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Abstract

Dispersal constitutes one of the main processes that shape population genetic structure and dynamics. Combining a capture-
mark-resighting methodology and molecular genetics analyses, we studied the natal dispersal behaviour of House Wrens
(Troglodytes aedon bonariae) inhabiting a naturally fragmented habitat in south temperate Argentina. Based on data collected
over 12 breeding seasons (2005-2016), we tested if males and females differ in natal dispersal behaviour at different spatial
scales. At local scale (within study sites), both resighting of banded individuals and genetic analysis showed that females
dispersed greater distances than males. At a broader spatial scale (between study sites) resighting of banded individuals could
not verify that females were the dispersing sex since long-distance dispersal was rare. However, genetic analyses revealed
paradoxical evidence: while the females of populations separated by more than 5 km showed slight but significant genotypic
differences among them, males showed genetic differences at a greater distance (> 16 km). Given that genetic analyses can
provide evidence of both historical and present-day dispersal the observed genetic differentiation does not necessarily imply
that the sex dispersal pattern is reversed at a regional scale. We propose that females have a higher probability of acquiring a
partner/territory at closer distances due existing male-biased population sex ratio caused but higher female mortality. Also,
although males are less likely to disperse, when they do, they must travel greater distances to find a suitable territory or mate.
Such movements would prevent the occurrence of genetic differences among male populations.

Keywords Sex biased dispersal - Spatial genetic structure - Population dynamics - Capture-mark-resighting

Zusammenfassung

Gegenlaufige Muster im Dismigrationsverhalten auf lokaler und regionaler Ebene bei einer Hauszaunkonigpopulation
der siidlichen geméBigten Breiten.

Dismigration gehort zu den priméren Prozessen, welche die genetische Struktur und Dynamik von Populationen gestalten.
Durch die Kombination einer Fang-Markierungs-Wiedersicht-Methodik mit molekulargenetischen Analysen erforschten wir
das Dismigrationsverhalten von Hauszaunkonigen Troglodytes aedon bonariae in einem von Natur aus fragmentierten Habitat
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der stidlichen gemaBigten Breiten Argentiniens. Basierend auf Daten aus zwolf Brutsaisons (2005-2016) priiften wir, ob sich
Mainnchen und Weibchen auf verschiedenen raumlichen Ebenen im Dismigrationsverhalten unterscheiden. Auf der lokalen
Ebene (innerhalb der Studiengebiete) belegten sowohl die Wiedersichtungen beringter Individuen als auch die genetischen
Analysen, dass sich die Weibchen iiber groB3ere Entfernungen verteilten als die Mannchen. Auf einer hoheren rdumlichen
Ebene (zwischen den Studiengebieten) lie} sich durch die Wiedersichtungen beringter Individuen nicht bestétigen, dass die
Weibchen das abwandernde Geschlecht sind, da Dismigration iiber weitere Strecken kaum vorkam. Allerdings lieferten die
genetischen Analysen verbliiffende Ergebnisse: Wihrend die Weibchen von mehr als 5 km auseinanderliegenden Populationen
leichte, aber signifikante genotypische Unterschiede aufwiesen, zeigten sich solche genetischen Differenzen bei den Minnchen
erst bei groBerer Entfernung (> 16 km). In Anbetracht der Tatsache, dass genetische Analysen Belege fiir Dismigration sowohl
in historischer als auch in heutiger Zeit liefern konnen, bedeutet die beobachtete genetische Differenzierung nicht automatisch
auch eine Umkehr des geschlechtstypischen Dismigrationsmusters auf regionaler Ebene. Wir vermuten, dass Weibchen
aufgrund eines durch hohere Sterblichkeit der Weibchen verursachten Méannchen-lastigen Geschlechterverhiltnisses in der
Population mit groBerer Wahrscheinlichkeit einen Partner/ein Revier im ndheren Umkreis finden. Zwar wandern Mannchen
mit geringerer Wahrscheinlichkeit ab; wenn sie es aber tun, miissen sie weitere Strecken zuriicklegen, um ein passendes
Revier oder eine Partnerin zu finden. Derartige Wanderungen wiirden die Ausbildung genetischer Unterschiede zwischen

Minnchenpopulationen verhindern.

Introduction

Natal dispersal is defined as the movement of an individual
between the site of birth and the site where it first attempts
to breed (Greenwood et al. 1979; Greenwood and Harvey
1982). It constitutes one of the main processes that shape
population genetic structure and dynamics (Hamilton and
May 1977; Johnson and Gaines 1990; Whitlock 2001),
affecting multiple levels of organization, from genes to
populations and even communities (Clobert et al. 2001).

Juvenile birds should disperse when the benefits of aban-
doning the site where they fledged outweigh the costs of
waiting for a breeding vacancy (Clobert et al. 2009; Bonte
et al. 2012). In passerine birds, females generally are more
likely to disperse and to disperse longer distances than males
(Greenwood 1980; Johnson and Gaines 1990; Clarke et al.
1997). Since dispersal promotes genetic exchange among
populations, one likely consequence of differences in dis-
persal proneness between sexes is the existence of differ-
ences in the genetic population structure between males
and females (Goudet 2002; Prugnolle and de Meetis 2002).
Given that females are the dispersing sex in birds, a weaker
fine-scale genetic population structure among adult females
than among males is expected (e.g., Double et al. 2005;
Temple et al. 2006; Ortego et al. 2011; Botero-Delgadillo
etal. 2017).

The use of molecular markers has facilitated the study
of the dispersal behaviour of individuals and the dynam-
ics of gene flow among populations (Koenig et al. 1996;
Manel et al. 2003). However, genetic estimates of dispersal
represent a combination of historical and present-day dis-
persal patterns (Bossart and Prowell 1998; Whitlock and
McCauley 1999). Even though capture-recapture/resighting
of individuals may be spatially and temporally restricted, the
study of dispersal behaviour using this method may better
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reflect the current dispersal pattern (Slatkin 1985; Peacock
and Ray 2001). Studies that combine both genetic data and
field observations are scarce (but see Peacock and Ray 2001;
Boulet et al. 2007; Coulon et al. 2008, 2010; Alcaide et al.
2009; Ortego et al. 2011; Botero-Delgadillo et al. 2017),
although the combination of the two methods may provide a
more comprehensive representation of the spatial dynamics
of a species (Coulon et al. 2008; Cayuela et al. 2018). For
example, in the same population genetic studies can reveal
high gene flow in the past or rare long-distance dispersal
events whereas field data can show a strong philopatry and
restricted dispersal (Peacock and Ray 2001; Alcaide et al.
2009).

In this study, we combine capture and resighting observa-
tions of banded juveniles and genetic markers to analyse the
natal dispersal behaviour of south temperate House Wrens
(Troglodytes aedon bonariae) inhabiting naturally frag-
mented forests. A previous study in north temperate House
Wrens (7. a. aedon) found that the distance of natal dispersal
was similar between males and females although females
had a lower return rate (Drilling and Thompson 1988). This
was attributed to the low natal philopatry of the females
although confirmatory data were not presented. In addition,
Arguedas and Parker (2000) found that northern house wren
populations did not show a genetic structuring, suggesting
that migratory habits contribute to the lack of genetic dif-
ferentiation of populations more than 400 km apart (Fgy
for populations separated by > 300 km =0.0017). In con-
trast, in tropical house wren (7. a. musculus), these authors
found a marked genetic differentiation between populations
that were 25 km apart (Fgp for populations separated by
25 km=0.005). This difference with the northern temper-
ate population was attributed to the resident status of this
species in the tropics, where couples defend the territories
throughout the year and reproductive dispersal movements
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and settlement of individuals appear to be restricted by the
availability of territories (Freed 1987). Similarly, south
temperate House Wrens are year-round residents and their
movements appear to be restricted by the availability of
territories (Carro et al. 2017) which could limit gene flow
between populations. However, the dispersal of juveniles
once they leave the nest could be an important source of
gene flow between populations contributing to the lack of
genetic differentiation or structuring. Nevertheless, restric-
tions on access to territories or mates for reproduction may
differ between the sexes, resulting in a sex-biased pattern
of dispersal (Arlt and Part 2008). In the south temperate
house wren, males have a higher survival rate than females
(Llambifas et al. 2015), which may reduce the probability of
access to a territory for juvenile males at the natal site, forc-
ing them to disperse. Females, on the other hand, would be
more likely to obtain a mate and a territory within the natal
site so their restrictions to establish and breed may be less.
If sex bias in dispersal exists, we can expect that the spatial
genetic structure should be stronger for the most philopatric
sex (Banks and Peakall 2012). Understanding the relation-
ship between natal dispersal and genetic structure, both at
population and sex-specific levels, will then contribute to
elucidating the mechanisms of gene flow in south temperate
House Wrens and the role that sex-dependent natal dispersal
has on the degree of genetic differentiation. Specifically, we
assess in this study whether there is a restriction on natal dis-
persal in House Wrens populations in a naturally fragmented
habitat, and whether this restriction generates different pat-
terns of genetic structuring between the sexes.

Methods
Study species

The House Wren is a small (11-13 g), short-lived insec-
tivorous passerine that inhabits open and semi-open wood-
lands from southern Canada to southern Argentina and Chile
(Brewer 2001). House Wrens breed in tree cavities or holes
excavated by other bird species but readily use nest-boxes
when available (Johnson 2014).

At our study site, House Wrens are residents, breed
from October to early January (Llambias and Fernandez
2009). Both sexes exhibit high breeding site philopatry
(Carro et al. 2017) and males defend small (=710 m?),
multi-purpose territories year-round where females settle
(Llambias et al. 2015; Carro et al. 2017). Males often com-
pete not only to attract females but also to usurp a territory
where a female is already settled (Llambias 2012). The
few cases of polygyny detected in these populations were
due to territory take-over (Llambias 2012). Only females
incubate the eggs and brood the young, but both, males

and females feed the nestlings (Fernandez et al. 2012; Lla-
mbias et al. 2015). Females lay 3—7 eggs per clutch (mean:
4.85) and incubate the eggs for approximately 15 days
(Llambias and Fernandez 2009; Llambias et al. 2015).
Nestlings usually fledge synchronously approximately
17 days after hatching (Llambias and Fernandez 2009;
Llambias et al. 2015). After the nestlings of the first brood
have fledged, approximately 40% of the females will lay
a second clutch (Carro et al. 2014; Llambias et al. 2015).
The predominant mating system is social monogamy with
moderate rates of divorce and extra-pair paternity (LaBar-
bera et al. 2010; Carro et al. 2017).

Study site

We studied the natal dispersal of House Wrens breed-
ing in nest-boxes for a 12-year period (2005-2016) in
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an 8-ha South Temperate woodland (LE; Fig. 1) near thelXoJilits

town of General Lavalle, Buenos Aires province, Argen-
tina (36° 28" S, 56° 58" W). The study site is located in
a highly heterogeneous landscape characterized by natu-
rally fragmented woodlands (composed mainly of Celtis
ehrenbergiana, Scutia buxifolia and Schinus longifolius)
in the so-called flooding Pampas (Vervoost 1967). Wood-
land fragments occupy less than 1% of land and woodland
patches rarely exceed 10 ha, and are surrounded by grass-
lands and agricultural fields (Lacoretz 2018).

6 OGRS 2 ' L e

S PAL e

Fig.1 Map of the study area. Forest fragments are shown in black,
indicating populations sampled with an arrow, areas flooded by the
tides in gray and grassland matrix in white. LE corresponds to the
main study area. LZ, ASP and PAL corresponded to woodland
patches where we searched for banded juveniles. LE, LZ and DIV
area woodland patches where we captured and bled individuals to
perform genetic analysis
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Field methods

We installed most of the nest-boxes (n=93) at LE in 2005;
however, a small proportion of boxes (n=19) were added
later during the study period. House Wrens bred in more
than 95% of cases in the nest-boxes since 2005, which ena-
bled the surveillance of most dispersal events (Carro et al.
2017).

About 87-95% of the reproductive adults were captured
every year and marked with a combination of an aluminium
and three plastic colour bands. Most unbanded individuals
were captured using mist-nets early in the breeding season,
before the first-breeding attempt. However, a small propor-
tion of wrens were captured inside the nest-box when feed-
ing 10-12 days old nestlings, with a manually triggered wig-
wag trap (http://golondrinas.cornell.edu/). These unbanded
individuals were assumed to be juvenile immigrants that
joined the population (migrant recruited). Since not all indi-
viduals in the population were captured and banded each
year, a small percentage of resident individuals may have
been included in the estimation of the immigrants recruited.
Adults were sexed using external morphological traits (pres-
ence of brood patch or cloacal protuberance) and singing
behaviour (only males sing complex songs) (Lowe 1989;
Ralph et al. 1993).

We checked nest-boxes at LE every 2—3 days and on daily
basis when females were close to laying, eggs were close to
hatching or nestlings were near fledging. We marked nest-
lings when they were 10 days old with a single numbered
aluminium band. During nest checks, we opportunistically
recorded singing perches, agonistic behaviour and resighted
banded individual while foraging and nest-building to define
territory boundaries.

We monitored four additional study sites to evaluate natal
dispersal at a regional scale, (Fig. 1). During 2005-2012,
we resighted wrens in a population breeding in nests-boxes
at LZ (5.2 km away from LE) where both adults and fledg-
lings were banded (see detailed description of the study site
and field procedures in Llambias et al. 2015). We resighted
wrens breeding in tree cavities in other two sites, ASP
(0.7 km from LE) during 2008-2010, and PAL (0.9 km from
LE) during 2009 and 2010 (Fig. 1). When we detected an
individual marked with an aluminium band, it was recap-
tured and marked with three additional plastic colour bands.

We obtained blood samples from the brachial vein dur-
ing 2007 and 2008 from 36 individuals (18 males and 18
females) at the main study area (LE), 27 individuals (16
males and 11 females) at LZ and 20 individuals (18 males
and 2 females) at another site (DIV) 16.8 km away from LE
and 13.3 km from LZ (Fig. 1). Blood samples (20—40 pl)
were stored in lysis buffer (100 mMTris [pH 8.0], 100 mM
EDTA, 10 mMNaCl, 1% sodium dodecyl sulphate; Long-
mire et al. 1988). At DIV, wrens were only marked with an
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aluminium band while at LE and LZ individuals were also
colour-banded.

Field data analyses

To assess differences in natal dispersal between sexes in
LE, we used a generalized linear mixed model (GLMM)
with the number of aluminium-banded males and females
recruited each year as the response variable, sex as a pre-
dictor, and breeding season (year) as a random variable.
We also included the log of the total number of individuals
recruited each year (assumed to be the total number of esti-
mated immigrants recruited at the beginning of each breed-
ing season + the number resighted of aluminium-banded
individuals) as an offset. For this analysis, we assumed a
Poisson error distribution and we used a log link function.

We also compared the dispersal distance between males
and females within LE, calculating this distance as the
Euclidean distance from the hatching nest-box to the first-
breeding nest-box (Greenwood and Harvey 1982). Only 1
year-old juveniles (84.6% of the total of banded juveniles
resighted) were included for this analysis. The differences
in dispersal distances between males and females were
compared using a general linear mixed model (LMM). We
included natal dispersal distance as the response variable
(log transformed to meet analysis assumptions), sex as a
fixed factor, and breeding season as a random factor. The
reduced number of aluminium-banded individuals resighted
outside our study area (see ‘“Results”) precluded us from
performing any statistical analysis; hence, we only present
descriptive results of dispersal between study sites.

Since dispersal distances can be affected by the availabil-
ity of territories or mates, the observed dispersal distances
of males and females within our study location were also
compared with simulated distributions of dispersal distances
assuming that (1) individuals occupy the nearest available
nest-box (it also included the natal nest-box if available)—a
random-walk process, or (2) individuals settle randomly in
any available nest-box within the studied plot every year -a
random process. We assumed that a nest-box was available
when it was unoccupied or was occupied by an immigrant
male or female that year. In the latter case, we assumed that
immigrant individuals compete and occupy territories after
the juveniles have settled. Therefore, we randomly assigned
a nest-box for each individual for nesting, the nest-box selec-
tion only constrained by the availability for each breeding
season. Simulations under scenario 2 were repeated 100
times (under the scenario 1, the nearest available nest-box
only allowed us to make one assignment for each individual)
and results were used to estimate the expected median dis-
persal distance for each individual. We compared the dis-
tribution of observed dispersal distances and the expected
median dispersal distances assuming a random settlement
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291 and the nearest settlement possible with Wilcoxon rank tests
292 for paired samples.
293 We performed all statistical modelling using the Ime4
2094 software package (Bates et al. 2015) running in R environ-
2095 ment (R Core Team 2017).
206 Microsatellite genotyping
297 We extracted genomic DNA from blood samples using the
298 salting out procedure (Miller et al. 1988). All 109 indi-
299 viduals were genotyped using a polymerase chain reaction
300 (PCR) to identify alleles at six polymorphic microsatellite
301 loci developed specifically for House Wrens (Table 1). PCR
302 amplifications were performed in 15 pl reactions contain-
303 ing 10 ng of DNA, 5 mM MgCl2, | mM dNTPs, 0.1 pM of
304 each primer, and 0.5 U Taq polymerase. PCR thermal pro-
305 files varied for each locus (Table 2). The forward primer for
306 each locus was fluorescently labelled and fragment analysis
307 was carried out on an ABI PRISM 3730 XLs DNA analyser
308 (Applied Biosystems, Macrogen).
309 Genotyping profiles (presence and allele size for each
310 locus) were scored using Peak Scanner v.1.0 software
311 (Applied Biosystems, Foster City, CA, USA). The Micro-
312 Drop Programme (Wang and Rosenberg, 2012) was used to
313 impute missing microsatellite data.
Table 1 Allele number, allele size, observed heterozygosity and num-
ber of private alleles for the five loci studied in 83 southern House
Wren individuals
Locus Allele number  Allele size (pb) Ho Private
alleles
TA-B4 (2)* 10 162-184 075 0
TA-C3 (B)2* 15 194-232 088 1
TA-A5-15% 4 178-184 041 O
Pca3P 5 146-160 049 0
ThPI-14¢ 18 235-277 095 4
Overall 10.4 146-277 0.7 0

“Cabe and Marshall (2001)
"Dawson et al. (2000)
Brar et al. (2007)

We tested for departure from Hardy—Weinberg equilib-
rium (HWE) at each locus using Genepop v.3.1 software
(Raymond and Rousset 1995a). We also tested for linkage

314
315
316

disequilibrium using the Exact test based on Markov chains iXexill 7

(Raymond and Rousset 1995b) and the presence of null
alleles was tested using Micro-Checker v.2.2.3 software (van
Oosterhout et al. 2004). There was no evidence of linkage
disequilibrium between any pair of loci, and no significant
deviations from HWE were detected after applying Bonfer-
roni correction for multiple comparisons (all p>0.1), except
for locus TA-AS5-2 (all p<0.02). Also, null alleles and a
highly positive Fi, (F;>0.30) were detected for this locus
and, therefore, it was excluded in further analyses.

Genetic structure analyses

We assessed the genotypic differentiation of three study
plots (LE, LZ and DIV) using the modified Wright’s fixa-
tion indices (Fgp) according to Weir and Cockerham (1984)
between pairs of populations and among all populations.
These computations were performed in Genepop v.3.1
(Raymond and Rousset 1995a). We used the program GDA
(Lewis and Zaykin 2001) to calculate 95% confidence inter-
vals around the estimated Fgp values with 1000 bootstrap
resamplings of the data.

Spatial genetic structure was evaluated applying spa-
tial autocorrelation analyses conducted in GenAlEx 6.5
(Peakall and Smouse 2012). Separate autocorrelations
were performed for the overall dataset and for males and
females. Analyses by sex were performed both, at local spa-
tial scale (within study sites, considering distances up to a
maximum of 900 m) and at regional scale (between study
sites, including comparison between LE, LZ and DIV sites
and testing for genetic structuration up to a maximum dis-
tance of 17 km). We used the UTM coordinates of sites
where individuals were captured to estimate geographic
distances. Genetic and geographical distances were used
to calculate multilocus genetic autocorrelation coefficients
(r). Under a restricted dispersal scenario, estimated r val-
ues should decrease with increasing geographical distance
between individuals. We used two approaches to assess the

Table 2 Thermal cycling processes for polymerase chain reaction (PCR) for six microsatellite loci in House Wrens

Locus Initial denaturation Annealing Final elongation
TA-B4 (2) 94 °C: 3 min 95°C:30s, 55°C:30 s, 72 °C: 30 s (35 cycles) 72 °C: 35 min
TA-AS5-2 95 °C: 3 min 95°C: 30, 62°C:30s, 72 °C: 30 s (35 cycles) 72 °C: 15 min
TA-A5-15 95 °C: 3 min 95 °C: 1 min, 62-60 °C: 1 min, 72 °C: 1 min (20, 15 and 10 cycles) 72 °C: 40 min
ThPI-14 95 °C: 3 min 95 °C: 1 min, 62-60 °C: 1 min, 72 °C: 1 min (20, 15 and 10 cycles) 72 °C: 40 min
TA-C3 (B)2 95 °C: 5 min 95°C:45s,60-56°C:45s,72°C: 45 s (5 cycles); 95°C: 455,55°C: 45s, 72°C: 15 min
72 °C: 45 s (30 cycles)
Pca3 95 °C: 3 min 95°C: 455, 62-60 °C: 45 s, 72 °C: 45 s (20, 15 and 10 cycles) 72 °C: 20 min
@ Springer
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existence of spatial genetic structure. Initially we calculated
r for evenly increasing spatial distances using a distance
interval size of 150 m for the local scale analyses (within
study sites) up to a maximum of 900 m (corresponding to the
maximum inter-individual distances within the study sites).
For the analyses at the regional scale (between study sites),
we partitioned the geographic distances into three classes,
whose upper limits were 4, 8 and 18 km, to clearly sepa-
rate individuals inhabiting different study sites (Fig. 1). In
addition, we estimated the representative distance that could
reveal the extent of detectable positive spatial genetic struc-
ture by calculate r for increasing distant class size using the
Multiple Dclass option in GenAlEx (Peakall et al. 2003).
We used distances ranging from 50 m to the maximum inter-
individual distance recorded for the analysis of within study
site variation, and distances ranging from 1 to 17 km for
the analysis of spatial variation between sites. Significance
of autocorrelation values were assessed comparing the cal-
culated r values with a 95% confidence interval (CI) built
using 999 random permutations of all individuals among
the geographic locations under the assumption of no spatial
structure (rp). The overall significance of the correlograms
was tested using the heterogeneity test, considering it sig-
nificant when p <0.01 (Banks and Peakall 2012). Also, we
estimated the 95% CI about observed r using bootstrap resa-
mpling 1000 times. We considered that there was spatial
genetic structure when: (1) the probability that the estimated
r, being greater or equal to the observed r values was less
than 0.05 (Banks and Peakall 2012); (2) observed r did not
lie within CI around r,, (Peakall et al. 2003); and (3) 95%
CI about observed r did not include the zero value (Peakall
et al. 2003). We excluded DIV from the between study sites
comparison for females as we were only able to capture 2
females at this site.

Results
Field observations

We banded a total of 1,277 fledglings in our study area
during the breeding seasons of 2005-2015. Of these, 159
(12.5%) were resighted defending a territory or nesting
during the following breeding season after fledging (i.e.,
yearlings; 108 males and 51 females) and 29 (2.27%) were
resighted 2 years afterwards (i.e., 2-year-old individuals).
These represented 31.7% of total number of individuals
recruited (immigrants + banded juveniles) into the popula-
tion during the 2006-2016 period (n=593). Males banded
as nestlings were more frequently recruited than females
(50.6 +11.31% vs. 25.8 +8.02%, mean + SD; y*, =23.6,
p<0.01; Fig. 2). We were able to capture 89% (96/108) and
76% (39/51) of these recruited banded males and females,
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Males

07
(1 Females

Proportion

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Breeding season

Fig.2 Frequency of marked southern House Wren juveniles recruited
at the studied population during the 2006-2016 breeding seasons

respectively. There were differences in the distance dis-
persed by males and females from their natal nest-boxes
()(21 =10.82, p=0.001). The median dispersal distance
for males was 179.05 m (range 43.57-655.44), whereas
females dispersed 262.09 m (range 73.22-626.64) (Fig. 3).
Dispersed distances were larger than the distance to the
nearest available nest-box for both males (Wilcoxon Rank
test, Z=6.27, p<0.001) and females (Wilcoxon Rank test,
Z=4.20, p<0.001). While females dispersed significantly
longer distances than those expected using random simula-
tions (Wilcoxon Rank test, Z=3.18, p=0.002), males did
not (Wilcoxon Rank test, Z=0.20, p=0.84).

During 2008-2010 breeding seasons, we detected 14
individuals (5 males and 9females) banded as nestlings in
our study site nesting in neighbouring areas (PAL and ASP;
Table 3). These individuals dispersed less than 1 km. Fur-
thermore, during the 2005-2012 period, none of marked
fledglings at LE we sighted at LZ (5 km away) but we
observed one female that dispersed from LZ as juvenile,
nesting at LE during 2007. These observations suggest that
long-distance dispersal is apparently infrequent at our study
area.

Genetic population structure

Allelic polymorphism varied among populations, with num-
ber of alleles (A) ranging from 7.8 to 9.8 (Table 4). We also
found five private alleles (i.e., alleles that were found only
in a single population; occurrence range 0.02—0.08). Four of
these alleles were found at LE, whereas the remaining pri-
vate allele was found in DIV. Allelic richness (A,) was simi-
lar among populations averaging 6 (Table 4). Observed and
expected heterozygosity were equivalent across populations.
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FIGURE 3

Fig.3 Natal dispersal distances for southern House Wren males (a)
and females (b) during 2005-2016. Individuals were marked at nests
as fledglings and resighted and captured in the following breeding
season as reproductive adults

Ho and He averaged ~ 0.7 (Ho range=0.63-0.73; He
range =0.67-0.76; Table 5).

Fgr values between pairs of populations varied between
0.007 and 0.013 (Table 6). Although Fg; values were low,
populations that were separated by more than 5 km had
the highest values (Fgp>0.01, exact test p values <0.05).
When sexes were analysed separately, genotypic differences
between LE and DIV—separated by ~ 16 km—were only
detected for males. No statistically significant differences
were found between male populations between LE and LZ
(Table 6). In contrast, females did show marked genotypic
differences between the nearest populations: LE and LZ
(Table 6).

Spatial genetic autocorrelations
Local scale (within study sites)

Genetic autocorrelation r coefficients for complete dataset
increased with the distance class size departing signifi-
cantly from random expectations when distance interval was
150 m, and then decreasing for intervals >200 m where r
is not significantly different from zero (Fig. 4a). Similarly,
autocorrelation analysis using 150 m distance intervals
showed that individuals were nonrandomly distributed in
space (w=32.29, p<0.01; Fig. 5a). The r value was positive
and differed significantly from random only at small dis-
tances (150 m), and then, decreasing for distances> 150 m
and not departing from expected randomness (Fig. 5a).
Males showed a similar pattern of genetic structuration
(w=139.65, p<0.01), with closer individuals (< 150 m)
being more related than expected by chance (significantly
positive r values; Figs. 4b, 5b). In contrast, autocorrelation
values for females did not reveal an evident genetic struc-
turation, with r values not differing from those expected at
random (w =12.22, p=0.42; Figs. 4c, 5c¢).

Table 3 Number of individuals

W, Year PAL ASP Lz LE
marked as fledglings in LE
resighted in neighbouring sites Males Females Males Females Males Females Males Females
the following breeding season
2008 - - 0 0 0 0 15 5
n=17 n=>5 n=32 n=27 n=>57 n=35
2009 4 2 0 2 0 0 4 4
n=24 n=11 n=26 n=15 n=21 n=21 n=37 n=24
2010 4 0 1 0 0 16 9
n=19 n=9 n=40 n=18 n=35 n=32 n=43 n=38

PAL and ASP correspond to woodland patches less than 1 km away; LZ is 5.2 km away from LE. We also
indicated the number of individuals banded as fledglings at LE that remained at the study area the follow-
ing breeding season. n represents the total number of individuals of each sex sighted at each site
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Table 4 Microsatellite diversity

Site Loci

for three southern House Wren

populations across five loci TA-B4 (2) TA-C3 (B)2 Pca3 ThPI-14 TA-A5-15 A A,
LE 10 13 16 4 9.8 6.4
Lz 6 13 13 4 8.2 5.8
DIV 9 11 12 3 7.8 5.8

Number of individuals sampled were: 36 at LE, 27 at LZ and 20 at DIV
A average number of alleles per locus, A, allelic richness

Table 5 Observed (H,) and expected heterozygosity (H,) and number
of alleles per population (A) estimated for different southern House
Wren populations

Site H, H, A Patch area (ha)
LE 0.73 0.76 49 14.60

LZ 0.63 0.69 41 10.56

DIV 0.71 0.67 39 13.58
Average 0.69 0.71

Patch area (ha) is indicated for each population

Regional scale (between study sites)

Local populations (inter-individual distances <4 km)
were more related than expected by chance, decreasing
r with distance (0 =26.01, p<0.01; Fig. 6a). Genetic
autocorrelation for increasing distance class size also
revealed positive and significant r values up to 5 km
(Fig. 7a). Males showed a decreased genetic similarity
with increased distance between individuals but it not dif-
fered from that expected by chance (w =13.95, p=0.06;
Figs. 6b, 7b). In contrast, females separated by less than
5 km were more closely related than expected by chance,
revealing a clear genetic structure (@ =22.09, p <0.01;
Figs. 6c¢, 7¢). In the traditional correlogram, we observed
that females distanced between 4 and 8 km showed a sig-
nificant and negative r value, indicating strong divergence
and confirming the continuous cline (Fig. 6¢).

Discussion

Capture-resighting data and population genetic analyses
provide evidence of restricted natal dispersal in south tem-
perate House Wrens at our study area. While both field
observations and genetic analyses confirmed that females
dispersed greater distances within study sites at local scale,
genetic analyses between study sites suggest that movement
of females might be more restricted at a larger spatial scale.

House Wren juveniles rarely dispersed outside of the
forest patch where they fledged; we only resighted banded
juveniles at forest patches less than 1 km from our main
study site (LE). Accordingly, we found low but significant
genetic differentiation between sites separated by more than
5 km, suggesting reduced gene flow among populations.
Autocorrelation genetic analyses also showed decreased
genetic relatedness among individuals as geographic dis-
tance increase. A previous study in Costa Rica found that
populations of tropical House Wrens were genetically dif-
ferent when separated for more than 25 km (Arguedas and
Parker 2000). As far as we know, our findings are the first to
reveal an even finer scale genetic structure within the House
Wren complex.

Restricted gene flow at small spatial scales suggests the
existence of environmental and behavioural constrains in
the movements of individuals (Nathan et al. 2008; Matthy-
sen 2012). Studies focusing on Neotropical resident passer-
ines have found genetic differentiation among populations
at local scales, even among sites in continuous habitats
(Barrowclough 1980; Hackett and Rosenberg 1990; Brawn
and Robinson 1996; Brumfield and Capparella 1996; Bates
2000; Burney and Brumfield 2009; Woltmann et al. 2012;

'.I'ab.le 6 Wright's ﬁ).(ation Distance (km) LE-L7Z
indices (Fgy) assessing the 59
genotypic differentiation i

Lz-DIV LE-DIV
13.3 16.8

between pairs of southern
House Wren populations

Overall data set
Males
Females

0.0075 (—=0.004 to 0.022)
0.002 (=0.012 to 0.02)
0.040* (0.009 to 0.074) - -

0.013 (=0.004 to 0.036)
0.012 (=0.006 to 0.026)

0.010* (0.002 to 0.019)
0.014* (0.006 to 0.023)

Confidence intervals calculated for estimated Fgy are presented in parentheses

9 <0.05

@ Springer

| Journal : Large 10336 Article No : 1887 Pages : 13

MS Code : 1887

Dispatch : 12-4-2021

482

483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512



Author Proof

513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528

Journal of Ornithology

(a

0.060
0.040 | [~ %
0.020 | i S

~ 0.000 L i"‘%"l---l—_-i——_l:__l___l
0020 { | -~
-0.040

S B D PSS

PO LD D L DS LS

NN N N N N SIS RS PSS S
Distance (m)

(b)

0.100
0.050 | i\\; _____ i 1
_ 0000 } L e S
-0.050 1 e
-0.100 1
-0.150

0-50 0-100 0-150 0-200 0-250 0-300

Distance (m)

()

0.150

0.100 1
0.050 1

S o000 [i\f“l‘\l——_l——k——l—-%—_-%—-i—-l

-0.050

-0.100

RIS R SR R I P
X FFTFIEITFTFLE S S

Q
Distance (m)

Fig.4 Spatial genetic autocorrelation coefficients (r) for increasing
distance class size at local scale (within study sites) for all individuals
(a), males (b) and females (c¢) of the southern House Wren inhabiting
three different woodland patches (LE, LZ and DIV). Dots represent
correlation coefficients and bars are the 95% confidence intervals esti-
mated by bootstrapping. Dashed lines indicated the upper and lower
limits of the confident intervals for r values calculated assuming a
random distribution of genotypes

Klauke et al. 2016). In most of these tropical species, genetic
structure at such fine spatial scale has been attributed to the
sedentary lifestyle (reduced mobility) and high habitat spe-
cialization (e.g., Burney and Brumfield 2009; Khimoun et al.
2016; Menger et al. 2017). Accordingly, it has been pro-
posed that the genetic differences in tropical House Wrens
inhabiting forests in Costa Rica are the consequence of a
sedentary lifestyle (Arguedas and Parker 2000). However,
sedentary lifestyle by itself may not generate an a priori
fine-scale genetic structure in habitat generalists such as
the House Wren (Johnson 2014). South temperate House
Wrens occupy a wide range of habitats including montane
woodlands, modified landscapes and arid regions with dry
woodlands (Kroodsma and Brewer 2005). Furthermore, at
out study site, translocation of territorial males revealed that
male House Wrens are capable of flying through unsuitable
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Fig. 5 Genetic correlation coefficients (r) variation as a function of
the increasing distance within study sites (local scale) for pairs of
all individuals (a), males (b), and females (¢) of the southern House
Wren inhabiting. Dots represent correlation coefficients and bars are
the 95% confidence intervals estimated by bootstrapping. Dashed
lines indicated the upper and lower limits of the confident intervals
for r values calculated assuming a random distribution of genotypes

environments such salt marshes to return to their territories
(P. Llambf{as, unpublished data). Given the flying capabil-
ity and lack of habitat specialization of House Wrens, it is
surprising that natal dispersal is restricted in our study area.
It is possible that the fragmented nature of woodlands at
our study site imposes restrictions to dispersal of individu-
als. In our study area, less than 5% of the surface is covered
by natural and forestry plantations, and woodland patches
are separated by wide grasslands and marshes (Fig. 1).
Fragmented habitats may severely limit individual disper-
sal among populations increasing the costs for individual
mobility through unsuitable habitats (Endler 1977; Fahrig
and Merriam 1994; Frankham et al. 2002; Coulon et al.
2010; Adams and Burg 2015; van Oosten et al. 2016). Gap
width can have a strong effect on the ability of birds to move
among patches. Wide gaps may affect the mortality of indi-
viduals when dispersing but may also constitute a percep-
tual constraint for birds (Ibarra-Macias et al. 2011; Awade
et al. 2017). These constraints could at least partly explain
the limited dispersal observed in this marked fragmented
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Fig.6 Spatial genetic autocorrelation coefficients (r) for increasing
distance class size at regional scale (among study sites) for all indi-
viduals (a), males (b) and females (c) of the southern House Wren.
Dots represent correlation coefficients and bars are the 95% confi-
dence intervals estimated by bootstrapping. Dashed lines indicated
the upper and lower limits of the confident intervals for r values cal-
culated assuming a random distribution of genotypes

landscape. Such constraints could even vary between sexes,
thus explaining the differences found in the House Wren.
Further studies comparing fragmented and unfragmented
habitats are necessary to clarify the effect of landscape on
dispersal in resident House Wrens.

In a previous study, we provided field evidence that
breeding adults were highly philopatric, with no records of
breeding individuals leaving the forest patch to settle in a
new breeding site (Carro et al. 2017). Therefore, most of the
gene flow must be consequence of juvenile dispersal. In our
study, we found sexual differences in dispersal proneness
of juveniles. At a local scale (within study sites), juvenile
females dispersed father away from their fledging site than
juvenile males. This local dispersal pattern differed from the
one expected by chance or from that expected if individuals
select the nearest available nest-box. Genetic autocorrela-
tion analyses at local scale revealed a decreased relationship
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among males with distance but not among females, con-
firming this pattern. The mechanisms underlying sex-biased
dispersal could be manifold. Males may be reluctant to dis-
perse to unfamiliar areas due to the high costs associated
with establishing a territory with no previous information on
habitat quality, social interactions with neighbours and terri-
tory availability (Greenwood 1980; Payne and Payne 1993;
Winkler et al. 2005). The fact that some males returned to
their territories after translocation experiments (see above
and Kendeigh 1941) suggests that the benefits of habitat and/
or neighbour familiarity are high. On the other hand, females
may disperse farther away than males to locate a preferred
male and/or territory and ultimately, reducing the long-term
costs of inbreeding (Greenwood 1980; Handley and Perrin
2007; Arlt and Part 2008).

Field records of banded individuals did not allow us to
determine the presence of a short-term female sexual bias in
dispersal at a regional scale between studied sites due to the
reduced number of resighted juveniles in neighbouring pop-
ulations. However, in our study population (LE), the recruit-
ment of a higher number of migrant females (unbanded
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individuals) than males and of more banded juvenile males
than banded juvenile females suggest that a female bias in
dispersal occurs at between-sites level. However, genetic
analyses provided contrary information: while female popu-
lations distanced for more than 5 km reveal weak but sig-
nificant genetic differentiation, males only showed genetic
differentiation at greater distances (" 16 km). Given that
genetic analyses can provide evidence of both historical
and present-day dispersal (Bossart and Prowell 1998), the
observed genetic differentiation does not necessarily imply
that the sex dispersal pattern is reversed at a regional scale.
Females may still be the predominantly dispersing sex, but
the observed genetic structure may be the consequence of a
long-term, spatially restricted dispersal. In contrast, the lack
of genetic differentiation between males may indicate that
less frequent, long-distance movements occur more often
among males than females. In this sense, what may explain
the differences in dispersal distances between males and
females is the availability of territories and/or social mates.
Some studies have found that the movements of males and
females may be conditioned by demographic variables. For
example, Greenwood et al. (1979) found that natal disper-
sal in Great Tits (Parus major) was related to population
density, with females moving shorter distances and males
moving longer distances when density is high due to greater
competition for territories among males than females. Dele-
strade et al. (1996) also found in this species that male and
female dispersal distances did not vary with local densities,
but males which changed habitat settled in areas with low
occupation rates. In southern House Wren populations, the
lower survival probability of adult females (Llambfas et al.
2015) and the adult male-biased sex ratio (Carro et al. 2017)
increases the probability for females of acquiring a suitable
territory and/or social partners to breed in closer populations
while males may be forced to disperse over greater distances
to locate a vacant territory. Alternatively, the observed dif-
ferences in genetic structuring of males and females may
be generated by differential mortality of juveniles. Thus,
females may be dispersing over long distances but may suf-
fer higher mortality than males in doing so. The cause of this
differential mortality is unclear. Some studies suggest that
the heterogametic sex may be more susceptible due to the
expression of sex-linked deleterious recessive alleles (Triv-
ers and Willard 1973; Myers 1978) predisposing them to
higher mortality or reduced performance during develop-
ment. However, evidence in support of this hypothesis is
scarce in birds (Jones et al. 2009; Tarwater et al. 2011). It
has also been found in dimorphic species that larger sexes
may show higher mortality earlier in life, although in other
cases, the size of individuals may be an indicator of their
competitive ability with conspecifics (Husby and Slags-
vold 1992; Raberg et al. 2005). However, evidence for the

existence of this mortality bias between sexes is scarce and

inconclusive (see Maness and Anderson 2013 for a review).
In House Wrens, there are no data to suggest the existence
of a sex bias in juvenile mortality, although this possibility
cannot be totally ruled out. Further studies are necessary to
unravel the effect of demographic and social effects on male
and female House Wren dispersal behaviour.

In conclusion, our field records indicate that most indi-
viduals are philopatric or disperse over short distances once
they leave the nest. However, our integrative approach using
molecular data also allowed us to identify long-distance dis-
persal events that reduced the genetic differentiation among
populations, particularly among males. The combination of
the two methods provided us with complimentary informa-
tion that enabled a more comprehensive understanding of
dispersal behaviour of the House Wren.
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