-

View metadata, citation and similar papers at core.ac.uk brought to you byf’f CORE

O 00 N o u b~ W N

[ S = S Y
N B O

13

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

provided by The Australian National University

| Check for
‘ updates

DR ROBERT HEINSOHN (Orcid ID : 0000-0002-2514-9448)
MR MATTHEW HOUSTON WEBB (Orcid ID : 0000-0001-6806-6098)
DR DEJAN STOJANOVIC (Orcid ID : 0000-0002-1176-3244)

Article types==iz=Research Article

Handling Editor: Jenny Dunn
RESEARCHARTICLE

Sexratio bias and shared paternity reduceindividual fithess and

population viability in a critically endangered parrot

Robert Heinsohh| George Olah? | Matthew Webb | Rod Peakafl| Dejan Stojanovit

'Fenner Schoeol of Environment and Society, Australian National University, Canb€ffa, A
2601 Australia
Research.School of Biology, The Australian National University, Canberra, ACT 2601

Australia

Correspondence
Robert Heinsohn
Email: Rebert:heinsohn@anu.edu.au

Funding infermation
Fenner Sehool of Environment and Society, ANU; Australian Research CourcolvBig
Grant DP140204202

This is the author manuscript accepted for publication and has undergone full peer review but
has not been through the copyediting, typesetting, pagination and proofreading process, which
may lead to differences between this version and the Version of Record. Please cite this article

as doi: 10.1111/1365-2656.12922

This article is protected by copyright. All rights reserved


https://core.ac.uk/display/289177424?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://doi.org/10.1111/1365-2656.12922�
https://doi.org/10.1111/1365-2656.12922�
http://crossmark.crossref.org/dialog/?doi=10.1111%2F1365-2656.12922&domain=pdf&date_stamp=2018-12-03

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

Abstract

1. Sexbiased mortality can lead to altered adult sex rgf&&Rs) which may in turn lead to
harassment and lower fitness of the rarerasedchanges in thenating systemFemale
critically endangeredwift parros (Lathamus discolor) suffer high predation while nesting
due toramrintroduced mammalian predator, the sugar ghetauf us breviceps). High
predation onfemales is causing severe population decline alongside strongly thidised a
sex ratios¥73% male).

2. Our sixyear study showetdat50.3% of critically endangeredwift parrot nests had
shared paternity although the birds remaisecially monogamousSharedpaternity
increased significantly with the local rate of predation on breeding femalesssogge
thatrates of sharepaternityincreased whethe ASRbecame more biased

3. Neststhat'weére not predatgutoduced fewer fledglingss thdocal ASR became more
male biasegbassibly due to highenterferenceduring nesting from unpaired males.

4. Population viability analyseshowedhat part of the predicted decline in the swift parrot
populationis due toreduced reproductive succegsenpaternityis sharedThe models
predicteathatthe population would decline by 89.4% over three generations if the birds
maintained the lowestbservedateof shared paternityhis compares witpredicted
population reductions of 92.1 — 9%Qunder higher rates of shared paternity.

5. Weconcludethat biases in the ASRn this case causdry sexspecific predation froman
introduced predator, can leaddimanges in the mating system and negative impacts on

both individual fitness and long term population viability.

KEYWORDS
adult sex ratioshared paternityfitness, population viability, parrdtathamus discolor
1 |INTRODUCTION

Anthropogeniesthreats to wild populations may impact differentially on individualsngias
mortality insrelation to age, size or s@oukal & Krivan 2008; Garciat al. 2012) When
such mortalityuis sebiased the adult sex ratio (ASR) may becakewedwith potentially
severe consequences for population stal{iBtyukal & Krivan 2008). Although theory

suggests thahe impacton individuals and populations of fluctuations in the ASR of

undisturbed wild populations are buffered by higher intrasexual competition in the abundant

sex(Fisher 1930; Greenwood 1980; CluttBrock et al. 2002) empiricalstudieshave shown
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that increased male bias daad to suppresseirvival and reproductioim females Such
negative effects ofemales weredemonstrated experimentally in common lizaldscérta
vivipara) which hadmore injuries, higher mortalitgndfewer offspringwhen ASRs were
malebiasedLe Galliardet al. 2005) However oher studies have failed to find such effect
on femalefitness or demography in spite of cleard sometimes dramagwvidencethat
harassment demales increasashen the ASR is malbiased(Ewen, Thorogood &
Armstrong 2011).

Greater competitio by males for females due to biased ASRs may also lead to changes in the

mating system,primarily from monogamy to polyandry. Social polyandry is the oarest
avian mating Systems and falls into two distinct categories depending on whefieenahes
mate sequentially with single males who then care for the clutch alone (classiGndry),

or with multiple males who care for the clutch together (cooperative polygidahorg &
Patterson 1981; Oring 1986&Yhereas classical polyandry is a fixed mating system for a
small propertion of bird species, cooperative polyandry appears to be more flexitie wit
species, oceurring when either females or the resources they need for nesting are scarce,
which may:then/lead to males sharing femétatley & Davies 1994). Even large, long-
lived taxa that are normally monogamous can change to cooperative polyandry when the
ASR becomes-dramatically mabéased (Heinsohat al. 2007; Janssegt al. 2008; Carretet

al. 2013). In addition, many avian species exhibit germiiot social polyandry as a result

of extra-pair copulations by femal€gVestneat &Stewart 2003).

Polyandrymayincreaseboth intrasexual conflict for mating opportunities amder-sexual
conflict such that males and femalesve differing optimal outcomes, for example in the
amount of male care of offspring (Kokko & Jennions 2012)raag lead to male adaptations
that are harmful'to femalg¢arnqvist & Rowe 2005)In Seychelles magpie robins
(Copsychus'sechellarum) intraspecific conflict was shown to slow down population recovery,
whereas thesaddition of an extra male to breeding palvsarded vulture$ypaetus

barbatus, showed that males can behave in their oggroductivanterests at the expense of
females who'suffered lower breeding success in (Gasreteet al. 2013). Although
theoretical models and some empirical research suggesitdragexual conflict may

become especially harmful as male bias in the ASR increhses,are still fevexamples

that consider the full lifdistory consequences and the impact on population growth and
viability (Holman & Kokko 2013).
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Male-biased adult sex ratios are the norm in b{f2isnald 2007), yet most bird species
remain socially monogamous, and polyandry when it occurs is usually genetic rather than
social(Lack 1968; Gowaty 1996 Parrots as a taxon acensidered to be mostiocially and
geneticallymonogamous (Toft & Wright 201®ut have been shown in a few circumstances
to adopt cooperative polyandry whismmaleshave limitedbreeding opportunities placing
further constraints on males (Ekstretral. 2007; Heinsohmt al. 2007).In this paper we
outline arevealing case d parrot species that appears to have adopted high rajesetic
polyandry under recent circumstances where anthropogenic influencedramatically
altered the /ASR in favour of maldatroduced sugar glider®¢aurus breviceps) kill
breedinglemale swift parrotsl@thamus discolor) in their nest hollowsusually while they

are incubating eggacrossreeding sites in Tasman(&tojanovicet al. 2014). Breeding

males have not been observed to suffer additional mortality from sugar gliders. Tredirds
nomadic andjain a limited reprievéfom sugar glider predation in occasional years when
ephemeral.food resources allow them to nest on predator free ifldaldbet al. 2014) but

the meanannualmortality of adult females is none the less extremely higivest 50% per
year. We have demonstrated via population viability analysis (PVA) that thepswibt
population’is irdramatic declinédrom the impact of predation alone with a projected
decrease of over 90% in 16 years (Heinsetal. 2015).

Here weusedatafrom a six year study testthe prediction thabiasesn theswift parrot
ASRcreated by sexpecific predatiopush the mating systefrom monogamyowards
geneticpolyandry, andhatgeneticpolyandry in turrentailsnegativeconsequences for
reproductive success and populatuability (Holman & Kokko 2013). Our analysis
providesan.important demonstratidhat, together withithedirect impacts of increased
mortality.onadult females and nestlinggasesnduced inthe ASRcanhavefurthernegative
impacts onrlong term population viabil¥ya costs associated with increasates of

polyandous=mating

2 IMATERIALS AND METHODS

2.1 | Study system

Swift parrots are aocially monogamousnigratory species that breeal®ng the eastern
seaboard of thiargeisland of Tasmania off sttuern Australiaand two smaller islands

(Bruny and Maria) close to the east coast of Tasm@ueshaw 2002). They require overlap
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of ephemerahectar food resources (flowerifical yptus globulus andE. ovata) and nesting

habitat (tree cavities in old growth forest) for susteldreeding(Webbet al. 2017).Swift

parrots are nomadic within their breeding range to the extent that breedirazoua

anywhere in eastern Tasmania where an appropriate combination of habitats occurs each year
(Fig. 1). However, in any given breeding season only a fraction of the broader breeding range
is occupied depending on where food is avail@lebbet al. 2017).A recent study

confirmed'dack of population genetistructurein swift parrots with the whole population

likely to meve between breeding locations each {@tmjanovicet al. 2018).The present

study was conducted across a range of forest types over most of the breedingtreege be

2010 and 2016(Fig. 1).

Swift parrotslaya clutch of three tfrarely) sixeggs. Females perform all incubation and
care of nestlings\up to 10 days after hatching; however males make large donsitut
feeding nestlings after this timéxtra-pair males have been observed courtship feeding the
breeding female but these arftenchased aggressively from the nest area bydiranale

(unpublished.data).

Nesting swift parrots suffer intense predatiynsugar glidergStojanovicet al. 2014). Sugar
gliders are native to continental Australia, ingreintroduced toTasmania as early as the
19th ceury (Gunn 1851; Heinsohn 2004; Campletlal. 2018). Importantly, sugar gliders
arenow present at all swift parrot breeding sites thus far monitored on thestaaid of
Tasmaniaalthough rates of predation oreleding females vary considerably. Tlzeg
absent from Bruny and Maria Islands where the swift pasatgetimes bree(Stojanovicet
al. 2014) (Fig. 1).

This article is protected by copyright. All rights reserved



157
158

159
160
161
162
163
164
165
166
167
168
169

5y er
42 = [ ]
-
\w&\ %
7
J9 /
M*ggé £
: w
BU
¢ _‘c%&j
RH, /
<
}F’\,\ ME %uf\‘%“ff {A
7 P
Ty L TR A R
J ;2{? A T
5 1, B 4 & za}_dﬂ‘f
’23 I < 4:’*‘24'\! ¢ %1 <
=S I W
LGN ’
¥ N
3 =
ey
@z;;gj‘{ Qé\?@\v; 0 510 20Km A
S i

FIGURE 1Map.of the study area in Tasmania, Australia. Populations where swift parrot
genetic samples were collected were: North (BN) and South Bruny IslandBikjand

(BUL), EasternsTiers (ET), Meehan Range (ME), Rheban (RH), Southern Forests (SF), and
Wielangta/ (WI).

2.2 | Genetic sample collection

DNA wasanalysed for 371 nestlings from 85 nests that had more than one nestling over six
breeding seasons. Genetic samples were not available for Maria Island or Devmrtgaitt

other sites.considered by Heinsatal. (2015) were included in this studywift parrot

nests were identified across the study area during standardised mor{iiéeiiget al.,

2014) Nests were identified using behavioural cues of swift parrots and accessed using

single rope climbing techniques (Stojanosti@l. 2015) Nestling swift parrots were
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temporarily removed from their nest cavities (Stojanetva. 2015) and blood was collected

using brachial venepuncture. Blood was stored on FTA paper (Whatjnan

2.3 | DNA extraction and microsatellite genotyping

DNA extractionfrom blood stored on FTA paper was performed following the standard
procedure/for nucleated erythrocytes (Smith & Burgoyne 2004). We used seven
microsatellite loci previously used for swift pagpCfor1415, Cfor2627Chan 2005), pCI3
(Carneiroet al. 2013), and SCMA 01, SCMA 04, SCMA 07, SCMA @Jahet al. 2016;
Stojanovicet,al ,2018) Laboratory analysis followed étet al. (2016) Briefly, M13 PCR
tags were ‘attached to all forward primésshuelke 2000and all lociwere amplified
individually? RCR products were multiplexed in the same lane using differentdtemtetags
and genotypedon an ABI 3130XL sequencer (AppBexsystem). We used a negative
control for contamination checking and a positive control to ensure consistent siag sco
across all genotyping runs. Results were scored using Geneious vergkeaiReet al.

2012) with:112 full genotypes constructed across seven loci. Approximately, 25 % of the
samples wereg@ated to estimate genotyping errors. Loci were screened for the presence of

null alleles across all samples with MicroChecker 2(2ah Oosterhougt al. 2004).

2.4 |Genetic relatedness classification and detection of multiple paternity

For classificatiorof relatednesw/e used a subset of the total samples (N = 291) that
contained only nestlings with a maximum of one missing locus and with at least twgssibl
per nest. Wéollowed thetwo-program congruency approach describet@urjemanet al.
(2016a) to determine relationships among nestlings. First we ussdftthareprogram ML-
RELATE (Kalinowski, Wagner & Taper 2006) determine the most likely pairwise
relationships. Then we used thigram COLONY ZJones & Wang 2010) to confirm or
discard relationshiplassificationsWe used the following relationship categories for
pairwise relatedness between siblingeach softwarefull siblings(FS), half siblings(HS),
unrelatedW)yneot full siblings(NFS, where'full siblings’ relationship could be rejected but
differentiation betweethe categories dhalf siblings’ and‘unrelated’could not be made),
and noneonclusive (NCases whereanclusions could not be reached. For keuifiware
programs weisedthe settings described (furjemanet al. 2016b). When MLRELATE and
COLONY 2 did not give the same results we used the following rules: (1) when ML-
RELATE showed an NFS relatidmp and COLONY 2 showed a HS, we accepted HS; (2)
when ML-RELATE showed NC, we accepted the COLONY 2 reSMi. classified nests as
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204  FS (if all sibling pairs had FS relationships) or HS (if at least one siblindppdia HS or

205 NFS relationship). Nests witimore than 50% NC relationships were not classified.

206

207 Wealso looked for extraases of multiple paternity that were not detected by the relatedness
208 analysisraboverWe used the number of different alleles within families, and lookeddégsr
209  where the/number of alleles exceeded the maximum possible under a scenario of single
210 paternity. These included instances where all individuals were heterozygoe auintber

211 of differentalleles exceed four, or one nestling was homozygous and the number endiffer
212 alleles exceed,three. We used Fisher’'s exact test comparing FS nests to any other categories
213 to see if swift parrotdeviatesignificantly from genetic monogamy (allowing a 1% of EPC of
214  all copulations).

215

216

217

218 2.5 |Adult sex ratios, reproductive successand population viability analyses

219  Following the.méthods of Stojanowét al.(2014) using the program MARRNhite &

220 Burnham 1999), & compiled mortality rates of nesting female® to predation by sugar

221  gliders for seven regions shown in Figure 1 (north and south Bruny Islaed¢avebined

222 into one regioror this purpose)We measured fledging succdssall monitored nestas te
223  number ofnestlings expected ftedge as of the last nest inspection

224

225  We modified previously published population viability analyses (Heingblah 2015) using
226 VORTEX 10(Lacy & Pollak 2012}o estimatg1) the population widASR at the beginning
227 of each breeding seas@nd (2) the long term impact on population size of monogamous
228  versus polyandrous breeding. We used the settings of the preferred model from our previous
229 analysisseeModel 2andTable 1in Heinsohn et al. (20153s these comprise a realistic

230 portrayal dthespopulation including the mean proportion of the birds that nested at high
231  predation sitess«(0n mainland Tasmameajsus low predation sites on offshore islands.

232

233 To estimatehe,population widdSR for each year of the studyemisedviodel 2 in

234 Heinsohret al.(2015)to estimatehe number of adult (2 years old and over) males and

235 females remaining at the endezchbreeding season (i.e. after predation on nesting

236 females). Wausal these valuew® estimate th@opulation wide proportion of aduttalesat

237  the start othe next breeding season from 2010 until 20t published PVAs (Heinsohn et
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al. 2015) used mean predation rates on adult females of 56.4% over a number of years in a
largely deterministic modeHowever in this papexe usedhe mortality rates specific to

each yearcalculated from the proportion of the parrot population that nested in predator
infested habitatto determinehanges to male and female numbers, and hemueal
variations'inithédSR, more precisely. Annuabult female mortalityates including

background mortality and that causedsiigar glidersgalculated fouse in the modelsere:

2010, 56.4%; 2011, 58.5%; 2012, 61.7%; 2013, 52.4%; 2014, 53.0%; 2015, 61.7%.

We used Generalised Linear Models in the statistical package GenSt&wfién) (Payne

et al. 2009)to analyse spatial and temporal factors affecting the frequency of shared
paternity, andthe impact of skewed adult sex ratios and shared paternity on reyeoducti
success. Nests'were assigned a binary response (multiple paternity = yes, single paternity =
no) and analysed in a GLM with binomial link function. The number of fledglings produced
at each nest was analysed with a GLM using a Poisson link function. The number of
eggs/nestlings was included as a variate in all models. Time of season was tested and
controlled fer.in-all analyses by including as a variate the number of days sinigetthe f
breeding attempt by any bird within the same season. Nest hollows were not known-to be re

used within or between seasons so were only used once in each analysis.

We constructed three new PVA models to isolate the impact on the populatiorniqnapéc
increased levels of sharpdternityassociated with higher mortalitf females We kept the
high predation rate on adult females and other settings, including a starting population of
2158 individuals, andthervaluesused in Model 2 of Heinsohn et al (2015) but adjusted
population widaeproductivesuccess to three levelodel A explored population size after
16 years (3 generations)sfiaredpaternity occurred at the lowest rate observed in this study
(33%) and consequently the population enjoyed higher breeding s{mee$tesultsModel

B examined-thefinal population sidesharedpaternity occurred at the mean levels observed
in this study«(50.5%). Model C predicted final population sizh#redpaternity occurred at
the highestsrate recorded in our study (95%).

3 |RESULTS
3.1 |Population genetis, relatedness andnating system
The total number of alleles per locus ranged betwe2®, Biean observeleterozygosity

was 0.68while theexpected heterozygosity value was 0.6B&ble 1).The variability ofall
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seven microsatellite loevas predicted toecover allunique genotypes even among siblings,

over our large sample of individuaBl§ipsi7y= 0.002, N= 94-111, Table ).

Table 1.Summary of microsatellite diversity showing the number of allélgs Effective
number of different alleles\g), observedeterozygosityHlo), expected heterozygosity

(Hg), fixation index F), probability of identity PI), and probability of identity for siblings
(Plsibg). All'calculations were performed in GenAlEx (Peakall & SmouE#2Peakall &
Smouse 2012ased on a subsam = 111) of the 350 genotyped individuals containing a
single randomly selected representative from each nest. The number of successfully

genotyped samples at each locus are shown for the Ntat) @nd the subsamplé&lfub).

Locus NTot | NSub | Na | Ne Ho He F Pl Pl sibs
CI3 349 | 111 |5 1.6 0.369 |0.395 |0.065 |0.431 |0.660
C1415 346 | 110 |6 3.1 0.636 |0.681 |0.065 |0.154 |0.448
SCMAO04 310 |98 17 | 6.5 0.867 |0.847 |-0.024 | 0.036 |0.336
C2627 350 | 111 |17 |7.0 0.892 |0.857 |-0.041 | 0.035 |0.330

SCMAO01 346 | 108 |20 |10.2 |0.870 |[0.902 |0.035 |0.017 |0.303

SCMAOQ7 331 |104 |8 2.8 0.644 |0.651 |0.011 |0.149 |0.462

SCMA29 304 | 94 3 1.8 0.404 |0.448 |0.098 |0.392 |0.624

Over all loci 8.4E-08| 2.9E-03
Mean 109(4.8 0.669 |0.683 | 0.030
SE 26 | 1.2 0.083 | 0.076 |0.019

We analyzed-artotal of 374 pairwise relationships between siblings and found 264 (70.6%) FS
and 74 (19.8%)-HS relationships, while in 36 (9.6%) cases conclusions could not be reached.
Out of the'total’85 nests used for thimlysis, in 82 cases (96.5%) we successfully classified

at least 50% of the siblings per nest. Among these resolved nests 60% (N = 4@edontai

only full-siblings, while 40% (N = 33) contained at least one &idling relationshipWwe
reconfirmed sevenasesand found ten extra cases, of multiple paternity using the number of
different alleles'within families, bringing the number of nests with multiple paternity to 43/85
(50.5%). The proportion of nests with at least one $iling was significantly higher than

expected under a monogamous breeding strategy (Fisher's exaett€s001).
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3.2 | Adult sex ratios, fequency of multiple paternity and impact on reproductive

success

Themodeledrajectories over the study for adult males and females, and the resulting ASR
expressed as proportion of malase shown in Figure Zheestimategroportion of males

in the adultpopulatioat the start of each breeding seasgaried little,rangng from 0.73to

0.75.
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| o _.A&._._ ASR A @
. .~A-'-'k'—
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FIGURE 2-Thesmodeled number of adult (2+) mafsguares) and femalésircles) (left
axis) in each of the six years in our study and the resulting proportion of adult(Aakes

triangles) (right-axis).

Rates of mltiplé paternityvariedsignificantlyacrossyeas (*s = 2.81, P= 0.015) but were

not significantly affected by the number of nestlings in the brood (rang® #2= 0.54) or

timing of breeding within the season (x*1 = 2.08).There was no significant effect of the

limited range.opopulationwide ASRs reported above on tlikelihood of multiple paternity

(x*1 = 0.94).However, swift parrots settled to breed in different areas within and between
seasons overthe stuWebbet al. 2017), and multiple paternity increased significaatly

sites wheresthere waigher predation on nesting females (x>, = 4.26, P = 0.039, Fig. 3a).

This suggests that local changes to the ASR, caused by loss of adult females to predators
while nesting, were a determinant of whether polyandrous mating occurred at th@nmgmai
nests. The predation rates on breeding females at seven breeding sites used in this analysis,

calculated using the program MARKtojanovicet al. 2014),are given irthe caption to Fig.
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3. There were no significant interactions between any of the variables pdeskeote (0.150
< P < 0.980).

Clutch sizedid not differ significantly across sites (x*1= 1.67). However fewer fledglings
were produced-at unpredated nestshe sitespecific predation rate on adult females
increased (1= 4163, P = 0.031, Figure 3kuggesting that local differences in the ASR
caused byloss of adult females to predators while nesting, were a deteohimeastt
successThere was no significant difference in number of fledglings at single and raultipl
paternity nest$x21: 1.90), or between yearg(= 2.01).

(@)

Proportion multiple paternity

0 1 1 1 1 1 J
0 0.1 0.2 0.3 0.4 0.5 0.6

Predation rate on nesting females

(b)
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FIGURE 3'(a)abserved (closed circleand predictegroportion (open circles) * s.ef

nests with multiple paternitggainstates of predationronestingadult females(b) Mean

number of fledglingg¢closed circlesand number predictgq@dpen circley+ s.e.for

unpredated nestsgainst the site specific rate of predation on nesting females (NB two sites
with predation rate of 0.5, Rheban and Southern Forests, are presented as one value in both
Fig. 3a and 3b)The predation rates on breeding females at seven breeding sites used in this
analysispcaleulated using the program MARK (Stojaneva. 2014) were as follows:

Bruny Island (0;;n= 56), Buckland (0.08, n= 19), Meehan Range (0.14, n=9), Wielangta
(0.17, n=")yRheban (0.50, n=6), Southern Forests (0.50, n=16), Eastern Tiers (0.54, n=29).

3.3 |Impactefisshared paternity on population viability

Predicted final population sizes differed significantly between the thoekelled PVA
scenariosKP <0.00) demonstrating the impact on population size of lower reproductive
success associated wghared paternityModel A, using the reproductive success when rates
of shared paternity were lowesgtedicted that the swift parrot population would decline by
89.4% over.three generations. This compares with a population reduction of 92.1% under
mean rates_of shared paterr{ityodel B) and 94.9% if shared paternity is at its highest level
observed in.this study (Model C).
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FIGURE 4 Simulated population size &fe) after 16 years (3 generations) if swift parrots
exhibit the lowest observed rate (33%) of shared pateiMitglel A: population decrease =
89.4%),the mean rate (b5%) of shared paternity reported here, (Model B: population
decrease 82.1%), and the highest rate observed in this study (9BA0}jel C:population

decrease = 98%),.

4 |DISCUSSION

Critically endangered swift parrots are in steep population decline due tophet iof an
introduced-predator, the sugar glider, that preys on nesting females and tpeingffs
(Stojanovicet al. 2014; Heinsohmt al. 2015). In additiorio thedirect impact on the
remainingpopulation, this studyiggestshatthe strong male bias in the adult sex ratio due
to sexspecific predatiomas further ramifications for individual fithess and population
viability. Our‘results show that swift parrots hareunusually high (50.5% of nepstset
variablerate ofshared paternitygenetic polyandry) compared to most paséciegToft &
Wright 2015).Although we @ not know the extent aharedpaternityprior to the
introduction.of the predator, it is likely that thensistently male biased ASR73% malég
further promoteshis form of matingn this specie$Emlen & Oring 1977; Oring 1986b).
Results over.aur six year study support this contention by showing that ratesed
paternityare;higherfor highly mobileswift parrotswhen they breed in regions with hagh
predation on nestingmales and hencevith more (within seasonpale biased\SRs. Here

we discusdikely causes othe high rate of§hared paternitgompared to other parrot spegies

and how the anthropogenically induced sex ratio bias in swift paffotsis an unusual
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opportunity toisolatethe costs ofgenetic polyandry on individual fithess and population
viability (Holman & Kokko 2013).

Our findingthat paternity was shared%.5%o0f swift parrot nestadds to a small number of
studies that'ehallengbe traditional view that parrots are largetpnogamougToft &

Wright 2015) Studies of parrot mating systems using molecular techniques are sbilifew
now include onespeciesvith 100%geneticmonogamy (burrowing parrot€yanoliseus
patagonus (Maselloet al. 2002)),andother socially monogamous specdth both modest
(greenrumpedparrotlets Forpus passerinus 14% nests, (Beissinger 2008)) and leigiates
of sharedpaternity 0% nests, monk parakedtyiopsitta monachus, (Martinezet al.
2013). A small number ofgrrotspeciesare also knowmo have more extrensocial and
genetic mating“systeniscluding lek promiscuity (kakapoSrigops habroptilus, (Merton,
Morris & Atkinson 1984) and cooperative polyandry and polygynaEkgtromet al. 2007,
Heinsohret al. 2007). The growing body of evidence sugg#sas parrots as a taxonay
displaya similar rangand frequencyf social and genetimating systems to that seen in
Passerines;thebird order now known tortmst closely related toarrots(Jarviset al. 2014).
However the parrot species thus far targeted for molecular analysis of pareaiabe
skewed towards the more unusual spe@ad further studies of socially monogamous

parrots are reguired.

The more extreme mating systems found amongst panatselpin interpretingthe causes
of high rates oShared paternitin swift parrots Eclectus parrots(Eclectus roratus) for
example breed polyandrously because limited availability of nest hollows places severe
restrictions_on the availability of breeding females, ancourages malés share mates
albeit with'some conflicfHeinsohret al. 2007; Heinsohn 2008 swift parrotsgenetic
polyandrylincreases at breeding sites where female mortality is hsgigerestinghat
unpaired males target already pdifemales morgvhenthe local ASRbecomes more male
biased It should’be noted that swift parrots have not been obseitrezito live instable
groups as-happens ktlectus parrots or for the maledo form coalitions to maximise their
chance at achievingnating succes@artley & Davies 1994). Instead social monogamy
prevails with the socially pairedaleaggressively chasingther males away from the nest,
even though the females have been observaddeptood surreptitioushfrom the

interlopersand to mate with therfunpublished data)Yhus, unlikeEclectus parrots and other
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specieqge.g. dunnocksPrunella modularis) (Davies 1992piases in the ASR appear to

promote genetic but noecessarilysocial polyandry irswift parrots

The diminished reproductive success of swift parrots when the ASR is male biased may be
driven by*heightened intéocus sexual conflict, or differences between the sexes in optimal
breeding behaviour (Holman & Kokko 2013he increase ishared paternitgeen in these
conditions'does not increase reproductive success for females, as occurs for example in
dunnocks(Davies 1992), and instead appears to incur a cost to both femgiles arales

The remainingémales who havavoided predatiotose some reproductive success as the
ASR becomes more biased (Fig8i®, but pair males suffer greater losgdabey also share
paternity.Qur/@necdotal observations suggest that lower reproductive success may be due to
greater harassment by additional unpaired males that atteowirtship feedand mate

with, nesting females. These interlopers are met with frequent aggression by the resident
males who chase them from the nest arebmay cause imptant losses of time and energy

for the resident paitJnder this scenario it is possible that females could accept extra mates
without (or with.dess)costto their reproduction but resident males, who have more to lose,
behave in'ways that protect their own optimum outcome at the expense of f&@ealeled
vulture triosalso suffedlower breeding succesghan pairdut amajor differences that the
malesseem tao-exist more peacefullfCarreteet al. 2013)

Our study also offers rare insight into how increasing ratehaxed paternityn this case
probably driven by biased ASRs, affect population viabilg partitionedhe components

of predicted population decline in swift parrots due to direct predation from those due
lowered breeding succes$ien the ASFbecomes morbiased This analysigpredictsthat the
population-of swift parrotaill decrease bgn additional 2.% over 16 yearslue to the

impact oflower.reproductive success whelmared paternity is at 50.5%, and tet decrease
could be as'much as 5.5% if shared paternity oaiutse highest ratescordedlt is

important tesnote that we do not know the natural rate of shared paternity which may have
been muchsdower before the advent of heglspecificpredation by sugar gliders.
Reproductive successay have been even higher in the jpiatste ASR was more balanced
and shared paternity was lowBopulation growth rates wtherthreatened species have also
beencompromised by biased adult sex ratios but these studies have not evaluated the impact

on long term population trends dueatbiased ASRe.g. lowerbreeding succeybeyondthe
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simple lack of females as mai&eifetten & Dale 208, Graysoret al. 2014)(Gilroy &
Lockwood 2012; Morrisomet al. 2016).

Studieshaverarelytested for a link between the degree of polyandry and how thisffesy
population trajectories (Holman & Kokko 20138Yithin-sex conflict las been implicated in
slower population growth rates in Seychelles magpie rdhiipezSepulcre, Norris &

Kokko 2009) and as discussed abamdividual fitness and population growth may both
decreaséngbearded vulturewhen unmated males join established pairs to breed
cooperatively(Carreteet al. 2013). However in hihiNotiomystis cincta, extreme harassment

by males of. females under highly skewed ASRs appears not to reduce female survival or
breeding sticceggwen, Thorogood & Armstrong 2011 their major review of the
consequences’of polyandry for population viability, Holman and Kokko (Z63)s that
theremay be no visible demographic consequences of polyandrous mating if females go on
producing more progeny than can survive. Both positive and negative effects of polyandry on
demographic parameters may only become apparest birth and death rates are modified

by environmental change. The plummet towards extinction of swift parrots due to an
introduced sespecific predatomay offer the necessary circumstances for elucidatiiveg
impactof sexual conflict anthcreased genetolyandry on individual fithess and

population viability. Our study adds &ogrowing body of studies showing that anthropogenic
threats to wildoopulations may impact differentially on individualsd have further, less
obvious, consequences for threatened spéBmskal & Krivan 2008 Garciaet al. 2012). In

the case of swift parrotsjeasures to limit the impact of sugar glid&®fanovicet al. 2018
should improve population growth both by limitifgmalemortality and increasing

reproductive ratesia higher rates of monogamy.
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