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Running Title: Impact of mating and dispersal across markers

Abstract

For decades, studies have focused on how dispersal and mating systems influence
genetic structure across populations or segiatps. However, we still lack a thorough
understanding of how these processes and their interaction, shape spatial genetic
pattensovera finescale (tens- hundreds of metres). Using uniparentally inherited
markers may help answer these questions, yet their potential has not been fully
explored. Here, we use individuiaivel simulations to investigate the effects of

dispersal aoh mating system on fingeale genetic structure at autosomal, mitochondrial
and Y chromosome markers. Using genetic spatial autocorrelation analyfsinge

that dispersaliwas the major driver of fiseale genetic structure across maternally,
paternallyand biparentally inherited markers. However, when dispersal was restricted
(mean distance = 100 m), variation in mating behaviour created strong differences in the
comparative-level of structure detected at maternally and paternally inherited markers.
Pramiscuity reduced spatial genetic structure at Y chromosome loci (relative to
monogamy), whereas structure increased under polygyny. In contrast, mitochondrial
and autosomal markers were robudliféerences in the specific mating system,

although genetistructure increased across all markers when reproductive success was
skewed towards fewer individuals. Comparing males and females at Y chromosome
versusmitochondrial markers respectively, revealed that some mating systems ca
generate similar patternstiwmose expected under sbised dispersal. This
demonstrates:the need for caution when inferring ecological and behavioural grocesse
from genetieresults. Comparing patterns betweesdkes, across a range of marker

types may'help us tease apart the processes shapisgdileegenetic structure.

Introduction

A wide range of biological processes can influence patterns of genetic struithime w

and among populations. This has inspired the extensive use of genetic analyses to
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understand behaviourah@ ecological patterns (Chesser 1991a; Mossman & Waser
1999; Ross 2001; Banks & Peakall 2012; Parreira & Chikhi 2015). Of particular interest
has been the use of genetic analyses to identify patterns of animal movement éGoudet
al. 2002; Lawson Handley & Perrin 2007; Banks & Peakall 2012). However, genetic
structuresecan‘be influenced byreanybehavioural, ecological and molecular processes
other than dispersal, such as social structure and mating system&{&ud§96;

Storz 1999;"Parreira & Chikhioa5). Furthermore, these processes can influence
geneticstructure differently across markers with different inheritance modes (Chesser &
Baker 1996; Petiet al. 2002; Hedrick 2007; Greminget al.2010). Thus,

understanding the impact these factors have on genetic patterns may help us avoid false
conclusions about ecological and behavioural processes.

Comparing patterns across different marker types presents an exciting
opportunity for biological inference from genetic data. Until recently, studieg tigs
comparative marker approach in species other than primates, focused mainly on
comparing autosomal markers with the maternally inherited mitochondria (MtDNA
(Sunnucks.2000; Pett al. 2002; Prugnolle & de Meeus 2002; Hedrétkal. 2013).
However,in.mammals mtDNA markers make an ideal comparison to the Y
chromosome; 'as both are inherited from one parent and are non-recombining, or have
non-recombining regions, which are preserved as haplotypes during sexual reproduction
(Petitetal.2002; Prugnolle & de Meeus 2002; Gremingeal.2010). Alternatively,
while the X chromosome spends less evolutionary time in the maleligerocempared
to autosomal markers, it is not uniparentally inherited. This means that the X and Y
chromosomes are not directtgmparable (MacDonalet al. 2014). However,
comparingY_chromosome to mtDNA markers mpyovidea sexspecific genetic
perspective for inferring biological processes (Goedet. 2002; Petiet al. 2002;
Lawson'Handley & Perrin 2007). Furthermore, thesarkers magpffer insight into
these processes over greater tsnales, abothuniparental inheritance arlde lack of
recombination ensuigenetic patterns are maintained

Development of Y chromosome markers in wild populations remains rare, partly
due to lowlevels of polymorphism at the Y chromosome (Bett. 2002; Greminger
et al.2010; Evanst al. 2014). However, studies using the Y chromosome are
becoming more feasible with next generation sequencing and reference genome
information (Petiet al. 2002; Gremingeet al. 2010; Neavest al.2013; MacDonalekt

al. 2014). In fact, a growing number of studesusing populatiorievel analyses of
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the Y chromosome in combination with other genome regions to find evidence for sex-
biased dispersaHammondet al. 2006; Schubert al.2011; Yannicet al.2012;
MacDonaldet al.2014), skewed sex ratios and polygyny (Neaated. 2013),

population expansion and contraction, and variation in mutationbrateeen the sexes
(Evanset-al=2014).

In order to take full potential of uniparentally inherited markers in population
genetic 'studies; it is fundamental that we understand how these markers are influenced
by ecolegical and behavioural processes. A number of simulation studies have
investigated, thability of autosomal markers to detect differences in genetic structure
between the sexes, both at an individual- and population-level (Getuale2002;

Banks &Pegakall 2012; Parreira & Chikhi 2015). However, the potential to use
uniparentally‘inherited markers at the individual-level, rather than at pimpuéat
sociatgroup levels, has not been extensively explored. This is a major knowledge gap,
as the effect of social behaviours and dispersal are likely to be particularly important for
influencing he distribution of individual genotypes and haplotypes in space (Banks &
Peakall 2012;van Dijkt al. 2015).

Genetic data provide powerful tools for elucidgtprocesses such as dispersal
and mating behavioubut any inferencesnadefrom such datahoud be strongly
grounded in-an understanding of the genetic patterns expected under the diverse mating
and dispersal strategies that occur (McEackeal. 2009; Blytonet al.2012; also, see
Appendix S1, for an extensive list of mammalian examples). Wbesidering these
processes in mammals, there is a lbetd assumption that most species are
polygynous and dispersal is male-biased (Greenwood 1980; Foltz 1981). However, this
assumption tends to overlook small and inconspicuous species, where dispersal and
social behaviours occur over muitiher-scales (Foltz 1981; Buradd al. 2000; Swilling
& Wooten 2002; Maher & Duron 2010). These processes can vary across species (
bats shewsasrange of complex social, mating and dispersal patterns, see Kerth2008
well as within'single populations (depending on temporal, spatial, demographic or
environmental variables, see: Busthal. 2009; Yanniet al. 2012; Keanet al. 2015).

It is not surprising then, that patterns detected in genetic investigaftensio not

reflect the mating systems or dispersal patterns previously identified in observational
studies (McEacherat al.2009). Thus, taccuratelyinterpret genetic daté,is essential

to understand how mating systems and dispersal influence pattemsetic structure.
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130 Here, we use spatially explicit, individual-level simulations to investigate a

131  range of dispersal and mating scenarios found across small mammal species (Fig. 1) and
132 their effect on finescale spatial genetic structure as measuyesphtial autocorrelation

133  (Smouse & Peakall 1999; Peakatlal. 2003; Smouset al.2008; Banks & Peakall

134  2012;Blytonet al.2015). We define finscale genetic structure as the fsandom

135  distribution of genotypes and haplotypes in space, over spedigissof tens to

136  hundredsof metres (Banks & Peakall 2012). Simulations provide a powerful and

137  flexible tool for exploring different biological processasdcan be adapted to

138  investigate many different ecological and behavioural scenarios.

139 As a startingooint, simulations were built around the life history of the agile

140  antechinusAntechinus agilis an Australian marsupialith a long history as a study

141  organism‘in behavioural, landscape and molecular ecology (Coc&bati985;

142 KraaijeveldSmitet d. 2002a; b; c; Bankst al. 2005a; Fisheet al.2006a; b; Banks &

143 Lindenmayer 2013). Simulationgerethen extended to test hypotheses relating to a

144  range of dispersal and mating system scenarios obsacvess small mammal species
145  (ensuring.relevanc®ia wide range of real world scenaridsimulations are therefore

146  broadly‘representative of mammalian systemnere females produce multiple offspring
147  in a singlevlitterfor a range of common mating and dispersal strategies. We compare
148  the level offinescale genetic structure between females and males to provide insights
149  into the ecological questions that can be answered tlgngombination o

150 chromosomemtDNA and autosomaharkers

151 We explore three key hypotheses related to both mating and disp&ysine-

152  scale genetic structure across autosomal, mtDNA and Y chromosome markers will be
153  strongly influenced by dispersal, with limited dispeisateasingine-scale genetic

154  structure and high levels of dispersal reducing this structure. (2) When comparing Y
155  chromosome with mtDNA markers (paternally and maternally inherited markers),

156  varyingthesmating system from promiscuity to monogamy and polygyny will influence
157  fine-scalesgenetic structure differently for females and males. (3) Increased répeduc
158  successsunder promiscuity (females) and polygyny (males) will lead to increased fine
159  scale genetic structure at autosomal, mtDNA and Y chromosome markers.

160
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M ethods

Several lifehistorytraitsof the agile antechinysrovide rich opportunities for
simulationbased testing (Banks & Peakall 20IR)is semelparous dasyurid marsupial

is commonly-found in soutkastern Australia. Promiscuous mating occurs in the same
week each year and individuals mate in their first breeding season after birth. All males
die afterthis breeding season and very few females survive to reach a second breeding
year, resulting inalmost completely discretgenerations (Cockburet al. 1985; Naylor

et al.2008). Females can have up to 10 youwvith most litters sired by two dhree

males; however, as many as seven sires for a single litter have been found (Kraaijeveld
Smitet al 2002b; Bank®t al. 2005a). After weaning,most all juvenile males
dispersewhereas females remain strongly philopaimale-biaseddispersalCockburn

et al. 1985; Bankst al.2005a). Daily movements for most individuals are less than 100
m, although social honmanges vary between the sexes (Laze@bien & Cockburn

1991; Banks & Peakall 2012). Over a multi-year study, the social range foefemal

never exceeded 3 ha on average, whereas males could exceed 5 ha on average
(LazenbyCehen & Cockburn 1991).

Simulation details

Spatially explicit genetic simulations were conducted using an extended verstien of
software package GenAlEx 6.5 (Peakall & Smouse 2006, 2012). The simulation process
is well documented in previous studies by Banks & Peakall (2012) and Eiy&in
(2015),and simulations are extensively validated in the supplementary data for these
papersHere we added the capability to output haplotypes for mtDNA and Y
chromosome markers and to vary reproductive parameters.

After defining parameters, we simulated mating and dispersal to create spatially
referencedy-autosomal genotypes and mtDNA and Y chromosome haplotypes for all
individuals:within the simulation landscape. Simulations were performed over a
continuous, hypothetical 5.6 x 5.6 kilometre landscape, with a total carrying capacity of
15700 individuals and an equal sex ratio. Density was controlled following Banks &
Peakall (202) and Blytoret al. (2015), with a mean of 5 and maximum of 10
individuals h&, consistent with findings for density in real populations (Bagil.
2005a). At the end of each simulation, we subsampled 500 individuals for analysis from

the central 10@a, as previous work revealed that differences in spatial autocorrelation

This article is protected by copyright. All rights reserved



195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228

patterns betweethne sexesre most readily detected at or below the scale over which
dispersal is limited in the philopatric sex (Banks & Peakall 2012). Thisddrais for
behavoural processes, which are likely to occur over the scale of a home range (Banks
& Peakall 2012; Blytoret al. 2015). A focused sampling effort (rather than sampling
spreadbver-many kilometres) ihereforemost likely to detect meaningful differences

in spatial autocorrelation patterbstweerthesexegBanks & Peakall 2012).

Furthermore, thecaling of dispersal, population density and sampling in our
simulatiens is likely to be indicative of many empirical studies of small mamandls
represents a fesible sampling desigherelative scaling of these processes should

also be'applicable to many molecular ecological studies of similar processes in other

taxa.

Overview of the simulation process
Simulations began with the setup of initial allele and haplotype frequency distgutio
drawn at random from an even distribution of 10 autosomal loci with 10 alleles each
and 10 mtDNA and Y chromosome haplotypes. In reality, the number of unique
mtDNA‘and. Y chromosome haplotypes identified varies consideeabbng studies
and taxa."However, we chose to use 10 haplotypes as tbpesentative of real
situations, withmanypopulationtevel studies finding betweer-18 mtDNA and Y
chromosome haplotypes within populations, at the sequences analyséadkirds:
Johnsoret al. 2003; Piersort al. 2010, mammals: Erikssat al. 2006; Nietlisbaclet
al. 2012,and reptiles: Ujvaret al. 2008). Furthermore, exploratory analyses revealed
that variation in the number of loci, alleles and haplotypes did not tdcathaalter
patterns of genetic structure, but did influence the power of spatial autocorrelati
analysis (AppendiceS2—S3). This is particularly important for directtypmparing
mMtDNA and.Yschromosome markesncethe number of haplotypes geneyaliffers
between-markeli® empiricaldata.

Geneotypes and haplotypes were randomly constructed frouhefireed allele
and hapletype frequency distributions and sex and XY coordinates were randomly
allocated*The first generation was obtained by random mating among all individuals in
the populationdstablising Hardy-Weinberg equilibriuy with offspring becoming
parents in the following generation. Aftiis initial random generation, mating
included nearest neighbours onlyreS were drawn from a ligtf potential nearest

neighbour mates (calculated from pairwise geographical distances among indjyiduals
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with a mean of 7246 m, approximating the distance over which females select male
antechinus in the wild (00 m Bankset al. 2005b). Whersimulating polygyny, this
distance was reduced to an average of ~36wimg tothe parameter set changes
required to represent the harem structure usually associated with this mating system (for
detailed information on mate search distances across all matiegisysee Appendix
S4). Inbreeding avoidance mechanisms were not included in simulation parameters
(with the"exception of sekiased dispersal, detailbglow). Thesenechanisms are
unlikely,to be important for our results given that we measuredstiake genetic
structure within samsex individuals (and only then compatsgtweerthe sexe$.
However, this could be investigated by comparing opposite-sex pairs (see &lalon
2015). Fellowing mating, female and male offspring were dispersed.

In"a genetianarkrecapture study, Banks (2005) found that juvenile males
dispersed 1250 m on average (median 274 m; maximum 6000 m). However, males of
the closely relatedntechinus stuartionly dispersed a mean distance of 387 m (median
303 m; maximum 1230 nirishe 2005; Bank®t al.2011). In both studies, female
mean dispersal wasl00 m. Therefore, in our simulations dispersal distances were
drawn frem.an exponential distribution with a mean dispersal distance of 100 m
representing philopatry or restricted disgsd and a mean dispersal distance of 500 m
representing-high dispersal (2%=5 percentiles of dispersal distances: restricted
dispersal =2.6 m 407.5 m; high dispersal = 12.8 m — 1864 m. For distributions of
dispersal distances, see Appendix S5). The direction in which an individual disperse
was decided by drawing a random angle from 0° to 360°. If the resulting coordinates
were already at maximum density, this process (allocating dispersal distance and
direction) was repeated until an available Iboa was found, for a maximum of 20
search loops.

We ranall simulations for 100 generations, as exploratory analyses indicated
that finescalesgenetic structure develops quickiyt can take 10—15 generations to
fully stabilised{(Appendix S6 and Banks &&kall 2012). Female and male genetic
(autosomal, mtDNA and Y chromosome) and geographical distance matrices were
output at'the.100generation, after dispersal had occurred. This process was repeated

for 100 simulations, with a new population created at the beginning of each simulation.
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Simulation parameters

Simulation parametenseredivided into two categories, those that were fixed
throughout this study (and drawn from the biology of the agile antechinus) and those
that were varied. Fixed parametersluded noneverlapping generations that lasted one
year, an equal sex ratemd a mean population density of five animals per hectare, with
a maximum density of 10. The maximum number of offspring for both sexes was held
at 10 forall'simulations (Banlet al.2005b). Several other parameters were varied in

order togask the following questions:

What isthe effect of dispersal on fine-scale genetic structure at autosomal, mtDNA

and Y chromosome markers?

We simulated three different dispersal scenarioshianging the mean exponential
dispersal distance for females and males. Ndadsed dispersal (consistent with the
antechinus system) was modelled by setting mean dispersal distance to 10@ometres
femalesand 500 metrefor males(hereafter simplified @F100/M500). Restricted
dispersal.(or.philopatry) was modelled by setting both male and female measalispe
distance,to 100 metres (F100/M100his dispersal scenario was also simulated to
represent'sampling individuals pdéspersal (as individuals within the same litter and
neighbouring litters remained spatially clustered when the mean dispersal distance was
100 m).Finally, high dispersal was modelled by setting the mean dispersal distances for
both sexes to 500 metres (F500/M500). We did not irgagstless extreme levels of
sexbiased dispersals previous researctsing autosomal markessiggests that when

one sex is strongly philopatric, the signals of sex-biased dispersal develop, reyxadi

when this bias is subtle (Banks & Peakall 2012).

What isthe effect of the mating system on fine-scale genetic structure at autosomal,

MtDNA and-Y:chromosome markers?

We simulated three common mating strategies by varying a range of parameters unde
each of the above dispersal scenarios (see Fig. Metaded infographic describing

this process, with predictions for how these processes influenescthe spatial

genetic structure at mtDNA and Y chromosome markers). We simulated pudgnisc
(consistent with the antechinus system), monogamy and pglyfiyall three cases,
females could produce an average of three offspring (A = 3) with the allocation of

offspring to females following a Poisson distribution with the maximum number of
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offspring capped at 10. In each generation, females were randomly selectedrigr mati
until the carrying capacity was reached. The number of females contributing to
reproduction and the average number of offspring produced by each female did not
differ substantially between promiscuity (A = 3), monogamy and polygyny. Conversely,

the number-of males contributing to reproduction and the average number of offspring
produced by each male differed dramatically between mating systems (see below, as
well as Appendices S7 S9, for detailed parent and offspring data).

Rromiscuity vas modelled by allowing a maximum of five males to contribute
to the paternity of a litter with the mean number of sires per litter approximately 2.75.
Sires were drawn from the 10 nearest neighbours. On average (over all 100
simulations)," 4978 females contributed to reproduction compared to 6014 fnoates,
total of 15700 individuals. Females produced a mean of 3.15 offspring, whereas males
produced a mean of 2.61.

Monogamy was modelled by reducing the number of sires per litter to one and
specifying that males were only able to mate once. An average of 4934 individuals of
each sex.contributed to reproduction and both females and males produced 3.02
offspring,on average. This meant that the number of males contributing to reproduction
decreasedby'18% and the mean number of offspring per male increased by 16%
relative to promiscuity (A = 3).

To represent polygyny, the maximum number of sires per litter and the number
of nearest neighbours were reduced to one, effectively forcing females to ithate w
only one male. However, males could be the nearest neighbour for multiple females,
meaning they were able to mate more than ohlcereforea smaller number of males
were producing more offspring, across multiple litters. The mean number of offspring
produced by males increased by 74% to 4.55 and the number of males contributing to
reproduction decreased by approximately 43% to 3451, relative to promiscaidy (
(females=:3:16 and 4975 respectively). Under polygyny, it was possible for one male to
sire onlysenedlitter, thus monogamy could also occur. However, this is also a jigssibil
in real pepulations and would weaken any spgeific differences in fiescale spatial
genetic structure caused by the mating systeganinghatconclusions were drawn

from conservative estimates of sgpecific differences in structure.
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What is the effect of reproductive skew on fine-scale genetic structure at autosomal,

MtDNA and Y chromosome markers?

In many real-world cases, only a subset of individuals successfully reproduce, such that
mating success is strongly skew&d.explore this component of reproductive biology,

we investigated the impact of increasing levels of reproductive skew for botlefemal

and males across all dispersal scenarios. Extreme female reproductive skew was
investigated under promiscuity by changing the mean number of offspring produced by
females (A) from 3 to 8, meaning females produced larger litters. By increasing the litter
size, the carrying capacity of the population was reached before the majority of females
reproduced, thus skewing reproduction in favour of a small number of females. This
resultedsin @58% decrease in the number o&fescontributing to reproduction (mean

= 2070) and'the mean number of offspring produced by each female atbrgaki1%
(mean = 7.58) (compared to promiscuity; 3). Male reproductive skew also

increased, but only slightly, with the number of males contributing to reproduction
decreasing by17% (mean = 5008) and the number of offspring produced by each male
increasing.by20% (mean = 3;X®dmpared to promiscyitA = 3).

Moderate male reproductive skew was investigated under polygyny, as in this
mating system reproductive success is skewed towards fewer males (43% fewer males
than under promiscuity (A = 3), mean = 3451). Under polygyny, males produced more
offspring than under any other mating system (mean = 4.55).

Statistical analysis

We compared simulation results between females and males at autosomal, mtDNA and
Y chromosome markers. Simulations were analysed in GenAlEx 6.5 (Peakall & Smouse
2006, 2012) using the genetic distance based method of multilocus spatial
autocorrelation analysis. This method allows any data type to be used(tilpcus

allelic genotypes, biallelic SNPs or haplotypes) and measures the relatibasheen

genetic and-geographiadistance by estimating the autocorrelation coefficierfgr

each group of individuals over specified distance classes (Smouse & Peakall 1999;
Peakallet'al;2003; Doubleet al. 2005; Smouset al.2008). This coefficient is bounded

by [-1 +1] and iselated to Moran’s$, with highr values representing high levels of
relatedness over a particular area. Following Banks & Peakall (2043} estimated

for five distance classes of 100 metres each (500 metres in total), as this optimised both

the scale bfine-scale genetic structure and the sample size needed for detbiging
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361  structure. We used known home range size and dispersal distances to inform our choice
362 for these distance classes, however in species where this data in unavailable, exploratory
363 analyses can be used to determine the most biologically relevant distance classes (as
364 outlined in Peakalet al. 2003; Beclet al. 2008).

365 Wercompared the distribution of male and fermalalues over 100 simulations

366  atall threemarkers to investigate whether different behavioural and ecological

367 processes‘drive'sespecific differences in fingcale spatial genetic structure. The null
368  hypothesis predicts no difference in fiseale genetic structubetweerthesexes

369  (rremales=[tmaieg. HOwever, if the altenative hypothesis is true, then one sex will show
370 higher levels.of fine-scale genetic structure than the othenvestigatethis, we

371 looked atthédistribution ofdifferences in female and malealues (females- 'males IN

372 the first distance class, because genetic structure is more apparent at this finer scale
373  (Banks & Peakall 2012). Under no difference in fszale genetic structubetweerthe

374  sexes, this distribution is centred on zero. However, differences isdale-genetic

375  structurebetweerthe sexes will shift the distribution in a positive or negative direction
376  (positive =Liemales™ Imales N€GALIVE = femates< maley-

377 To testwhether differences in spatial autocorrelation pattbataeen the sexes

378  weresignificant,we compare®5% bootstrap confidence intervélds) about the

379  autocorrelationm valueswithin each individual simulatigrfollowing Peakalkt al.

380 (2003). Banks & Peakall (2012) showed by simulation that this approach is consistent
381 and conservative for both type | (falsely rejecting the null hypothesis) and typert e

382 (falsely rejecting the alternative hypothesis). Bootstrap @&4vere estimated far by

383 drawing (with replacement) from a set of pairwise comparigotiee firstdistance

384 class (Smouse & Peakall 199%e then tallied the number of simulations in which

385 female and malBootstrap 95% Cls did not overlap (indicating a significant difference
386 in fine-scale spatial genetic structuretweerthe sexes).

387

388 Results

389

390 Simulation performance was extensively validaa@d returned the results expected

391 relative to the parameters set (see AppendicesS). Spatial autocorrelatiorvalues

392  were strongly influenced by varying the mean dispersal distance for females and males
393  (Fig. 3). This was most apparent at thetftlistance class {00 metres), with genetic

394  spatial autocorrelationvalues decreasing to zero by the fifth distance class-60ID
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395 metres). This was true for all markers and for all dispersal scenarios. Below, our results
396 focus on the magnitude ofvaues in the first 100 m distance class, as this provides the
397  most informative metric for investigating the effects of the biological processes

398 modelled.

399

400 Male-biased dispersal (F100/M500)

401

402  Promiseuity = 3)

403  When simulation parameters were realistic to the antechinus system, autocorrelation
404  values were substantially higher in females than males across all three markers [Mean
405  for autosomal=F: 0.033 vs. M: 0.004; mtDNA = F: 0.15 vs. M: 0.026; mtD&A'vV

406 chromosome = F: 0.15 vs. M: 0.005 (Table 1; Fig. 4: column b)]. Across all simulations,
407  remales- 'males (the distribution of the difference between female and maias

408  positive and did not overlap zero, meaning that femalas always greater than male

409  (Fig. 4:'column b.). Across the different marker types, female and male 95% bootstrap
410 Clsdid not.overlap in 9299 of 100 simulations (Appendix S10). The correlograms for
411  all markers showed this typical pattern of mhiased dispersal, with non-overlapping

412  2.5-97.5percentiles for the distributions efalues for females and males (Fig. 3:

413  column b).

414

415  Monogamy, polygyny, promiscuity (A= 8)

416  Varying the mating system from promiscuity (A= 3) to monogamy and polygyny had no

417  apparent influence on gatns of genetic spatial autocorrelation when dispersal was

418 malebiased (Table 1). Females showed higher levels ofsiia¢e spatial genetic

419  structure than males across all marker types (Fig. 4: column b). Furthermore, female
420 and male 95% bootstrdfis did not overlap in 95100 simulations (Appendix S10).

421 High=male dispersal removed any impact of increased male reproductive skew
422  under pelygyny (Fig. 4: column b). However, in females (where dispersal was

423  restricted);increasing female reproductive skew tipdeniscuity (A= 8) resulted in

424  higher levels, of finescale genetic structure at autosomal and mtDNA markers [mean
425  for promiscuity A= 3 vs. promiscuity A= 8: autosomal = 0.033 vs. 0.058; mtDNA= 0.150

426  vs. 0.283 (Table 1; Fig. 4: column B)females- I maesWasthereforegreater than under

427  any other mating system (Fig. 4: column b) (with the exception of the difference found
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under polygyny at autosomal markers, which was similar to promiscuity A= §). Non-

overlapping 95% bootstrapls were seen in 39100 simulations (Appendix S10).

Restricted dispersal for both sexes (F100/M100)

Reducingmean dispersal distant®@100 metres created strong patterns of spatial
autocorrelationfor both females and males, with positive distributions of sighulate
values across all mating scenarios at autosomal, mtDNA and Y chromosome markers
(Fig. 4: column a; Table 1). However, despite equal, restricted dispersallimdxats,
variation.in mating system generated different patterns of genetic spatial autocorrelation
betweensdfemales and males when comparing Y chromosome with mtDNA markers

(Fig. 4: column a).

Y chromosome versus mtDNA markers

Promiscuity (A= 3)

Under promiscuity (A= 3), female mtDNA r values were greater than male Y
chromosome values [meam for mtDNA =F: 0.137; Y chromosome = M: 0.087
(Table 1)) -rremaes-  malesOvVerlapped zero, but was skewed towards positive values,
meaning that'in most cases female fsoale spatial genetic structure was greater than
that of males (Fig. 4: column a). Female anden8% bootstrals did not overlap in
36 simulations (Appendix S10).

Polygyny
Under polygyny, the reverse pattern was found, with males having considerably higher

autocorrelation values than females [mearor mtDNA = F: 0.148; Y chromosome =
M: 0.214 (Table 1)]. Whil&:emales- I'malesOVerlapped zero, the distribution was strongly
skewedtowards negative values, indicating that malesfiaée spatial genetic structure
was greaterthan that of females in the majority of simulations (Fig. 4: calur the
100 simulations, 51 showed non-overlapping 95% boot§irapetween the sexes
(AppendixS10).

Monogamy
Monogamy resulted in similar distributions of simulatedluesbetweerfemales and
males [meam for mtDNA = F: 0.111; Y chromosome = M: 0.096 (Table 1)], with

This article is protected by copyright. All rights reserved



462  Ttemales- I'malesbounding zero (Fig. 4: column a). In 14 simulations, female and male
463  95% bootstrajCls did not overlap (Appendix S10). Given the equal dispersal and
464  mating opportunities preseahder monogamywe would expect no dérence in fine
465  scale genetic structure betweabe sexes-However, this skew towards increased female
466  structuresistdriven by the dispersal component of the mating systemdeaatd:

467  dispersal, see Appendix S4). Howewube difference in female and mdiee-scale

468  geneticstructure“driven by matsearchdispersals much less pronounced than the
469 differengedriven by the actual mating behaviours (which individuals mate) across each
470  mating system.

471

472 Promiscuity((?= 8)

473  Increased female reproductive skew @ngdromiscuity resulted isubstantially higher
474  autocorrelatiom values for females than males [medor mtDNA = F: 0.255; Y

475  chromosome = M: 0.111 (Table 1)], generating a similar pattern to that seen under
476  malebiased dispersal (Fig. 4: column a). Tiasulted in a substantial divergence

477  between.female and male distributions of simulatealues, With femajes- I mates

478  strongly positive and not overlapping zero (Fig. 4: column a). Female and male 95%
479  bootstrapClsdid not overlap in 84 simulations (Appendix S10), with these results
480 approaching-those found under mhblased dispersal (where-9200 simulations

481  showed non-overlapping 95% bootsts betweerthe sexes).

482

483  Autosomal and mtDNA markers

484  All mating systems

485  When comparing females and maleaaibsomal and mtDNA markers, variation in
486  mating system influenced the magnitude of simulatealues, but patterns of firsesale
487  spatial genetic structure were consistent betwieesexes. Under each of the four

488  mating secenarios, female and male disiiiins of simulated values mirrored each

489  other, withrssmales- I males POUNding zero (Fig. 4: column a; Table 1). Only a small

490 number.efithese simulations @-showed notverlapping 95% bootstrapls between
491 the sexes(Appendix S10). At mtDNA markergreased female reproductive skew
492  under promiscuityA= 8) created higher levels of fine-scale spatial genetic structure for
493  both sexes. At autosomal markers, male and femalestiake spatial genetic structure
494  increased under both promiscuity (A = 8, increased female reproductive skew) and

495  polygyny (increased male reproductive skew) (Fig. 4: column a; Table 1).
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High dispersal for both sexes (F500/M500)

All mating systems

Whenrhighslevels of dispersal were present for both sexes, variation in mating system
had no obvious impact on firszale spatial genietstructure (Table 1; Fig. 4: column

c). Genetic'spatial autocorrelation was not present for males or females across alll
markers;and all mating systems. There was no apparent difference between the
distributions of female and male simulategalues andemales- I malesWas centred on

zero (Fig. 4: column c). Only 0-2 simulations showed non-overlapping 95% bootstrap

Cls betweenthe sexes, across all markers and mating scenarios (Appendix S10).

Discussion

The impacts.of social and behavioural processes on genetic structure are often
overlooked in studies focused on dispersal. Here, we have developed a simulation
frameworktohelp us understand the processes that contribute to patternsoéline
spatial genetic structure across uniparentally and biparentally inherited markers. We
found that dispersal was the major driver of faoale spatial genetic structure, with
limited dispersal distances generating strong patterns eféale genetic structure and
high dispersal removing this structure. Sexsbdispersal is expected to generate a
significant difference in finescale genetic structubeetween the sexes (Banks & Peakall
2012). Indeed, in this study, we found that under rbased dispersal, females
consistently showed greater genetic structinia® males across all marker types and
mating. systems. Furthermore, female and male 95% boo@Gisaldd not overlap in
92-100%ofisimulations. This means, when considering a single point analysis (such as
one would-earry out in aempirical study), therwas a 92—-100% chance that a
significantidifference in finescale genetic structure would be detected betieen
sexes.

Along with this compelling evidence that dispersal is a major driver ofstiaée
spatial genetic structure, our comparison of male Y chromosome with female mtDNA
markers revealed that mating systems can also strongly influence patternssoafene

spatial genetic structure under restricted dispersal. Critically, promiscuity (A= 3 and 8)
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and polygyny, while oppositereatel a resultsimilar to that expected under skiased
dispersal in the absence of any dispersal bias. For example catg&deringa single
point analysis there was a 36—84% chance of detegtangnificant difference between
female and male firscale genetic stoure generated by mating system alone. In
contrast;mtDNA and autosomal markers were fairly robasissdifferent mating
systens/but finescale spatial genetic structure increased at both marker types when
reproductive success was skewed towards favdeviduals. These findings have
important implications for any studies intending to infer ecological and behavioural
processes from genetic datehich wediscuss in detail below.

Mating systems and reproductive skew

When simulated dispersal distancesviaw for both sexes, the level of fiseale

genetic structure differed between Y chromosome markers in males and mtDNA
markers in females depending on the mating system, despite identical dispersal patterns
for both'sexes. Under promiscuity, higher lesved positive genetic spatial

autocorrelation were present in females than in males. Under polygyny, this was
reversed, with male genetic spatial autocorrelation almost always greater than that of
femalesThe'comparative differencm the level of finescale genetic structubetween

the sexesvas driven bynaleY chromosomenarkers (see Figure 2).

An explanation of these patterns is offered by considering the consequences of
each mating system on Y chromosome diversity. Promiscuity (and likely polyandry,
though not simulatetderg reduces the probability that Y chromosomes are identical
by-descent within littes, while polygyny increases the probability of identical-by-
descent Y chromosomes among litters. This increases local Y chromosome diversity
within litters or reduces local Y chromosome diversity among litters, thereby shaping
fine-scale spatial genetic structure in the relevant groups. These results highlight the
influencerof'mating systems and sociality in driving patterns of genetic diversity,
paricularly-at‘uniparentally inherited markers. Indedsreira & Chikhi(2015) used
simulations and comparisons with real data from ecological and population genetic
studies torshow that sociality can maintain genetic diversity without the oieselxf
biased dispersal or other inbreeding avoidance mechanisms. This suggests that social
behaviours, such as mating strategies, are an important aspect of genetic structure and
need to be accounted for in genetic studies. It is important to note, hotheveraing

systems can also facilitate geft@wv through additional movement in therin of mate
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564 searchingThe distance over which individuals choose mates can vary considerably
565 among species and can impact patterns of-flemeacross the landscagPoubleet d.

566  2005). Using simulations, Blytoet al. (2015) showed that as the spatial scale over

567  which individuals chose mates increased, spatial genetic structure deciedsed,n

568  our studyywe found thabhatesearching movements by matdghtly reducedine-

569 scale genetistructure (as seen under monogamy). However, mating behaviour (which
570 individuals'were‘involved in mating) still had a much more pronounced impact on fine-
571  scale genetic structure than this dispersal component of the mating system.

572 Increasingeproductive skew for females under promiscuity generated

573  substantially higher levels of finezale spatial genetic structure at mtDNA markers in
574  our simulations. This is likely because the populationsistef a relatively smaller

575  number of larger litters with identical maternally inherited mtDNA. Similarly, polygyny
576  increased fin&cale spatial genetic structure for males at Y chromosome matiers,

577  tofewer males producing more offspring and siring entire litters with identical

578  paternally inherited¥ chromosomes (rather than producing fewer offspring across

579 litters with.multiple sires). Eldon & Wakeley (2006) used simulations and an empirical
580  study of Pacific oysters to show that reproductive skew is an important factor for

581 describinglevels of genetic diversity across populations. Our results demonstrate that
582  reproductiverskew can also be important over fseaies, as the effects on genetic

583  variation described above will be exaggerated by Kitsrand will vary depending on

584 the mating system. For example, increased male reproductive skew under promiscuity
585 may counteract the reduction in genetic structure caused by multiple mating, thus

586  resulting in similar levels of fingcale structure for both sexes. Therefore, while the

587  mating system creates differences in female and male genetic structure, the level of
588  reproductive skew determines how extreme this difference will be.

589 In_species where females only produce one or two offspring every year (or every
590 few years)-and the majority of females succdlysfaproduce, such as in mountain

591  brushtailpessums (Lindenmayeatral. 1998; Blytonet al. 2015) or whitetailed deer

592  (Verme 1965), finescale genetic structure at maternally inherited markers would be
593  expectedito.be low compared to species with latggdi(all else, including dispersal,

594  being equal). Conversely, in species where females produce thousands of offspring at a
595 time, such as marine invertebrates (Hedgecock 1994), or in systems where a small
596 number of females dominate reproduction, suche&ea mole rats (Clarke & Faulkes

597 1997, Patzenhaueroed al. 2013), genetic structure at maternally inherited markers
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598  would be expected to be very high (in the absence of differences in dispersal). At Y
599 chromosome markers, promiscuity, polyandry, polygyny and the number of males
600  contributing to reproduction are all important factors for shapingdoade spatial

601  genetic structure. However, these factors may also have a greater impact when females
602  can preduce-more offspring.

603

604  Dispersal

605 Dispersal had the lgest impact on the magnitude and direction of finale genetic

606  structure and generally outweighed any influence of the mating system. High dispersa
607  createdow or/no positive genetic spatial autocorrelation across all marker types and
608 removeditheffed of mating system on genetic structure differences between Y

609 chromoseme and mtDNA markers. When male dispersal was high, but females

610 remained mostly philopatric, females always showed higher levels of positive genetic
611  spatial autocorrelation than malegy(sficant in 95100% of simulations). Thus,

612  philopatry plays an important role in allowing ttetection ofyenetic structure

613  developed.under sociality.

614 Previous studies have demonstrated that social dynamics can have a major
615 influence'on'the magnitude of population genetic structure, so long as some degree of
616  philopatry isspresent (Chesser 1991b; Dobstoal. 1997, 1998; Storz 1999). For

617 example,in greater speaosed bats, one successful male mayaiez 50 offspring in

618  his reproductive lifetime, wdreas the majority of males will never successfully

619 reproduce (McCracken & Bradbury 1981). Despite this extreme skew in mating

620  success, greater spaaysed bats showed a relatively low level of population

621 differentiation (st = 0.031), most likely driven by the fact that juveniles of both sexes
622  disperse.in this species (McCracken & Bradbury 1977, 1981; McCracken 1987).

623  Conversely, red howler monkeys also exhibit a polygynous mating system, where
624 femalesilivesin harems and a single male usually sires tjugitpaf offspring (Pope

625 1990). However, in this species amegr@up differentiation was high ¢r= 0.142—

626  0.225), likely driven by the fact that ~33% of female red howler monkeys remain

627  philopatrie (Pope 1992). Therefore, high dispersalreaterspearnosed bats randomly
628  distributed genetic variation across the total population, removing any patterns of

629  populationtevel genetic structure generated by the mating system. In contrast, female
630 philopatry in red howler monkeys reinforced the populatew@l genetic structure

631 developed under polygyny, creating genetically differentiated groups (Storz 1999).
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The interplay between dispersal and mating strategies has long been known to
influence patterns of genetic variation (Chesser 1991b; Sugigl1996; Stor 1999).
However, it can be difficult to resolve how these processes interact. Previous studies
generally focustthe populatiorievel, usingbiparentally inherited markers only
(Chesser-1991b; Pope 1992; Dobsobal. 1997, 1998; Storz 1999; Parreira & Chikhi
2015). Here, we show that individual-level, fiseale genetic structure can also be
shaped'by“social processes at uniparentally inherited markers. Furthermore, dispersal
can potentially remove any genetic signal of mating behaviour.

While not assesslhere femalebiased dispersal should reduce mtDNA
structure, whereas male philopatry wotgthforce mating systems patteetected at
Y chromesome markerédditionally, polyandry could potentiallgring male and
female structure togetheeducing hedifference in genetic structure betwehe sexes.
While polyandryis relatively rare in mammals (althougbme cases ex)sthere are
many examples of female-biased dispersal (Dobson 1982; &akd 997; also, see
Appendix S1).

A combined marker approach: implications for the agile antechinus

Our findings'demonstrate that both dispersal and mating behaviour impact the patterns
of fine-scale-genetic structure in the agile antechinus, as measured at autosomal,
mtDNA"and Y chromosome markers. Whilspersal has been a primary focus of
previous studies of antechinus, simulation findings highlight that patterns of genetic
structure can be shaped by a range of processes (Baalk2005b; Banks & Peakall

2012; Banks & Lindenmayer 2013). Madased @spersal reduced genetic structure in
males compared to females across both biparentally and uniparentally dhherite
markers. Promiscuity also reduced male genetic structure, but only at Y chromosome
markersthowever, this was obscured by high male dispersal. This suggests that the
impact ofsmating behaviour on genetic structure can only be detected when both sexes
are philepatric, which does not occur in the agile antechinus (although many examples
existin_other wild populations of small mammals, see Appendix S1).

A combined marker approach: implications for studies of other species
There remains potential to use the combined marker approach to learn about both
dispersal and mating behaviour by sampling pre- andgggérsaindividuals as the

level of genetic structure detected can vary dramatically with temporal sampling

This article is protected by copyright. All rights reserved



666  (Balloux & LugonMoulin 2002).While our simulationsvere parameterised with

667 discrete generationsystems with werlapping generations add new dimensions to

668  spatial genetic patterns, such as wgenerational comparisons (Blytenal.2015). In a

669  simulation study, Blytoet al.(2015) found that as generational overlap increased,

670  spatialrgenetic structure also increased for both sexes. Therefore, in scenarios of

671  overlapping generans, restricting comparisons of spatial genetic structure to particular
672  groups ofindividualsd.g.adults only or preversuspostdispersal individuals) will

673  help to link the observed patterns to the underlying process. However, in the

674 semelparous antemus, finescale genetic patterns detected ingispersal individuals

675  will be shaped by mating behaviour (and should reflect patterns shown in our

676 ~ F100/M200'seenario), while post-dispersal individuals should show a clear pattern of
677 malebiased dispersalcross all marker types (similar to our F100/M500 scenario).

678  Additionally, our results indicate that it is still possible to detect these patterns when
679 there are different levels of diversitgtweemmarker types (Appendix S3).

680 Comparisons of segpecificpatterns of finescale spatial genetic structure at

681 autosomal, mitochondrial and Y chromosome markers, for botlapdepostispersal

682 individuals; are expected to be of interest for many species. For example, differences in
683  spatial autocorrelatiobetwesnthe sexes that are congruent across autosomal, mtDNA
684 and Y chromosome markers would indicate dispersal is the predominant driiver- of

685  scale spatial genetic structure. Alternatively, inconsistent patterns across markers would
686 indicate a mating systemfluence. If these patterns change between individuals from
687 different'age groups (e.g. pouch young or young aterstusadults) then the impact

688  of dispersal and mating behaviour on fegale genetic structure could be directly

689 compared and these prases more accurately inferred in wild populatidrss is a

690 powerful approach, as detectitige genetic signatures of mating and dispersal

691 independently of each other would allow stud@avoid making assumptions about

692  which processeareshaping thesgeneticpatterns. This is particularly important, given
693 that mammals span the continuum of mating and dispersal strategies.

694

695 Implicationsfor other approachesto measuring spatial genetic structure

696 Here, we employed spatial autocorrelation analysis totifjydme fine-scale,

697 individual-by-individual spatial genetic patterns anig from different dispersal and

698 mating system scenarios. This approach has the advantage of enabling visualisation of

699 the magnitude and spatial extent of genetic structure dirteiscale. However, these

This article is protected by copyright. All rights reserved



700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733

patterns are also likely to be apparent using populdéhasi-statistics. For example, in
our simulations the interactive effects of dispersal and mating system variation were
also detectable at the populati@vel using an Anlgsis of Molecular Variance
(AMOVA ; Excoffieret al. 1992; Peakaltt al. 1995; Michalakis & Excoffier 1996).
Figures5shows an infographic of the AMOVA results obtained from an entire s&thula
landscape (5.6 x 5.6 km, under promisclity3 and restricted dispersal), for mtDNA

and Y chromosome comparisons of females and males. At the popudatdrthis
analysis,detected sespecific differences in genetic structure similar to the patterns
shown by spatial autocorrelation analysisndastrating that these analyses can be
complementary. A key difference is that populatievel analyses typically involve the
sampling’of predefined sukpopulation units (based on spatial scale and location).
Thus, it IS'important to recognise that tipatsal scale of supopulation sampling can
have a large bearing on the results. In our example, the level of genetic structure
detected with AMOVA varied depending tire distance betwegopulations and the

spatial distribution of samples.

Other factors shaping genetic patterns

The majority of studies using markers with different modes of inheritance havedocuse
on long-termor populatiotevel estimates of gerfeow, using Fstatistics, estimates of
effective population size ()l or assignment testsid comparing these metrics among
markers (Schubedt al.2011; Nietlisbaclet al. 2012; Hedricket al. 2013; MacDonald

et al.2014; Verkuilet al. 2014). However, factors like mutation, genetic drift,
bottlenecks, founder effecésmdselectionarestrongly influenced by the evolutionary
history of a species and shape background levels of genetic diversity (Hedrick 2007;
Charlesworth 2009; Banlket al. 2013; MacDonalet al. 2014). Therefore, when

directly comparing patterns among different markers, these factors must bataken
account:

Here;Weuse an alternative approach, where the comparison is between the
sexes rather thametweemmarker types. The patterns are then only compared across
markers for,congruence, except when comparing mtDNA to the Y chromosome.
However, the effective sizes of mtDNA and Y chromosome markers are expected to be
equal, as botarehaploid and lack recombination (Pedital. 2002). Furthermore,
Yannicet al.(2012) found that a 10f®ld difference in mutation rates betweatDNA

and the Y chromosome in their model had negligible effects on their ability to detect
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sexbiased dispersal using populati@vel analyses, as mutation rates were small

compared to other parameters.

Conclusions

Our computer simulations, initiallygpameterised for the agile antechinus and extended
to represent a broad range of mating and dispersal strategies found in small mammals,
revealed that dispersal was the major driver offio@le genetic structure across
maternally, paternally and biparaily inherited markers. When dispersal was

restricted, the mtDNArersusY chromosome comparison was sensitive to variation in
mating Systems. Three aspects of mating behaviour, promiscuity (multipleesires p
litter), palygyny (multiple litters per sirehd reproductive skew, caused changes in the
spatial structure of male Y chromosomes compared to female mtDNA that led to
patterns similar to those expected underlsiased dispersal in some cases. Thus

caution Is required when inferring ecological proesssom genetic results.

Nonetheless, assessing whetleenale and male patterns are congruent or different
across markers with different modes of inheritance, and whether these patterns change
when individuals are sampled at different times, may helmtdisgle the different

ecologicaland behavioural processes shaping genetic structure within poyulati

Acknowledgements

This study was part of a PhD project b¥& funded by an Australian Postgraduate
Award scholarship. SCB was supported by an Australian Research Council Future
Fellowship (FT130100043). We thank five anonymous reviewers for comments that

improved the manuscript.

References

Aars J, Dallas JF, Piertney SB, Marshall F, Gow JL, Telfetr&.(2006) Widespread
gene flow and high genetic variability in populations of water valegola
terrestrisin patchy habitatdviolecular Ecology15, 1455-1466.

Balloux F, Lugon-Moulin N (2002) The estimation of population differentiation with

microsatellite markerdviolecular Ecology11, 155-165.

Banks SC (2005) Habitat fragmentation impacts on population procegseteaninus

This article is protected by copyright. All rights reserved



767

768
769
770

771
772
773

774
775
776
777

778
779
780

781
782
783
784

785
786

787
788
789

790
791
792

793
794
795

796
797

agilis. Monash University, Australia.

Banks SC, Cary GJ, Smith AL, Davies ID, Driscoll DA, Gill Adflal.(2013) How
does ecological disturbance influence genetic divér3itgnds in Ecology &
Evolution 28, 670-679.

Banks SCs:Bujardin M, McBurney L, Blair D, Barker M, Lindenmayer DB (2011)
Starting points for small mammal population recovery after wildfire:

Recolonisation or residual populatior@ikos 120, 26-37.

Banks SC, Finlayson GR, Lawson SJ, Lindenmayer DB, Paetkau D, Wat@&ISJ
(2005a) The effects of habitat fragmentation due to forestry plantation
establishment on the demography and genetic variation of a marsupial carnivore,

Antechinus agilisBiological Conservationl22, 581-597.

Banks SC, Lindenmayer DB (2013) Inbreeding avoidance, patch isolation and matrix
permeability influence dispersal and settlement choices by male agile antechinus in
a fragmented landscapkurnal of Animal Ecology83, 515-524.

Barks SC, Lindenmayer DB, Ward SJ, Taylor AC (2005b) The effects of habitat
fragmentation via forestry plantation establishment on spatial genotyyotuse
in thessmall marsupial carnivor&ntechinus agilisMolecular Ecology14, 1667—
1680.

Banks SC, Pdall R (2012) Genetic spatial autocorrelation can readily deteet sex
biased-dispersalMolecular Ecology21, 2092—-2105.

Beck NR, Peakall R, Heinsohn R (2008) Social constraint and an absence of sex-biased
dispersal drive finescale genetic structure in wérwinged choughaviolecular
Ecology 17, 4346—-4358.

Blyton"'MDJ;"Banks SC, Peakall R (2015) The effect of sex-biased dispersal on
oppositesexed spatial genetic structure and inbreeding Mskecular Ecology
24,1681-1695.

Blyton:MDJ, Banks SC, Peakall R, Lindenmayer DB (2012) Using probability
modelling and genetic parentage assignment to test the role of local mate
availability in mating system variatioMolecular Ecology?21, 572-586.

Burda H, Honeycutt RL, Begall S, Lock&ritjen O, Scharff A (200) Are naked and

common moleats eusocial and if so, wh{Bghavioral Ecology and Sociobiolagy

This article is protected by copyright. All rights reserved



798

799
800

801
802

803
804

805
806

807

808
809

810
811
812

813
814
815

816
817

818
819

820
821
822

823
824
825

826
827

47, 293-303.

Busch JD, Waser PM, DeWoody JA (2009) The influence of density and sex on
patterns of finescale genetic structurBvolution 63, 2302-2314.

Camplell NA, Reece JB, Meyers,NUrry L, Molles M, Zimmer Cet al. (2006)Biology.

Pearson, Benjamin Cummings, NSW, Australia.

Charlesworth B«(2009) Effective population size and patterns of molecular evolution

and variationNature Reviews Genetick), 195-205.

Chesser,RKs(1991a) Influence of gene flow and breeding tactics on gene diversity
within pepulationsGenetics 129, 573-583.

Chesser RK (1991b) Gene diveristy and female philop&eypetics 127, 437-447.

Chesser RK; Baker RJ (1996) Effective sized dynamics of uniparentally and
diparentally inherited geneGenetics144, 1225-1235.

Clarke FM, Faulkes CG (1997) Dominance and queen succession in captive colonies of
the eusocial naked moteat, Heterocephalus glabeProceedings of the Royal
Societyof London B: Biological Science264, 993-1000.

Cockburn A, Scott MP, Scotts DJ (1985) Inbreeding avoidance andomaakd natal
dispersal imMntechinuspp. (Marsupialia: Dasyuridaédnimal Behaviour33,
908-915.

Dobson ES (1982) Competition for matesd predominant juvenile male dispersal in

mammals Animal Behaviour30, 1183-1192.

Dobson FS, Chesser RK, Hoogland JL, Sugg DW, Foltz DW (1997) Do talde#-
prairie dogs minimize inbreeding/olution 51, 970-978.

Dobson ESy€hesser RK, Hoogland JL, Sugg DW, Foltz DW (1998) Breeding groups
and gene dynamics in a socially structured population of prairie dogal of
Mammalogy 79, 671-680.

Double MC, Peakall R, Beck NR, Cockburn A (2005) Dispersal, philopatry, and
infidelity: dissecting local genetic structure in superb fairgns Malurus
cyaneuy Evolution 59, 625-635.

Eldon B, Wakeley J (2006) Coalescent processes when the distribution of offspring
number among individuals is highly skew&knetics172, 2621-2633.

This article is protected by copyright. All rights reserved



828
829
830
831

832
833
834

835
836
837

838
839
840
841

842
843
844

845
846
847

848
849
850

851
852

853
854

855
856

857
858

Eriksson J, Siedel H, Las D, Kayser M, Erler A, Hashimotoet al. (2006) Y-
chromosome analysis confirms highly daased dispersal and suggests a low
male effective population size in bonob&a paniscus Molecular Ecology15,
939-949.

Evans BJ, Zeng K, Esselstyn JA, Charlesworth B, Melnick DJ (2014) Reduced
representation genome sequencing suggests low diversity on the sex chromosomes

of Tonkean macaque monkeyolecular Biology and Evolutiqr8l, 2425-2440.

Excoffierksm=Smouse PE, Quattro JM (1992) Analysis of moleatdaance inferred
from metric distances among DNA haplotypes: application to human
mitochondrial DNA restriction dat&enetics131, 479-491.

Favre L,'Balloux F, Goudet J, Perrin N (1997) Fentmaéessed dispersal in the
monogamous mamma@lrocidura russulaevidence from field data and
microsatellite pattern®roceedings of the Royal Society of London B: Biological
Sciences264, 127-132.

Fisher DO(2005) Population density and presence of the mother are related to natal
dispersal in male and femaltechinus stuartiiAustralian Journal of Zoology
53,.103-110.

Fisher.DO, Double MC, Blomberg SP, Jennions MD, Cockburn A (2006a) Post-mating
sexual selection increases lifetime fithess of polyandrous females in the wild.
Nature 444, 89-92.

Fisher DO, Double MC, Moore BD (2006b) Number of mates and timing of mating
affectoffspring growth in the small marsupfaitechinus agilisAnimal
Behaviour 71, 289-297.

Foltz DW.(1981) Genetic evidence for long-term monogamy in a small rodent,
Peromyscus polionotu$heAmerican Naturalist117, 665—675.

Goudet J, Perrin N, Waser P (2002) Tests forlsaged dispersal using-parentally
inherited genetic markerslolecular Ecology11, 1103-1114.

Greenwood PJ (1980) Mating systems, philopatry and dispersal in birdsaamahals.
Animal Behaviour28, 1140-1162.

Greminger MP, Kriitzen M, Schelling C, Pienkowska-Schelling A, Wandeler P (2010)

The quest for Yehromosomal markersmethodological strategies for mammalian

This article is protected by copyright. All rights reserved



859

860
861
862

863
864
865

866
867

868
869
870

871
872

873
874
875

876
877

878
879
880

881
882

883
884
885
886

887
888

non-model organism#/olecular Ecology Resourcel), 409-420.

Hammond RL, Lawson Handley LJ, Winney BJ, Bruford MW, Perrin N (2006) Genetic
evidence for femakbiased dispersal and gene flow in a polygynous primate.
Proceedings of the Royal Society of London B: Biological SciePt&s479-484.

Hedgecock:D (294) Does variance in reproductive success limit effective population
sizes of marine organisms? [Benetics and Evolution of Aquatic Organisfed
Beaumont A), pp. 1222-1344. Chapman & Hall, London, United Kingdom.

Hedrick PW (2007) Sex: differences in mutation, recombination, selection, gene flow,
and genetic driftEvolution 61, 2750-2771.

Hedrick/PW, Allendorf FW, Baker CS (2013) Estimation of male gene flow from
measures of nuclear and female genetic differentialimmnal of Heredity104,
713-717.

Hoogland"JE(1998) Why do female Gunnison’s prairie dogs copulate with more than
one ‘maleAnimal Behaviours5, 351-359.

Johnson JA, Toepfer JE, Dunn PO (2003) Contrasting patterns of mitochondrial and
microsatellite population structure in fragmenteguylations of greater prairie-
chickensiMolecular Ecology12, 3335-3347.

Kampstra P (2008) Beanplot: a boxplot alternative for visual comparison of

distributions Journal of Statistical Softwar&8, 1-9.

Keane B, Ross S, Crist TO, Solomon NG (2015) Scede spatial patterns of genetic
relatedness among resident adult prairie vdlestnal of Mammalogy96, 1194—
1202«

Kerth G (2008) Causes and Consequences of Sociality inEBagcience58, 737—
746.

KraaijeveldSmit FJL, Lindenmayer DB, Taylor AC (2002a) Dispersal patterns and
population structure in a small marsupfahtechinus agilisfrom two forests
analysed using microsatellite markesistralian Journal of Zoology0, 325—
338.

KraaijeveldSmit FJL, Ward SJ, Tempiemith PD (2002b) Multiple garnity in a field

population of a small carnivorous marsupial, the agile antechAmtischinus

This article is protected by copyright. All rights reserved



889 agilis. Behavioral Ecology and Sociobiology?2, 84-91.

890 KraaijeveldSmit FJL, Ward SJ, Tempiemith PD, Paetkau D (2002c) Factors

891 influencing paternity succe@s Antechinus agilislastmale sperm precedence,
892 timing of mating and genetic compatibiliournal of Evolutionary Biologyl5,
893 100-107.

894 Larsen KW, Boutin S (1994) Movements, survival, and settlement of red squirrel

895 (Tamiasciurus hudsonicusffspring.Ecology 75, 214-223.

896 Lawson Handley LJ, Perrin N (2007) Advances in our understanding of mammalian
897 sexbiased dispersaMolecular Ecology16, 1559-1578.

898 LazenbyCohen KA, Cockburn A (1991) Social and foraging components of the home
899 range inAntechinusstuartii (Dasyuridae: Marsupialiafustralian Journal of
900 Ecology 16, 301-307.

901 LindenmayerDB, Lacy RC, Viggers KL (1998) Modelling survival and capture

902 probabilities of the mountain brushtail possuimc¢hosurus caninysn the forests
903 of southeastern Australia using trapcapture datalournal of Zoology245, 1—
904 13.

905 MacDonald"Ad, Fitzsimmons NN, Chambers B, Renfree MB, Sarre SD (2014) Sex
906 linked-and autosomal microsatellites provide new insights into island populations
907 of the tammar wallabyHeredity, 112, 333—-342.

908 Maher CR, Duron M (2010) Mating system and paternity in woodchi&mgota
909 monay. Journal of Mammalogy91, 628-635.

910 McCrackensGF (1987) Genetic structure of bat social groupRdecent Adavances in
911 the-Study of Bateds Fenton MB, Racdy, Rayner JM V), pp. 281-298.
912 Cambridge University Press, Cambridge, United Kingdom.

913  McCracken GF, Bradbury JW (1977) Paternity and genetic heterogeneity in the
914 polygyneus batPhyllostomus hastatuScience198, 303-306.

915  McCracken.GF, Bradbury JW (1981) Social organisation and kinship in the polygynous
916 batPhyllostomus hastatuBehavioral Ecology and Sociobiolag; 11-34.

917  McEachern MB, McElreath RL, Van Vuren DH, Eadie JM (2009) Another genetically

918 promiscuous “polygynous” mammal: mating system variatiddentoma fuscipes

This article is protected by copyright. All rights reserved



919

920
921
922

923
924

925
926
927

928
929
930
931

932
933
934
935

936
937
938

939
940
941

942
943
944

945
946
947

948
949

Animal Behaviour77, 449-455.

Michalakis Y, Excoffier L (1996) A generic estimation of population subdivision using
distances between alleles with special reference for microsatellit&ketics
142, 1061-1064.

Mossman,CA, Waser PM (1999) Genetic detection oftsased dispersaMolecular
Ecology 8, 1063-1067.

Naylor R, Richardson SJ, McAllan BM (2008) Boom and bust: a review of the
physiology of the marsupial genus Antechinigurnal of Comparative Physiology
B: Biochemial, Systemic, and Environmental Physiolobg8, 545-562.

Neaves/LE, Zenger KR, Prince RIT, Eldridge MDB (2013) Paternally inheriteetige
markers reveal new insights into genetic structuring withacropus fuliginosus
and hybridisation with sympatrMacropus giganteuAustralian Journal of
Zoology.61, 58-68.

Nietlisbach*Py Arora N, Nater A o0o0ssens B, Van Schaik CP, Krutzen M (2012)
Heavily malebiased longdistance dispersal of orangans (genus?ongg, as
revealed by Ychromosomal and mitochondr genetic markersviolecular
Ecology 21, 3173-3186.

Nutt KJ«(2005) Philopatry of both sexes leads to the formation of multimale,
multifemale groups il€tenodactylus gundRodentia: Ctenodactylidae)ournal
of Mammalogy86, 961—-968.

Nutt KJ((2008) A comparison of techniques for assessing dispersal behaviour in gundis:
revealing dispersal patterns in the absence of observed dispersal behaviour.
Molecular Ecology17, 35413556.

Parreira BR;"Chikhi L (2015) On some genetic consequences of social structure, mating
systems, dispersal, and sampliRgoceedings of the National Academy of
Sciencesl12, E3318-E3326.

Patzenhauerova H, Skliba J, Bryja J, Sumbera R (2013) Parentage analysis af Ansell’
mole-rat family groups indicates a high reproductive skespde relatively
relaxed ecological constraints on disperstilecular Ecology22, 4988-5000.

Peakall R, Ruibal M, Lindenmayer DB (2003) Spatial autocorrelation analysis offe

new insights into gene flow in the Australian bush Rattus fuscipegvolution,

This article is protected by copyright. All rights reserved



950

951
952

953
954
955

956
957
958

959
960

961
962
963

964
965
966

967
968
969

970
971

972

973
974

975
976

977
978

979

57,1182-1195.

Peakall R, Smouse PE (2006) GENALEX 6: genetic analysis in Excel. Population
genetic software for teaching and reseaktblecular Ecology Note$, 288-295.

Peakall R, Smouse PE (2012) GenALEXx 6.5: genetic analysis in Excel. Population
genetie.software for teaching and reseanlupdateBioinformatics 28, 2537
2539.

Peakall R, Smouse PE, Huff DR (1995) Evolutionary implications of allozyme and
RAPD variation in diploid populations of dioecious buffalogrdashloé

dactyloidesMolecular Ecology 4, 135-147.

Petit E, Balloux F, Excoffier L (2002) Mammalian population genetics: why not Y?
Trends in Ecology & Evolutiqri7, 28-33.

Pierson JC, Allendorf FW, Saab V, Drapeau P, Schwartz MK (2010) Do male and
femaleblackbacked woodpeckers respond differently to gaps in habitat?
Evolutionary Applications3, 263—-278.

Pope TR (1990) The reproductive consequences of male cooperation in the red howler
monkey. paternity exclusion in multi-male and single-male troops using genetic

markersBehavioral Ecology and Sociobiolog®7, 439-446.

Pope TR (1992) The influence of dispersal patterns and mating systems on genetic
differentiation within and between populations of the red howler morkeydtta
seniculu$. Evolution 46, 1112-1128.

Prugnolle F, de Meeus T (2002) Inferring sex-biased dispersal from population genetic
toolswareviewHeredity, 88, 161-165.

R Core Team (2015) R: a language and environment for statistical computing.

Ribble DO.(1992) Dispersal in a monogamous rodeatpmyscusalifornicus.
Ecology. 73, 859-866.

Ross KG(2001) Molecular ecology of social behaviour: analyses of breeding systems

and genetic structur&lolecular Ecology10, 265-284.

Schubert G, Stoneking CJ, Arandjelovic M, Boesch C, Eckhardt N, HohmanalG
(2011) Male-mediated gene flow in patrilocal primatisoS ONE6, e21514.

Smouse PE, Peakall R (1999) Spatial autocorrelation analysis of individual|lekelti

This article is protected by copyright. All rights reserved



980

981
982

983
984

985
986

987
988

989
990
991

992
993
994

995
996
997

998
999
1000

1001
1002
1003

1004
1005

1006
1007

1008
1009

and multilocus genetic structutderedity, 82, 561-573.

Smouse PE, Peakall R, Gonzales E (2008) A heterogeneity test fecéileegenetic
structure Molecular Ecology17, 3389-3400.

Storz JE (1999) Genetic consequences of mammalian social strdotneal of
Mammalogy 80, 553-569.

Sugg DWy=Chesser RK, Dobson FS, Hoogland JL (1996) Poputgiogtics meets
behavioral ecologyTrends in Ecology & Evolutigril, 338-342.

Sunnucks P«(2000) Efient genetic markers for population biology. Trends in Ecology
& Evelution, 15, 199-203.

Swilling WR, Wooten MC (2002) Subadult dispersal in a monogamous species: the
Alabama-beach mousBgromyscus polionotus ammobatdsurnal of
Mammalogy83, 252—-259.

Telfer S, Piertney SB, Dallas J6tewart WA, Marshall F, Gow Jt al. (2003)
Parentage assignment detects frequent and-$aaje dispersal in water voles.
Molecular Ecology12, 1939-1949.

Ujvari B,"Dowton M, Madsen T (2008) Pdption genetic structure, gene flow and-sex
biased.dispersal in frillneck lizard€ljlamydosaurus kingiiMolecular Ecology
17, 3557-3564.

van DijkiRE, Covas R, Doutrelant C, Spottiswoode CN, Hatchwell BJ (2015xEate-
genetie.structure reflects sepecific dispersal strategies in a population of
sociable weaver$filetairus socius Molecular Ecology24, 4296-4311.

Verkuil Y1, Juillet C, Lank DB, Widemo F, Piersma T (2014) Genetic variation in
nuclear and mitochondrial markers supports a largéigiexence in lifetime

reproductive skew in a lekking specié&sology and Evolutior, 3626—3632.

Verme LJ.(1965) Reproduction studies on penned white-tailed Deedournal of
Wildlife"Managemen®9, 74-79.

Wickham H%(2009pgplot2: elegant graphickr data analysisSpringerVerlag, New
York, United States.

Yannic G, Basset P, Blchi L, Hausser J, Broquet T (2012) Spatlgfic sexbiased

dispersal in the Valais shrew unveiled by genetic variation on the Y chromosome,

This article is protected by copyright. All rights reserved



1010 autosomes, and mitochondriaNB. Evolution 66, 1737-1750.

1011 Zgurski JM, Hik DS (2012) Polygynandry and even-sexed dispersal in a population of
1012 collared pikasOchotona collarisAnimal Behaviour83, 1075-1082.

1013

1014  Data Accessihility

1015

1016  Distance matrices aritie GenAlEx Adein containing snulation routinesre available
1017  from the Dryad Digital Repository: http://dx.doi.org/10.5061/dryad.kn8d2.

1018

1019  Author Contributions

1020

1021 RES, SCB and RP designed the study, SCB provided organismal expertise for the
1022  AntechinusRES ran simulations and downstreanalyses and drafted the manuscript;
1023  RP completed the simulation programming, all authors contributed to editing the draf
1024  manuscript.

1025

1026  Figurescaptions

1027

1028  Fig. 1 Matingand dispersal patterns in mammals vary across a continuum, from
1029  promiscuity to monogamynd philopatry to high dispersal (for an extensive list of
1030 examplesysee Appendix S1). Mating systems can also differ between social mating
1031  systems (based on spatial and temporal relationships) compared to genetic mating
1032  systems (based on the actual ptage of offspring). Here, we show an example of the
1033  variation in mating systems and dispersal patterns across small mammals, ever fine
1034  scales (tens hundreds of meters). We focus on genetic mating systems, with

1035  definitions.based on the number of mating partners involved in a breedingveittent,
1036  definitionsfollowing Campbellet al.(2006) and McEacheret al. (2009) Polyandry is
1037  not considered in this study, as it is fairly uncommon in mammals (but see Appendix S1

1038  for somesexamples). All figures were draor edited using Adobe lllustrator CC 2014.

1039  Figure References: 'Larsen & Boutinl994°Cockburnet al. 1985°KraaijeveldSmitet al. 2002b*Banks
1040  2005°Zgurski & Hik 2012°Swilling & Wooten2002'Ribble 1992°%Telfer et al. 2003°Aarset al. 2006
1041  '°Nutt 2005 Nutt 2008**Hoogland1998**McCracken & Bradbury981

This article is protected by copyright. All rights reserved



1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061

Fig. 2 The impact of mating behaviour and dispersal on $icede genetic structure for
females and males, at uniparentally inherited markteq 1:Females (circles) and
males (squares) involdan mating are indicated by the solid (promiscuity), broken
(monogamy)-and dashed (polygyny) linEemale mtDNA vs. male Y chromosome:

Step 2:Female offspring share the same mtDNA haplotype as their sisters within a
litter, but'are genetically differetd females in other litters. Conversely, male genetic
structure at Y chromosome markers varies depending on the mating sytpra:

When dispersal is restricted in both sexes, the patterns developed under each mating
system are maintaine8tep 3bUnder malebiased dispersal, female structure remains
high, whereas male dispersal randomly distributes Y chromosome haplotypes
throughout the populatiostep 3cHigh dispersal in both sexes randomly distributes
mMtDNA and Y:chromosome haplotypes throughout the populd@nale mtDNA vs.
male mtDNA: Step 2:No difference in genetic structure is detected when comparing
both sexes at mMtDNA markeiSteps 3a: Dispersal reduces genetic structure at
MtDNA markers. Female skew increases the overall magnifuginetic structure, but
this impacts both sexes equally (*exceptions: here, only tfapetypes are

represented, creating high levels of genetic structuiteese examples. With more
individuals.in‘the population, dispersal would introduce more haplotype variation and

this structure would also likely be reduced).
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Fig. 3 Correlograms for females and males with mean autocorrelatialnes

generated over 100 simulations, at the™§6nerations (n = 500), across autosomal,
MtDNA and Y chromosome markers. Simulations represent restricted dispersal (column
a: F100/M100), male-biased dispersal (column b: F100/M500) and high dispersal
(column‘c: F500/M500), for promiscuous mating system (A = 3). Error bars around the
autocorrelatiomvalues represent the 237.5 percentiles of the distributionrof

values across simulations. Figures were prepared in R 3.2.2 (R Core Team 2015).
Correlograms were generatedggplot2 (Wickham 2009).

Fig. 4 Back to back bean plots showing female and male distributions of simulated
spatial autocorrelation values in the first distance class00 m) across autosomal,
mtDNA and Y chromosome markers. Different dispersal scenarmsepresented in
panel columns [a) restricted dispersal, b) niadsed dispersal and c) high dispersal].
Mating systems and levels of reproductive skew are shown oxakis. The vertical

bars in the.centre of each bean plot show the-®B5 percatiles of the difference in

value distributions between females and mal@sdes - rmale9. When the vertical bars
shift towards positive values, females generally show greater structure than males, while
a negative direction means that male strucisigenerally greater than that of females
(for the significance of individual simulations see Appendix SEOyackage: Bean
plot, Kampstra 2008).
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Fig. 5 A visual demonstration of the soordance betweendividualdevel versus
populationtevel analysegmultilocus spatial autocorrelation analyssan Analysis of
Molecular Variance AMOVA). Restricted dispersal (F100/M100) was simulated under
each mating systembifferentgroups of individuals werthenanalysedwithin the

same singlessimulatior(for eachmating system Spatial autocorrelation analysis:

This analysis was performed on individuals spread across the entire landscape
Significantdifferences in théevel of finescale genetic structureere detected between
the sexes for all mating syste except monoganfyn the first distance class)

AMOVA: This analysis was performed oveur “populations”, defined using different
sampling schemesvith eachpopulation made up of a random subset of 125
individualg#The highlighted section of the pibart represents the percentage of
betweerpopulation differentiation (®PT, an analogue ofdt). AMOVA results reflect
spatial autocorrelatiopatterns However, the level of population structes detected

by AMOVA) varies depending on how populations are defined across the landscape and
how individuals are sampled. (Analyses were performed in GenAlER&dkall &
Smouse.2006; 2012)

TablelMeans and 2.5 — 97.5 percentiles of female and ma&ies under all

simulation_scenarios (dispersal and mating behaviour), for autosomal, mtDNA and Y

chromosome markers.
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Supporting Information

Appendix S1 Mammalian mating systems and dispersal strategies ovesdales:

examples from the literature.

Appendix S2 How does varying the number of loci, alleles and haplotypes impact

spatial autoecorrelation patterns for females and males?

Appendix S3 What is the effect of having different numbers of mtDNA haplotypes

compared to.Y chromosome haplotypes on spatial autocorrelation patterns?

Appendix*S4Distributions and summary statistics for mate search distances across
each mating system.

Appendix S5 Distribution of dispersal distances under promisc(ity 3) for mean

dispersal.distances of 100 metres and 500 metres.

Appendix'S6'How many generations does it take for fswle genetic structure to

develop and-stabilise?

Appendix S7 Summary statistics for the number of offspring produced by females and

males across each mating system.

Appendix S8 Summary statistics for the number of parents across each mating system.

Appendix SO Distributions for the number of offspring produced by females and males

across eachumating system.
AppendixsS10 The proportion of simulations where female and male 95% bootstrap

confidence intervals do not overlap, across all marker types, dispersal cEamaki

mating systems.
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. Mating Female r mean Male r mean Female r Male r
Marker | Dispersal System +SE +SE 2.5- 97:5 2.5- 97:5
Percentiles Percentiles
Monogamy 0.054 £ 0.001 0.053£0.001  0.038 to 0.074  0.036 to 0.073
F100M100 Polygyny 0.103 +£0.002 0.104 £0.002  0.077 t0 0.141  0.074 to 0.141
Promiscuity (4=3) 0.058 £ 0.001 0.057+0.001  0.04 to 0.08 0.04 to0 0.078
Promiscuity (4=8) 0.1 +0.002 0.1 +0.002 0.068 t0 0.138  0.07 to0 0.143
= Monogamy 0.035+0.001 0.003+0 0.023 t0 0.051  -0.004 to 0.01
§ F100M500 Polygyny 0.059 +0.001 0.007+0 0.039 t0 0.088  -0.003 to 0.016
% Promiscuity (A=3) 0.033 +0.001 0.004+0 0.021 to 0.051  -0.002 to 0.012
< Promiscuity (4=8) 0.058 + 0.001 0.007+0 0.039 t0 0.087  -0.001 to 0.016
Monogamy 0.003x0 0.003+0 -0.003 to 0.009 -0.002 to 0.008
F500MS00 Polygyny 0.004+0 0.004=+0 -0.001 to 0.011 0 to 0.009
Promiscuity (A=3) 0.002+0 0.003+0 -0.004 to 0.008 -0.003 to 0.008
Promiscuity (A=8) 0.005+0 0.005+0 0t00.011 -0.002 to 0.011
Monogamy 0.111 +0.003 0.107+£0.003  0.06t0 0.17 0.06 to 0.181
F100M 00 Polygyny 0.148 £ 0.004 0.145+0.004 0.079t0 0.246  0.072 to 0.224
Promiscuity (A=3) 0.137 +0.003 0.142+£0.004  0.082 to 0.21 0.071 to 0.234
Promiscuity (4=8) 0.255 + 0.007 0.255+£0.007 0.142t0 0.4 0.135 to0 0.382
< Monogamy 0.113 £0.003 0.016 £0.001  0.066t0 0.169 -0.002 to 0.039
E F100M500 Polygyny 0.142 +£0.004 0.023 £0.002  0.074 to 0.235  -0.008 to 0.065
= Promiscuity (A=3) 0.15 + 0.005 0.026 £0.002  0.073 to 0.239  -0.003 to 0.055
Promiscuity (A=8) 0.283 + 0.007 0.046 £0.003  0.133t0 0.413  0.004 to 0.106
Monogamy 0.005 +0.001 0.005+0.001  -0.01to 0.02 -0.011 to 0.024
F500M500 Polygyny 0.006 = 0.001 0.004+0.001 -0.013t00.024 -0.015t00.019
Promiscuity (4=3) 0.004 + 0.001 0.004+0.001 -0.014t00.026 -0.011 to 0.022
Promiscuity (4=8) 0.015 +0.001 0.011£0.001  -0.004 to 0.039 -0.011 to 0.034
Monogamy 0.111 £0.003 0.096 £0.003  0.06to 0.17 0.051 to 0.152
. F1ooM 100 Polygyny 0.148 £ 0.004 0.214+0.006 0.079t0 0.246 0.118 to 0.336
g Promiscuity (A=3) 0.137 +0.003 0.087+0.003  0.082to 0.21 0.032t0 0.16
g Promiscuity (A=8) 0.255 £ 0.007 0.111+£0.004 0.142t0 0.4 0.055 to 0.194
g Monogamy 0.113 +£0.003 0.006 £0.001  0.066t0 0.169 -0.02 to 0.028
5 F100M500 Polygyny 0.142 +£0.004 0.011£0.001  0.074 to 0.235  -0.015 to 0.037
3 Promiscuity (A=3) 0.15 + 0.005 0.005+0.001  0.073 t0 0.239  -0.017 to 0.028
; Promiscuity (4=8) 0.283 + 0.007 0.009£0.001  0.133t0 0.413  -0.014 to 0.036
E Monogamy 0.005 +0.001 0.005+0.001  -0.01to 0.02 -0.014 to 0.026
= F500M500 Polygyny 0.006 = 0.001 0.008 £0.001  -0.013t0 0.024 -0.012 to 0.028
Promiscuity (1=3) 0.004 + 0.001 0.005+0.001 -0.014to0 0.026 -0.009 to 0.021
Promiscuity (4=8) 0.015 + 0.001 0.007£0.001  -0.004 t0 0.039 -0.014 to 0.023
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Dispeesal d¢atedy.pdf

Female Dispersal
Male Dispersal

Mating System

American Red Squirrel
Tamiasciurus hudsonicus'

Agile antechinus
Antechinus agilis™

Collared pika
Ochotona collaris’

@3

=¥

Promiscuity
Both females and males mate with multiple
(more than one) partners and mating is
nonexclusive. Female and/or male reproductive
success can be skewed towards fewer individuals
(i.e. high variance in reproductive success). Skew
can be greater for one sex over the other,
depending on the number of partners each sex
mates with versus the number offspring
produced by females/size of a litter.

Alabama beach mouse
Peromyscus polionotus*

California mouse
Peromyscus californicus’

Water vole
Arvicola terrestris®’

@4

Monogamy
Exclusive mating between one female and one
male. Female and male reproductive success is
equal. However, there can still be high or low
variance in reproductive success, for example, if a
dominant pair monopolises reproduction versus
most individuals pairing up and successfully
reproducing.

Gundi
Ctenodactylus gundi”"

Gunnison's prairie dog
Cynomys gunnisoni"

Greater spear-nosed bat
Phyllostomus hastatus”

_________________________________ >»
_><,»_ :‘ ;. 96\
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Polygyny
One male mates exclusively with multiple (more
than one) females. Males have higher levels of
reproductive success than females and some
level of reproductive skew is present among
males (variance in reproductive success). For
example, high skew occurs when a small number
of males monopolise mating, whereas most do
not reproduce. Low skew occurs when most
males mate, but some obtain more mating
opportunities than others.
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