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Running head: Nest and mate choice in white-rumped swallows
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Abstract

In birds, the selection of nesting sites and mates has a profound influence on the daily
interactions of individuals. Both behaviours are energetically costly and time-
consuming and can strongly affect Darwinian fitness of individuals. Using a 12-yr
dataset on banded returning breeders, we explored variables associated with nest-box
choice and mate choice in the White-rumped Swallow, a socially monogamous
migratory passerine. Females reusing nest-boxes, but not males, produced significantly
more fledglings than did those that changed nest-boxes. Females and males that retained
mates produced significantly more fledglings than did those that divorced. General
linear mixed models revealed that the number of fledglings produced in previous
seasons significantly explained the reuse of particular nest-boxes by females, but not by
males. Mate choice by females was not strongly affected by either past breeding
performance or nest-box reuse, but nest-box reuse alone predicted mate choice by
males. Nest-box reuse by males was apparently more related to retention of female
partners. This study revealed that sexual differences in the nesting and mating decisions
were guided by the use of information on past breeding performance in a subtropical,

secondary cavity nester.

Additional keywords: cavity nester, mating behaviour, migratory, Neotropical, nesting

site fidelity.
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Introduction

Nest-site selection and mate choice, two fundamental aspects of the breeding behaviour
of birds, have intrigued researchers ever since Darwin (Darwin1871; Danchin and
Cézilly 2008). Such behaviours vary widely both within and among species, have been
extensively investigated and experimentally tested (e.g., Lindén 1991; Ens ef al. 1993;
Haas 1998; Bai and Severinghaus 2012) and continue to be actively explored (e.g., Lv
et al. 2016). Because both activities affect daily interactions between organisms and are
energetically costly and time-consuming, nest-site selection and mate choice have
important consequences for individual fitness and are under strong selection pressure

(Boulinier et al. 2008; Kivela et al. 2014).

In natural populations of socially monogamous passerines, nest-site selection is affected
by many variables. A prior successful reproductive experience has long been considered
a major influence on returning to certain breeding grounds (Greenwood and Harvey
1982, Winkler et al. 2004) and on nest fidelity (Garcia-Navas and Sanz 2011).
Moreover, nest-site selection can vary according to sex, age, reproductive experience,
previous breeding performance, seniority in nest-use, time of arrival at the breeding
grounds (Choudhury 1995; Hoover 2003; Llambias et al. 2008), and intrasexual
competition (Bai and Severinghaus 2012), among other factors. Quality of the nest-site
also affects selection. Whether nest quality can be predicted from one breeding season
to another remains uncertain (Wischhoff ez al. 2015), although assessment of nest
quality and subsequent fidelity to the preferred nest is fairly common in passerines
(Greenwood 1980; Garcia-Navas and Sanz 2011; Hussell 2012; Robillard ez al. 2013).
Thus, nest-site selection is also affected by the spatial location, size, shape and
protection from predators (Rendell and Robertson 1989; Lambretchs et al. 2010), in

addition to the internal temperature and cardinal orientation (Ardia et al. 2006).

Similarly, mate choice is linked to factors that are indicative of mate quality, such as
breeding experience (Lv et al. 2016), age (Edme ef al. 2016), genetic components (Arct
et al. 2015), external morphological traits (e.g., plumage colouration, ornamentation;
Whittingham and Dunn 2016), and physical condition (Guindre-Parker ef al. 2013). In
seasonally monogamous species with biparental care, breeding performance partly relies
on the breeding ability of a mate, which implies that reuniting with a high-quality
partner will improve individual lifetime fitness (Stutchbury and Morton 2008). If mate

choice is influenced by the quality of a mate, then mate fidelity will occur when the
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reproductive success with the same partner is above the average value expected for
other candidates (Choudhury 1995). Thus, breeders that are successful are expected to
remain together for the long term (Hoover 2003; Gill and Stutchbury 2006; Bai and
Severinghaus 2012). This mate fidelity accommodates a ‘win-stay, lose-switch’ model
(Switzer 1993) in which individuals show fidelity after a good reproductive
performance (Bai and Severinghaus 2012; Campomizzi et al. 2012). In this way, birds
make use of a priori information on their own breeding experiences to predict future

outcomes (Boulinier ez al. 2008).

Nest selection and mate choice often interact in a complex manner with the result that
either can be a by-product of the other (Choudhury 1995; Bai and Severinghaus 2012;
Lv et al. 2016). Two examples of this interaction are the following: i) divorce due to the
dispersal of a pair member from a particular breeding site after experiencing
reproductive failure (Choudhury 1995) and ii) nest-box claiming, which serves as a cue
of increased competitive ability and good reproductive performance for potential

partners (Fokkema et al. 2016).

Most studies on nest-site selection and mate choice in passerines have been conducted
with north-temperate species (Stutchbury and Morton 2008); whereas information on
Neotropical species is limited (Gill and Stutchbury 2006; Aguilar and Marini 2007;
Wischhoff et al. 2015). Among north-temperate species, the Tree Swallow Tachycineta
bicolor uses its own breeding experience to choose among breeding colonies and nest-
boxes and to make decisions about philopatry and mate fidelity (Llambias et al. 2008;
Lessard et al. 2014). In this study, we focused on the subtropical White-rumped
Swallow (Tachycineta leucorrhoa) (Aves, Passeriformes: Hirundinidae; hereafter
denoted collectively as WRS). This species is an obligate secondary cavity nester
(Turner and Rose 1989), which readily occupies artificial nest-boxes and shows
philopatry to breeding grounds (Bulit and Massoni 2011). Similar to other aerial
insectivores, WRS individuals do not defend foraging territories, but early in the
breeding season, they compete for nesting sites and fiercely defend their chosen nest-
boxes and immediate surroundings against intruders, including conspecifics (Fig. S1,
this work; Massoni ef al. 2007). Although WRS individuals are socially monogamous,
they show high rates of extra-pair paternity (EPP) (up to 77 % of broods at our study
site, Ferretti et al. 2011). The species exhibits biparental care, but females make

approximately 60 % more feeding visits per nestling per hour than males and remove
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30-40 % more faecal sacs when nestlings are 12-15 d old (Bulit e al. 2008). Similar to
other migrants, to increase the probability of achieving a successful reproductive cycle,
each season these birds must make mating decisions in a short time frame (Choudhury
1995; Ferretti and Winkler 2009). Based on these decisions, this seasonally
monogamous species can suffer high fitness costs, mostly derived from constraints

related to the search for new nesting sites and mates.

Here, we used a 12-yr dataset on returning breeders to test the hypothesis that sexes
would differ in the way different variables influenced nest-box and mate choice
behaviours in WRS. In most migratory birds (Kokko et al. 2006), including tree
swallows (Robertson ef al. 1992; Lozano 1994), males arrive earlier than females at the
breeding grounds. Additionally, in many species, including tree swallows (Robertson et
al. 1992), males and females play different roles in nest-box acquisition and defence
and in mate choice. Previous evidence for WRS suggests that females actively return to
a breeding site after successful reproductive experiences (Bulit and Massoni 2011) and
make a significantly larger parental investment than males (Bulit e al. 2008). For tree
swallows, the evidence suggests that they use self-information on previous breeding
experience to select nest-sites (Llambias ez al. 2008; Lessard et al. 2014). Taking this
into account and assuming that WRS behave similarly to their congeners, in the context
of a ‘win-stay, lose-switch’ model (Switzer 1993), we expect that 1) previous breeding
experience will affect nest-box reuse by females. Additionally, given that female WRS
increase their fitness via extra-pair copulations (Ferretti ez al. 2011), we expect that 2)
mate retention will have less influence on nest-box reuse by females. Conversely, given
that males can greatly increase their fitness by siring offspring in several nests (EPP,
Ferretti et al. 2011), we expect that 3) previous breeding experience will have a minor
influence on nest-box reuse by males. Each season, female WRS seek a mate with good
parental abilities to raise a successful brood; therefore, we expect that 4) previous
breeding experience will influence mate retention by females. Additionally, if males
attract attention from females through nest-box defence (as cue of good parental
abilities, Burtka and Grindstaff 2015), we expect that 5) nest-box choice will greatly

influence mate retention by males.

Methods

Study species, study system and data collection
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White-rumped swallows are small passerines (ca. 22 g) that breed from Buenos Aires
Province (Argentina) to northern Bolivia and southern Brazil (Turner and Rose 1989).
WRS are primarily single-brooded, with an average clutch size of five eggs and an
average brood size of four nestlings (Massoni et al. 2007; Ferretti et al. 2011). Data for
this study were collected during the breeding seasons of 2002-2015 at a site located in
an agricultural landscape in Chascomus, Argentina (35°34°S, 58°01°W), in which a
system of nest-boxes has been in use since 2002. Nest-boxes measured 25 x 17 x 13
cm, had an entrance hole 4 cm in diameter, a lateral door to monitor the nest’s progress,
and a ‘wigwag’ trap to capture the breeding adults when they entered the box (Massoni
et al. 2007). All nest-boxes were equivalent in relevant physical features, were made of
the same wood (pine) and quality, and had identical shapes and sizes. Nest-boxes were
separated by ca. 30 m, distributed over ca. 63 ha, mounted on metal poles between 1.3
and 1.7 m above the ground and attached to the primary fence posts around cattle
enclosures and cultivated or pasture fields of various sizes, shapes and locations (see

Massoni et al. 2007 for further details).

During the study period, each nest-box had a precise and constant geographical location
(i.e., primary fence posts were never moved), but the orientation of the entrance holes of
nest-boxes varied many times throughout the study period to accommodate farm
management. Nest-boxes were located either in the open pampas or more protected
areas (e.g., near tree plantations, buildings or granaries) and exposed to different
microclimatic conditions. We believe that the orientation of entrance holes was not a
significant factor, at least in this location. Therefore, all nest-boxes were considered to
be of equal value as a resource. Nest-boxes were geo-referenced with a Garmin 76 GPS
to the nearest 3 m and uniquely identified with numbers or letters. At the onset of each
breeding season, we removed old nest material from the nest-boxes before swallows

arrived. The number of boxes available for nesting varied among years (Fig. S2).

The breeding season of WRS at our study site lasts approximately 3.5 months, from
October to mid-December (Massoni et al. 2007), but individuals arrive and start
claiming nest-boxes in early/mid-August. We checked nest-boxes daily from the
beginning of nest lining to detect the onset and progression of the egg-laying sequence.
During incubation, we visited nests every two days until one day before the presumed
date of egg hatch after which we resumed the daily visits. Development was recorded

every two days until nestlings were 12 days old, when we stopped visits to avoid
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causing premature fledging; one day after the expected departure date we returned to the
nest to record the number of nestlings that fledged successfully. Adults were captured
inside the nest-box using a ‘wigwag’ trap, which consists of a swivelling piece of wood
that is activated when the focal bird enters the box by pulling a long piece of fishing line
attached to the trap (further details in Massoni et al. 2007).

Females were captured during incubation, and males were captured while feeding
nestlings (as in Massoni ef al. 2007). Adults and 8-d-old nestlings were banded with a
uniquely numbered aluminium ring. For each captured adult, we recorded band number,
identity of the box in which it was captured, sex (determined by the presence of a brood
patch or cloacal protuberance), mate identity (if known), and number of fledglings
produced. Because WRS adults show no age-related external morphological characters,
only those that had been banded at the Chascomus colony as nestlings (i.e., recruits)
could be accurately aged. WRS adults captured for the first time were considered to be
at least 1-yr-old, assuming that they were born in the previous year at a different
location and taking into account that natal dispersal is more extensive than breeding

dispersal in this species (Bulit and Massoni 2011).

Data collection and biological sampling were conducted in compliance with the
guidelines for the care and manipulation of animals established by the Facultad de
Ciencias Exactas y Naturales de la Universidad de Buenos Aires (Argentina) and under
permits from Direccion de Flora y Fauna del Ministerio de Asuntos Agrarios de la

Provincia de Buenos Aires (Argentina) (permission no. 65/07).
Data analyses and statistical methods

We computed rates of returning breeders, rates and patterns of nest-box occupancy and
patterns of mate choice (see below). We focused on variables associated with nest-box
and mate choice made by returning birds in subsequent breeding seasons (either
consecutive or not), which are defined in Table 1. We compared the number of
fledglings produced by birds in relation to their choices of nest-boxes or mates using

Tukey-Kramer tests, corrected for small and unequal sample sizes.

We first investigated the possible effects of age on the previous breeding performance of
WRS, as reported for tree swallows (Robertson and Rendell 2001) and fitted general
additive mixed models (GAMMs) (Wood 2000), as in Zhang et al. (2015). GAMMs

include linear predictors involving a sum of smooth functions of covariates, which
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allow for a flexible specification of the dependence of the response (Wood 2006). We
modelled age as a fixed predictor of the number of fledglings produced (response
variable, Poisson distribution, log link function, setting it as a penalised thin-plate
regression spline (smooth function)), with a K of 6, and the degree of smoothness was
determined by cross-validation (Wood 2003, 2004). Within the fixed predictors, we also
set nest-box choice (categorical variable with two levels: ‘reuse’ or ‘change’; Table 1)
and mate choice (categorical variable with two levels: ‘retention’ or ‘divorce’; Table 1).
To account for pseudoreplication, individual identity (band number) nested within
calendar year was set as a random effect; to account for variation in the number of
boxes available during the study period, calendar year was also set as an additional

random effect (as in Béziers et al. 2016).

To explore predictors of nest-box choice, we fitted different sets of general linear mixed
models (GLMMs) (Breslow and Clayton 1993; Bolker et al. 2009; Crawley 2012) using
a larger dataset (n: females = 241, males = 104), in addition to a trimmed dataset (#:
females = 92, males = 96), of observations with associated information on mate choice.
Nest-box choice was set as the response variable (binomial error distribution, logit link
function) with the number of fledglings produced in the previous season as a fixed
predictor (larger dataset) or this variable and mate choice as fixed predictors (trimmed
dataset). In models with mate choice as the response variable (binomial error
distribution, logit link function; trimmed dataset only), the number of fledglings
produced in the previous season and nest-box choice were set as fixed predictors.

Random effects in GLMMSs were the same as described above for GAMMs.

All analyses were performed in the R v.3.3.0 statistical software package (R
Development Core Team, 2016) using the mgev package v.1.8—12 (Wood 2016) for
GAMMs and the Ime4 package v.1.1-12 (Bates et al. 2013) for GLMMs. We fitted all
models derived from the combination of all fixed predictors plus all the interactions
among them and also tested the null model (without fixed effects). Initial exploratory
modelling using a pooled dataset of females and males revealed that sex was a
significant fixed predictor; therefore, final analyses were conducted separately for the
sexes. Model selection followed the information-theoretic approach (Burnham and
Anderson 2002), based on the Akaike Information Criterion (AIC). The model with the
lowest AIC was considered the best-fitting model. Effect sizes were examined by

standardising estimates using ‘partial.sd’ (Cade et al. 2015) and by computing 95 %



239
240

241

242

243

244
245
246
247
248
249
250
251
252
253
254
255
256

257
258
259
260
261
262
263
264
265
266
267
268
269
270

http://www.tandfonline.com/doi/full/10.1080/01584197.2017.1282827

confidence intervals (CI) around estimates; CI excluding zero were considered

significant (as in Pellerin et al. 2016).

Results
Rates of returning breeders, nest-box occupancy and mate choice

Between 2002 and 2015, we banded 3,081 white-rumped swallows; of these, ca. 20 %
were adults (399 females, 217 males) and 2,465 were nestlings, resulting in an average
local recruitment rate of 4.2 % (41 females, 62 males). The average returning rate of
adults was 29.7 % and no significant differences were found between sexes (returning
females: 31.8 %, n = 127; returning males: 25.8 %, n = 56; odds ratio = 0.060, P =
0.14). Most females and males returned to the colony twice; females and males
returned for up to six and five seasons, respectively. Among returning adults, 26 % of
the females and 22 % of the males had failed to breed in at least one previous season at
the study site. The primary causes of nest failure were predation by snakes, rodents or
ants (20 % to 50 %), egg loss during competition for nest-boxes with other cavity
nesters such as the Southern House Wren (7Troglodytes aedon), the Saftron Finch
(Sicalis flaveola) and the House Sparrow (Passer domesticus) (10 % to 30 %), and nest

abandonment due to cold and rainy weather (12 % to 30 %).

Over the study period, on average, 108.4 nest-boxes were available at the Chascomus
site, with 60 % occupied by WRS breeders (range: 31.5 % in 2002 to 73 % in 2015, Fig.
S2). Reuse of nest-boxes represented 43.5 % and 53.8 % of nest-box choices made by
females and males, respectively (total no. observations: reuse n = 161, change n = 184;
Fig. 1). We failed to detect significant differences in rates of nest-box reuse or change
between sexes (Fisher’s exact test: -0.10, P = 0.09). Seventy-six and 43 different
females and males reused nest-boxes, respectively, with the females using up to four
and the males using up to five different nest-boxes. Females retained mates in 16.3 % of
mating events, and males retained mates in 58.3 % of mating events (no. observations:
retention = 36, divorce = 152; Fig. 1). We failed to detect significant differences in rate
of mate retention or divorce between sexes (Fisher’s exact test: -0.05, P =0.36).
Fourteen different females and 20 different males reunited at least once with a
previously chosen mate. In approximately one quarter (26 %) of the divorces, the

previous mates of females were present in the colony paired with other females, with
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this value being approximately 35 % for males. Most individuals (32 females, 35 males)

that divorced also changed nest-boxes (Fig. 1).

Determinants of breeding performance

Females, but not males, reusing nest-boxes produced significantly more fledglings
(mean = SD =3.69 £ 0.19) than those that changed nest-boxes (mean + SD =3.01 £+
0.17; Tukey-Kramer F =7.16, P = 0.008). Likewise, females that retained mates
produced significantly more fledglings (mean + SD = 4.0 £+ 0.50) than divorcing
females (mean = SD = 3.69 + 0.22; F= 3.89, P =0.02); and males that retained mates
produced significantly more fledglings (mean + SD = 3.81 + 0.41) than did divorcing
males (mean + SD = 3.55 £ 0.22; F=1.73, P =0.04).

We found no evidence of a significant age effect on the breeding performance of WRS
males and females. The GAMM that best fit data on the number of fledglings produced
by females included age, nest-box choice and mate choice as fixed predictors (UBRE
score = 0.27, AICc = 387.97, 3.58 % of the variation explained). However, only nest-
box choice was a significant predictor, and neither age (y° = 2.22, e.d.f= 4) nor mate
choice was significant. GAMM results showed that females reusing nest-boxes had a
higher probability of producing more fledglings (£ + SE: 1.36 + 0.10; 95 % CI 1.22—
1.50) than those that changed nests (1.22 £+ 0.10; 95 % CI: 1.00 — 1.41). In males, the
model that best fit the data included age and mate choice, but neither of these fixed
predictors was significant (UBRE score = 0.41, AICc =411.63, 7.59 % of the variation

explained).

Predictors of nest-box choice and mate choice

Using the larger dataset, we found that the number of fledglings produced in the
previous season significantly predicted nest-box choice by females (Table 2a, Fig. 2).
The null model better explained variation in nest-box choice by males (Table 2b). Using
the trimmed dataset, for females, the better fitting model showed that only the previous
season number of fledglings had a significant effect on nest-box choice (Table 2c¢). In
contrast, for males, the better fitting model showed that only divorce significantly

explained nest-box choice (Table 2d). When exploring mate choice as the response, the
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null model better fit the dataset for females (Table 2¢), whereas nest-box reuse

significantly predicted variation in the mate choice of males (Table 2f, Fig. 2).

Discussion

Rates of returning breeders, nest-box occupancy and mate choice

The observed rate of returning breeders during the 12-yr study period (29 %) was lower
than that reported for WRS in southern Brazil (37 %, two seasons; Wischhoff et al.
2015). Both sexes returned to breed at the Chascomus site at similar rates; most
returning females (74 %) and males (78 %) had produced fledglings in at least one
previous season, as occurs in other passerines (Hoover 2003). WRS occupied, on
average, 60 % of the nest-boxes available at our study site (Fig. S2), a rate higher than
that recorded for the species in Santa Fe, Argentina (42.6 %, three seasons; Lorenzon
and Quiroga 2012). The observed occupancy rates fall within the range reported for tree
swallows at different nesting sites (13—100 %; Winkler et al. 2004; Ghilain and Bélisle
2008; Hussell 2012). Several variables affect nest-box occupancy rates in swallows
(Hussell 2012; Shutler et al. 2012), including interspecific competition (Robillard et al.
2013) and orientation of entrances of nest-boxes (Ardia et al. 2006). Nest-box
occupancy by WRS in this study could have been affected by competition with saffron
finches, southern house wrens (Massoni ef al. 2007) and more recently, by house
sparrows, which are known to affect tree swallows (Ghillain and Bélisle 2008; Robillard

etal 2013).

Nest-box reuse was 46.6 % of the decisions made by WRS. Most of the reused nest-
boxes fledged nestlings, which is consistent with studies of tree swallows showing that
prior breeding success in a given nest-box increases the probability of occupation the
following season (Ghilain and Bélisle 2008; Lessard ef al. 2014). Notably, although
unused nest-boxes were available in all breeding seasons, WRS fiercely contested for
particular nest-boxes (Fig. S1), which were often the ones they had used in a previous
season. If WRS are not attracted by the quality of the nest-box per se and defend nest-
boxes and surroundings rather than foraging territories, then what are the factors
influencing nest-box choice in this species? Ardia et al. (2006) found evidence that tree
swallows prefer east- and south-facing boxes and that nest-box orientation was
correlated with the internal nest temperature. However, because we rotated the entrance
orientation of nest-boxes during the study period (see Methods) and did not measure

11
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internal temperature of the nests, we could not analyse the effect of nest-box orientation.
Nonetheless, WRS returned to and reused nest-boxes irrespective of the changes in their
particular orientation. In future studies, the influence of the entrance orientation of
boxes on nest choice by WRS requires investigation.

Intraspecific divorce rates can vary widely among breeding locations and seasons
(Choudhury 1995). The observed rates of divorce in WRS were relatively high (females:
74 %, males: 65 %) but comparable with those reported for tree swallows in studies of
similar duration (83 % in 12 seasons, Shutler et al. 2003; 76 % in 14 seasons, Llambias
et al. 2008). However, because most of the individuals that divorced also changed nest-

boxes, the ability to distinguish these forms of choice was limited.

Predictors of nest-box choice and mate choice

We found evidence supporting an experience-based choice in nest-box use for WRS.
Nest-box reuse by a female was apparently influenced by previous reproductive success,
consistent with the ‘win-stay, lose-switch’ model (Switzer 1993). Although the best
fitting models included previous reproductive experience in both sexes, the effect of this
variable differed between sexes (Table 2). As expected, the number of fledglings
produced at a given nest-box in a previous season significantly explained its reuse by
females, but not by males (Table 2a, b). Our results are consistent with preliminary
evidence obtained for WRS from Brazil, which suggests that birds failing to breed or
that have smaller broods evaluate new, suitable nest-boxes more frequently and farther
from their nests than successful conspecifics (n = 10 prospectors, two seasons;
Wischhoff et al. 2015). Sexual differences in the use of self-information have also been
reported for blue tits (Cyanistes caeruleus) in which the effect of prior breeding
experience on the decision to change nesting sites was less clear in males than in

females (Garcia-Navas and Sanz 2007).

We also found sexual differences in how mate choice mediated nest-box choice. A poor,
past reproductive experience associated with divorce significantly predicted nest-box
choice by females (Table 2c), whereas in males, mate retention alone significantly
affected nest-box choice (Table 2d). When exploring mate choice, neither past breeding
performance nor nest-box reuse had strong effects in females (Table 2¢), but nest-box
reuse alone predicted mate choice by males (Table 2d). The significant effect of
previous breeding performance on nest-box choice suggested that returning WRS
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females relied on their own breeding experience to choose nest-boxes and reused a nest-
box after a successful experience. The lack of any significant effect of breeding
performance on mate choice by female WRS is consistent with a study of tree swallows
that found that low fledging success may not significantly increase the likelihood of

breeding with a new mate (Llambias et. al. 2008).

Pioneer observations in tree swallows indicate that females compete for males that
occupy a nest-site and not the nest-site itself (Leffelaar and Robertson 1985). If, similar
to their congeners, female WRS prefer nest-boxes already occupied by males, and if
those males establish in previously used boxes, then nest-box reuse would mediate mate
choice in males, as observed in this study. In most migratory birds (Kokko et al. 2006),
including tree swallows (Robertson et al. 1992; Lozano 1994), males arrive earlier to
the breeding grounds than females. Most often, early arriving males are usually good
flyers and good foragers and therefore, are in better physical condition (Lozano 1994;
Bowlin and Winkler 2004; Llambias et al. 2008; Lombardo and Thorpe 2010). Thus,
earlier returning males may outcompete later ones for the preferred nest-boxes; WRS
may also follow this pattern, with early arriving males choosing among available nest-
boxes and then fighting and succeeding in occupying the preferred ones. Based on field
observations, WRS engaged in violent contests near nest-boxes (Fig. S1). In tree
swallows, male nest-box selection influences female mate choice (Lessard et al. 2014),
which could also apply to WRS in which males provide significant offspring care (Bulit
et al. 2008) and guard the area around the nest-box during incubation (Bulit and
Massoni 2011). Therefore, female WRS would benefit from choosing males in good
physical condition because those males could also be good caregivers. Considering all
of the above, we suggest that males that occupied the same nest-box as the previous
year were of better quality than those that did not and by attracting the attention of
females, signalled their condition by claiming and fighting for the nest-boxes. Females
WRS may indirectly assess male qualities by choosing those settled in the preferred
nest-boxes; such ‘high-quality’ males would supply enough food and parental care to
chicks. Additionally, females paired to ‘high-quality’ males would have further
opportunities to increase their reproductive success by breeding earlier in the season
(Bowling and Winkler 2004; Massoni et al. 2007; Liljesthrom et al. 2012). However, to
more fully understand the correlates of mate choice in WRS, further studies should

investigate the links among food availability, foraging performance and parental skills.
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Sexual differences in nest-box and mate choice can also be affected by variables other
than those explored in this study, such as intraspecific brood parasitism (tree swallows,
Whittingham and Dunn 2001), egg dumping [violet-green swallow (ZTachycineta
thalassina); Kleiber et al. 2007], and extra-pair fertilisation (EPF) (Ferretti ef al. 2011).
We found no evidence of the first two in WRS, although brood parasitism could have
remained unnoticed if it occurred the day after resident females had completed egg-
laying. Although extra-pair paternity analyses were beyond the scope of this study, up to
77 % of broods contained EP offspring at our study site (Ferretti ef al. 2011). This high
prevalence of EPF suggested that extra-pair copulation behaviour was unlikely to affect

choice of a nest-box or a social mate.

Based on the combined results, our study revealed sexual differences in the effects of
own breeding experience on mating decisions by WRS. To reuse a nest-box, females
relied more on their previous breeding experiences, whereas in males, nest-box reuse
was more related to retaining partners. This study contributed novel insights into the
correlates of mating decisions in white-rumped swallows and added to the growing
body of evidence that nest site selection in migratory passerines might be mediated by

the use of information on past own reproductive experience.

Acknowledgements

CONICET (PIP research grants 5875, 11220090100880 and 11220130100342CO to
VM) and Universidad de Buenos Aires (UBACyT research grants X-140, X-462,
20020090200160 and 20020130100772 to VM) supported this work. Thanks are offered
to Florencia Bulit, Santiago Escobar and Maria Milagros Jefferies for their help with
data collection and to the authorities and staff of the Instituto Tecnologico de
Chascomus (INTECH-CONICET) for permission to work and reside on the premises.
We acknowledge the comments of the editors and anonymous reviewers on earlier
versions of this manuscript. VM and CIM are Research Members of the Consejo

Nacional de Investigaciones Cientificas y Técnicas (CONICET, Argentina).

14



434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466

http://www.tandfonline.com/doi/full/10.1080/01584197.2017.1282827

References

Aguilar, T. M., and Marini, M. A. (2007). Nest and nest-site reuse within and between
breeding seasons by three neotropical flycatchers (Tyrannidae). Brazilian Journal of
Biology 67, 537-540.

Arct, A., Drobniak, S.M., and Cichon, M. (2015). Genetic similarity between mates
predicts extrapair paternity—a meta-analysis of bird studies. Behavioral Ecology
arv004. doi:10.1093/beheco/arv004

Ardia, D. R., Pérez, J. H., and Clotfelter, E. D. (2006). Nest box orientation affects
internal temperature and nest site selection by Tree Swallows. Journal of Field
Ornithology 77, 339-344.

Bai, M. -L., and Severinghaus, L. L. (2012). Disentangling site and mate fidelity in a
monogamous population under strong nest site competition. Animal Behaviour 84, 251—
259.

Bates, D., M. Maechler, B. Bolker, and Walker, S. (2013). Ime4: Linear mixed-effects
models using Figen and S4. R package version 1.0-5. Available athttp://lme4.r-forge.r-
project.org/ [ Verified 02 june 2016].

Béziers, P., and Roulin, A. (2016). Double brooding and offspring desertion in the barn
owl Tyto alba. Journal of Avian Biology 47, 235-244.

Bolker, B. M., Brooks, M. E., Clark, C. J., Geange, S. W., Poulsen, J. R., Stevens, M. H.
H., and White, J. S. S. (2009). Generalized linear mixed models: a practical guide for
ecology and evolution. Trends in Ecology and Evolution 24, 127-135.

Boulinier, T., Mariette, M., Dolignez, B., and Danchin, E. (2008). Choosing where to
breed: breeding habitat choice. In ‘Behavioral Ecology:An evolutionary perspective on
behavior’ (eds. E. Danchin, L-A.Giraldeau and F. Cézilly).pp: 285-321.(Oxford
University Press, Oxford, UK).

Bowlin, M. S., and Winkler, D. W. (2004). Natural variation in flight performance is
related to timing of breeding in tree swallows (Tachycineta bicolor) in New York. The
Auk 121, 345-353.

Breslow, N. E., and Clayton, D. G. (1993). Approximate inference in generalized linear
mixed models. Journal of the American Statistical Association 88, 9 -25.

Bulit, F., and Massoni, V. (2011). Apparent survival and return rate of breeders in

the southern temperate White-rumped Swallow Tachycineta leucorrhoa. Ibis 153, 90—

194.

15



467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499

http://www.tandfonline.com/doi/full/10.1080/01584197.2017.1282827

Bulit, F., Palmerio, A.G., and Massoni, V. (2008).Differences in rates of nest-visitation
and removal of faecal sacs by male and female White-rumped Swallows. Emu-Austral
Ornithology 108, 181-185.

Burnham, K. P., and Anderson, D. R. (2002). Model Selection and Multimodel
Inference: A Practical Information-Theoretic Approach. (Springer, New York, USA).
Burtka, J.L., and Grindstaff, J.L. (2015). Similar nest defence strategies within pairs
increase reproductive success in the eastern bluebird, Sialia sialis. Animal Behaviour
100, 174-182.

Cade, B.S. (2015). Model averaging and muddled multimodel inferences. Ecology 96,
2370-2382.

Campomizzi, A. J., Morrison, M. L., DeWoody, J. A., Farrell, S. L., and Wilkins, R. N.
(2012). Win-stay, loose-switch and public information strategies for patch fidelity of
songbirds with rare extra-pair paternity. Scientific Reports 2, 294.

Choudhury, S. (1995). Divorce in birds: a review of the hypotheses. Animal Behaviour
50, 413-429.

Crawley, M. J. (2012). The R Book. (Wiley John and Sons, USA).

Danchin, E., and Cézilly, F. (2008). Sexual selection: another evolutionary process. In
‘Behavioral Ecology: An evolutionary perspective on behavior’ (eds E. Danchin, L-
A.Giraldeau and F. Cézilly).pp: 363-426. (Oxford University Press, Oxford, UK).
Darwin, C. (1871). The Descent of Man, and Selection in Relation to Sex. (Murray,
London, UK).

Edme, A., Munclinger, P., and Krist, M. (2016). Female collared flycatchers choose
neighbouring and older extra-pair partners from the pool of males around their nests.
Journal of Avian Biology 47, 552-562.

Ens, B. J., Safriel, U. N., and Harris, M. P. (1993). Divorce in the long-lived and
monogamous oystercatcher, Haematopus ostralegus: incompatibility or choosing the
better option? Animal Behaviour 45, 1199-1217.

Ferretti, V., and Winkler, D.. (2009). Polygyny in the tree swallow Tachycineta bicolor:
a result of the cost of searching for an unmated male. Journal of Avian Biology 40, 289—
295.

Ferretti, V., Massoni, V., Bulit, F., Winkler, D. W., and Lovette, I. J. (2011).
Heterozygosity and fitness benefits of extrapair mate choice in White-rumped Swallows

(Tachycineta leucorrhoa). Behavioral Ecology 22, 1178—1186.

16



500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532

http://www.tandfonline.com/doi/full/10.1080/01584197.2017.1282827

Fokkema, R. W., Ubels R., and Tinbergen, J. M. (2016). Great tits trade off future
competitive advantage for current reproduction. Behavioral Ecology,

doi: 10.1093/beheco/arw(97.

Garcia-Navas, V., and Sanz, J. J. (2011). Females call the shots: breeding dispersal and
divorce in blue tits. Behavioral Ecology 22, 932-939.

Ghilain, A., and Bélisle, M. (2008). Breeding success of tree swallows along a gradient
of agricultural intensification. Ecological Applications 18, 1140-1154.

Gill, S. A., and Stutchbury, B. J. M. (2006). Long-term mate and territory fidelity in
neotropical buff-breasted wrens (Thryothorus leucotis). Behavioral Ecology and
Sociobiology 61, 245-253.

Greenwood, P. J. (1980). Mating systems, philopatry and dispersal in birds and
mammals.Animal Behaviour 28, 1140-1162.

Greenwood, P. J., and Harvey, P. H. (1982). The natal and breeding dispersal of birds.
Annual Review of Ecology and Systematics 13, 1-21.

Guindre-Parker, S., Gilchrist, H.G., Baldo, S., and Love, O.P. (2013). Alula size signals
male condition and predicts reproductive performance in an Arctic-breeding passerine.
Journal of Avian Biology 44, 209-215.

Haas, C. A. (1998). Effects of prior nesting success on site fidelity and breeding
dispersal: an experimental approach. The Auk 115, 929-936.

Hoover, J. P. (2003). Decision rules for site fidelity in a migratory bird, the prothonotary
warbler. Ecology 84, 416-430.

Hussell, D. J. T. (2012). The influence of food abundance on nest box occupancy and
territory size in the Tree Swallow, a species that does not defend a feeding territory. 7The
Condor 114, 595-605.

Kiveld, S. M., Seppénen, J. -T., Ovaskainen, O., Doligez, B., Gustafsson, L.,
Monkkonen, M., and Forsman, J. T. (2014). The past and the present in decision-
making: the use of conspecific and heterospecific cues in nest site selection. Ecology 95,
3428-3439.

Kleiber, D., Turner, J., Budden, A.E., and Dickinson, J.L. (2007). Interspecific Egg-
dumping by a Violet-green Swallow in an Active Western Bluebird Nest. The Wilson
Journal of Ornithology 119, 126—128.

Kokko, H., Gunnarsson, T. G., Morrell, L. J., and Gill, J. A. (2006). Why do female
migratory birds arrive later than males? Journal of Animal Ecology 75, 1293—-1303.

17



533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566

http://www.tandfonline.com/doi/full/10.1080/01584197.2017.1282827

Lambrechts, M.M., Adriaensen, F., Ardia, D.R., Artemyev, A.V., Atiénzar, F., Banbura,
J., Barba, E., Bouvier, J.-C., camprodon, J., Cooper, C.B., and Dawson, R.D. et al.
(2010). The Design of Artificial Nestboxes for the Study of Secondary Hole-Nesting
Birds: A Review of Methodological Inconsistencies and Potential Biases. Acta
Ornithologica 45, 1-26.

Leffelaar, D., and Robertson, R. J. (1985). Nest usurpation and female competition for
breeding opportunities by Tree Swallows. Wilson Bulletin 97, 221-224.

Lessard, A., Bourret, A., Bélisle, M., Pelletier, F., and Garant, D. (2014). Individual and
environmental determinants of reproductive success in male tree swallow (Tachycineta
bicolor).Behavioral Ecology and Sociobiology 68, 733-742.

Liljesthrom, M., Cooper, C. B., and Reboreda, J. (2012). Clutch investment decreases
with time of breeding and female condition in the Chilean Swallow, Tachycineta
meyeni. Condor 114, 377-384.

Lindén, M. (1991). Divorce in great tits: chance or choice? An experimental
approach.The American Naturalist 138, 1039—1048.

Llambias, P. E., Wrege, P., and Winkler, D. W. (2008).Effects of Site Fidelity and
Breeding Performance on Mate Retention in a Short-Lived Passerine, the Tree Swallow
Thachycineta bicolor.Journal of Avian Biology 39, 493-99.

Lombardo, M. P., and Thorpe, P. A. (2010).Local breeding experience and the
reproductive performance of Tree Swallows. Journal of Field Ornithology 81, 294-301.
Lorenzoén, R. E., and Quiroga, M. A. (2012).Breeding biology of the White-rumped
Swallow (Tachycineta leucorrhoa; Hirundinidae) in a wetland: a comparative
approach.Avian Biology Research 5, 47-53.

Lozano, G. A. (1994). Size, condition, and territory ownership in male tree swallows
(Tachycineta bicolor). Canadian Journal of Zoology 72, 330-333.

Lv, L., Komdeur, J., Li, J., Scheiber, [.B.R., and Zhang, Z. (2016). Breeding experience,
but not mate retention, determines the breeding performance in a passerine bird.
Behavioral Ecology 27, 1255-1262.

Massoni, V., Bulit, F., and Reboreda, J. C. (2007). Breeding biology of the White-
rumped Swallow Tachycineta leucorrhoa in Buenos Aires Province, Argentina. /bis 149,
10-17.

Pellerin, S., Paquette, S. R., Pelletier, F., Garant, D., and Bélisle, M. (2016). The trade-
off between clutch size and egg mass in tree swallows Tachycineta bicolor is modulated

by female body mass. Journal of Avian Biology 47, 500-507.

18



567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600

http://www.tandfonline.com/doi/full/10.1080/01584197.2017.1282827

R Development Core Team (2016). R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing, Vienna.http://www.R-project.org/.
Available at [ Verified 02 june 2016].

Rendell, W. B., and Robertson, R. J. (1989). Nest-site characteristics, reproductive
success, and cavity availability for Tree Swallows breeding in natural cavities. The
Condor 91, 875-885.

Robertson, R.J., and Rendell, W.B. (2001). A long-term study of reproductive
performance in tree swallows: the influence of age and senescence on output. Journal of
Animal Ecology 70, 1014—1031.

Robertson, R. J., Stutchbury, B. J., and Cohen, R. R. (1992). Tree Swallow. In ‘The
Birds of North America no. 11° (edsA. Poole, P. Stettenheim and F. Gill). (Academy of
Natural Sciences and American Ornithologists’ Union, Washington, USA).

Robillard, A., Garant, D., and Bélisle, M. (2013). The Swallow and the Sparrow: how
agricultural intensification affects abundance, nest site selection and competitive
interactions. Landscape Ecology 28, 201-215.

Shutler, D., Hussell, D. J. T., Norris, D. R., Winkler, D. W., Robertson, R. J., Bonier, F.,
Rendell, W. B., Bélisle, M., Clark, R. G.,, Dawson, R. D., et al. (2012). Spatiotemporal
patterns in nest-box occupancy by Tree swallows across North America. Avian
Conservation and Ecology 7, 3.

Shutler, D., and Clark, R. G. (2003).Causes and consequences of Tree Swallow
(Tachycineta bicolor) dispersa lin Saskatchewan. The Auk 120, 619—631.

Stutchbury, B. J. M., and Morton, E. S. (2008). Recent advances in the behavioral
ecology of tropical birds. The Wilson Journal of Ornithology 120, 26-37.

Switzer, P. V. (1993). Site fidelity in predictable and unpredictable habitats.
Evolutionary Ecology 7, 533-55.

Turner, A., and Rose, C. (1989). Swallows and martins: An identification guide and
handbook. (Houghton Mifflin Company, Boston, USA).

Winkler, D. W., Wrege, P. H., Allen, P. E., Kast, T. L., Senesac, P., Wasson, M. F.,
Llambias, P. E., Ferretti, V., and Sullivan, P. J. (2004). Breeding dispersal and philopatry
in the Tree Swallow. The Condor 106, 768-776.

Wischhoff, U., Marques-Santos, F., Ardia D., and Roper, J. (2015).White-rumped
wallows prospect while they are actively nesting. Journal of Ethology 33, 145-150.
Whittingham, L. A., and Dunn, P. O. (2001) Female responses to intraspecific brood
parasitism in the Tree swallow. The Condor 103, 166—170.

19



601
602
603
604
605
606
607
608
609
610
611
612
613
614

http://www.tandfonline.com/doi/full/10.1080/01584197.2017.1282827

Whittingham, L. A., and Dunn, P. O. (2016) Experimental evidence that brighter males
sire more extra-pair young in Tree swallows. Molecular Ecology 25, 3706-3715.
Wood, S. N. (2000) Modelling and smoothing parameter estimation with multiple
quadratic penalties. Journal of the Royal Statistical Society (B) 62, 413-428.

Wood, S. N. (2003) Thin-plate regression splines. Journal of the Royal Statistical
Society (B) 65, 95-114.

Wood, S. N. (2004) Stable and efficient multiple smoothing parameter estimation for
generalized additive models. Journal of the American Statistical Association 99, 673-
686.

Wood, S. N. (2006) Generalized Additive Models: An Introduction with R. (Chapman
and Hall/CRC).

Zhang, H., Vedder, O., Becker, P. H., and Bouwhuis, S. (2015). Age-dependent trait
variation: the relative contribution of within-individual change, selective appearance

and disappearance in a long-lived seabird. Journal of Animal Ecology 84, 797-807.

20



615

616
617
618

619
620
621
622
623
624
625

http: //www.tandfonline.com/doi/full/10.1080/01584197.2017.1282827

FIGURE CAPTIONS

Figure 1. Number of fledglings produced by female and male white-rumped swallows
breeding at the Chascomus site, Argentina, between 2003 and 2015 in relation to age, nest-

box choice (change or reuse) and mate choice (retention or divorce).

Figure 2. Schematic representation of the summary results from GLMMs that explored
variables associated with nest-box choice and mate choice in female (a) and male (b) white-
rumped swallows returning to breed at the Chascomus site (Argentina) between 2003 and
2015. Previous breeding performance was a significant predictor of nest-box choice in
females (a), whereas mate retention was a significant predictor of nest-box choice in males
(b). The null model fit the data on mate choice by females (a), but nest-box reuse was a

significant predictor of mate choice in males (b).
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TABLES

Table 1 — Definition of variables

Definition and nature of variables analysed in white-rumped swallows breeding in

Chascomus, Argentina, between 2003 and 2015.

Variable

Definition and nature

Nest-box

choice

Mate

choice

Age

Number of

fledglings

Year

Categorical variable with two levels: reuse': occupancy by an individual
in season ¢ +1 of the same box used in season ¢; or 'change': occupancy in
season ¢ +1 of a different box than the used in season .

Categorical variable with two levels: 'retention’: mating by an individual
in season ¢ +1 with the same mate chosen in season ¢, or 'divorce': mating
in season ¢ +1 with a different mate than in season ¢.

Age of an individual in years; continuous variable (range: 2 - 7). Birds
born at the Chascomis colony (i. e. recruits) had a known age. Minimum
age of birds captured as adults for the first time was attributed
considering that natal dispersal tends to be much greater than breeding
dispersal (Bulit and Massoni 2011), assuming that they were born the
previous year in a different location (i. e., were one year old at the time of
banding).

Proxy of previous season reproductive performance. Number of
fledglings fledged at a given nest in a given breeding season; continuous
variable (range: 0-6). We did not standardized this variable with respect
to the average of the colony because we assumed that individuals could
more heavily weight their own breeding performance rather than
comparing themselves to other birds.

Year of a given observation; categorical variable with twelve levels

(2003-2015, except 2012).
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Table 2 — Predictors of nest-box choice and mate choice

Predictors of variation in nest-box choice and mate choice in white-rumped swallows breeding in Chascomus, Argentina, between

2003 and 2015. Standardised coefficient estimates + standard errors (SE) and 95% confidence intervals (CI) are given for the best-fit

model for each dataset. No effect estimates are given when the best model was the null model.

Dataset n  Response Predictort Estimate £ SE 95% CI

(a) Females 241 Nest-box choice  No. of fledglings 0.32+0.12 0.04 - 0.29
Binomial

(b) Males 104 Nest-box choice ~ Null model - -
Binomial

(c) Females 92  Nest-box choice  No. of fledglings 0.31 £0.18 0.09 - 0.34
Binomial Mate choice (switch) -1.40 £ 0.50 -6.49 —-1.14

(d) Males 96  Nest-box choice  No. of fledglings 0.99 +1.32 -1.03 -2.32
Binomial Mate choice (switch) -7.86 £2.23  -35.27--10.03

(e) Females 92  Mate choice
Binomial
(f) Males 96  Mate choice

Binomial

Null model

Nest-box choice

(reuse)

-1.51 £ 0.60 -5.36 —-0.65

tBetter fitting models had AIC values of: a) 332.5; b) 148.6,¢) 117.5,d) 109.8, ¢) 54.2 , and f) 93.1.
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