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Abstract

Moleculargechnologiebave revolutionised our classification of animrating systems, yet we

still know verylittle about the genetinating systems of many vertebrgreups. It is widely

believed that anuran amphibians have the highest reproductive diversity ofediratas, yet

genetic mating:systems have been studied in less than one percent of all described species. Here,
we use SNPs:t0 quantify the genetiating system of the terrestrial breeding-bedked toadlet
Pseudophryne coriacea. In this species, brdeng is prolongedapproximately 5 months), and

males construct,subterranean nests in which females deposit eggs. We predicted that females
would display extreme sequential polyandry because this mating system has beed neport
closelyrelatedsspecie@. bibronii). Parentage analysis revealed that mating success was heavily
skewed towards a subset of males (30.6% of potential sires), and that neanhakdsf€92.6%)

mated with'one male. In a high percentage of occupied nests (37.1%) the residemsnaot

the genetic sire, and very few nests (4.3%) contained clutches with multipieifyat

Unexpectedly, these results show that sequential polyandry is rare. They also show that there is a
high frequency of nest takeover and extreme competitiomele® males for nest sites, but that

males rarely=sneak matings. Genetic analysis also revealed introgressive hybridisationBetween
coriacea-and-the reecrowned toadletH. australis). Our study demonstrates a high level of

mating system complexity anidshows that closelyelated anurans can vary dramatically in their
geneticmating system.

KEYWORDS

Amphibian, cryptic breeding,emeticmating systenmest takeovergproductive behaviou§NP
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1| INTRODUCTION

Knowledge of mating systems is important for understanding mechanisms of sdecibis and
the evolution of reproductive strategi@nlen & Oring, 1977; Avise et al., 2002; MacManes,
2013). Histerieally, our understanding of animadting systems has been based on behavioural
observationgwith.classification of mating systems broadly defined according to themoim
mates acquired by each see.(socialmating systems). While this approach has provided
fundamental insights into intrand interspecific variation in reproductive strategisscial

mating systems can be extremely misleadithgghes, 1998). Behavioural observations will only
yield accuratg”estimates of sgpecific differences in mating frequency if individuals can be
continuously monitored, and copulations easily observed. While this might be possiblaes spe
with discrete breeding events and conspicuous copulation, it is near impossyigei@s svith
prolonged breeding seasons, large home ranges and/or cryptic mating behaviour. Moreover, in
systems where.females mate with multiple males, post copulatory prosesksess sperm
competition(Parker, 1970; Simmons, 2001) and cryfgimale choicédEberhard, 1996)an

result in fertilisation biases that preclude the reliable assignment of pataroitgh observation
alone (Birkhead, 1998; Pizzari & Wedell, 2013).

Over the past two decades, rapid advances in molecular technologies have revedutionis
our classification of animahating systems by enabling extremely acaiessignment of
parentage to offspring (Avise, 1994; Kaiser et al., 2017). The capacity to unambiguously
determine the matingucces®f every individual in a population has unveiled a complex and
diverse array-ofireproductive strategfesighes, 1998; MacManes, 201S}udies of vertebrates
in particular-have revealed startling discrepancies between social and gateig systems
(Gagneux etal., 1999; DeWoody & Avise, 2001; Garant et al., 2001; Griffith et al., 2002; Uller
& Olsson, 2008). Many species long considered to be monogamous have been revealed to be
highly promiscuous, with females actively segkextrapair copulationgGriffith et al., 2002).

In addition, a diversity of alternativeating tactics have been uncovered, with competitively
inferior males gaining surprisingly high levels of mating success through behasictiras
female mimicry, forced copulation, satellitiagd sneakingNeff & Svensson, 2013Pespite

knowledge ofvertebratemating systems increasing exponentially over the past decade, most
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genetic work has focussed on birds and mammals (Coleman & Jones, 2011; Dawson et al., 2013)
Therefore, we still knowomparativelyery little about the genetmating systems of

ectothermiovertebrategGarant et al.2001).

Anuransamphibians (frogs and toads) have long been a model group for studies of sexual
selection and.reproductive strategies, and behavioural observations have indataededrans
display the greatest reproductive diversity of all tetragbaeellman & Trueb, 1986).
Surprisingly, however, there remains very little known about anuran genetic matemsy$o
date, genetic alyses of mating systems have been made for less than twenty species,
representing /éss than one percent of all described species. Nevertheless, considerable diversity
has already been uncovered, with reports of mating systems ranging from extrememyonoga
and polygyny, to extreme polyandry and polygynandry (Laurila & Seppd, 1998; Lodé &
Lesbarréres,@4; Byrne & Keogh, 2009; Knopp & Merild, 2009; Brown et al., 2010; Ringler et
al., 2012; Cheng et al., 2013; Wang et al., 2014). Critically, however, the vast majority of these
studies have only considered a fractiom @peciesbreeding seasomor sampled avery small
subset of breeding individuals and offspring. Few studies have undertaken exhaustive sampling
and determined patterns of parentage for entire breeding populations, particulamdoged
breedingsspeciedut see Ursprung et al., 2011; Mangold et al., 2015). The lack of
comprehensive genetic analyses of parentage in proldmmgeding species, which constitute a
large fraction of all anuran®Vells, 2001) means we still have a very superficial understanding

of anuran mating system variation and reproductive ecology.

One.group of prolonged breeding anurans that provide an excellent opportunity to
investigate 'genetimating systems are terrestrial toadlets from the g&sasdophryne
(Myobatrachidae). The genus is comprised of 14 species with randlife-history traits
highly amenable to exhaustive sampling. Specifically, toadlets are chaettgyisonaquatic
egg deposition,.small clutch sizes (typically < 100 eggs) (Anstis, 2017) and extrecliadpsite
fidelity (Heap et al., 2014). Mes excavate small, concealed chambers selgoil or leaf litter
and use a combination of calls and chemosignals to attract fefBstes & Keogh, 2007).
Mating takes place in nests, and males remaintivéleggs util the nest floods and hypoxia

triggers hatching. An early study thebreeding biology othreePseudophryne speciesP.
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bibronii, P. dendyi, P. ssmimarmorata) suggested that females rowtiy divide their egg clutches
between the nests of multiple males. This was based on the observation that clutch sizes in nests
werehighly variable and oftea fraction of the size of clutches held by unmated gravid females
(revealedthrough dissectigiyoodruff, 1976). More recently, a study of the genetic mating
system of{the brown toadIBt bibronii confirmed that females do indeecia with multiple
males.Using microsatellites to assign parentage to offspring, Byrne and Keogh (2088jed

that all females were polyandrous, dividing their eggs between the nests of tgfot toades. To
date, thigemainsthe mostextreme level of sequential polyandry reported in a vertebrate.
Moreover, he"study provided evidenteat polyandry is adaptive because it increases female
fitness by acting aan insurance againslutchloss resulting fronthe desiccatn of embryos or
larvae(as anroutcome afests having suboptimal moisture levels, flooding too early, or failing to
flood; Byrmesand Keogh, 2009). NotabBR. bibronii breeds during autumn and wintetile
mostPseudophryne species breed in summnstis, 2017). Assuming that the risk of clutch
desiccatiorwill be even higher in summelue to higher temperatures agwhporatiomates we
predicedthat sequential polyandry woute widespread iRseudophryne, andfor summer

breedergnaybeeven more extremian previously reported fét. bibronii.

Inthe present study, we quantify the genetic mating system of a natural population of red-
backedoadlets P. coriacea) using exhaustive sampling techniques over an entire spring/summer
breeding season. To determine the mating success of individuals and the reprodattiyie st

of each sexwe usedsingle nucleotide polymorphisms (SNPs) to congacentage analysis
2 | METHODS
2.1| Study.species

The redbackedtoadletR. coriacea) is a small 24-36mm) terrestrial toadlet inhabitinige east
coast and ranges of Australihe speciesypically prefers sclerophyll forest and low-lying
marshylarea@Cogger, 2014), and breeflsm November through to MarckstralSpring to
Summer)n ephemeral pools andater coursews/hich periodicallyfill following summerrainfall
(Anstis, 2017). Graviddmales producanaverageof 47 eggs (range 26 — {8)'Brien,
unpublished datapndhatching occurapproximatelyl4 dayspostfertilisation (Anstis, 2017).
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Metamorphosigan occur after a minimum larval duratiord& days with some individuals
taking up to 112 day&’Brien, unpublished data).

2.2 |Study,population

The study;was conducted on a natural populatidh ofriacea (adult population size = 371
located withinthe Jilliby State Conservation Area, New South Wales, Aust(e$a100 S,
151.379 Epver an entirespring/summer breeding season. The breeding site consisted of an
ephemeral’breeding pond (approximately 60 m long ahaddwide)locatedalong a ridgeline
The studyareawassituated irmoist, openeucalypt foreswith soils dominated by lithosols and
siliceous sands/egetation within the study areasdominated byEucalyptus pilularis
(Blackbutt)-andAllocasuarina littoralis (Black Sheoak) with a sparse ground cover containing
Pteridium eseulentum (Bracken) and_.omandra longifolia (Spiny+headed Matt Rush).

2.3 |Field methods

Prior to the start of the breedisgason thereeding site was enclosed witkdit fence and pit-

fall traps=The 127 m long and 30 cm high fence encircled the site wila&icpit-fall traps
(diameter: 3@m; depth: 3@m) positioned approximately every 6 m along the fdimee Traps

were checked every morning from 20 October 2014 to 9 February 2015 (81 continuous trap
nights). Teadlets were captured entering the breeding site as they moved in fiamding
bushlandand.were thetoe-clippedmeasuredphotographed and released inside the enclodure. |
individualswere caught agaitmey were releasdshck inside the enclosure, and if they were

caught a third'time they were released outside the enclosure, with this sequence repeatsd over
subsequentrecaptures. Thgproach was taken to ensure that frogs were given the opportunity
to move in‘and out of the breeding sitextmid asituationwhere density was artificially inflated.
Each night during the study periadales advertising from nests were located by tracking their
calls, and nestssitasere flagged on the surface using a uniqgue mdltikelledplastic planter
tag).During,the study period there were two significant rain events that corresponded with peaks
in female arrival and breeding activity, hereafter referred to as ‘breeding event 1’ and ‘breeding
event 2'. Breeding event 1 occurred between 19 October and 26 December 2014, and breeding
event 2 occurred between 27 December 2014 and 24 January 2815wsdre checked for eggs
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and resident adulduring each event aftéreeding activity had subsideto ensure no nests
were missed, leaf litter in a two metre squared area around each male was systematically

searched.

Resident males wergeighed and photographed for identification and 15% of tadpoles
per clutchwere'sampledwithin nestsembryosof different developmental stages were
consideredo belong to differentlutchesand were sampled equallgmbryoswerereared in
plastic containerat a field statioruntil larvae reached a late developmental stage (Gosner stage
27-28), at'which poinhatching was induceda flooding,andtadpolespreserved ir75% ethanol
in Eppendorftubes.

24 | Parentage analysis

To assign parentage offspring, and determine mating success for both sexagenotypedll

males and-femalabat entered the breeding site, and 15% of all offspritiya large SNP
(single-nucleotide polymorphisndatasetTissue samples (adult taéips and the tails of

sampled tadpoles) were sent to the commercial genotyping service of Diversity Arrays
Technology'that have developed a widely used genotyping technique called DArTseq™.
DArTseg™ represents a combination of DArT complexity reduction methods and next
generation sequencing platforms (Kilian et al., 2012; Courtois et al., 2013; Cru261.3|.,

Raman et:als2014Thebackground and process has been outlined in detail in a previous study
(Head et al., 2017) and we followed the same process for the generation of our SP(dlst@ s

see Booksmythe et al., 2016).

We obtained a data set of approximately 15 3MN@&s with araverage call rate 0f080%
and a reproducibility of 98.%. From these SNPs we calculated a Hamming Distance Matrix of
all 869successfully genotypeaddividuals to determinpaternity and maternity. Recent studies
show that as few as 30 optimized SNPs are sufficient to differentiate among 100,0Q@atslivi
using Hamming Distancéalues (HDV)(Hu et al., 2015). Each offsprimgaslined up against
the other offspringn the same clutch and also eventential sireand dam, and Hamming
Distance Value$HDV) comparedThe HDV are a measurd# genetic dissimilarity across the
full SNP data set. For our data set, HDV for siblings and parents and offspring fiaomged
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192  approximately 0.06-0.13vhereas unrelated animdladHDV s that rangd from approximately

193  0.14-0.19. Comparing values withtfutches confirmed that the clutches comprised either full
194  siblings or a mix of half siblings, full siblings or non-siblénfyjom separate mating everttalf-

195 siblings had'intermediate HDValues.In a few clutches the HDV values were slightly higher for
196  parentoffspring and siblingsibling relationships because one of the parents was a hweid.

197 compared HDMor every offspring and every potential dam and separatelyFor most

198  clutches we hadetailedinformation on thepotential sires that had occupied a particular nest site
199 and we also had this information for many potential dams, which prougladneans of testing
200 the accuracy"of our paternity assignmeirnislmostevery caséhere was a single clear best

201  match for both sire and dam based on the HDV (i.e. parentage could be unambiguously

202  assigned)Thewanly exceptiowas fortwo offspring from the same nest whénere were several
203  potential siresin this case, paternity was assigned to the male that was closesinesand

204  wasalso present during the breeding evenivds clear from the SNP data thia¢ sire or dam

205  for some offspring had not been sampled because no potential sire or dam had HDMUsith line

206 these relationships.
207 2.5 | Statistical analyses

208  ShapiroWilk tests were usedatdetermine whether the body size distributions of males and
209 females (measured as body mass and srenttlength) deviated from normality. Wilcoxon

210 signedrank tests were used to test for differences in the body size (nth§a/&4) of i) mated

211 and unmated males) single-mated males and polygynous males, and iii) mated and unmated

212 females
213 2.6| Ethics statement

214  This work followed protocols approved by the University of Wollongong’s Animal Ethics
215  Committee (AE14/17) imccordance with the “Australian Code for tbare and Use of Animals
216  for Scientific Purposes 20134nd was authorised by New South Wales National Parks &
217  Wildlife Service- Office of Environment and Heritage (SL101436).

218 3| RESULTS

This article is protected by copyright. All rights reserved



219 3.1 | Populationsize,sex ratio,and body sizevariation

220 Over the 81 day study period a total of 371 adult frogs were captured, with the population

221 displayingra.slightly maléiased adult sex ratio (59% males: 219 males, 152 females). The

222 average adult' male body length was 29.8 mm (range = 27 to 33 mm), and the average male body
223  weight was'24 g+(range = 1.8 to 3.1 g). Distributions of both male body weight and SVL

224  deviated significantly from normality (Shapiro-Wilk test, body weiglit= 0.98,P < 0.0%, SVL:

225 W=0.93,P<0.01, Fig. 1 and 2). The average adult female body length was 33.2 mm (range =
226 29 to 37 mm),.and the average adult female weight was 3.7 g (range = 2.4 tdés@igutions

227  of both female body weight and SVL deviated significantly from normality (E&gilk test,

228  body weightW=0.98,P < 0.01 SVL: W=0.95P <0.01, Fig. 1 an@).

229 3.2 | Parentage analysis

230 DNA extraction was successful 88.2% of all adult frogs and tadpoleBaternitywasassigned
231  to 30.8% of adultmales (67219), andmaternity was assigned 58.3% of adultemales

232 (81/152)..0f the 506ffspring that were collecteghd genotyped, 89.9% (454/505) were

233 assigned tdothia sire and dam, 1.4% (7/9@&ere assiged to a dam but not a sire, and98.7
234  (44/505) wererassigned tosire but not a dam.

235 Approximately 6%of P. coriacea adults (3/371)werehybrid individualsbetweerP.
236  coriacea andtheclosely related congenéY australis. Classification of hybrids wasased o
237  both genetie.datehbmming distance value >0.23 whasmpared to population mean) and
238  morphological characteristi¢gesemblance of @d crownspecific toP. australis) (Fig. 3).0f
239  the male hybridsN = 11), two individuals gained mating succe€X.the female hybrida\ =

240  12), four individuals gainedhating success.

241 3.3 |Patterns.of'paternity

242  During breeding events 1 and 2, males constructed a total of 113 and 110 nests resjgfctively.
243  the 219 males present at the study site, 180 @2\ere present in breedirgent 1, and203
244  (92.7% were present in breeding event 2. A total of tiéles(74.9%) were present across both
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breeding eventdn breeding event 1, 23.9 % of nests/{2B) contairedeggs. In theseeststhe
number of eggpresenivas highly variablerange = 18 to 127#meant SEM = 57.25+ 5.56,N =
27), and the distribution of eggs across nests deviated significantly from ngri8abipiroWilk
test;W ="0.9095P = 0.0223N = 27). Of the 27 nests containing eggs, two nests (N9 and N92)
could not be testefbr paternitybecause the eggs warevered in fungus and decomposi@yg.

the 25 nests where paternity was tested, the identity of the sire was detemd6eti of cases

(27/28sirey, with paternity assigned to 27ales(Table ).

In most nests (76.%, 1925) aresidentmale was presersand in one nesiN23) three
maleswererpresent. Of the nests where resident males were present, the resident male was the
genetically deduced siie 57.9% of nests(11/19). In the remaining 42.1 % of ne§&L9)

(which included the nest containing three males), resident metesnpanied offsprintat they
did not sirejndicating thainest takeovehadoccurred

A subset,of non-attendant genetically deduced sisze captured defending nests
between 0r17and @ from the nest where they sired offspri@neof these malegmale149) had
sired a second clutch of eg@oviding evidence for polygyny across nesjerall 64.0% of
nestswith eggs(16/25 had offspring produced by a singteleand single, 20.9 of nests
(5/25) contained offspring produced by a singlle and multiple females (providing evidence
for polygynywithin nest$, and 12.0% of nests (25) contained offspring produced ultiple
males and femaleproviding evidence for nest takeo\as well agepeated nest use by different
pairs)(Fig.4). In,addition, one nest (N14) contained offspring producesvbynales and a
single femaleyproviding evidence for multiple paterniig( 4). Of note becaus®ne of these
sires (male 149) was the resident male, and bethissemale also gained mating success at a
second nest in breeding eveng$ well as third nest in breeding even{skeTable 1 and 2)it
is likely that-multiple pateiity was the outcome of the second sire (male 4&pking

fertilisations:

In-breeding event 2, 40.9 % of nests (45/110 nests) containedséggar tobreeding
event 1, the number of eggs laid in a nest was highly variable (range = 15 ez, SEM =
64.1 £ 5.16), and the distribution of eggs across nests deviated significantly from normality
(ShapireWilk test; W= 0.7948 P = 0.001,N = 45 nests). Of the 4%estswith eggs, the identity
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of the sire was determined in all caswith paternity assigned to Btales.Of note, 20.®% of
males(10/50)that sirel offspring in breeding event 2 also sired offspringreeding event,1

providing evidence for polygyny across nests.

Residenimales were present mostnests 82.2 %, 37/45), and of theests where
resident malesiwere present, the resident was confiortaelthe genetic sire B2.2% of cases
(23/37). In_the remaining 37.8o of nestq14/37), resident males accompaniaffspring that they
did not sirejndicating thanest takeovehadoccurred(Table 3. A subset (7/2Dof the non-
attendant 'genetically deduced sires were captured defending nests located 0&aedr25
meters awayfrom theoriginal nest siteOneof thesemales(male344)wasalso successful in
siring offspringin a second negprovidingfurtherevidence for polygyny across nests).

Overall;71.1% of nests (3/45 had offspring produced by a single male and single
female(Table 3, 17.8% of nests§/45) contained offspring produced by a singl&e and
multiple females (providing evidence for polygywithin nest$, 8.9% of nests (#45) contained
offspring produced bynultiple siresandmultiple damgproviding evidence for nest takeoerd
repeatedwnestsuse by different ppand 4.4% nests (5) (N16 & N20a) contained offspring

sired bymultiple’'males and a single femgfgoviding evidence for multiple paternity).

Across both breeding events, there was no significant difference between the body size of
mated and:unmated males, measured as either body weight (mated maleisSEbbn 2.42 g
1 0.03,N =67,"unmated males: mearSEM = 2.43 g £ 0.02N = 152)(Wilcoxontest Z = 0.02,
P = 0.98), omsnoutent length (mated males: mea®EM=29.9mm+ 0.15,N = 67, unmated
males: meag SEM=29.8mm = 0.09,N = 152)(Wilcoxon testZ = 1.29,P = 0.20.

There'was also no significant difference between the body size of males that mated with
one female versus males that mated with multiple females, when body sizeassed as
either body weight (single mated males: mean + SEAM39 g + 0.04N = 45, polygynous males:
mean [SEME 2.48 g £ 0.06N = 22)(Wilcoxon testZ = 0.99,P = 0.32), or snout-vent length
(single mated males: mean + SEM29.8 mm + 0.19N = 45, polygynous males: mean + SEM
30.1 mm+ 0.21,N = 22)(Wilcoxon testZ = 1.09,P = 0.27).
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3.4 |Patterns of maternity

Of the 152 females present at the study 5itg(33.6%) were present in breedimyent 1, and
139 (91.4%) were present in breeding event®total of 38 females (286) were present across
both breeding-eventt breeding event 1, 63 % of the nests containing eggs/e8) had
offspring thatwereassignedo a singledam(andsire), indicating that the nestvereonly used

by onefemde. An additional nest (N14) also contained offspring belongirsggiogle female,
however, two males were shown to shaaernity(providing evidencdor simultaneous
polyandry).In 32.0% of nest§3/25), offspring were assignegd multiplefemales(2-3

individualsy indicating that multiple femaldsadused the same nest sile 62.5 %of these nests
(5/8), offspring"were assigned to multiplenhales and a single siggroviding evidence that
differentfemales mated sequentiallyth the same malén the remaining7.5 % ofnesty3/8),
the offspring.of.different females weeachsired by different males, indicating thatltiple
females matedequentially withlthe resident of a nest site, despite changes in male ownership of
the nest (i@ 'Several bouts of nest takeover).

Qf-thes25nestscontaining eggs, mating was assigned téeB2ales(Table 1) Of these
femalesall but-one could be identified @tched to a sampled femal€@verall, 96.9% of
identifiedfemales (31/32) mateaith a single maleAlmost all of these female8@/32)mated
with a single male in one nest, but one female (female 92) mated with the same male in two
separate nesfapproximately 2 m apartproviding evidence for clutch partitioning. Only one
female(female 109mated withmultiple males (males 26 & 224jthin the same nesproviding

evidence fersimultaneous polyandry.

In breeding event 2, 73.3 % of nests containing €8@/45)were assignetb a single
mother (and-father)n 24.4% of nests with eggs (11/45), offspring were assigned te@ales
suggestinghat.several females sequentialsedthe same nesite Due to nest takeover by
males40.0% of those nests (#0) contained offspring produced by multiple dams and multiple
sires.In 4.4 %:of nests (2/45multiple males sired offspring produced by a single female,

providing evidence for simultaneous polyanddf the 45nestscontaining eggsnaternitywas
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328 assignedo 59females(Table 2) Of these female86.4% (51/59females)werematched to

329 sampled females.

330 Overall,92.3% of females (4/b1) mated with a single male in a gla nest. Of the

331 remaining femaledwo females (female 221 &25) exhibited simultaneous polyandry, where
332 each female produced offspring with multiple males in a single nest. Arathvéemales

333 (female 320 & 334) mated with different males in different ngstsviding evidence for

334 sequential polyandry. For botii these females, the distance between nesthich they

335 deposited'eggs wapproximately meters Onefemale(femalel12) mated with multiple males

336 in differentrnests across breeding periods, providing additional evidence for salqualgandry.

337 Acress-both breeding events, there was no significant difference between theesriout

338 length of mated and unmated females (mated females: #f8&BM = 33.4mm+ 0.17,N = 81,

339 unmated females: meaSEM = 33.0mm+ 0.19,N = 71)(Wilcoxon testZ =-1.24,P = 0.21),

340 howeverthere was a significant difference in body mass, whereby mated females were heavier
341 (mated females: meanSEM = 3.84 g + 0.08N = 81, unmated females: meaArSEM = 3.56 gt

342 0.08,N =7L)(Wilcoxon testZ =-2.23,P = 0.03).

343 3.5 |Deseription of the mating system

344  Over the entire study period, 68.7 % (46/67)nafted malesired offspringwith a singlefemale
345  (Fig. 5) Most of these males attracted females to a nest 9588/67), but a small subset of
346 males (4.9%, 3/67 gained mating success by sneaking fertilisati@fishemales that gained
347  mating suceess81.3% (21/67) sired offspringwith multiple females(2 to 4female$, and were
348 deemed.to bepolygynous. Of the polygynous matelsyiduals either mated with multiple

349 femalesnthe'samanest 62.4 %, 1121), ormated withmultiple females acrosswltiple nests
350 (47.6 %, 121). Interestingly polygynous males that mated in multiple nests were never
351 recorded to have fertilised eggs in different nests within the same breedod) @éthe mated
352 females92.6% (75/81) matel with a single malewhile 7.4 % (6/81) mated withmultiple males
353 (2 to 3maleg and were deemed to be polyandrous (Fig. 5). Of the polyandrous feméaiés, 50
354  (3/6female3 mated with multiple males within the same neghibiting simultaneous
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355  polyandry,while the other 5@% (3/6female$ mated with multiple males at different nests,

356  exhibiting sequential polyandry.
357 4 |DISCUSSION

358  Knowledgeof the genetic mating systemseaftothermiovertebrates remains limited, particularly

359 for species with prolonged breeding and cryptic mating behavitwrpreset study quantified

360 the genetignating system of the terrestrial breeding-bagked toadletR. coriacea), asmall

361 frogin which breeding lasts several months, and mating takes places in concealed subterranean
362 nestsA singlepopulation was exhaustively sampled over an entire breeding season and SNPs
363  were used to assign parentage to offspring. We found that females typically elthet idiy

364 eggs, or laid-assingle clutch of eggs over a breeding season, and that néamplal (92.6%6)

365 mated withonemale The small percentage of females (&Y displaying sequential polyandry

366 mated with no more than three males. Male mating success was heavily skewed towards a small
367 subset of individuals (30%), and the majority of successful males (A@)Imated withone

368 female Within nests, eggs were typically accompanied by a resident male, but in neatiydne

369  of cases(31%0) the resident was not the genetic sire, suggesting a very high incidence of nest
370 takeover. Despite a heavy mating skew, only%4.8f nests contained clutches that were sired by
371 multiple males, indicating that sneaking behaviour itgerextremely uncommon or rarely

372  resulted in fertilisations

373 Ourfinding thatalmost allfemalesmated with a single maland that male mating

374  success washeavily skewed, was unexpevttedpredicted an extremely high level of sequential
375 polyandry because early obsational work with three closely relat@deudophryne speciesP.

376  bibronii, Pydendyi and P. semimarmorata) suggested that clutch partitioning may be widespread
377  interrestriaktoadletéWoodruff, 1976) Furthermore, a longermstudy exploring the genetic

378  mating system«0f one of these species, (the autumn breeding brown Roadbeonii)

379  uncovered;the most extreme level of sequential polyandry reported in a vertebeayeémale

380 mated with 28umales)Byrne & Keogh, 2009). Sequential polyandryPrbibronii was shown to

381 be adaptive because it reduced the risk of nest failure caused by eggs desiccating in nests with

382 low moisture, or nests that either failed to flood, or flood at suboptimal timesgByKeogh,
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2009). Given thaP. coriacea breed in summer, we assumed that nests and ponds would dry
more rapidly, and that an increased risk of brood failure would favour an even more extreme

level of sequential polyandry. Why then sequential polyandry was so rare remains. unclear

Onesexplanation for the low incidenoksequentiapolyandry is that clutch partitioning
is a highly_plastic.behaviour and that re-mating was repressed during our studyRlastdity
in polyandrous behaviour has been reported in attiebrate systems and isesftrelated to
stochastic environmental conditions and fluctuating costs of mate searching éRitsshal.,
2006; Mohley & Jones, 2009 toadlets, it is conceivable that climatic factors such as
temperature and rainfall will constrain promiscuous activity, or alter the costs of mate searching.
The expected outcome of such environraypdetermined constraints and coistghat the
frequency of sequential polyandry will fluctuate within and between breeding seasatsyNot
howevereventhough climatic conditiongaried considerablgver our 81-day study peripthe
incidence of,sequential polyandry remained consiidmrefore, it seems unlikely that females

wererefrainingfrom remating due to unfavourable environmental conditions.

Ansalternative explanation for the lancidenceof sequential polyandng that this
behaviour is an‘ancestral state, and Fhabriacea is in the evolutionary phase ehifting away
from clutch partitioningHolman & Kokko, 2013). In principle, sequential polyandry inflates
mating costs such as the energetic expense of mate searching and the risk of predation, disease
contraction or desiccatigiByrne & Roberts, 2012). Consequently, unless there are significant
constraints on mate choice, or breeding occurs in an environmental context wteechoize is
highly unreliable, sexual ktion is expected tstrongly favour stringennate preferencesnd
mating withrone: male (Kokko et al., 2002). Based on our knowledge of the mating system of
bibronii we assumed that femdke coriacea have dimited capacity to reliably evaluate the
probability of nest failure, but this mighot be the cas€€ompared té. bibronii, P. coriacea
have larger eggs with much thicker egg capsules, a trait known to buffer embryos\agsens
loss in other terrestrial breeding fra@ditchell, 2002) Furthermore, the developmental rate of
embryo’s and tadpoles is much faster, meaning that eggs remain in nests for shodsy gued
that tadpoles are less reliant on the persistence of temporary@oolsplete larval

developmentSuch differencesiight substantially reduce the overall risk of embryo or larval
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412  desiccation and increase the capacity for females to discriminate between males based on nest
413  qualities.Thatselection of high quality nests is an important aspect d?.tberiacea mating

414  systemis supported by our finding that nest takeover was prevalent. Nest takesvarely

415  been reportedin anurans (but see Hudson & Fu, 2Ba8it, iswidespreadn fish (DeWoody &

416  Avise, 2001; Alonzo, 2004), and experimental studies have shown that frequent nest takeover
417  occurs whemales are in strong competition for a limited numbdrigh quality nests

418  (Lindstrom,,2001; Lindstrom & Pampoulie, 2004) other terrestrial frog species in which males
419  construct pestsiit has been demonstrated that females have the ability to reliably assess nest
420 qualities thatinfluence offspring performance andvival. For example, in the terrestrial

421  breeding arnate nursery frogGqphixalus ornatus), males construct burrows on creek banks and
422  females preferideeper more elongated and chambered negi®thde offspring with greater

423  protectionsfrombiotic or abiotic disturbances (Felton et al., 2008maleP. coriacea have a

424  similar ability to reliably evaluate nest qualitiesating with one male might be strongly

425  favoured over polyandry.

426 Assuming that femalP. coriacea are discriminating between males, and that males (or
427  their nest'sites) vary markedly in quality, a curious finding was the low level of pylyQver

428  both breeding eventkess than one thirdf successful males mated withultiple females.

429  Moreover, malanating success was unrelated to body size, indicating that larger males were
430 neither more. attractive napmpetitively supedr (Gerhardt & Huber, 2002; Rausch et al., 2014)
431 A number of factors may have restricted the mating success of residentkiralegiven the

432 high incidenee of nest takeover, it may have been difficult for males to retain higly geats,

433 or to quickly acquire new nests after being usurped, restricting opportunities fqlenulti

434  matings. This isysupported by our finding that no males gained matngssmultiple nests

435  within the enesbreeding episode. Nest takeover might also be a time consuming antivexhaus
436  activity. Altheugh no form of raleemale combat has beeiserved in the field, males occupying
437  the same.nesypically engage in protracted bouts of threat calling (often lasting several hours),
438  suggesting that,nest takeovers are predominately mediated by endurance rivalry. Anothe
439  posgbility is that males became less attractive to females once they hadmatipde times

440  This could happen for a number of reasons, including the possibility &hes$ Imecome sperm
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depleted after successive matingad femalesavoid highly successfuinalesto ensurelutch
fertilisation. The potential for sperm depletion has not been explored in toadlets, hothever,
explanation remains plausibbecause it is not uncommon to encounter nests with large numbers
of unfertilisedeggs (Byrne, unpublished data). Furtherntbege is evidence that mating history
affects spernconcentration in anurans. For example, in gray treefidgs (sersicolor), sperm

stores are_severely reduced atisemating(Doyle, 2011) Recently, it has also be shown that

fish can discriminate between males based on mating history. In Trinidad guR@es &

reticulata) swhere males deplete 92 of their sperm stores after one mating, mate choice tests
have shown'that females avoid mating with males they have observed sexuallyingteveist

other femalegScarponi et al., 2015Another possibility is that female toadletgid mating

with highlyssuecessful maldsecause it is costly to deposit clutches in nests that contain a large
number of'eggs. &rgeeggmassesnight restrict effective gas exchangedlead to embryo

failure, a problem reported the Australian moskog (Bryobatrachus nimbus), another

terrestrial breeding frogith large egg capsules (Mitchell & Seymour, 2003). Furthermore,
tadpoles that hatch in nests containing multiple clutches might face strongestdion for

limited food-resources in shallow temporary pools. Heightened competition mighd ekee

length of the larval period and reduce body size at metamorphosis, which in anurans can have

major negative lifetime fithess consequen@&dbur & Collins, 1973; Denver, 1997).

Low:levels of polygyny mighalsoreflect the fact that a significant proportiof females
in our study population did not breed, reducing opportunities for malesriatee¥Why so many
females didn'reed remains whear.One possibility ishatsome femalebred in other choruses
before entering the study site. Howevérs tseems unlikely because the nearest breeding site was
located several kilometres awéy’'Brien, unpulisheddata)and badlets have a lototory
mode (crawlingather than hopinghatlimits their abilityto move quickly through the
landscapekurthermore,dadlets display extreme site fidelity, returning to the same breeding sites
between years (Byrnenpublished dataps such, anore likely explanation ihatfemales
varied in theirreadiness twviposit, and thatemaleswho werenot carrying mature eggsissed
the opportunity to breed due safavourable climatic conditions. Indeedhile mated and

unmated females did not differ in snaugtnt length, mated females were significantly heavier
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whenthey entered thbreeding site, indicatintpey werecarrying mature eggs and were primed
for breedingFurthermoremanyof thefemalesthat didn’t matearrived late in the breeding
seasonat which timea lack of late summer rainfall precluded a fibalt of breeding. dadlets
arevery longlived, having afespanthatcan exceed 10 years in the wild (Byrne, unpublished
data)and24 years in captivityThumm, unpublished data). Toadlatso have the capacity to
resorb eggs If they haven’'t matby the end of a breedirsgasor{Byrne, unpublished data).
Therefore, it might be common for females to skip breeding years, and for numbeedaidpre
females toffluctuateonsiderably year to yeaas reportefor other prolonged breeding anurans
(Rastogi et al’, 1983; Reyer et al., 1999). In years where a higher proportion of femalg®have
opportunity tobreed, levels of polygyny might be much higher.

Another curious finding was the low incidence of multiple paternity (i.e. simedias
polyandry),.which indicates that sneaking behaviour exaemelyuncommon. Sneaking is
widely documented in anuran amphibians and often leads to muttgdeeamplexus
(simultaneous polyandry) and multiple paternity (d'Orgeix & Turner, 1995; Roberts 39;
Lodé & Lesbarreres, 2004). Furthermore, observational and experimental studiesokadezipr
good evidence that sneaking and simultaneous polyandry is driven by intense intra-sexual
selection(Byrne & Roberts, 2004; Lodé et al., 2004). Given the strong mating bias we found in
our study populatiorgs well aghe shortage of breeding females and the apparent intense
competition.between malésr nest sites, it is surprising that the level of multiple paternity was
not highergTheybreeding habitstofdletsmight restrictopportunities for sneaking. Specifically,
due to matingoccurring iconcealedurrows, it might be difficult for sneaks temain close
enough to residents to visually monitor female arrival, yet avoid detection and amyréssi
some fishpest site concealment and nest aiehitectureareknown to influence opportunities
for sneaking«(Sargent & Gebler, 1980; Oliveira et al., 20dRyeover, a recent comparative
study in fregsndicatesthat terrestrial breeding has evolved to reduce the risk of sneaking and
sperm compétition (terrestrial breeding frogs with less exposed amplexus have smaller testes)
(Zamudio et'ak; 2016 owever, toadlets display strategic calling behaviour whereby males
dramatically increase their calling effort whefemale enters a bumo(Byrne, 2008) so sneaks

should be able to acoustically nitmm mating activity and join pairgpportunistically.
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Additionally, sneak rales might also be able to locabating pairsusing nonvolatile odourslaid

by resident males gweference tests have shown tRabibronii canrecognise antbcate
conspecifics using chemosignals (Byrne & Keogh, 2083 )such a more plausible hypothesis

for the low incidence of sneaking might be that there is a reduced probability lafeftotn

success in the terrestrial environment. For aquatic frogs, sperm can remain viable in water for
extended periods and sneaks do not need to be in close physical proxipaiiss to gain
fertilisations(Prado & Haddad, 2003; Sherman et al., 2008; Ron et al.,.2@1té)restrial

burrows, spermmmight die quickly in tkeil mediumand sneaks may only be successful if they
can release sperdirectly onto eggs. If this is the case, sneak attempts maghly result in
fertilisations and multiple paternity. Finally, due to costs associated with losing paternity to
undesirablesires(Bourne, 1993), or the risk of eggs going unfertilised when multiple males
compete forfertilisation@Byrne & Roberts, 1999), there may be strong selection on females to
withhold egg release when amplexed by multiple males. The abilifaspaternity by

controlling egg releasehen amplexed by undesirable males has been demonstrated in European
waterfrogs(Reyer et al., 1999)f P. coriacea have a similar capacity, this could limit the success
of sneaksyandreduce the incidence of simultaneous polyandry. Furthermore, i fiaiodee
disturbed by sneaks occasionally terminate matings andhte-at different locations, this could

provide anon-adaptive explanation for thestanceof sequential polyandry reported.

A final unexpected result was the occurrence of hybridisation beteseniacea andP.
australis. Hybridisation has been reported in otReeudophryne speciegWoodruff, 1973, 1977;
McDonnell'etal., 1978; Payne, 2018yt this is the first evidence for hybridisationHAn
coriacea. Hybridisation might arise due to mating mistakes resulting from a high lespkoies
similarity and limited divegence in traits that facilitate species recognif{idagel & Schluter,
1998).Pseudophryne coriacea andP. australis are anatomically similar (both species are small
and lack obvieus sexual size dimorphism), and they also share a similar breeding biology (bot
species breed over spring and summer, have short pulsatile advertisement calls, use shallow
terrestrial nestand have inguinal amplexus). In the present study we caught fBnaalsiralis
at the breeding sitef P. coriacea, but never any males. Therefore, we speculate that

hybridisation has stemmed from matings betweeaustralis females andP. coriacea males
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528 FemaleP. australis might be strongly attracted to the advertisement calls of laleriacea due
529 to an ancestral sensory bias. The callB.aforiacea are slightly longer and more pulsatile than
530 P.audtralis, and might act as a hyperstimulMghile it is not known whether femak australis
531 prefer longermore pulsative calls, such preferences are widespread in §Mebs

532  Schwartz, 2007Male P. coriacea might readily accept heterospecific matings because intense
533 malemale_competition has favoureaiscriminateclasping behaviour, a widely reported

534 phenomenen in anurans (Pearl et al., 2005). Critically, however, if hybridisatioramexigby
535 mating mistakes, we should expect to see-pwging isolation mechams in operation,

536 evidenced by‘extremely hidavels of embryo failure, and/or inviable or infertile F1 adults

537  (Woodruff, 1979) Instead, we found that hybrid matings generated viable offspring, and that
538  hybrids weresphenotypically indistinguishable from pspecies frogs (except for differences in
539  colouratiom)=Moreover, we found that hybrid males and females that mated witbpgaies

540 frogs generated viablarvae indicating that backcrossed hybrids gain reproductive success.
541  While it is possiblethat effects of hybridisation are neutral or slightly maladagfawel that

542  hybrids are not strongly selected against), the possibility that hybridisaadapsive should also
543  be consideredSpeifically, P. australis females might prefer heterospecific mates because
544  hybrids perform'better under challenging environmental conditions, as has recentigtmted
545 in American spadefoot toads (Pfennig, 2007). Following hybridisation, backcrossing and
546  introgression might then be favouredPifcoriacea females gain fithess benefits by mating with
547  more genetically variable males. Investigating mechanisms of mate ch@&oceomacea, and

548  whether genetic benefits underpin adaptive hybridisation, could provide key insightse

549  evolution ofstheR. coriacea mating system.

550 Overall, the findings of our study make an important contribution to our understanding of
551 amphibiansmating systems. It is widely believed that anurans have the highedtictipe

552  diversity of:allwvertebrate groups, yet genetic mating systems have been studssdiaiheone

553  percent of.all described species. Moreover, most genetic studies have only performed paternity
554  analyses on‘small number of clutches representing a fraction oéedlibg individuals, and/or

555 targeted specific mating contexts (e.g. multiple male amplexus), creating a perspective bias.

556  While this research ha®nfirmedthat anurans display a diversity of reproductive tactics, it has
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only provided a snapshot of anuran genetic mating systems. Our study is one of the first to
exhaustively sample a populationagbrolonged breeding anuran and demonstrates a high level
of mating system complexityl.errestrial breeding with pantalcare is widespread in anuran
amphibians(spanning at least Zpgcies fron27 families, representing 5% of familieg

(Wells, 2010; Gémez-Hoyos et al., 2018) there are excellent opportunittesexplore mating
system variatiomcross a diversity of anuran groups that employ this reproductive mode. More
broadly, our findinggdvanceour understanding of vertebrate mating systems variation by
showing that cleely related species with a similar reproductive biology can differ markedly in
thar genetic'mating system. Even thougtbibronii andP. coriacea have similar life histories
andshare the same reproductive moa®de 17/39, Eggs and early tadpolesxoavated nests;
subsequenttosflooding, exotrophic tadpoles in ponds or streams) (Haddad & Prado, 2005), they
appear tdhavewastly different genetic mating systemDsmamstratingextremematingsystem
differencesbetween closely relatespecieprovides avaluable opportunityor comparative
studesthat direcly testhypotheses regardirige causes andnsequences of sexual selection,
and the role of sexual selectionnratingsystem evolutionSaying this, an important limitation

of our study-was that we only studied one population. Within species, environmental and
demographidifferencesetweerpopulationscanaffect the strength and intensity sexual
selectionand drive among population variation in genetic mating systEmexamples see

Rispoli & Wilson, 2008; Mobley & Jones, 2009herefore, cautiomustbe exerciseavhen
extrapolating the pattermge reporthereto theP. coriacea species in generaAn accurate
assessment of the species mating systéhonly be possible once geneti@ating system studies
have beenseonducted for multiple populations across the speciesDasgge this limitation

our findingssunderscore the importance of using molecular toglaimainitial insights into

mating systenvariationbetween groups. Ongoing assessment of vertebrate mating systems,
particularlyfor groups with cryptic and prolonged breeding, is likely to reveal that mating
systems are farsmore variable and complex than currently reaigeld.workwill improve our
capacityte. discern mechanisms of sexual selection and understand the evolutioodictpe

strategies in ectothermic vertebrates.
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In conclusion, molecular tools are increasingly being used to quantify animagmat
systems, yet we still knovery little about the genetimating systems of amphibians and other
ectothermiovertebrates, particularly species with prolonged breeding and cryptic mating
behaviodr. n'this study we quantified for the first time the genetic mating systie of
terrestrial breeding redbacked toadletR. coriacea). We predicted that females would display
extreme sequential polyandry because this mating system has been reported in a conspecific.
Unexpectedly, we found thatmost allfemalesmated with a single maléisplaying stringent
mate preferences, and tmabstmales mated with single femaM/e also found a very a high
frequency of'nest takeover and extreme competition between males for nest sites, but that males
rarely gainedfertilisationsby sneakingFinally, we discovered th&. coriacea hybridises with a
congener,resulting in introgressid@ur findings highlight that closely related species with the
same reproductive mode can differ markedly in reproductive behaviour, and reiterate the
importance of using molecular tools to elucidate mating system complexity. Ongs@sg@agnt
of the genetienating systems of ectothermiertebrates will continue to advance our
understanding of mating system variation and provide a conceptual platform for andieigt

mechanisms-of:sexual selection and the evolution of reproductive strategies.
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FIGURE LEGENDS

FIGURE 1 Graph showing the distribution of snexgnt length in millimatesfor male and female red
backed toadletdN = 219 males and 152 females).

FIGURE 2Graph showing the distribution of mass in grams for male and femaklmoked toadlets\

= 219 males‘and 152 females).

FIGURE 3 Photos of a) a pure speci@scoriacea, b) aP. coriacea - australis hybrid, and c) a pure

specied. australis (right).

FIGURE 4 Pereentage of nests during two breeding events (event 1 and event 2) with offspring assigned

to four possible sire and dam combinations.

FIGURE 5 A summary of the number of mating partners for each sex across both breeding events.

TABLES

TABLE 1 Detailsrofiparentage assignmémP. coriacea for breeding event 1. Detailed for each nest where eggs were found are
theidentities of theresident male(s) found accompanying eggs, the genetically deduced sire(s) aigftsprgenetically
deduced dam(s) of offspring, the location/nest of the sire (if captured) and the distareérofrsoffspring.

Nest ID of resident  ID of genetically ID of genetically Location of sire Nest of sire Distance of
maIe(L deduced sire(s) deduced dam(s) capture sire from eggs
N5a  no resident 190 85 in different nest N5b ~0.2m
N9 no resident unknown unknown - - -
N1l 5 280 59 not captured - -
N13 214 201 104 not captured - -
N13b 29 189 113 not captured - -
N14 26 26 109 in nest N14 0
224 109 not captured - -
N18 215 215 100, 117 in nest N18 0
N19 187 187 86 in nest N19 0
unmatchedM1 208 not captured - -
N20 no resident 136 53 in different nest N5a ~8m
N23 27,58, 125 22 52 in different nest N20a ~1m
174 64 in differentnest N12 ~0.5m
N20a 22 148 114 not captured - -
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836

837
838
839

N38a
N4la
N42
N46
N48
N49
N50
N53
N55
N63
N74
N76

N81
N83
N89
N92

no resident
1

no resident
38

no resident
33

217

152

265

145

no resident
149

186
no resident
51

no resident

142
1
140
38
176
33
214
152
265
149
133
145
149
186
200
51

unknown

332
112

99, unmatchedF1

111
357, 365
61

35, 50
81

88

92

96

116

92

120, 121
94

95

unknown

not captured
in nest
not captured
in nest
not captured

in nest

in different nest

in nest

in nest

in different nest

not captured

in different nest

in nest

in nest

in different nest

in nest

N4la

N46
N49
N13
N53
N55
N76
N63
N76
N81
N57
N89

~1.5m

Unknown: offspring could not be genotyped; Unmatched: identitgad&/female could not be matched to a sampled adult.

TABLE 2 Details!|of parentage assignmémP. coriacea for breeding event 2. Detailed for each nest where eggs were found are

theidentitiesresident male(s) found accompanying eggs, the genetically deduced sire(s) of offspriagetteally deduced

dam(s) of offspring, the location/nest of the sire (if captured) and the distance of sire from offspring.

NS ID@ ID of genetically 1D of genetically Location of Nest of sire Distance of sire
male(s) deduced sire(s) deduced dam(s) genetic sire capture from eggs

N3 22 22 324t, unmatchedF3 in nest N3 0
N5b 190 190 283 in nest N5b 0
N11 4 4 316, 323 in nest N11 0
N13 169 169 285 in nest N13 0
N15b 272 97 303, 320 in different nest N20 ~0.5m
N16 253 12 221 not captured - -

344 221 in different nest N133 ~3m
N19b 191 308 unmatchedF2 not captured - -
N20a 337 68 325 in different nest N38 ~15m

140 325 not captured - -

263t unmatchedF4 not captured - -
N26a no resident 47 unmatchedF5 in different nest N108 ~1.5m
N32 no resident 21 337 not captured - -
N36 196 196 unmatchedF6 in nest N36 0
N38 68 118 294 not captured - -
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840

N42
N49a
N55
N60
N65
N69
N73
N76
N77
N78
N89
N89a
N93
N99
N100
N101
N103
N104
N105
N109

N111
N116
N117
N119
N121
N122
N123

N127
N132
N133
N135
N137
N138

164

218

174

no resident
130

31

43

no resident
145

204

226

201

194

229

14

62

26

no resident
219

200

no_resident
no resident
no resident
197

176

40

168

58
148, 344
344
69
343
340

170
164
218
265
344
130
31
217
149
310
204
226
201
194
229
14
161
91
210
219
192
200
150
63
60
142
176
40
191
280
58
163f
225
69
343
340

322
336
367
266
unmatchedF7
327
321
295
unmatchedF8
112
289
331
282
334
181

286, 291, 304, 320

243, 334, 374
261F

269

326

311

317

258

293, 335
287t

249

2908

299

328t

334

247, 330
107, 260, 270
274

288

338

281

not captured

in nest

in nest

not captured

in different nest
in nest

in nest

not captured
not captured
not captured

in nest

in nest

in nest

in nest

in nest

in nest

not captured
not captured
not captured

in nest

not captured

in nest

not captured

in different nest
not captured
not captured

in nest

in nest

in different nest
not captured

in nest

in different nest
not captured

in nest

in nest

in nest

N42
N49a

N133
N65
N69

N78
N89
N89a
N93
N99
N100

N105

N109

N134

N121
N122
N19b

N127
N115
N135
N137
N138

o o !

~1.5m

o O O o o o !

o O O

t: hybrid individual; Unmatched: identity of male/female could not be matched to a sampled adult.
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