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In species with biparental care, behavioral coordination in the provisioning of the progeny

is hypothesized to increase the number of offspring that survive to independence.

Coordination is often quantified by two metrics, alternation and synchrony. Turn-taking

(leading to an alternation pattern) can result when one parent’s investment strategy is

based on the investment of its partner (i.e., conditional cooperation). This should increase

the overall provisioning rate and improve offspring body condition. Synchrony might

equalize food delivery among offspring and therefore decrease the variance in offspring

body condition within the brood. Overall, offspring survival could be increased by parental

coordination. Finally, pairs with low coordination, and with potentially lower reproductive

success, are expected to be more likely to divorce. In this study, we use a dataset on

473 pairs of house sparrows in a natural insular population to test these hypotheses.

We found no effect of the pair’s apparent coordination on offspring condition, offspring

survival, or divorce rate, questioning the adaptive significance of this behavior. We argue

that, in this species, the detection of a higher frequency of alternation and synchrony,

when compared to chance expectation, might be induced by the environment, rather

than result from an emergent pair behavior selected for fitness benefits.

Keywords: breeding success, house sparrow, divorce, fitness, pairbond, double hierarchical model, brood size,

male age

INTRODUCTION

In most animal species, some form of interaction between males and females is necessary to ensure
each parent’s reproductive success, with examples ranging from courtship display to obligatory
biparental care. In this context, the synergy between the two individuals’ phenotypes or behavior
could be crucial. The emergent property of a pair at the phenotypic level has been shown to be
a potential target of mate choice and can lead to large fitness consequences (Ihle et al., 2015).
In species with biparental care, the importance of the phenotypic interaction between parents is
likely to peak during offspring provisioning, and could take the form of behavioral coordination.
Behavioral coordination could potentially improve with familiarity (i.e., pairbond duration; Black,
1996, but see Naves et al., 2007) or be determined by the combination of both partners’ personality
types (e.g., Both et al., 2005, but see Schielzeth et al., 2011).
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Behavioral coordination could take different forms and has
sparked significant recent interest (e.g., Mariette and Griffith,
2012, 2015; van Rooij and Griffith, 2013; Johnstone et al.,
2014; Bebbington and Hatchwell, 2016; Koenig and Walters,
2016; Iserbyt et al., 2017; Khwaja et al., 2017; Savage et al.,
2017; Takahashi et al., 2017; Tyson et al., 2017; Leniowski and
Wegrzyn, 2018). First, synchronized feeding (i.e., simultaneous
feeding) could potentially ensure that food gets delivered
equally to each offspring, limiting sibling competition (Shen
et al., 2010). Synchrony could also reduce the conspicuousness
of the nest to predators by potentially halving the number
of nest visit bouts if parents always visit simultaneously, as
opposed to perfectly asynchronously (Mariette and Griffith,
2012, 2015; Bebbington and Hatchwell, 2016). Second, alternated
provisioning (or “turn-taking”) could promote greater overall
investment by parents, as it has been argued to constitute a simple
form of reciprocal cooperation between parents trading-off their
current vs. future reproductive effort (Johnstone et al., 2014).
Under the conditional cooperation hypothesis, pair members
would engage in a tit-for-tat style of provisioning by increasing
their return rate to feed the young after their partner has fed,
potentially by withholding provisioning until their partner has
provisioned (Johnstone et al., 2014). This strategy should lead
to alternation (where 100% alternation is when parents take
strict turns to provision offspring) and encourage each parent
to provide an equal share of care. Theoretically, if pair members
follow this rule in real time, an increase in one parent’s feeding
rate should also lead to an increase in the partner’s feeding
rate, which would benefit the offspring (Johnstone et al., 2014).
Overall, synchrony and alternation, separately or in conjunction,
could, at least partly, determine the pair’s rearing success. The
pair members’ behavioral compatibility could also, subsequently,
influence the male’s or female’s decision to retain or divorce
their partner.

We aim at testing these hypotheses using the breeding
and provisioning data gathered on a wild island population
of house sparrows (Passer domesticus) monitored closely
for over 12 years where, overall, male and female care
are interdependent (Schroeder et al., 2019). In a previous
study, we found that alternation and synchrony were
higher than expected by chance, but we also demonstrated
how this outcome could, in principle, still be explained
by passive processes, namely that parents could show
correlated behaviors due to their shared environment
(Ihle et al., 2019). Therefore, this result was insufficient
(albeit necessary) to speculate on the adaptiveness of
behavioral coordination.

In the present study, we investigate whether the pair’s
coordination in provisioning predicts its success in terms
of offspring fledging success. In addition, as theory
suggests that turn-taking could increase the total number
of feeds to the offspring, while synchrony could reduce
the effect of sibling competition, we also analyse nestling
body condition and within-brood variance in nestling
body condition, respectively. Finally, we test whether
the degree of pair coordination predicts the likelihood
of divorce.

METHODS

Parental Rearing Success
We used data collected on a house sparrow population
breeding in nestboxes on Lundy, a small island located
19 km off the coast of south-west England (51◦10’N, 4◦40’W).
This population has been closely studied since 2000, and
all birds are marked with a unique combination of color
rings and a metal ring supplied by the British Trust for
Ornithology (Simons et al., 2015).

Each breeding pair was monitored from late April to late
August each year. All hatchlings had their blood sampled for
later parentage analyses. To construct our population pedigree,
we used 13 microsatellite loci to assign genetic parentage (see
detailed procedures in Schroeder et al., 2012). In addition,
around 50% of the nestlings were cross-fostered 1 or 2 days
after they hatched. Nestlings were usually exchanged along
with all or some of their siblings among two or three nests,
without affecting the original brood size (Winney et al., 2015).
We will assume that receiving foreign offspring does not affect
parental provisioning (no effect was found in the males of
our population: Lattore et al., 2019; no parent-offspring co-
adaptation was found in blue tits (Cyanistes caeruleus) despite
high power: Lucass et al., 2016; Thomson and Hadfield, 2019).
After this cross-fostering event, nestling were measured and
weighed when between 4 and 6 days old (hatching = day 0).
Finally, nestlings were ringed, weighed, and measured when
between 11 and 14 days old. Nestling were weighed with a digital
scale with a 0.1 g accuracy and their tarsus length (“minimum
tarsus” as defined in the British Trust for Ornithology ringer’s
manual) were measured with a digital caliper with a 0.01mm
resolution. Offspring body condition was not calculated—its
analysis (see below) uses chick mass as the dependent variable
and tarsus length as a covariate. Typically, offspring will fledge
soon after that date and, therefore, we assumed that each bird
that received a ring will have fledged successfully. We chose
to analyse offspring survival to fledging (rather than whether
offspring bred in the following year, for instance) tomaximize our
chances of detecting a potential effect of the parents’ behavioral
compatibility, assuming that fledgling survival after leaving the
nest is determined to a much greater degree by factors other than
parental care.

In addition to being monitored closely during the breeding

season, almost half of the individuals were caught over one

or two intense but brief events of mist netting in the winter,
allowing relatively accurate information on which individuals

were alive during the breeding season (Simons et al., 2015).
We considered an individual to have divorced its partner after

a given breeding attempt when either or both pair members

subsequently engaged in a breeding event with a new partner (in

the same or later year), while their former partner was still alive,
as judged from sightings, captures, social breeding, and genetic

parentage. In 68 broods (from 38 males and 48 females) out of

621 broods that were followed by a subsequent breeding event by
the male with an identified female, the male switched to breed
with another female before reverting to breed again with their
former partner (either fully sequentially or overlapping). Such
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cases, where the female seemed not to divorce (they did not rear
a brood with another male in between), were excluded from the
analysis presented below.

Parental Coordination in Provisioning
From 2004 to 2015, nestboxes were videotaped, usually, for two
90-min periods on 2 separate days (typically when nestlings
were 6 and 11 days old) during the provisioning phase of
each brood (first described in Nakagawa et al., 2007). For each
video, we recorded the time (±3 s) at which each sex entered
the nest or passed its head through the nest entrance. For
all these visits, we assumed that feeding occurred. This seems
to be a reasonable assumption given that visit rates predict
brood mass changes better than delivery rate based on load
size (which cannot always be assessed) in another population of
house sparrows (Pelletier et al., 2016; Dave Westneat, personal
communication, for the same analysis with a larger sample
size). For this study, the duration of time spent in the nestbox
(median = 0.3min, range = 0–47.7min) was ignored for
simplicity and consistency with previous work (Johnstone et al.,
2014; Mariette and Griffith, 2015; Bebbington and Hatchwell,
2016).

For each nest watch, we counted the number of alternated
visits, A, as the number of times a pair member provisioned
after the other; and the number of synchronized visits, S, as
the number of times an individual provisioned shortly after
its partner (Figure 1). We used an interval of 2min, as in
Bebbington and Hatchwell (2016), to define synchrony (see
Ihle et al., 2019 for rationale). Then, we calculated the level
of coordination (alternation and synchrony separately) that
would be expected by chance. For this, we randomized inter-
feeding intervals from each observed bird within each observed
nest watch before recounting A and S within each nest watch
(in Ihle et al., 2019, we refer to this procedure as “within-
individual, within nest watch randomization”). We repeated
this procedure 100 times and calculated the median number of
alternated and synchronized visits across the 100 randomizations
of each observed nest watch. In a previous study, we showed
that the most appropriate way to model coordination is to
use the deviation of observed alternation and synchrony from
random on the log scale to normalize the distribution of
counts (Ihle et al., 2019). Therefore, for each observed nest
watch, we calculated the deviation of the observed coordination
from what would be expected by chance as log(observed)—
log(random). We averaged this measure within broods to test
whether this affected brood success. We added 0.5 to observed
and random values to avoid log transforming zeros that would
lead to unrepresentable values (Yamamura, 1999). We use
these measures of alternation and synchrony rather than the
previously published measures of coordination at the pair level
(Bebbington and Hatchwell, 2016), because the latter do not
adequately account for the inevitable mathematical relationships
between coordination in provisioning and provisioning itself,
and therefore between coordination and every fitness proxy that
is known to be correlated with provisioning rate (see Ihle et al.,
2019 for demonstration).

FIGURE 1 | Illustrative timeline of provisioning visits, with each bar

representing a visit [female and male visits, in pink (dashed bar) and light blue

(solid bar), respectively]. Longer bars represent alternated visits. Asterisks

highlight synchronous visits.

Data Selection and Sample Sizes
As we were interested in the effect of parental coordination
between social parents when provisioning offspring, we included
data on all broods with two known social parents where
the nest was video-recorded when nestlings were at least 6
days old. We obtained 1,599 video recordings of ∼90min in
length, with, on average, 1.8 video recordings taken per brood,
featuring 299 different social mothers and 281 different social
fathers, forming 473 different pairs. On average, each parent
was observed across 4.7 broods, and each pair was observed
across 2.7 broods. This is the same dataset used in a previous
study (Ihle et al., 2019).

Statistical Analyses
Offspring survival until fledging was modeled as a binary trait
in a generalized linear mixed effect model with binomial error
and a logit link function (0: the offspring did not survive,
1: the offspring did survive). Predictors were the deviation in
alternation and in synchrony, the mean total provisioning rate
for that brood (mean total number of visit per hour across all
observations), the mean total provisioning rate squared (added
after inspecting the model residuals), brood size [number of
offspring surviving to day 5 (see below)], the number of clutches
a pair had had together prior to the one being considered (pair
clutch number), whether or not one (or both) pair members
had nested in that nestbox prior to the breeding attempt (as a
binary variable) as a measure of that individual’s (and possibly
the pair’s) familiarity with its environment, and the hatching
date as the number of days after 1 April of that year. We also
included whether or not the offspring was cross-fostered to
account for the cross-fostering design routinely performed on
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TABLE 1 | Model estimates and standard errors (SE) for each of the predictors of offspring survival to fledging (N = 2,482 offspring alive at age 5, 2,112 survived to

ringing).

Offspring survival Variable Estimate SE χ
2 p

Fixed Effects

Intercept 2.384 0.170 – –

Number of days between checks −0.004 0.069 0.004 0.948

Average total provisioning rate 1.309 0.104 227.574 <0.001

Average total provisioning rate 2 −0.256 0.050 20.246 <0.001

Brood size (at age 5) −0.633 0.084 69.553 <0.001

Mean A deviation −0.154 0.072 4.554 0.033

Mean S deviation 0.022 0.067 0.105 0.746

Day of the breeding season 0.483 0.074 41.569 <0.001

Pair brood number 0.062 0.079 0.636 0.425

Tenure (yes) 0.108 0.145 0.551 0.458

Cross-fostered (yes) 0.104 0.141 0.542 0.462

Random Effects

Natal brood 0.159

Rearing brood 0.000

Pair 0.214

Year 0.000

χ
2 statistics from likelihood ratio tests and p-values are indicated for each fixed effect. Degrees of freedom in each case is 1. Variances of random effects are provided. Bold highlights

significant results.

this population. Because, in our population, only chicks that
survived until age 2 or 3 days were cross fostered, cross fostering
would be expected to artifactually positively predict offspring
survival when considering survival from hatching to fledging
(Winney et al., 2015). To avoid this artifact, we only analyzed
chick survival after cross fostering, i.e., from when they were
measured between days 4 and 6 until ringing, and added the
number of days between the first measurement and ringing
(or the average number of days to ringing when no offspring
survived to a later stage within a brood) as a covariable (to
account for the number of days between survival checks). Social
pair identity, breeding year, and the natal and rearing brood
identities were modeled as random effects. This analysis pools all
observations (range: 1–3) made on a given brood by averaging
provisioning rate and coordination per brood, assuming that
parental effort has some level of consistency over the brood
stage (from age 5 to 12 days) and that parental coordination
at different stages does not have different effects on chick
survival. This may not be the case and could be investigated in
larger datasets.

Offspring body condition at 11–14 days old (nestling mass
with tarsus length as a covariate), was modeled with the same
predictors and random effects, with the exception of brood size,
which, here, was the number of offspring that were ringed, and
the number of days between survival checks, which was replaced
here by offspring age at the last measurement. As chicks were
cross fostered between nests, the intra-brood variance might
have been inflated due to differences in the relatedness of chicks
within the same nest. In order to account for this, we used
an animal model—a linear mixed effects model that used the
relatedness structure among individuals (i.e., the pedigree)—to

account for additive genetic effects (Henderson, 1988; Kruuk,
2004). This model was run in a double hierarchical model
framework where both the mean and the variance of a trait
are modeled simultaneously (Cleasby et al., 2015), so allowing
the residual variance in offspring mass to vary across nests.
This framework is necessary to test simultaneously the expected
positive effect of alternation and synchrony on offspring body
condition (in line with the hypothesis of reduction in parental
sexual conflict) and the expected negative effect of synchrony on
the offspring body condition variance within nest (in line with
the hypothesis of increased similarity in food delivery thanks to
synchrony). The within-nest standard deviations were assumed
to come from a log normal distribution, and were modeled
as a function of synchrony, brood size and the interaction
between the two. The test of the interaction term was included
in order to explore whether the effects of synchrony were more
pronounced in nests with more competition (i.e., with larger
brood size).

Finally, we modeled whether or not divorce occurred
following a specific recorded brood using a generalized mixed
effects model with binomial error and a logit link function (0:
the pair does not divorce after this brood, 1: the pair does divorce
after this brood). Predictors were the deviation in alternation and
synchrony, the pair clutch number, male and female ages, the
mean total provisioning rate, and the absolute difference in pair
members’ provisioning rates as a measure of parental investment
and asymmetry in parental investment, and the number of ringed
nestlings as a measure of reproductive success. We also included
whether the brood the pair cared for was mixed (i.e., contained
foster offspring). Random effects were the male and female
identities, and the breeding year.
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FIGURE 2 | Effect of the pairs’ deviation in alternation and synchrony averaged within brood observations and transformed on the log scale on: (top row) the

probability of offspring surviving from age 5 days to ringing (middle row), offspring mass at 11 days old (bottom row), the pair’s probability of divorcing. Blue curves are

dotted when the effects are not significant, and plain when the effect is significant. Note that the only significant effect is opposite expectation. Raw data (top row:

offspring survived: 1, offspring did not survive to fledge: 0; bottom row: divorce: 1, did not divorce: 0) are also shown.

Data handling, selection and randomization were performed
in R version 3.5.3 (R Development Core Team, 2019) and
all codes are available in a permanent repository (http://doi.
org/10.5281/zenodo.3459642). The generalized mixed effects
models (offspring survival and parental divorce analyses) were
performed with the lme4 package (Bates et al., 2015) in R
version 3.5.3 (R Development Core Team, 2019), using the
bobyqa optimizer. Significance of the predictors was obtained
using likelihood ratio tests, comparing nested models with and
without the parameter of interest (with the function “drop1”).
All predictors, which were all selected a priori, were kept in the
model regardless of their significance. The double hierarchical
model (offspring mass analysis) was run in Stan (Carpenter

et al., 2017) through the RStan package (Stan Development
Team, 2019), using 4 chains each with 30,000 iterations (without
thinning) and a warmup of 15,000 iterations. Convergence of
individual chains was visually assessed, as well as ensuring
that the Gelman–Rubin diagnostic (R-hat) across chains was
<1.1 (Gelman and Rubin, 1992). Normality of residuals was
visually assessed. A p-value for the fixed effects in this double
hierarchical model was approximated (pMCMC) as two times
the smaller of the number of iterations where (i) a < 0
or (ii) a > 0, where a is the parameter value (see e.g.,
Hadfield et al., 2013). Non-categorical predictors were scaled (i.e.,
giving them a mean of zero and standard deviation of 1) in
all models.
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RESULTS

Offspring Survival
The survival of offspring within each brood was negatively
affected by the mean deviation in alternation and not affected
by the mean deviation in synchrony observed for each brood
[effect opposite to expectation for the mean log alternation
deviation: odds ratio = 0.86, 95% confidence interval (CI) =

0.74–0.99; mean log deviation in synchrony: odds ratio = 1.02,
CI = 0.90–1.17; Table 1, Figure 2]. Offspring survival was also
negatively affected by brood size while it was positively affected
by hatching date and the total provisioning rate, although it
declined (or at least reached a plateau) at high provisioning
rates (i.e., the quadratic term was significantly negative, Table 1,
Supplementary Figure 1).

Offspring Body Condition
Offspring body condition was not affected by the mean deviation
in alternation or synchrony observed for each nestling’s rearing
brood but was negatively affected by brood size (fixed effects on
mean, Table 2, Figure 2). There was no significant interactive
effect of synchrony and brood size on within-brood variance in
offspring body condition (pMCMC = 0.099; trend opposite to
expectation, i.e., the effect of synchrony on within brood variance
in body condition is more positive as brood size increases, fixed
effect on residual variance, Table 2). There was also no main
effect of synchrony on within brood variance in body condition
(i.e., at average brood sizes there is no effect of synchrony; fixed
effect on residual variance, Table 2, Figure 2).

Divorce
The likelihood of pairs divorcing was not affected by the deviation
in alternation or synchrony observed in their previous brood
(A: odds ratio = 1.08, CI = 0.82–1.44; S: odds ratio = 0.95, CI
= 0.70–1.27; Table 3, Figure 2). Pair divorce was significantly
negatively affected by male age (older males were less likely to
divorce; Table 3).

DISCUSSION

In a previous study, we showed that alternation and synchrony
in offspring provisioning in this wild population of house
sparrows was higher than expected by chance. This was true
when comparing observed data to all of our null models (Ihle
et al., 2019). However, such comparisons are not sufficient
to allow us to tease apart the patterns due to parental
coordination from those induced by the parents each reacting to
a shared environment. In this study, we did not find a positive
association between offspring survival or body condition and
the coordination deviation from randomness, nor did we find
that the level of parental coordination predicts the likelihood of
divorce. We discuss how these results may fit into, rather than
contrast with, the current literature.

Despite increasing interest in behavioral coordination
(Mariette and Griffith, 2012, 2015; van Rooij and Griffith, 2013;
Johnstone et al., 2014; Bebbington and Hatchwell, 2016; Koenig
and Walters, 2016; Iserbyt et al., 2017; Khwaja et al., 2017;

TABLE 2 | Model estimates and 95% credible intervals (CRI) for each of the

predictors of offspring body condition (N = 2,098 offspring that were measured

around 12 days old).

Offspring mass Estimate (95% CRI) pMCMC

Fixed Effects on Mean

Intercept 22.298 (21.681, 22.929) –

Tarsus 3.146 (3.046, 3.246) <0.001

Offspring age 0.061 (−0.056, 0.177) 0.305

Average total provisioning rate −0.020 (−0.197, 0.157) 0.827

Average total provisioning rate 2 0.043 (−0.036, 0.123) 0.284

Day of the breeding season −0.080 (−0.207, 0.047) 0.216

Pair brood number 0.069 (−0.073, 0.208) 0.329

Brood size −0.327 (−0.483, −0.172) <0.001

Mean A deviation −0.048 (−0.177, 0.081) 0.469

Mean S deviation −0.042 (−0.171, 0.087) 0.523

Tenure (yes) −0.093 (−0.345, 0.158) 0.465

Cross-fostered (yes) 0.030 (−0.216, 0.274) 0.805

Random Effects on Mean

Natal brood 0.882 (0.612, 1.114)

Rearing brood 0.685 (0.217, 0.998)

Year 0.636 (0.346, 1.113)

Pair 0.556 (0.223, 0.798)

Additive genetic 1.226 (0.951, 1.512)

Fixed Effects on Residual Variance

Intercept 0.224 (0.047, 0.352) –

Brood size 0.003 (−0.065, 0.076) 0.939

Mean S deviation −0.013 (−0.084, 0.059) 0.718

Brood size × Mean S deviation 0.055 (−0.011, 0.123) 0.099

Random Effects on Residual Variance

Residual 0.279 (0.148, 0.409)

Approximated p-values (pMCMC) are also provided. In a double hierarchical model, the

mean and the variance of the predicted variable are modeled at the same time with two

different sets of fixed effects and random effects. Bold highlights significant results, italic

highlights trends.

Savage et al., 2017; Takahashi et al., 2017; Tyson et al., 2017;
Leniowski and Wegrzyn, 2018), the fitness consequences of
this emergent property for a pair have been assessed in only
a few instances, when coordination was indeed observed to
be higher than expected by chance. In an earlier study, a link
between coordination in provisioning and provisioning rate
itself was presented as evidence for an impact of coordination
on fitness (Bebbington and Hatchwell, 2016); however, these
variables are mathematically correlated (see Ihle et al., 2019)
and, therefore, this evidence should be treated with caution.
In Ihle et al. (2019), we showed that even when using a
modeling approach intended to account for a mathematical
relationship between dependent and independent variables,
we could not prevent spurious effects from emerging when
correlating coordination deviation and provisioning rate (we
could only prevent spurious effects between coordination and
variables correlated with provisioning rate). In other passerine
species, and in line with our observations, coordination did
not affect nestling survival or condition (Mariette and Griffith,
2012, 2015; van Rooij and Griffith, 2013; Bebbington and
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TABLE 3 | Model estimates and standard errors (SE) for each of the predictors of pair divorce (N = 553 broods, subsequent to which 103 divorces occurred).

Divorce Variable Estimate SE χ
2 p

Fixed Effects

Intercept −2.073 0.266 – –

Mean Log S deviation −0.053 0.151 0.12 0.725

Mean Log A deviation 0.080 0.142 0.32 0.571

Mother’s age −0.105 0.160 0.44 0.506

Father’s age −0.514 0.191 8.25 0.004

Pair brood number −0.085 0.206 0.17 0.680

Average total provisioning rate −0.365 0.202 3.38 0.066

Absolute difference in partners’ mean provisioning rates 0.221 0.146 2.25 0.134

Brood size (at ringing) 0.222 0.178 1.57 0.210

Mixed brood (yes) 0.518 0.276 3.62 0.057

Random Effects

Social father 0.000

Social mother 0.731

Year 0.000

χ
2 statistics from likelihood ratio tests and p-values are indicated for each fixed effect. Bold highlights significant results, italic highlights trends.

Hatchwell, 2016; Iserbyt et al., 2017), nor parental survival
(Bebbington and Hatchwell, 2016). Nevertheless, evidence
suggests that coordination (and especially synchrony of visits
at the nest) could reduce the likelihood of depredation (Raihani
et al., 2010; Mariette and Griffith, 2012, 2015; van Rooij and
Griffith, 2013; Bebbington and Hatchwell, 2016; Leniowski
and Wegrzyn, 2018). In contrast, in dual-foraging seabirds
(alternating long trips to feed themselves and short trips to
provision offspring), coordination in provisioning could prove
crucial and strict coordination might be the only way to prevent
starvation of the offspring or the partner (Takahashi et al.,
2017; Tyson et al., 2017; Wojczulanis-Jakubas et al., 2018).
Finally, following the idea that familiarity between partners
could positively impact reproductive success through some
sort of pair coordination (Black, 1996, but see Naves et al.,
2007), one could hypothesize that familiarity between partners
specifically increases coordination in provisioning (Westneat
and Hatch, 2008). Similarly, pairs with increased coordination,
possibly due to an increase in their pairbond duration, might be
less likely to divorce. However, we did not find that pair-bond
duration was linked to either better coordination in provisioning
(Ihle et al., 2019) or improved reproductive success (this
study), nor did we find that divorce was predicted by pairbond
duration or higher alternation or synchrony (this study).
Overall, the fitness consequences of behavioral compatibility
in terms of pair coordination in raising offspring have yet to
be demonstrated.

While coordination did not impact offspring survival and
body condition (apart from an effect opposite expectation),
and also did not predict parental divorce, other factors were
important. Brood size had a negative effect on offspring mass and
on offspring survival, while hatching date within the breeding
season of this multi-brooded species positively affected nestling
survival. These effects are known and have been discussed in
detail elsewhere (e.g., Ringsby et al., 1998; Cleasby et al., 2010;

Winney et al., 2015). We also found that the probability of
parental divorce declined with male age. This effect has not been
shown previously and invites further investigations. Because of
the sex-specificity of this age effect, one could explore further
the link between mate retention and territoriality, age, and
breeding success (e.g., see Bai and Severinghaus, 2012; Culina
et al., 2015), as well as with the potentially changing mating
strategies with age in males (Hsu et al., 2015; Girndt et al.,
2018).

If the adaptive significance of parental coordination in
provisioning through conditional cooperation is questioned, how
then can we explain that the observed patterns of alternation and
synchrony exceed the magnitudes expected by chance alone? We
cannot exclude a link between coordination and other aspects
of the pairbond (e.g., benefits associated with foraging as a
pair), nor can we exclude that taking into account more factors
into the randomizations (i.e., subsetting our dataset to nest
watches that meet specific criteria) could reveal the effects we
expected or, to the contrary, extinguish the difference between
the observed and random coordination. However, the positive
deviation from randomness might simply be attributable to the
coordination of both individuals’ behavior to the environment
surrounding their nest. As explained extensively in Schlicht
et al. (2016), Ihle et al. (2019), and Santema et al. (2019),
both pair members might have correlated patterns of inter-
feeding intervals due to experiencing the same environmental
conditions, which could lead to a pattern of apparently
coordinated visits to the nest. Teasing apart environmentally
induced patterns of alternation and synchrony from patterns
of true coordination emerging from conditional cooperation
will not be possible without measuring all environmental
parameters (which is in itself probably impossible) or conducting
logistically challenging experiments (e.g., Santema et al.,
2017). It will therefore be crucial in further studies of pair
coordination to explore fitness consequences, instead of solely
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showing that alternation or synchrony is higher than expected
by chance.
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