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Abstract 
Sexual conflict has long been perceived as a solid background for the evolution of parental care. Recent studies, however, 
highlight the importance of cooperation between the parents, especially in socially monogamous systems. Here, we examined 
parental performance of a small monogamous passerine with bi-parental care, the Eurasian Reed Warbler (Acrocephalus 
scirpaceus, RW), looking at the issue from the perspective of parents’ cooperation. Using accurate and non-invasive video 
data on parent chick provisioning from 78 nests varying in brood size, we found some evidence of parents cooperation: both 
parents similarly adjusted their feeding rate to brood size, and the higher was their both contribution, the better was chicks 
condition (expressed by defecation rate). However, contrary to our expectations (based on premises from similar studies on 
other bird species) we did not find evidence for frequent and active synchronisation of nest visits. Importantly, we found a 
negative relationship between synchronisation level and chick body condition, suggesting that synchronisation may actually 
not be that beneficial in the study system. The results are surprising and highlight the importance of studying various species 
to understand mechanisms behind cooperation of partners in the bi-parental care system.

Significance statement
Biparental care has long been viewed in the context of conflict between the breeding partners, and only recently they are 
considered cooperating agents caring together for the common offspring. Nevertheless, studies applying such a perspective 
are still scarce and there is a pressing need to test different species. Using video data on chick provisioning by Reed Warbler 
parents, we found evidence of partner cooperation: both parents adjusted their feeding rate to the number of nestlings, and 
the higher was their joint contribution, the better was offspring condition. Parents did not synchronise their nest visits more 
compared to randomly generated visits, but we found that synchronisation level negatively affected chick condition. Our 
results highlight the need to consider various species to fully understand mechanisms behind cooperation of breeding partners.

Keywords Coordination · Parental care · Sexual conflict · Synchronisation

Introduction

Since Triver’s (1972) seminal paper, parental investment 
has been viewed through the perspective of sexual conflict 
between parents. The conflict is assumed to arise because 
males and females have different reproductive interests, 
mostly due to the differences in the quality and quantity of 
their gametes (Clutton-Brock and Vincent 1991). It has been 
proposed that the evolutionary force related to these sexual 
differences is also the strongest in shaping the overall parent-
ing strategy (Trivers 1972). In this context, the sex limited in 
the number of produced offspring (thus, females producing 
a low number of large gametes or males in the condition of 
male-biased sex ratio in the population) would primarily 
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benefit from investing in the current offspring, for exam-
ple, in the form of post-zygotic parental care. In contrast, 
the sex less constraint in the number of produced offspring 
(thus, males producing large numbers of low-cost gametes 
or females in the condition of female-biased sex ratio in 
the population) would increase their fitness by mating with 
multiple partners, not caring much for the offspring (Triv-
ers 1972). Although in some animals this line of reasoning 
holds true, in many species gamete production constitutes 
only a tiny component of parental investment (Kokko and 
Jennions 2008), and initial sex differences may not be the 
only selective force shaping general reproductive strategy.

Reproductive systems with bi-parental care particularly 
challenge the question of sexual conflict over parental care. 
In this system, male and female work together to achieve a 
common goal, i.e. successfully raised offspring, and they 
apparently cooperate. Here, the initial sexual conflict is 
supposed to be enhanced because benefits (breeding suc-
cess), resulting from the combined effort of two parents, 
are shared by the parents, while costs (reduced survival 
and future reproduction of the parent) are paid individu-
ally, being related to individual parental effort (Trivers 1972; 
Chase 1980). Thus, each parent is expected to monitor and 
behaviourally respond to the partner’s behaviour (negotiat-
ing amount of parental effort), as only in this way bi-parental 
care strategy can be evolutionary stable (Houston et al. 2005; 
Johnstone and Hinde 2006; Johnstone 2011; Johnstone and 
Savage 2019). For instance, a male would provide parental 
care only when being “certain” of female commitment, oth-
erwise a female might free ride on male’s effort, which in 
turn could lead to erosion of the whole parenting strategy to 
uniparental care.

Despite sexual conflict being inevitable, due to differ-
ent evolutionary interests of the two sexes, natural selection 
can promote the evolution of parental cooperation (Griffith 
2019; Servedio et al. 2019; Wojczulanis-Jakubas 2021). 
One of the drivers of parental cooperation may be associ-
ated with fair contributions from the two parents that keep 
them both in an optimal zone of their parental effort. That, 
in turn, would increase not only a chance of their survival 
and future breeding of both partners (particularly important 
for long-lived species and/or species of high-mate fidelity) 
but also a chance of success in the current breeding attempt 
(Wojczulanis-Jakubas 2021). Recent studies clearly show 
that parental birds not only cooperate in the sense of taking 
care for the common offspring, but also adjust their parental 
activities in respect to each other in a way that may maxim-
ise their breeding outcome (as reviewed in Griffith 2019). If 
the predation pressure is the main constraint, parents may 
synchronise their nest visits to reduce overall activity around 
the nest, limiting nest exposure to potential predators. 
Indeed, synchronisation of feeding visits of Blackcap (Sylvia 
atricapilla) parents significantly decreased parental activity 

at the nest and increased nest survival rate (Leniowski and 
Węgrzyn 2018a). Parents may also coordinate their visits to 
optimise food delivery, which should promote development 
of the offspring (Griffith 2019; Servedio et al. 2019; Wojczu-
lanis-Jakubas 2021). For example, zebra finch (Taeniopygia 
guttata) fledglings had higher body mass if their parents 
adjusted nest visits in a way to perform the feeding in a syn-
chronised manner (Mariette and Griffith 2015; Leniowski 
and Węgrzyn 2018a, b; Baldan and Ouyang 2020). Although 
the idea to examine parental care in the perspective of paren-
tal coordination is quite recent (reviewed by Griffith 2019), 
studies published so far have already provided considerable 
support. At the same time, the existing studies demonstrate 
a great variety of patterns and level of parental coordination, 
as well as its effect on fitness. Thus, to fully understand how 
common are different patterns of parental coordination and 
what are their correlates, it is necessary to screen various 
species in various contexts.

In this study we examined chick provisioning by the Eura-
sian Reed warbler Acrocephalus scirpaceus (thereafter RW), 
looking at the parental behaviour from the perspective of 
parents’ cooperation and coordination. The RW is a small 
bird species, with bi-parental care system. Both male and 
female provision chicks and they do it at similar rate (Brown 
and Davies 1949; Duckworth 1990; LH unpublished data), 
which predisposes the species for examining parental coop-
eration. The brood size of the RW may range from 1 to 5 
chicks (Halupka et al. 2021), which in turn creates a natural, 
experiment-like set up for examining parental response to 
different levels of brood needs and/or provisioning patterns. 
Nest predation is an important factor affecting reproduction 
success of the species in the study population (Halupka et al. 
2014). It can potentially be another driver of coordination 
of parental activities (Leniowski and Węgrzyn 2018a); how-
ever, we have not tested its effect in the present study due to 
insufficient data (see details in Methods section).

We asked five questions and hence formulated five predic-
tions. First, we asked whether partners cooperate by increas-
ing their feeding effort if necessary. For this purpose, we 
leveraged the advantage of data set consisting of nests of 
different brood sizes, which could represent different brood 
needs. Larger broods having proportionally larger needs 
were expected to be provisioned more than small broods. 
Assuming parental cooperation, we expected both sexes to 
respond to brood needs in a similar way, by exhibiting a 
similar feeding rate in respect to the brood size. Second, we 
analysed a relationship between feeding rate of male and 
female parents in respect to each other (when controlled for 
brood size). We expected such a relationship to be significant 
and positive if the two parents respond to brood needs and 
environmental circumstances in a similar way (Baldan and 
van Loon 2022). No correlation between male and female 
feeding rate would indicate a lack of mutual male and female 
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interactions in parental performance. Third, to examine the 
adaptive value of parental cooperation, we considered the 
effect of the overall effort of parenting pair on chicks’ con-
dition. If parental cooperation could be a selective force, 
we expected a positive relationship between parental effort 
and the condition of the brood. We used the rate of faeces 
production by chicks in the nest (hereafter defecation rate) 
as a proxy for chicks current condition, as it is known to cor-
relate with digestive efficiency (Kilner 2001) and nutritional 
state (Karasov and Wright 2002). Fourth, we examined how 
much RW parents coordinate their activity by temporally 
synchronising their feeding visits, and how this pattern dif-
fered from what could be expected by chance. Evidence of 
behavioural adjustments (such as synchronisation of the nest 
visits) could indicated on active parents cooperation (Grif-
fith 2019). Finally, we considered the adaptive value of the 
nest visit synchronisation. Temporal synchronisation of nest 
visits may be beneficial and so favoured by natural selection. 
This is because parents visiting the nest at the same time 
may mutually control the partner performance (which could 
minimise the sexual conflict over the parental care (Mariette 
and Griffith 2015; Baldan and Griggio 2019)). Concomi-
tantly, parents visiting the nests at the same time may better 
distribute the food among the nestlings (Shen et al. 2010). 
By synchronising nest visits, parents may also decrease the 
disturbance around the nest site, which may reduce the risk 
of predation (Martin and Briskie 2009; Ghalambor et al. 
2013; Hua et al. 2014). Although existing adaptive explana-
tions of nest visit synchronisation are not mutually exclu-
sive and overall hard to disentangle without experimental 
manipulations, we analysed synchronisation in respect to 
overall feeding rate and defecation rate, expecting to find a 
significant positive relationship between the two. Then, we 
expected that if synchronisation is somehow related to over-
all efficiency of feeding in the nest, there would be a positive 
relationship between synchronisation and defecation rate.

Methods

None of the methods applied in the study was blind as the 
study involved individually marked birds, and knowing their 
identity was important for recording the behaviour.

Fieldwork

Data were collected during the fieldwork performed in the 
Stawy Milickie nature reserve (51.5387 N, 17.3401 E), SW 
Poland. The local population, inhabiting area of ca 3 ha, has 
been studied since 1970, with birds colour marked since 
1980. This enabled us to locate sufficient number of nests 
and follow parental behaviour at the nest (otherwise hard 
to perform in such an inconspicuous species as the RW). 

In each study season ca. 85% of RW nests are found at the 
building stage and followed after. The nests were visited 
every 2 days or daily (before the expected hatching day, to 
accurately determine the age of chicks). If a nest was found 
after hatching, chicks were aged based on morphometrics 
and/or overall chick appearance, following (Hałupka et al. 
2018). Other details about field procedures can be found 
elsewhere (Orłowski et al. 2016a, b; Halupka et al. 2021). 
For the purpose of the present study, the parental behaviour 
was video recorded in three consecutive breeding seasons 
(2020–2022). The recording was performed on the eighth 
day of the chick’s life. Almost all nests that survived until 
this stage were video recorded, but the good quality data 
were obtained for a total of 78 nests (37, 21, and 20 in 2020, 
2021, and 2022, respectively). Commercial cameras (JVC 
Everio GZ330) were set up on tripods, ca 1 m in front of 
the nest (usually in a path closest to the nest) and zoomed 
and centred on nest and the most proximate surroundings 
(radius of ca 0.5 m). Both parents were individually marked 
with a combination of metal and colour-plastic rings. After 
capturing, individuals were also sexed, based on the exami-
nation of cloaca protuberance and/or brood patch (Svensson 
1992). The eighth day of the chick rearing was chosen for the 
video recording as at this age chicks are becoming thermally 
independent, and so females rarely brood them during the 
day (LH unpublished data), being able to fully engage in 
chick provisioning. Same age of the chicks in all the nests 
reduced a potential effect of chick age on the examined vari-
ables. All the videos were recorded for on average of 2.3 h 
(range: 1.1–5.4 h) starting before noon, and performed in a 
similar, good weather conditions (no or slight wind, no rain). 
Brood size in the considered data set ranged from 1 to 5, 
with median of 4 chicks, with no significant inter-annual dif-
ferences in frequency of number of chicks (X-squared = 7.86, 
df = 8, p = 0.45; Supplementary Materials: Fig. S1).

Video analysis

We processed the video material in BORIS software (Friard 
and Gamba 2016), marking all the nest visits as a state event 
(i.e. time interval, with starting and ending timestamps), and 
feedings and faeces collection as a point event (i.e. a single 
timestamp). For each parent all the events were marked sepa-
rately. As reported in literature for some other passerines, 
e.g. Quan et al. (2015), defecation of RW chicks coincides 
with a feeding event (this is always a single defecation of 
a single chick; it does not occur at every feeding event and 
defecating chick is not necessarily the one being just fed) 
and faeces were collected by the parent; thus, the rate of 
the faeces collection reflected defecation rate in the nest. 
Defecating chicks put their rump out of the nest; thus, all 
defecation events could be detected. The time accuracy of 
the marking allowed in BORIS is set to three decimal points 
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of a second but our analysis of inter- and intra-observer dif-
ference (not presented here) indicated that this precision 
should be rounded to 1 s.

Statistical analysis

Due to varying duration of recordings that could potentially 
affect the feeding and defecation rate (if the number of feed-
ings/defection events changes over the time, for example, 
intensive feeding/defecation rate exhibited in first hour may 
be followed by decreased rate of both in the second hour 
of the recording), to calculate the rate for each variable 
we applied two approaches: 1) we divided the total num-
ber of feedings/defecation events per duration of a record-
ing (relaxed approach that allows to use maximum of the 
collected data), and 2) we calculated the number of feed-
ings/defecation events for each complete hour of recording 
separately (more conservative approach, that could help 
to “standardise” all the recordings, if needed). Using data 
derived in the second approach and for all the nests that were 
recorded for at least 2 h, we calculated repeatability of feed-
ing and defecation rates in the nest, to examine the effect of 
hour of the recording. To do so, we run two separate Poisson 
models (with log link function) with a number of feedings 
or faeces removal performed by an individual (regardless 
of the sex) as a response variable, and the bird/nest iden-
tity (multiple records for an individual/nest) as a random 
effect. In the model with the number of feedings we also 
included bird sex as a fixed effect. The number of iterations 
both for bootstrap and permutation tests was set at 500. The 
models were built following recommendation of Nakagawa 
and Schielzeth (2010) and repeatability of behaviours was 
calculated using rptR package (Stoffel et al. 2017). Since 
non-zero repeatability was revealed both for feedings [orig-
inal-scale approximation: R = 0.284, SE = 0.066, CI = [0.145, 
0.403], P (LRT) < 0.001, P (permutation) = 0.002] and 
defecation rate [original-scale approximation: R = 0.369, 
SE = 0.092, CI = [0.139, 0.492], P (LRT) = 0.001, P (per-
mutation) = 0.006], in further analyses of feeding and def-
ecation rate, we applied the rate calculated using the relaxed 
approach.

Since we found no significant inter-seasonal differences 
for parental effort being expressed as the feeding rate when 
controlled for the brood size (Supplementary materials: 
Fig. S2), for simplicity of the analysis data from all three 
seasons were pooled, and the season was not considered in 
any of subsequent analyses.

To examine similarity between males’ and females’ 
response to brood needs, we considered feeding rate exhib-
ited by male and female parents controlled for the brood size. 
To account for effect of brood size we divided feeding rate 
(calculated using the relaxed approach, as described above) 
by the number of chicks in the nest. Thus, we examined 

parental performance per nestling (i.e. not an absolute effort 
in response to the brood size). Using this response variable 
we ran a linear model with brood size (number of chicks 
treated as factor), sex of the parent, and interaction between 
the two as explanatory variables. We log-transformed the 
response variable to normalise residual distribution.

To test the prediction about a positive relationship 
between the feeding rate of male and female parent, we per-
formed a correlation analysis using the brood-size-stand-
ardised feeding rates of the two parents in particular nests. 
To test the significance of the observed correlation coef-
ficient we performed Monte Carlo randomisation. To this 
end, we sampled with replacement the standardised feed-
ing rates of each sex separately and calculated the correla-
tion coefficient for the randomised pairs of male and female 
data. Iterating procedure 1000 times, we received a normal 
distribution of correlation coefficients generated by chance. 
Subsequently, we compared the randomised coefficients with 
the observed value, calculating p-value as the proportion of 
randomised coefficients that would be equal to or lower than 
the observed one.

To examine the effect of overall parental effort on the 
chicks’ current condition, we considered feeding rate exhib-
ited by both parents (the number of male and female feed-
ings pooled; proxy for parental effort in the nest) and defeca-
tion rate in the nest (proxy for chicks’ current condition), 
both being standardised by the brood size (i.e. divided by 
the number of chicks in the nest). Then, we ran correlation 
analysis between the two variables and tested significance 
of the coefficient with the randomisation procedure (as for 
the testing correlation between male and female feeding rate, 
see above).

To test whether parents tend to temporally synchronise 
their feeding visits, we first calculated observed proportion 
of nest visits when partners met. Then, we applied Monte 
Carlo randomisation to test how the observed proportion 
is different from the one that could be expected by chance. 
Before any calculation, to time interval of each nest visit 
we added a time margin of 30 s at each side of the interval, 
to account for a possible partners’ encounter outside the 
camera view. This two-side margin makes in total of 1 min, 
and follows recommendations of Leniowski and Węgrzyn 
(2018a). As in the system of blackcaps (Leniowski and 
Węgrzyn 2018a), we had numerous observations that RW 
parents often arrive together with food, but then one of them 
perches in close vicinity of the nest waiting for the other 
to complete feeding. Thus, the added time buffer accounts 
for subsequent visits of the partners, performed shortly one 
after the other. In other words, the visit was considered to be 
synchronised if two partners met at the nest or paid their visit 
within 30 s time interval in respect to each other. For ran-
domisation, we first shuffled the observed sequences of nest 
visits and inter-visit intervals (with the added time margins 
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of 30 s to the nest visits), then we calculated the propor-
tion of feeding visits when the two parents encountered in 
the randomised patterns. The procedure was repeated 1000 
times, resulting in 1000 values of the randomised propor-
tions for each pair. Using this randomised distribution, we 
calculated a p-value for every nest observation. To obtain 
an overall p-value for the whole data set, we used the Fisher 
method, using the R package metap (Dewey 2023).

Using observed and randomised data sets, we calculated 
the synchronisation index for each pair as the proportional 
difference between the observed (obs) and expected (exp) 
proportion of nest visits with partners’ encounter (the for-
mula: [obs-mean(exp)] × mean(exp)−1). The interpretation 
of the index is that its positive values indicate partners’ 
synchronisation, with higher values denoting stronger syn-
chronisation. Zero values indicate random performance of 
partners, while negative values indicate that avoid synchro-
nisation and rarely meet at the nest area. We considered the 
value of the index as the intensity of the synchronisation.

Finally, to consider possibility of parents’ synchronisa-
tion of the nest visits to be adaptive, we examined how the 
synchronisation index is related to the brood size. For this 
purpose, we run a simple linear model with synchronisa-
tion index as a response variable and the number of chicks 
treated as a factorial explanatory variable. We also exam-
ined relationship between the synchronisation index and the 
feeding rate performed at the nest and the chick condition 
(expressed by brood-size-standardised defecation rate in the 
nest). To do so, we ran two separate linear models with the 
feeding or defecation rate as the response variables (both 
log-transformed to normalise residuals) and the index of 
synchronisation as a fixed effect in both models. Although 
overall predation rate was quite high in the study population 
(44% of 254 monitored nests were predated over the study 
period, LH unpublished data), potential effect of predation 
pressure on parent’s nest visits synchronisation could not be 
tested here, as of all the nests considered in the present study 
only one was predated after video recording.

Results

The model examining brood-size-standardised feeding rate 
exhibited by male and female explained 16% of variance and 
was significant (F = 4.172, df = 9 and 146, p < 0.001). There 
was no difference between the sexes in brood-size-stand-
ardised feeding rate in respect to the brood size (F = 2.43, 
df = 1, P = 0.24). Sex interaction with the brood size was 
also insignificant, F = 0.83, df = 4, P = 0.42) but brood size 
was significant on its own (F = 8.06, df = 4, P < 0.001). The 
feeding rate was the lowest at the largest broods, and that 
was particularly well visible in males (Fig. 1), but since sex 

was not significant while being the core of the question, we 
did not apply any post-hoc testing.

Brood-size-standardised feeding rate of male and female 
parents was significantly correlated (r = 0.31, P (permuta-
tion) = 0.003; Fig. 2).

Brood-size-standardised feeding rate of parenting pair 
was correlated with brood-size-standardised defecation rate 
in the nest (r = 0.54, P (permutation) < 0.001; Fig. 3).

Parents met at the nest on average at 25% (range: 4–46%) 
of all the feeding visits observed in the nest. Randomi-
sation procedure revealed that the observed patterns of 
parents’ encounters at the nest were not much different 
from that what could be expected by chance (Fisher test, 
X-squared = 152.11, df = 154, p = 0.53), with synchronisation 
index ranging from − 0.58 to 1.20 and median being − 0.001 
(Fig. 4). The synchronisation index was not related to the 
brood size (F = 1,37, df = 4, p = 0.25).

The model with brood-size-standardised feeding rate 
considered in relation to synchronisation index explained 
only 1% variance and was insignificant (F = 2.643, df = 1, 
76, p = 0.11) but there was a trend of negative relationship 
between the two (Fig. 5, Table 1). The model with brood-
size-standardised defecation rate considered in relation to 
synchronisation index explained 12% of variance and was 
significant (F = 11.67, df = 1, 76, p = 0.001). Consequently, 
the negative estimate for the relationship between brood-
size-standardised defecation rate and synchronisation index 
was significant (Fig. 5, Table 1).

Discussion

Examining parental performance of the Reed warbler males 
and females during the chick provisioning phase, we found 
that both sexes responded similarly to brood needs. They 
both adjusted (i.e. increased) the number of feedings with 
increasing brood size, so chicks received a similar amount 
of food from parents, regardless of number of nestlings in 
the nest. The feeding effort of the parents was apparently 
not sufficient at the brood size of five chicks, as then, brood-
size-standardised feeding rate was lower but there was no 
difference between the sexes in this response. In general, the 
feeding rate (when controlled for the brood size) of parent-
ing partners was positively correlated, and high feeding rate 
in the nest was associated with better current condition of 
the brood, as indicated by the positive correlation between 
feeding and defecation rate in the nest. Interestingly, and 
contrary to our expectations, the synchronisation of feeding 
visits of the two parents did not occur more frequently than 
it could be expected by chance. There was some inter-pair 
variation in the level of synchronisation of parents’ nest vis-
its, and we found that higher level of the synchronisation is 
related to lower defecation rate in the nest.
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Fig. 1  Brood-size-standardised feeding rate (number of feedings per-
formed per hour per chick) of female (orange) and male (olive) par-
ents at particular brood size classes (1 to 5 chicks in the nest). Boxes 
indicate the inter quartile range (IQR), with the central line depicting 

the median and the whiskers extending to 1.5 × IQR. At the right of 
the boxes frequency distributions are shown. Points indicate raw data. 
No statistically significant interaction between the sex and brood size

Fig. 2  Correlation between brood-size-standardised feeding rate (num-
ber of feedings per hour per chick) of male and female parents (left 
panel) and significance of the correlation coefficient tested in a ran-
domisation procedure (right panel)—the observed value of correlation 

coefficient (red vertical line), being clearly beyond the distribution of 
randomised values (grey filled), indicates strong and not random cor-
relation between feeding rate of male and female parents
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We expected that in a species with biparental care such as 
the RW, cooperation between the parents could be observed 
in a positive correlation between male and female parental 
effort. Our results indicate that indeed it may be the case. 
However, the mechanism behind this relationship cannot be 

determined based on the present study due to its correlational 
character. There may be two interpretations of the observed 
correlation in terms of behavioural interactions between the 
parents. First, it may be an effect of conditional cooperation, 
where feeding rate of one parent is a reciprocal response to 

Fig. 3  Correlation between brood-size-standardised defecation rate 
(number of defecations per hour per chick) and brood-size-standard-
ised feeding rate in the nest (number of feedings per hour per chick) 
(left panel), and significance of the correlation coefficient tested in a 

randomisation procedure (right panel)—the observed value of corre-
lation coefficient (red vertical line) being clearly beyond the distribu-
tion of randomised values (grey filled) indicates strong and not ran-
dom correlation between feeding rate and defecation parent

Fig. 4  Distribution of the synchronisation index observed in the con-
sidered data set. The index calculated as the proportional difference 
between the observed and expected proportion of nest visits with 
partners’ encounter, with the expected value established in a randomi-

sation procedure. The interpretation of the index is that its positive 
values indicate partners’ synchronisation, with higher values denoting 
stronger synchronisation of the nest visits of the two parents
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the partner’s performance. As such it could be a manifest 
of a sexual conflict between the parents over the parental 
care (Johnstone et al. 2014). Possibility of multiple breed-
ing attempts (up to five, Schulze-Hagen et al. 1996), includ-
ing partners exchange over the breeding season (Borowiec 
1992), could weaken the value of current breeding attempt, 
and that might further enhance the sexual conflict. Second 
possibility is that the positive correlation between male and 
female parental effort is an effect of partners’ similarity in 
foraging efficiency (Baldan and van Loon 2022); thus, both 
may simply feed their chicks as frequently as it is only pos-
sible in given circumstances. Then, low values of the feeding 
rate in some pairs might be simply an effect of some vari-
ables that we could not control in the study (e.g. temporally 
lower food availability limiting foraging efficiency of both 
sexes; similarly low body condition of the two parents due 
to assortative mating). Clearly, further studies (including an 
experimental approach) are needed to examine causality of 
the observed correlation, and the inter-pair variability in the 

similarity of the partners in the feeding rate may provide a 
powerful background for the investigation.

Our results show that chick feeding rate exhibited by 
the parenting pair is positively correlated with defecation 
rate in the nest. We assumed that defecation rate in the nest 
could be a proxy of current brood condition. We based 
our assumption on the fact that defecation rate in birds is 
known to correlate with digestive efficiency (Kilner 2001) 
and nutritional state (Karasov and Wright 2002). Then, def-
ecation rate in the nest was positively related to feeding rate 
of the parents in our study system. Importantly, defecation 
rate was measured at the same time as the parental behav-
iour; thus, the link between the two is more straightforward, 
i.e. not much affected by the time elapsed between the two 
measurements (as it could be the case for fledging success, 
for example). Possibility that higher defecation rate is an 
effect of digestion problem is unlikely to bias the results 
given a big sample size, we considered in the present study. 
In the context of the material collected for the present, 

Fig. 5  Relationship between synchronisation index and brood-size-
standardised feeding rate of the pair (number of feedings per hour per 
chick; left panel) and brood-size-standardised defecation rate in the 
nest (number of defecations per hour per chick; right panel); values 

of the response variables not being log-transformed on the plot (as 
they were in the model). Significant results denoted with solid black 
regression line and insignificant with dashed grey line. Grey areas 
denote 95% confidence interval for the regression line

Table 1  Results of linear 
models with brood-size-
standardised feeding and 
defecation rate considered 
response variables in respect 
to the synchronisation index. 
Significance (p < 0.05) of the 
regression denoted with black 
solid line

Response Variable Estimate Standard error t p

Brood-size-standardised 
feeding rate of the pair

(Intercept) 1.67 0.05 21.19  < 0.001
Synchronisation index  − 0.22 0.13  − 2.14    0.12

Brood-size-standardised 
defecation rate in the 
nest

(Intercept) 0.26 0.06 17.57  < 0.001
Synchronisation index  − 0.59 0.17  − 1.40     0.001
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non-invasive study, defecation rate was the only available 
variable for the offspring development. Regular measure-
ments of chicks’ body mass could be an alternative here but 
could also increase the risk of nest predation, and that not 
only could affect the parents’ behaviour but also jeopardise 
the breeding success. Also, considering fledging success as 
a measurement of the effect of the total parental effort was 
not an option, as when accounting for external mortality 
(predation), there was little variation in this variable in the 
monitored nests (chicks fledged successfully in 94% nests). 
Although defecation rate may not be a conventional meas-
urement, we believe it gives some insight into the adaptive 
value of the parental performance. The link between current 
chicks’ condition and their overall fitness is to be verified but 
our results suggest already that similarly high effort of both 
parents may promote chicks’ development. This, in turn, 
suggests that parents’ cooperation may be beneficial, and so 
could be a selective force shaping bi-parental care strategy 
(Griffith 2019; Servedio et al. 2019).

Cooperating parents may be expected to mutually adjust 
their behaviours, to further enhance the offspring fitness. 
Coordination of parental activities has been recently sug-
gested as a manifestation of tight parents’ cooperation, and 
in some species (of parenting strategy similar to RW) parents 
have been reported to actively synchronise their nest visits 
(57–67% of parents nest visits synchronised in the black-
caps (Leniowski and Węgrzyn 2018a), 63% in the crimson 
Rosella Platycercus elegans (Krebs et al. 1999), 73% in the 
long-tailed finch Poephila acuticauda (Rooij and Griffith 
2013), and 78% in the zebra finch (Mariette and Griffith 
2012). This synchronisation was also reported to be benefi-
cial for the offspring (e.g. increasing their survival, Mariette 
and Griffith 2012). Thus, we expected RWs to synchronise 
their visits. Contrary to this expectation, we found that only 
one-fourth of the nest visits were synchronised, and this 
value was not different from that what could be expected 
by chance, given exhibited number of feedings and duration 
of nest and inter-nests visits time intervals. This result con-
trasts with expectations but it is not entirely surprising as no 
evidence of parents’ coordination, despite evident circum-
stances favouring such a pattern, has already been reported 
(Enns and Williams 2022). All these contrasting results 
highlight how important it is to consider various species 
before generalising patterns and to understand mechanisms 
behind synchronisation.

Although the level of nest visit synchronisation in the 
RW was generally low, there was considerable inter-pair 
variation, and there were partners that synchronised their 
visits quite much and those which tended to avoid such a 
synchronisation. All the pairs were at the same stage of the 
nesting period, and the synchronisation was not significantly 
related to the brood size. What drives this variation is inter-
esting on its own and could reflect inter-pair variation in 

various traits that may be linked with parental performance. 
Examining such a variation may help to understand a general 
mechanism of the synchronisation. Importantly, high level 
of synchronisation in RW was associated with lower defeca-
tion rate in the nest. We assumed that synchronisation of the 
nest visits is driven by the partners’ cooperation. However, 
there is also a possibility that nest visit synchronisation is 
a demonstration of the sexual conflict over parental care 
(mutual control of the partners). If this is the case then our 
findings on decrease in defecation rate with increase of the 
synchronisation could be a cost of this conflict. It would not 
be the first time, when sexual conflict resulted in less effi-
cient outcome of the breeding pair. As a matter of fact such 
a scenario has been already predicted by some theoretical 
models (Webb et al. 2002; Lessells and McNamara 2012) 
and has also been found to be the case in some empirical 
studies, although in the context of nest visit alternation. For 
example, the great tit (Parus major) parents alternated their 
visits to the nest and speed up their feeding rate after their 
partner had visited the chicks, but slow it down again once 
they had visited in turn (Johnstone et al. 2014). In such a 
context, low level of nest visit synchronisation in the RW 
could mitigate this negative effect, and counter-intuitively 
would suggest parent’s cooperation being a selective force. 
The parents avoiding a mutual control would maximise regu-
larity in the feeding rate. Then, if there are no other forces 
favouring synchronisation of nests visits, parents meeting at 
the nest could simply be a coincidence.

Low level of nest-visit synchronisation observed among 
the RW pairs in the present study may partly be related 
to the breeding stage. We deliberately focused on that 
stage, to ensure both sexes are fully engaged in chick pro-
visioning (females are not burden with extensive chick 
brooding). It is possible, however, that at this time the 
synchronisation, whatever purpose it serves for, it is not 
that much important any more. Both theoretical model 
(Lessells and McNamara 2012) as well as empirical stud-
ies (Leniowski and Węgrzyn 2018a; Baldan and Griggio 
2019) have demonstrated that the level of synchronisation, 
if to maximise fitness offspring, is critical at early level of 
the reproduction. If the synchronisation is to better dis-
tribute the food among the chicks, then perhaps it is also 
much more important at the early stage, when chicks may 
be more sensitive to possible parental mistakes in food 
distribution. Then, if the synchronisation is to minimise 
the risk of the nest predation as in Leniowski and Węgrzyn 
(2018a), again it may be much more relevant at early stage, 
when chicks are more vulnerable to nest predation due 
to their inability to escape and survive outside the nest 
without parental brooding. Indeed, our data show that 
once chick reaches age of 8 days, their predation-related 
survival is rather high (94%). Finally, if the synchroni-
sation is to control the partner’s behaviour and parental 
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effort, perhaps this control may be the most important at 
the beginning of parental performance, when the level of 
partner commitment is not yet well established (Baldan 
and Griggio 2019).

Summing up, RW parents cooperate with each other 
raising together the common offspring. Both sexes exhibit 
the same effort in respect to brood size, and parental effort 
is correlated within the pair, which further suggests there 
are some interactions either between the parents and/or 
parents and environment that lead to the observed pattern. 
Similarly high parental effort seems to be beneficial for 
the offspring (better current condition of chicks) which 
suggests that cooperation may be a selective power shap-
ing the parenting strategy. However, RW parents do not 
synchronise their feeding visits more often that it could 
be expected by chance, which is surprising given behav-
iour of other species, of a similar breeding ecology. The 
low level of parents’ synchronisation in the RW may be 
related to the late breeding stage that we considered in 
the presented study. Alternatively, it may be an adaptive 
parents’ performance, mitigating a negative effect of the 
synchronisation on the offspring fitness, as apparently the 
level of synchronisation is negatively related to the feeding 
rate in the nest.
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