. We
repeated this sub-sampling’1000 times and used those 1000 estimates to calculate the mean
for each metric'and estimated the 95% confidence intervals as the values corresponding to the
2.5% and'97.5% quantiles. If the confidence intervals for the same metric from males and

females did/not overlap, we concluded that the estimates of those metrics were significantly
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different between the sexes. Similarly, selection differentials with confidence intervals not

overlapping zero were considered significant.

RESULTS

Variation in genetic mating success and sexual dimorphism across Syngnathus

In S. fuscus, an average of 30.6% of males mated in each trial with the number of

pregnant males per trial ranging from 1 — 3 of the six potential males. Only one male sired

offspring with two females (Figure S2). While male S. floridae sired offspring with more females

per brood (Table 2, Figure S2) compared to S. fuscus, the average brood size for pregnant

males was about the same (253 + 28.4 and 252 + 34.9 respectively) between the-two“species.

Mating Success

Eggs stored per Mate

Percent of Eggs Developed

Species Male Female

Male

Female

Male Female

S. floridae
Males = 24 1.25+0.09 1.42+0.15

Females = 21

S. fuscus
Males = 22 1.05+£0.05 1.10 £ 0.07

Females = 19

S. scovelli
Males = 49 1.00 £ 0.00 1.62+0.14
Females = 29

215+ 241

249 ¥35.6

28.5+1.42

202 +24.0

244 + 36.5

30.1+£1.78

84.9 % +4.31 82.0 % +4.95

92.4 % £ 2.36 93.8 % £1.72

87.3 % £3.29 92.8 % £ 1.98

Table 2. Summary of genetic mating=success and two components of reproductive success (eggs stored
per mate and proportion of eggs developed) for the three different species of Syngnathus. Reported are
the means + standard error. Alhaverages were calculated within the successfully mated individuals (omitting

individuals who did not mate).

An average.of 26.4% of the S. fuscus females mated at least once per trial, with a range

of 1 — 3 of the'six females per trial and two females siring offspring with two males (Figure S2).

In“S. floridae, six of the broods had multiple mothers, with two females siring offspring with three

males (Figure S2). Female S. scovelli had higher mating success than the other species but had
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the lowest number of eggs stored per mate (Table 2). The lower egg quantity in S. scovelli is
likely linked to the differences in body and egg size between the three species (Figure 1A).

The least sexual dimorphism was found in Syngnathus floridae (Figure 1A, Table S3),
which demonstrated no obvious ornamental differences between the sexes, no significant
difference in standard length (Wilcoxon rank sum: W = 3930, p = 0.478, Nmaie = 86, NFemae = 86)
or adjusted torso depth (Two sample t-test: tigg = 1.37, p = 0.173), but a larger female SVL than
males (Welch two sample t-test: t1496 = 3.86, p < 0.001). We found a slightly greater degree of
sexual dimorphism in S. fuscus (Figure 1A, Table S3), which showed a previously
undocumented temporary female ornament: an increased contrast of their torsos to.show
alternating light and dark bands (Figure S3), only displayed during courtship. Female.S. fuscus
also had a significantly larger standard length (Wilcoxon rank sum: W = 5828, p <'0.001, Nmaie =
92, Nremale = 91) and SVL (Two sample t-test: t1g1 = 10.6, p < 0.001) thanmales, but no
difference in adjusted torso depth (Wilcoxon rank sum: W = 4382, p= 0.585, Nmaie = 92, Nremale =
91). Syngnathus scovelli was the most sexually dimorphic’asfemales possess a permanent,
sexually selected, iridescent ornament that is fully absent in the males (Flanagan et al., 2014),
and were significantly larger than males in terms of'standard length (Wilcoxon rank sum: W =
2531, p < 0.001, Nmate = 54, NFemale = 55), SVL(Wilcoxon rank sum: W = 2801, p < 0.001, Nmale =

54, nremale = 55), and adjusted torso depthy(Welch two sample t-test: tess = 14.983, p < 0.001).

Differences in selection-across the three species of pipefish - Bss and I

Female pipefish,from all three species exhibited a significant positive relationship

between relative number of eggs stored and relative mating success, resulting in significantly

positive slopes.of Bateman gradients (Sss)(S. floridae f = 0.96 + 0.086, tss = 11.2, p < 0.0001; S.

fuscus\§ = 1.00 % 0.028, t74 = 35.8, p < 0.0001; S. scovelli § = 0.95 + 0.049, tss = 19.4, p <

0.0001; Figure 2A). The three species have very similar female Bateman gradients. When non-
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456  mated individuals were removed from the analysis, we compared male and female Bateman
457  gradients within S. fuscus and S. floridae and found that only female S. fuscus had a

458  significantly positive slope (S. floridae g = 0.69 + 0.40, t1 = 1.78, p = 0.10; S. fuscus § =1.77 £
459  0.67,t19=2.64, p = 0.017, Figure S4). While there was no significant difference in Sss between
460 male and female S. floridae (f =-0.44 + 0.61, t45 = -0.72, p = 0.47), we found a slight significant
461  difference in 55 between male and female S. fuscus (f =-2.06 £ 1.03, tzg = -2.00, p = 0.05).
462  Further investigation into the impact of additional mates on female fithess (Figure 2B) showed
463  no significant difference in the proportion of eggs developed between singly and multiply-mated
464  females in S. floridae (Wilcoxon rank sum: W = 53, p = 0.794, nsingle = 14, Nmutiple =, 7). HOWEVver,
465 singly mated females had a significantly higher proportion of eggs developed compared to

466  multiply mated females in S. fuscus (Wilcoxon rank sum: W = 1, p = 0.0394, nsinge = 17, Nmuttiple =

467  2) and S. scovelli (Wilcoxon rank sum: W = 41.5, p = 0.004, nsinge = 15, Niitttiple = 14).
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469 Figure~2. Females with increased genetic mating success had more developed eggs in all three species,
470 but multiply mated females had a lower proportion of eggs developed in S. fuscus and S. scovelli. (A)
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Bateman gradients were similar for female S. floridae (blue), S. fuscus (red), and S. scovelli (yellow).
Relative fitness was calculated as the individual’s fitness level (either total number of developed eggs or
number of mates) divided by the average fitness across all individuals within each trial. Bateman gradients
are derived from a linear mixed model with trial number as a random effect for each species. The slopes
for all three species were significantly greater than zero, however there was little difference between the
species. (B) Comparing the proportion of eggs developed in singly (S) mated (light grey) versus multiply
(M) mated (dark grey) females shows slightly lower embryo survival rates for S. fuscus and S. scovelli
females who mated more than once.

Alt text: In A, the x-axis is “Relative Mating Success”, ranging from 0 to 7, and the y-axis is “Relative
reproductive success” ranging from 0 to 7. In blue are points for S. floridae, ranging from 0 to 5 on the x-
axis and 0 to 5.5 on the y-axis. The line for S. floridae is labelled as having a slope of 0.963. In red are
points for S. fuscus, ranging from 0 to 7 on both axes. The line for S. fuscus is labelled as having a slope
of 1.006. In yellow are points for S. scovelli, which range from 0 to 5 on both axes. The line for S. scovelli
is labelled as having a slope of 0.954. In B, the x-axis is labelled with the three species names and “S”.or
“M” for single or multiple matings. The y-axis shows the “Proportion Eggs Developed”, ranging from-0,to' 1.
The boxplot for single-mated S. floridae has a median around 0.9 and the interquartile range (IQR) from
about 0.75 to 0.95, with raw points mostly in the box and whiskers (from 0.5 to 1), with one outlier at,0.1.
The multiply mated S. floridae box has a median around 0.95 and an IQR from 0.85 to 0.95~The raw data
points are mostly on the box and whiskers (which extend to 0.8 and 1) but one point is at 0.4. The single
mated S. fuscus box has a median around 0.95 and an IQR from about 0.9 to 0.97/and'most raw data
points are within the box and whiskers (from 0.9 to 1). Two points are below, between 0.8 and 0.9. The
multiple mated S. fuscus box has a median of 0.8 and an IQR of 0.7 to 0.85, withconly'tworaw data points
at each of those edges. The single mated S. scovelli box has a median close to‘1, with.the IQR from about
0.95 to 1. Only two points fall below the bottom whisker (near 0.9), and both.are above 0.85. The multiple
mated S. scovelli box has a median around 0.9 with an IQR from about 0.8 to 0.95 and whiskers from about
0.6 to 1. The raw data points are all within the range of the whiskers.

The total opportunity for selection (I) was not significantly different between males and
females for S. floridae or S. fuscus (Table 3; Figure 3A), regardless of the episode of selection.
However, female S. scovelli experienced a significantly,higher total opportunity for selection
compared to male S. scovelli (Table 3; Figure 3A),especially in the pre-copulatory episode. The
variance in fithess due to differences in mating success (I, or I5) and its corresponding influence
on variance in number of eggs stored (Iy;) was the most important contributor for the total
opportunity for selection for both sexes in all three species (Figure 3B; Table 3, S4). The lesser
role of I, in male S. scovelli is balanced by a larger proportion of selection arising from post-
copulatory episodes related to more variance in the number of eggs stored per mate (I,) and
selection relatedtoproportion of eggs developed (I;). For female S. scovelli, and male and
female' S. fuscus and S. floridae, the next most important contributor was also I, followed by I,
but both-episodes made up a much lower percentage of the total opportunity for selection

compared to male S. scovelli (Table 3, S4). The highest opportunity for selection overall was
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found in male and female S. floridae, followed very closely, and with overlapping 95%
confidence intervals, by S. fuscus. The overall patterns described here were consistent if non-
mated individuals were excluded from calculations after the first episode of selection, although

the estimates of I were of lower magnitudes (Table S5).
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Figure 3. The partitioning of the opportunity for selection across the three species of Syngnathus by
selection episode. (A) We calculated the partitioning for each trial individually, shown here is the average
value for each selection episode across all trials for males (purple) and females (green) in S. floridae (circle),
S. fuscus (triangle), and S. scovelli (diamond). Average values represented here were derived from
bootstrapping. Error bars around the point represent percentile based,95% confidence intervals derived
from bootstrapping (actual means and standard deviations are in"Table S4). (B) The percentage of the total
opportunity for selection (1) that can be attributed to each selection episode for males versus females in the
three species of pipefish. Note that the contributions of each decomposed episode of / do not sum to 100%
because the covariances are not shown; please see Table 3'for/the complete decomposition.

Alt text: In A, the x-axis is labelled “Episode of selection”, with three separated x-axes with repeated labels
of “I”, “I1”, “112”, “I2”, and “I3”. The y-axis is labelled{Average fithess value” and ranges from 0 to 5. The three
separated x-axes have labels “S. floridae”, “S./fuscus”, and “S. scovelli’. For each of the x-axis labels, there
is a Male and a Female point for each species, with‘confidence intervals extending above and below each
point. The estimates and confidence intervals ¢an be found in Table 3. In B, the x-axis is labelled “Sex” and
has three separate axes, each with “Female” )and “Male”, with the separate axes labelled “S. floridae”, “S.
fuscus”, and “S. scovelli’. The y-axis reads “Percent” and goes from 0 to 100. Each sex and species has
stacked bar charts showing the percent of / that comes from l4, I2, and Is (shown in yellow, blue, and red,
respectively). The precise percentages are found in Table 3. The stacked bar plot show the following

percentages: Female S. floridae - 11 = 87%, |2 = 4%, Is = 1.5%; male S. floridae — 11 = 82%, 12 = 8%, Iz =
1.24; Female S. fuscus = 11 = 97%, 12 = 1%, I3 = 0%; male S. fuscus — 11 = 96%, |2 = 2%, I3 = 0%; female S.
scovelli—11 =99%, l2 = 3%, 13=0%; male S. scovelli— 11 =49%, l2 = 24%, 13 = 18%.
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Table 3. The opportunity for sexual selection split across mating phases is similar in male and female Syngnathus floridae, Syngnathus fuscus, and
Syngnathus scovelli. The values shown here are the average opportunity for selection across trials alongside percentile-based confidence intervals
in parentheses which were both derived from bootstrapping. The percentages are calculated from the means shown in this table and reflect the fact
that most of the variation in fitness arises from premating selection across all three species. Numbers in bold indicate values which are significantly
different between males and females (i.e., the confidence intervals do not overlap).
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Syngnathus floridae Syngnathus fuscus Syngnathus scovelli
Male o Female o Male o Female o Male o Female o
Source of Variation in Fitness Symbol (95% Cl) M% (95% CI) F% (95% CI) M% (95% CI) F% (95% ClI) M% (95% ClI) F%
Pre-copulatory selection (mating I 2.46 82.3 2.76 87.3 2.75 95.5 2.78 96.5 0.18 48.6 1.79 99.4
success, w;) (1.09, 4.24) (1.32, 4.47) (1.46, 4.14) (1.36, 4.32) (0.047, (0.92, 3.10)
0.51)
Post-copulatory selection arising I, 0.24 8.03 0.14 443 0.052 1.80 0.036 1.25 0.088 23.8 0.048 2.67
from eggs stored per mate (0.043, (0.020, (0.00086,0.1 (0.00020, (0.052, (0.022, 0.080)
(wy) 0.65) 0.28) 4) 0.12) 0.13)
Covariance between w, and w,: 0.10
Unweighted C0I(1,2) 0.57 191 0.65 20.6 0.64 222 064 222 (0.041, 27.0 0.51 28.3
(0.36, 0.73) (0.45, 0.81) (0.43, 0.83) (0.40, 0.85) 0.19) (0.35, 0.66)
Weighted -0.050 -1.67 -0.04 - -0.012 -0.42  0.0073 0.25  0.00 0.0 -0.050 -2.77
conL2|y (019, (-0.17, 126 (-0.046, (0.00, 0.024) (0.00, (-0.12, 0.0060)
0.088) 0.072) 0.00) 0.00)
Change in covariance between
number of eggs stored
(w,w,) and eggs stored per -0.41 -0.57 . -0.57 -0.094 -
mate (w;) caused by pre- C0I(12,21)  (-0.67. - 137 (076, - 180 (-0.80,- 198 059 205 (-0.16,- 254 0:52 -28.9
copulatory selection —C0I(12,2) 0.018) 0.32) 0.31) (-0.83,-0.34) 0.036) (-0.67, -0.36)
Variance in number of eggs Subtotal: 2.82 94.3 2.95 93.4 2.86 99.3 287 99.6 0.27 73.0 1.78 98.9
stored (w;yw,) Iy, (1.35, 4.47) (1.49,4.71) (1.60, 4.24) (1.50,4.42) (0.12, (0.92, 3.05)
0.59)
Post-copulatory selection arising I 0.037 1.24 0.048 1.51 0.0013 004 0.000300 0.01 0.067 18.1  0.0063 0.35
from proportion of eggs (0.0014, (0.0012, (0.00, 0.0036) 2 (0.00, 0 (0.014, (0.0014,
developed (w3) 0.12) 0.13) 0.00067) 0.18) 0.013)
Covariance between number of
eggs stored (w,w,) and
proportion of eggs
developed (ws):
Unweighted 0.59 19.7 0.66 20.9 40.64 222 064 222 012 324 0.52 28.9
€01(12,3) (0.39, 0.75) (0.47, 0.82) (0144, 0.84) (0.40, 0.85) (0.048, (0.37, 0.67)
0.20)
Weighted by number of 0.04 1.33 0.062 1996y~ 0.0075 0.26  0.0026 0.09 0.015 4.05 0.0050 0.28
eggs stored (-0.053, (-0.041, (- - 0 (- (-0.024, 0.040)
C0I1(12,3|12)  0.17) 0.20) 0.001,0.022) 0.0017,0.007 0.002,0.0
4) 39)
Change in covariance between
number developed eggs
(wyw,ws) and proportion of
eggs developed (ws) caused -0.50 -0.55 - -0.64 -0.10 -
by the previous episodes of ~ C0I(123,3|2) (-0.73, - 167 {-0.78, - 174 (-0.83,- 220 083 219 (0.18,- 270 051 28.3
selection —C0I(123,3) 0.19) 0.24) 0.43) (-0.85, -0.40) 0.038) (-0.66, -0.36)
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Total selection (number of I 2.99 100 3.16 100 2.88 100 288 100 037 100  1.80 100
developed eggs, w,w,ws) (1.42, 4.68) (1.64, 4.90) (1.63, 4.24) (1.51, 4.42) (0.18, (0.92, 3.06)

_— 0.71)
41
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Selection on snout-vent length and the maximum sexual selection differential (s',,,.)

While I remained largely similar between the sexes, our results for the absolute selection
differentials (s) and the standardized selection differentials (s’) showed that males and females
experienced different patterns of selection on body size in all three species of pipefish (Table 4,
Figure 4). We found non-zero selection on female SVL for S. fuscus and S. scovelli, but not
female S. floridae. Male S. floridae had significant selection differentials whereas S. fuscus and
S. scovelli males did not. Our calculations of s and s’ demonstrated that smaller males had
higher fitness overall in S. floridae, with both s and s’ being significantly negative in the total
selection differential. However, of the male S. floridae that mated, larger males hada higher
fitness in terms of the number of eggs stored per mate (post-copulatory selection;=s*; 'was
significantly positive). We did not observe any significant selection differentials for female body
size in S. floridae, but the magnitude of the estimates was always oppesite the males.

In S. scovelli females we calculated significantly positive. s en SVL in the pre-copulatory
selection (s';) with a larger SVL favored. Similarly, large female'S. fuscus had higher fitness in
the pre-copulatory phase (s; and s',), but they also/had, a significantly negative post-copulatory
selection differential associated with number of'eggsstored per mate (s, and s’,). However,
overall SVL had a positive selection differentialiin female S. fuscus (Table 4, Figure 4). The
maximum standardized sexual selection differential (s',,,,,) was largest for S. fuscus males and
females and smallest for S. scovellimales (Table 4). When comparing s'; to s',,,4, We found
males and females experienced/3 — 9X lower strengths of sexual selection on SVL compared to
the maximum strength of selection that trait could experience. This difference was the most
dramatic for S. scovelli males and most similar for S. floridae males (Table 4). Note again that
the reportedimean selection differentials were derived from the bootstrapping procedure used to
generate the 95% confidence intervals; actual means and standard deviations from the trials are

included in Table S6.

920z 1990300 €1 U0 3s8nb Aq 8eet168/2) LBEoA/Gal/E60 L 0 L/10p/a[oNIE-80UBAPE/EI/LLI0S"dNO DIWLSPEDE WO PEPEOjUMOQ



567
568
569
570
571
572

573

Table 4. Decomposition of selection differentials for male and female Syngnathus floridae, S. fuscus, and S. scovelli. Shown are the contributions
of pre-copulatory selection and post-copulatory selection to the total selection differential for snout-vent length. Decomposition was done separately
for each trial; therefore, we are reporting the means across all trials and percentile-based 95% confidence intervals. Both the means and confidence
intervals were derived via bootstrapping. The selection differential is shown as the absolute selection differential (s), in millimeters, and as the
standardized selection differential (s'), in units of phenotypic standard deviations. A bolded selection differential represents significant selection in
that direction. The maximum strength of selection snout-vent length may experience is shown with the maximum sexual selection differential (s',,qx)-
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Syngnathus floridae Syngnathus fuscus Syngnathus scovelli
Male Female Male Female Male Female
(95% ClI) (95% ClI) (95% CI) (95% ClI) (95% CI) (95% CI)
Absolute selection differential
Pre-copulatory selection  -2-69 2.13 -0.61 214 0.0067 0.86
(Mating success, s;) (-5.09, -0.13) (-1.73, 6.33) (-2.21, 0.93) (0.61, 3.68) (-0.37, 0.32) (-0.060, 1.87)
Post-copulatory selection  1-93 -2.14 0.42 -1.58 0.13 -0.63
(Number of eggs per mate, s,) (-0.28, 4.07) (-5.30, 1.46) (-0.82, 1.65) (-2.88,.-0,34) (-0.17, 0.45) (-1.44,0.13)
Post-copulatory selection -0.42 0.70 0.011 -0.012 0.051 0.010
(Proportion of eggs developed), s;) (-1.07, 0.098) (-0.34, 1.81) (-0.052, 0.087) (-0.14, 0.10) (-0.25, 0.37) (-0.09, 0.12)
-1.18 0.69 -0.18 0.54 0.18 0.24
Total selection differential (s) (-1.89, -0.47) (-0.66, 2.07) (-0.63, 0.29) (0.084, 1.01) (-0.14, 0.53) (-0.056, 0.55)
Standardized selection differential
Pre-copulatory selection -0-4 0.20 0,19 0.43 0.048 0.30
(Mating success, s';) (-0.82, -0.10) (-0.18, 0.60) (-0.52, 0.14) (0.12, 0.74) (-0.08, 0.18) (0.059, 0.67)
Post-copulatory selection 0-33 -0.20 0.14 -0.33 0.021 -0.21
(Number of eggs per mate, s',) (0.022, 0.67) (-0.54,.0.13) (-0.10, 0.40) (-0.59, -0.076) (-0.10, 0.13) (-0.50, 0.069)
Post-copulatory selection -0-058 0,060 0.00056 0.0023 0.033 -0.0037
(Proportion of eggs developed, s';) (-0.14,0.011) (-0:030, 0.15) (-0.024, 0.023) (-0.019, 0.033) (-0.063, 0.14) (-0.046, 0.036)
-0.18 0.066 -0.051 0.10 0.10 0.091
Total selection differential (s')  (-0.29, -0.087) (-0.067, 0.20) (-0.15, 0.048) (0.022, 0.19) (-0.003, 0.21) (-0.038, 0.21)
Max sexual selection differential
S max.ee-93 1.60 1.64 1.68 0.424 1.28
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5 S. floridae S. fuscus S. scovelli
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Figure 4. The decomposition of standardized selection,differentials for males (purple) and females (green)
from three species of pipefish, S. floridae (circle), S. fuscus (triangle), and S. scovelli (diamond). Because
the decompositions were performed separtately for each ftrial, the points here represent the average
selection differential for that sex across all trials within a species. Error bars surrounding the points show
the percentile based 95% confidencedntervals. Both the averages and confidence intervals were derived
from bootstrapping. Total selection differential for snout-vent length (s') was decomposed to show
contributions of mating success«(s";), the number of eggs stored per mate (s',), and proportion of eggs
developed (s';).

Alt text: The x-axis is “Standardized selection differential”, with three separate axes, each with four labels:
s’1, 8’2, 8’3, and s’. The three axes are labelled S. floridae, S. fuscus, and S. scovelli. The y-axis is labelled
“Average value” andwranges from -1 to 1, with a dashed line at 0. Each of the x-axis ticks has two
corresponding points,.one for male and one for female values, each with a confidence interval extending
above and below it. The precise values and confidence intervals are in Table 4. The estimates whose
confidence intervals do not cross the zero line are: S. floridae male s’1, which is -0.46; S. floridae male s’z,
which is 0:33;\S. floridae male s’, which is -0.18; S. fuscus female s’1, which is 0.43; S. fuscus female s’2,
which is -0.33, S. fuscus female s’, which is 0.10; S. scovelli female s’1, which is 0.3.
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DISCUSSION

Across three closely related species of pipefish, with different mating systems and a
spectrum of sexual dimorphism, pre-copulatory episodes contributed the most to selection in
both sexes — with one exception: in the only group that mated singly, male S. scovelli, post-
copulatory selection contributed similarly to pre-copulatory episodes. Female Bateman
gradients (Bss) did not differ across the species, whether or not unmated individuals were
excluded. Selection differentials for snout-vent length in males and females were opposing for
all selection episodes in S. floridae and S. fuscus. This result could reflect sexually antagonistic
selection, but more work is needed. Further, we found a potential tradeoff between.pre-.and
post-copulatory selection in female S. scovelli and S. fuscus — larger females that.mated
multiply had lower fitness in the post-copulatory phases of selection. Intriguingly, an opposite
tradeoff appears to exist for S. floridae males.

An important caveat regarding the interpretation of ourfresults‘is the number of unmated
individuals in the S. fuscus and S. floridae datasets, especially'compared to S. scovelli. These
unmated individuals could reflect biological propertiesiof these species relative to S. scovelli,
such as increased mutual mate choice resulting in increased refusals to mate (e.g., Sandvik et
al., 2000). All males were capable of mating; as only pregnant males were brought into the
laboratory for the experiments, but these two species could have a longer refractory period
between matings than S. scovelli=The females were all of reproductive size, but it is possible
that some were not actuallysmature or had depleted their mature eggs prior to use in the
experiment. Alternatively, the increased numbers of unmated individuals could be due to
laboratory artifacts. 'Unfortunately, these unmated individuals influence all the selection metrics
we have used(Klug et al., 2010); as always, extrapolating from laboratory populations to the

wild should only be done with extreme caution.
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No sex differences in the relative strength of sexual selection

We calculated Bateman gradients, which can be used to compare the relative strength of
sexual selection across sexes, environments (Mobley & Jones, 2007, 2009), and species
(Fromonteil et al., 2023; Gerlach et al., 2012; Janicke et al., 2016; Janicke & Morrow, 2018;
Lopez-Nava et al., 2026), to compare sexual selection in males and females of three pipefish
species and found few differences. Across all groups, we found significantly positive slopes
(Bss), which reflect a significant increase in the number of developed eggs through the addition
of at least one mate, in line with a previous study on wild populations of S. floridae (Henshaw'et
al., 2018; Mobley & Jones, 2013). Bateman gradients calculated without experimentally
manipulating mating success, including in our study, cannot fully imply a causal relationship
between mating success and reproductive success, as the data is correlational )and could
include unmeasured confounding variables influencing reproductive ‘success (Anthes et al.,
2017; Fromonteil et al., 2023). Additionally, selection is knowndo be sensitive to varying
environmental conditions (Mobley & Jones, 2007, 2009; Monteiro & Lyons, 2012), including
predation or infection risk, which may contribute to sexual selection (Taylor et al., 2014) and
cannot be included in studies like ours. Thus, Bateman' gradients measured under laboratory
conditions may not necessarily translate to=natural populations. In our case, the unmated
individuals are particularly difficult todnterpret, as they could reflect aspects of a laboratory setup
or seasonality rather than sexual-selection. As such, additional data from multiply mated

individuals is required to confidently interpret Bateman gradients for these species.

Differences in‘the ‘opportunity for selection between sexes reflects polyandry
Ourstudy provides the opportunity to explore variation in selection across mating
systems with a spectrum of multiple mating, instead of comparing monogamous species to

multiple-mating species, as has been done previously (Weber & Fisher, 2023). An important
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caveat to our descriptions of the mating system is that it is estimated using genetic parentage,
which does not fully capture all potential mating attempts. Our results are consistent with
previous studies, with many S. floridae males and females mating multiply within a reproductive
cycle (Jones & Avise, 1997b; Mobley et al., 2010; Mobley & Jones, 2007; this study), low rates
of multiple matings in male (Paczolt et al., 2016; this study) and female S. fuscus (this study),
and S. scovelli displaying polyandry (Jones et al., 2001; Jones & Avise, 1997a; Rose et al.,
2013a). Only in the polyandrous S. scovelli did males and females differ in their opportunity for
selection, although the largest values for opportunity for selection were observed in the two
polygynandrous species.

Our estimates for the opportunity for selection (I) differ from prior estimates\from wild
populations in several ways. First, wild populations of S. floridae had I estimates in females to
be fourfold those found in males (Mobley & Jones, 2013), although significant differences in the
opportunity for selection across populations have also been observed (Mobley & Jones, 2009).
Additionally, the calculated values for I in this study were considerably larger than those
reported from wild studies of S. floridae for males (0:24 compared to our 2.99) and females
(1.19 compared to our 3.16; Mobley & Jones, 2013). The high values of I are a result of the high
variance in mating and reproductive success in our study, driven by the large number of
unmated individuals and the relatively few'pipefish who mated more than once. When we
removed non-mated individualssprior:to’estimating the opportunity for selection, the values
generated for S. floridae were closer to what has been found in the wild, which only included
mated individuals (I =0.56 for males and 0.51 for females, Table S5) (Mobley & Jones, 2007,
2009, 2013).

Welexpected the two species where males were able to mate multiply (S. fuscus and S.
floridae) to have a higher contribution of post-copulatory selection due to the potential for egg
competition and cryptic male choice, in line with the expectation that high remating rates lead to

more post-copulatory selection (Birkhead, 2010; Birkhead & Pizzari, 2002). However, we found
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that post-copulatory selection, measured here as the variance in the number of eggs stored per
mate and the proportion of those eggs that developed, contributed little to the overall opportunity
for selection except for in the polyandrous S. scovelli. Because of the higher proportions of non-
matings in S. fuscus and S. floridae compared to S. scovelli, we may simply not have the power
to detect post-copulatory selection as the majority of variance present is a result of whether the
pipefish was able to secure a mate. Alternatively, post-copulatory selection in male S. scovelli,
which has been documented previously (Paczolt & Jones, 2010), could indeed be an important
episode of selection that is less important in the polygynandrous species. The importancelofthis
episode in S. scovelli could reflect variation in male care ability, for example variation in the-size
of the male brood pouch and thus the number of eggs he can care for, which means.that this
episode would be more indicative of natural selection than sexual selection. Uncovering the
mechanisms driving variance in the proportion of eggs developing in“S:“seovelli is a rich area for
further study.

Some aspects of our experimental design could have biased us towards detecting pre-
copulatory selection over post-copulatory selection. First, our experimental breeding populations
had equal sex ratios. Previous work on other pipefish species found stronger selection for both
sexes when they were the sex in excess (i.e., females in female-biased trials; Aronsen et al.,
2013). While S. floridae are commonly found'in equal sex-ratios in the wild (Mobley & Jones,
2007, 2009), S. fuscus have been discovered in extremely female-biased populations (Ripley &
Foran, 2006b), meaning our populations may not have mimicked the selective environment
faced by wild populations of this pipefish. The length of the experimental breeding populations
also spanned only the length of a single male pregnancy, whereas in the wild male pipefish
acquire multiple pregnancies over a prolonged breeding season. This means we were only able
to capture ajshapshot of selection, rather than an estimate of lifetime reproductive success,
where we would potentially identify trade-offs associated with each additional pregnancy in

males. Lastly, using genetic mating success instead of behavioral observations prevents us
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from accounting for copulations resulting in complete brood reduction and/or multiple
copulations with the same partner, therefore obscuring a potentially key component of both pre-
and post-copulatory sexual selection (Anthes et al., 2017). Future studies aiming to compare
selection decompositions across species would benefit from the inclusion of more than three
species, the incorporation of both behavioral and genetic mating success, and extending the

study to across the entire breeding season, where possible.

Selection on body size is insufficient to explain variance in mating success

Our estimates of the absolute selection differentials on snout-vent length provide.valuable
insight into how selection might affect the sexes differently and highlight important differences
between the species. In each species, significant selection differentials were only found in one
sex. Interestingly, in the species with lower multiple mating (S. scovelli and"S. fucsus), the
selection was on females, whereas in S. floridae selection was(detected on males. Although
many selection strengths were non-significant, opposite trends'were detected in males and
females in most phases (i.e., positive in females and'negative in males, or vice versa) in S.
floridae and S. fuscus. If these trends are biologically accurate, antagonistic selection could be
acting on body size in male and female pipefishes in these two species. The insignificant
selection estimates could reflect thedack of,/or weak, directional selection on snout-vent length,
or could reflect limited statistical-power. Alternatively, we could be under-estimating potential
sexual selection due to the'experimental setup; sexual selection on female length was reduced
at high densities in S typhle, and our experimental setups kept pipefish at high densities (max
of ~1.6 pipefish/m? in"the wild compared to our 28 — 37 pipefish/m?; Masonjones et al., 2010;
Ripley & Foran, 2006b).

Compared to the Jones Index (s',,4x), Which represents the maximal value for pre-

copulatory selection, all estimates of s’; were an order of magnitude smaller — including the
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significant s’; estimates — suggesting other traits are likely to be the targets of pre-copulatory
selection. As S. scovelli is the only species from this study that possesses a permanent
ornament, which develops at sexual maturity and is estrogen-regulated (Anderson et al., 2020),
we focused on comparing phases of selection for body size for the three species. However, a
prior study using the same S. scovelli dataset found a larger s’; for ornament traits (number of
iridescent bands and mean band area), compared to standard length (Flanagan et al., 2014).
Although S. fuscus only displays a temporary ornament (Figure S3), similar temporary displays
in S. scovelli influence male preference (Partridge et al., 2013), so it is likely that female
ornaments, whether permanent or temporary, contribute to s’,,,, in these species. Other
unmeasured traits could reflect fecundity, such as brood pouch volume in males (which differs

among species; Table S3) or torso depth in females (e.g., Mobley et al., 2018).

An initially surprising result was the significant total selection differential favoring small male
S. floridae SVL. This finding was unexpected because this species is often categorized as
monomorphic (although sexual size dimorphism varies geographically; Mobley & Jones, 2007,
2009), with no evidence of size assortative mating/(Mobley et al., 2014), and in wild populations
larger males had significantly higher mating andwreproductive success (Jones & Avise, 1997b;
Mobley & Jones, 2007, 2009). This difference between our work and previous reports on wild
populations could reflect a true pattern-for this population of S. floridae, or it may be an artifact
resulting from our experimental breeding populations. Because a component of the courtship
rituals for these species involves rising together in the water column (personal observation,
similar to the vertical swimming identified as a component of S. scovelli courtship; Anderson &
Jones, 2019; Partridge et al., 2013), the height of the tanks (56cm) may have inhibited large
males from suceeeding. However, some of the larger males successfully mated (S. floridae:
mated males standard length: 124 — 203mm, all males standard length: 124 — 226mm).

Alternatively, previous studies have highlighted the potential for larger males to require more
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mating events to fill their brood pouches to capacity (Mobley & Jones, 2007, 2013), so female
reproductive output coupled with the length of the trials could have also influenced our
estimates of selection if we are underestimating mating, and therefore, reproductive success.
However, wild populations of S. floridae had similar values to our study in average number of
eggs stored (range of 180 — 505 for S. floridae; Jones & Avise, 1997b; Mobley & Jones, 2007,
2009) and average male genetic mating success (~1.5 for S. floridae; Mobley & Jones, 2007,
2009). Therefore, although laboratory artifacts could have influenced our results, our findings

are still relevant to the biology of this species.

Pre- versus post-copulatory episodes of selection

We found females who mated multiply had a significantly lower proportion of eggs
developed compared to singly mated females for S. scovelli and S. fuscus;'in line with previous
analyses of the S. scovelli dataset (Rose et al., 2013a). Additienally; all three pipefish species
had positive s; and s’; with negative s, and s’,, even if these values were not statistically
different from zero in all species (Figure 4). Female.Sxfloridae also obtained multiple matings,
but we did not find evidence for this same difference\between multiply and singly mated
females. This suggests that depleting egg-stores, and subsequently depositing fewer mature
eggs into subsequent mates, is not the best’explanation. Instead, this pattern could be linked to
a resource tradeoff experienced-by.females between the cost of ornamentation, both permanent
and temporary, and egg production in S. scovelli and S. fuscus (Figure S3). Most studies of
such tradeoffs in fishes,focused on carotenoid-based traits (Nordeide et al., 2013), which differs
from the iridescent of temporary ornaments in S. scovelli and S. fuscus. Within pipefish, female
ornaments‘are.associated with increased mating and reproductive success (Monteiro et al.,
2017) and’increased fecundity (Cunha et al., 2017; Mobley et al., 2018). Similar to trade-offs in
males. of many taxa between traits that increase their chance in gaining matings (armaments

and ornaments) and traits that ensure successful fertilizations (such as testis size, sperm
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velocity and number, etc.; Durrant et al., 2016; Katsuki & Lewis, 2015; Pitcher et al., 2009;
Simmons & Emlen, 2006; Yamane et al., 2010, 2010), a trade-off between investment in pre-
copulatory displays and egg quality could exist in female pipefish. This trade-off could be
particularly pronounced, since eggs are considered more energetically costly to produce
compared to sperm. This trade-off could also be related to circulating hormone levels, as female
S. scovelli who were exposed to low levels of 17a-ethinylestradiol had increased numbers of
eggs transferred and embryo survivorship compared to unexposed females (Rose et al.,
2013b). However, despite the potential costs of multiple mating experienced by these females,
each additional mate resulted in a higher fitness increase compared to any fitness thatimay

have been lost due to reductions in number of eggs stored per mate or embrya”survivership.

CONCLUSION

Our results support the prediction that large differences in selection between males and
females are often associated with a polyandrous mating system'rather than a polygynandrous
system. However, it was within those polygynandrousimating systems where we found the
highest overall opportunities for selection. We also highlighted the potential for ongoing sex-
specific selection on the body sizes in malexand female pipefish and showed that females who
secured multiple mates had lower fitness in-post-copulatory episodes of selection. Additionally,
we found nuances in the different-patterns of selection across species that have at least one sex
which mate multiply, adding,to the growing knowledge of the relationship between mating
systems, sexual selection, and sexually dimorphic ornamentation. Our study sets the stage for
future research+o perform a truly comparative analysis, reducing potential confounding factors

and increasing.the total number of species sampled.
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FIGURE CAPTIONS AND ALT TEXT

Figure 5. Description of the three Syngnathus spp. and the corresponding collection locations.
(A) Shown here is the phylogenetic relationship between the three species of Syngnathus
(Adapted from Hamilton et al., 2017 and Stiller et al., 2022) and examples of female (top) and
male (bottom) pipefish from each species. The images are scaled to represent accurate
proportional differences between both sexes and species using averages for standard length (SL),
SVL, torso depth (TD), and pouch length. Traits that differed significantly between females and
males are listed in parentheses following the species name. (B) S. floridae were collected-in three
locations, including the Saint Joseph Sound (28.0516324, -82.7921436), the southerniregion of
Old Tampa Bay (27.8730210, -82.5397645), and off Fort De Soto (27.6273507,.-82:7002240).
(C) S. fuscus were collected off the coast of Cherrystone Family Camping Resortjin Cape Charles,
VA (37.3927330, -76.0139170). (D) S. scovelli were collected off Aransas*Pass in Port Aransas,

TX (27.8941861111, -97.131025).

Alt text: In A, a phylogenetic tree shows Syngnathus=scovelli and S. fuscus as most closely
related, with S. floridae as a close outgroup. Drawings\of male and female individuals of each
species are pictured, scaled by actual size —‘showing S. floridae is the largest and S. scovelli is
the smallest species. The image also shows that S. floridae has a sex difference in SVL, S. fuscus
shows sexual dimorphism in standard length and SVL, and S. scovelli is sexually dimorphic in
standard length, SVL, and torsodepth. Panel B shows a map with the collection location of S.
floridae in Tampa Bay, C shows the collection location of S. fuscus in the Chesapeake Bay, and

D shows the collection location of S. scovelli in the Gulf of Mexico on the Texas coastline.

Figure 6. Females with increased genetic mating success had more developed eggs in all three
species;*but multiply mated females had a lower proportion of eggs developed in S. fuscus and

S. scovelli. (A) Bateman gradients were similar for female S. floridae (blue), S. fuscus (red), and
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S. scovelli (yellow). Relative fitness was calculated as the individual’'s fitness level (either total
number of developed eggs or number of mates) divided by the average fithess across all
individuals within each trial. Bateman gradients are derived from a linear mixed model with trial
number as a random effect for each species. The slopes for all three species were significantly
greater than zero, however there was little difference between the species. (B) Comparing the
proportion of eggs developed in singly (S) mated (light grey) versus multiply (M) mated (dark grey)
females shows slightly lower embryo survival rates for S. fuscus and S. scovelli females who

mated more than once.

Alt text: In A, the x-axis is “Relative Mating Success”, ranging from 0 to 7, and the y-axis-is
“Relative reproductive success” ranging from 0 to 7. In blue are points for S.{loridae, ranging
from O to 5 on the x-axis and 0 to 5.5 on the y-axis. The line for S. floridae is,labelled as having
a slope of 0.963. In red are points for S. fuscus, ranging from 0 to.7 on*both axes. The line for S.
fuscus is labelled as having a slope of 1.006. In yellow are points for S. scovelli, which range
from 0 to 5 on both axes. The line for S. scovelli is labelled as\having a slope of 0.954. In B, the
x-axis is labelled with the three species names and™“S™er“M” for single or multiple matings. The
y-axis shows the “Proportion Eggs Developed”, ranging from 0 to 1. The boxplot for single-
mated S. floridae has a median around 0.9 and'the interquartile range (IQR) from about 0.75 to
0.95, with raw points mostly in the box-and whiskers (from 0.5 to 1), with one outlier at 0.1. The
multiply mated S. floridae boxchas a median around 0.95 and an IQR from 0.85 to 0.95. The raw
data points are mostly on thesbox and whiskers (which extend to 0.8 and 1) but one point is at
0.4. The single mated Sixfuscus box has a median around 0.95 and an IQR from about 0.9 to
0.97 and most raw data points are within the box and whiskers (from 0.9 to 1). Two points are
below, betweenr0.8 and 0.9. The multiple mated S. fuscus box has a median of 0.8 and an IQR
of 0:7.10.0.85, with only two raw data points at each of those edges. The single mated S.

scovelli box has a median close to 1, with the IQR from about 0.95 to 1. Only two points fall
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below the bottom whisker (near 0.9), and both are above 0.85. The multiple mated S. scovelli
box has a median around 0.9 with an IQR from about 0.8 to 0.95 and whiskers from about 0.6 to
1. The raw data points are all within the range of the whiskers.

Figure 3. The partitioning of the opportunity for selection across the three species of Syngnathus
by selection episode. (A) We calculated the partitioning for each trial individually, shown here is
the average value for each selection episode across all trials for males (purple) and females
(green) in S. floridae (circle), S. fuscus (triangle), and S. scovelli (diamond). Average values
represented here were derived from bootstrapping. Error bars around the point represent
percentile based 95% confidence intervals derived from bootstrapping (actual-means-and
standard deviations are in Table S4). (B) The percentage of the total opportunity for.selection (1)
that can be attributed to each selection episode for males versus femalesiin the three species of
pipefish. Note that the contributions of each decomposed episodetof«/=do not sum to 100%

because the covariances are not shown; please see Table 3 for the.complete decomposition.

Alt text: In A, the x-axis is labelled “Episode of selection”,\with three separated x-axes with
repeated labels of “I”, “I”, “l12”, “I2”, and “ls”. The y-axis is labelled “Average fithess value” and
ranges from 0 to 5. The three separated x-axes have labels “S. floridae”, “S. fuscus”, and “S.
scovelli’. For each of the x-axis labels, there'is a Male and a Female point for each species, with
confidence intervals extending above” and below each point. The estimates and confidence
intervals can be found in Table 3. In B, the x-axis is labelled “Sex” and has three separate axes,
each with “Female” and “Male”,.with the separate axes labelled “S. floridae”, “S. fuscus”, and “S.
scovelli’. The y-axis reads*Percent” and goes from 0 to 100. Each sex and species has stacked
bar charts showing the percent of / that comes from 4, Iz, and I3 (shown in yellow, blue, and red,
respectively). The precise percentages are found in Table 3. The stacked bar plot show the

following.percentages: Female S. floridae - |1 = 87%, |2 = 4%, |3 = 1.5%; male S. floridae — |1 =

82%, 12 = 8%, I3 = 1.24; Female S. fuscus — 11 = 97%, l2 = 1%, I3 = 0%; male S. fuscus — |1 = 96%,
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I, = 2%, |13 = 0%; female S. scovelli— 11 = 99%, | = 3%, 13 =0%; male S. scovelli— 11 =49%, |, =
24%, 13 = 18%.

Figure 4. The decomposition of standardized selection differentials for males (purple) and
females (green) from three species of pipefish, S. floridae (circle), S. fuscus (triangle), and S.
scovelli (diamond). Because the decompositions were performed separately for each trial, the
points here represent the average selection differential for that sex across all trials within a
species. Error bars surrounding the points show the percentile based 95% confidence intervals:
Both the averages and confidence intervals were derived from bootstrapping. Total selection
differential for snout-vent length (s’) was decomposed to show contributions of mating‘suecess

(s'1), the number of eggs stored per mate (s’,), and proportion of eggs developed (s’s):

Alt text: The x-axis is “Standardized selection differential”, with three separate axes, each with
four labels: s’1, s’2, 8’3, and s’. The three axes are labelled S. floridae, S. fuscus, and S. scovelli.
The y-axis is labelled “Average value” and ranges from -1 to 1,'with-a dashed line at 0. Each of
the x-axis ticks has two corresponding points, one for male and one for female values, each with
a confidence interval extending above and below it. The precise values and confidence intervals
are in Table 4. The estimates whose confidence intervals do not cross the zero line are: S. floridae
male s’1, which is -0.46; S. floridae male s’,, ' which is 0.33; S. floridae male s’, which is -0.18; S.
fuscus female s’4, which is 0.43; S«fuscus female s’,, which is -0.33, S. fuscus female s’, which is

0.10; S. scovelli female s’1, which.is 0.3.
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