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ABSTRACT. Parental division of offspring care in the post-fledging stage of passerines is scarcely studied, 
especially for neotropical species. We describe the division of parental care in the post-fledging stage of the 
pale-breasted thrush, Turdus leucomelas Vieillot, 1818, focusing on the food provisioning rate, its effects on 
fledgling vocalization and foraging, as well as the way parents divide their brood for care. We made direct 
observations on 13 fledglings from eight families (mean ± standard deviation: 1.88 ± 0.83 fledglings per family) 
for 70.2 hours. We found no differences in food provisioning rate between adult males and females, nor was 
it affected by brood age or size. Food provisioning rate was not associated with the frequency of foraging and 
vocalization by fledglings; foraging was the only behavior that varied with brood age, increasing in frequency. 
Although there was no difference between parents in food provisioning, pale-breasted thrushes presented 
four different arrangements of fledgling care: male-only care (while females incubated a new clutch), brood 
division between the two parents, female-only care (in the absence of a new nesting attempt), and biparental 
care (both adults take care of the same fledgling). The mode of parental care (uniparental or biparental) did 
not affect the rate of food provisioning to fledglings. The diversity in modes of brood division between parents 
was greater than expected, which calls for further studies to uncover the underlying reasons for such variation.
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INTRODUCTION

Birds have a wide array of mating systems, including 
polyandry, polygyny, and lekking, but social monogamy is the 
most common type of breeding arrangement in this group 
(Kempenaers 2022). The sexual division of parental tasks is a 
remarkable life history trait that, though more evident in polyg-
amous species, can vary broadly even in socially monogamous 
birds, in which one can find from male or female exclusive 
attendance to biparental care (Cockburn 2006). These different 
strategies arise primarily from sexual and parental-offspring 
conflicts mediated, among a number of other factors, by sexual 
dimorphism (Møller 2003, Cockburn 2006, Valcu et al. 2023).

Social monogamy is especially interesting in mono-
morphic species, where there are less obvious sources of 

sexual conflict related to ornamentation that affect parental 
investment (Møller 2003). Indeed, equitable care between 
parents is the most common tactic adopted by monomorphic 
monogamous species (Wilkin et al. 2009, Gill and Haggerty 
2012, Sánchez et al. 2018). Nevertheless, sexual asymmetry 
of parental tasks is fairly common even in such species, in 
which females and males usually perform exclusive tasks but 
both parents provide food to their offspring to some extent 
(Auer et al. 2007). The level of symmetry in biparental care, 
despite being well studied during the nestling stage, is rarely 
studied in the post-fledging stage worldwide. The reason 
for this lies in the methodological difficulty of studying 
parent-offspring interactions of moving birds compared to 
birds stationed on nests (the most widely studied stage for 
parental investment in birds – Ogden and Stutchbury 1997, 
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Green and Cockburn 2001). The post-fledgling stage may 
be especially costly for southern hemisphere and tropical 
species, as it is usually longer than in northern hemisphere 
species, and because parental protection is needed due to 
the higher mortality risk during the first weeks after the 
young leave the nest (Russell et al. 2004, Tarwater and Brawn 
2010). Thus, understanding parental investment during this 
later reproductive stage is important to fully comprehend 
parent-offspring interactions in birds.

One of the basic aspects to know about parental 
investment in the post-fledging period in socially monog-
amous species is if and which scheme parents adopt to 
divide care among fledglings (Tarwater and Brawn 2010). 
In these species, there are three basic patterns of division 
of fledgling care between parents (Russell 2000, Rivera et al. 
2000): (1) equal care, in which both parents equally care for 
all fledglings (Rivera et al. 2000); (2) uniparental care, when 
a single parent cares for the whole brood while the other is 
engaged in another nesting attempt (Rivera et al. 2000); and 
(3) brood division, in which each parent cares for a portion of 
the offspring. Occasionally, parents will only care for certain 
fledglings without shuffling fledglings with their partner 
(Russell 2000, Rivera et al. 2000, Bonnevie 2004). Brood 
division supposedly enhances parent foraging efficiency 
and reduces the predation risk of the whole brood by pro-
moting fledgling dispersion, which increases the survival of 
fledglings (Anthonisen et al. 1997, Russell 2000, Martin et al. 
2018, Jones et al. 2020). In multi-brood species, the potential 
advantages of brood division are constrained by the need 
males to assume provisioning for the entire brood while 
females incubate a new clutch (Edwards 1985, Weatherhead 
and McRae 1990, Rivera et al. 2000). Despite the importance 
of the topic to understand the biology of birds, we still lack 
information about the post-fledging parental care behavior 
of many bird species, particularly in tropical areas, where the 
duration of fledgling dependence is extended and fledging 
survival is higher (Russell et al. 2004, Tarwater and Brawn 
2010, Lloyd and Martin 2016).

The post-fledging dependency period, when fledglings 
are provisioned and protected by their parents, represents 
a point of parental-offspring conflict because, although in-
creased parental effort promotes higher offspring survival, it 
compromises their future breeding attempts (López-Idiáquez 
et al. 2018). Optimal rates of parental feeding should reduce 
the need for risky activities that potentially attract predators, 
such as begging and contact calls, increasing both offspring 
and parental fitness (Naef-Danzer et al. 2001, Evans et al. 
2020). As fledglings get older, their vocalization frequency 

tends to decrease because begging for food and contact calls 
could become increasingly unanswered as they approach 
to independence (Schaefer et al. 2004), while the foraging 
skills of fledglings slowly enhance. Therefore, parental food 
provisioning is expected to be negatively correlated with for-
aging frequency by fledglings and fledgling age in passerines 
(Middleton et al. 2007, Thompson et al. 2013).

We investigated post-fledging parental care in a social-
ly monogamous, monomorphic, and widespread neotropical 
thrush species, the pale-breasted thrush, Turdus leucomelas 
Vieillot, 1818, with a special focus on the different roles 
played by male and female parents. Considering that this 
species has biparental care during the nestling stage (Haddad 
et al. 2024), no differences were expected between males 
and females in the rate of food provisioning to fledglings. 
We expected to find rare occurrences of brood division as 
the pale-breasted thrush is a multi-brooded species, and 
the male usually needs to assume the care of all fledglings 
when the female starts incubating a new clutch. We also 
recorded fledgling foraging and vocalization behaviors and 
hypothesized that both food provisioning rate by parents 
and fledgling vocalization frequency would decrease with 
fledgling age, due to an increase in fledgling foraging fre-
quency as fledglings get older.

MATERIAL AND METHODS

Study area and species

Our study was conducted on the campus of the Uni-
versidade Estadual Paulista “Júlio de Mesquita Filho” (UN-
ESP) (22°23’45.7”S; 47°32’38.3”W) at Rio Claro, southeast 
Brazil. The 111.46 ha area of the campus has fragments 
of native vegetation with plant species from Cerrado and 
semideciduous Atlantic Forest, mixed with buildings, streets, 
and gardens in a typical suburban area. The study site has 
a tropical climate with average monthly temperatures 
ranging from 16.5 to 23.0 °C (Alvares et al. 2013) and two 
well-defined seasons: a wet season lasting from October to 
March (~ 1200 mm rainfall) and a dry season from April to 
September (180–200 mm rainfall).

The pale-breasted thrush occurs in Brazil (except the 
westernmost states of Acre and Rondônia), Paraguay, the 
north of Argentina, Guyana, French Guyana, and the south 
of Colombia and Venezuela (Haverschmidt 1959, Sick 1997). 
It is a monomorphic monogamous species, with an omnivore 
diet, preying on invertebrates and eating fruits (Sick 1997). 
It inhabits savannahs, forest borders, clearings, and gallery 
forests, also occurring in rural and urban environments (Sick 
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1997). In the study region, its breeding season goes from 
September to January (Davanço et al. 2013).

Observations on families

From September to December 2018, we actively 
searched for nests and monitored them every two to three 
days (every two days near the expected fledging date) to 
gather information on egg laying, hatching, and fledging 
days. We color-banded nestlings when they were 8–10 days 
old to avoid their premature fledging after manipulation, 
as they usually fledge around 15–16 days old. Many of the 
thrushes of the area were already color-banded as part of a 
long-term monitoring study (e.g., Batisteli et al. 2021). Thus, 
for all investigated nests, at least one of the parents from the 
families (i.e., parents and fledglings from the same nest) was 
also color-banded to enable the visual identification of the 
sex. Sex identification of marked birds was done by UNIGEN 
São Paulo, an outsourced laboratory, using blood samples 
(licenses SISBIO 45434-5, CEMAVE 3362). The Polymerase 
Chain Reaction (PCR) amplification of DNA was done to 
identify genetic material with DNA sex markers.

After nestlings fledged, we followed the families, 
locating the fledglings by using cues such as the activity 
of parents, the vocalizations of fledglings and parents, and 
searching in usual resting spots. We started our observa-
tions the day after the first fledgling left the nest. Because 
all nestlings of a single nest fledged usually in the same or 
consecutive days, we assumed the age of fledglings from the 
same family as equal with a maximum error of one day. The 
first day out of the nest was considered the age zero of the 
fledglings. Families were followed until fledglings were not 
found in the company of parents or cared for by them after 
two consecutive days of observation attempts.

Observations were carried out with binoculars in 2-hour 
sessions in the morning (05:30–10:30 a.m.) and in the after-
noon (02:30–07:00 p.m.) on sunny days. For each family, a 
single fledgling (“target fledgling”, usually the first we found) 
was observed for a given observation session. Because parents 
might feed preferentially one of the fledglings, which could 
harm our inferences about parental provisioning in function 
of fledgling age, we actively avoided following the same 
fledgling in consecutive observation sessions on families with 
more than one fledgling, aiming for a better representation 
of the whole brood. The parent and the target fledgling were 
identified in each provisioning event. Gaps in the observation 
when the target fledgling was out of sight were discarded 
from the analyses, and the remaining time intervals with 
useful data were named ‘effective observation time’. During 

each observation session, we recorded the number of food 
provisioning events for the target fledgling. When opportu-
nistically witnessed, feeding events directed to the non-target 
fledgling of the same family group were also recorded but used 
exclusively to support our classification of the family groups 
as uniparental or biparental care. In only one family, a male 
observed feeding the non-target fledgling, which allowed us 
to classify this family as having biparental care, while other 78 
feeding events of the non-target fledgling in two other families 
supported the classification based on the target fledglings.

The behavior of the target fledgling was recorded every 
five minutes (observation scan) across observation sessions. 
The behaviors considered were (1) foraging, either as an in-
dividual (i.e., when fledglings were picking apart or rustling 
through their surroundings) or social foraging (parent-off-
spring interaction in which fledglings follow and observe 
foraging adults, are fed by them, and forage accompanied 
by them), and (2) vocalization (probably mostly to maintain 
contact with the family and indicate hunger). These behav-
iors were treated as binary variables: foraging (yes/no) and 
vocalization (yes/no).

Statistical analyses

We built Generalized Linear Mixed-Effects Models 
(GLMMs) with Poisson distribution to analyze parental food 
provisioning to fledglings. Seven out of the sessions with 
no feeding events of the target fledgling were retained for 
assessing potential differences regarding modes of brood 
division and calculating the number of provisioning events 
per hour, but discarded from the comparisons between 
males and females in families with biparental care to avoid 
artificially inflating the similarity between sexes given our 
modest sample size. First, we tested if the frequency of food 
provisioning to the target fledgling differed as a function of 
the parental division mode (uniparental or biparental care) 
using brood size (i.e., the number of nestlings that fledged 
from the nest of that family) and brood age as covariates, 
and the effective duration of each observation session as an 
offset variable (i.e., an explanatory variable with a coefficient 
fixed at 1). To test whether males and females differed in 
their contribution to fledgling provisioning, we used the 
frequency of food provisioning to the target fledgling as a 
response variable, with sex as a fixed factor, brood size and 
brood age as a covariate, and the effective duration of the 
observation session as an offset variable. The identity of each 
family group was set as a random effect in both models.

For vocalization and foraging behaviors of fledglings, 
we built GLMMs with the presence or absence of each 
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behavior at a given observation scan set as a binomial 
response variable, and the provisioning rate at that ob-
servation session and fledgling age as covariates. In both 
GLMMs, fledgling identity within family group identity 
was set as a nested random effect. All analyses were done 
with R Statistical Software version 3.6.2 (R Core Team 2022) 
using the packages “lme4” (Bates et al. 2015) and “lmerTest” 
(Kuznetsova et al. 2017). Values are reported as mean ± 
standard deviation.

RESULTS

We made 49 observation sessions on 13 fledglings from 
eight thrush families, but two observation sessions were 
discarded due to the short effective observation time (i.e., 5 
and 25 min). Therefore, we retained data from 47 observation 
sessions, resulting in 70.2 hours of total effective observation 
time (mean effective observation time per session: 89.6 ± 23.9 
min, range: 35–130 minutes). The mean number of sessions 
per family group was 5.9 ± 5.6, ranging from 1 to 19. The 
brood size of families was one (n = 3), two (3), or three (2), 
averaging 1.88 ± 0.83 fledglings per family. Fledglings were 
observed between 0 and 30-days after fledging (i.e., between 
16 and 48 days after hatching), and the mean age of observed 
fledglings was 12.4 ± 8.2 days old.

Fledglings spent the first three days after leaving the 
nest in the surroundings of the nesting site (e.g. around 10 
m from the nest but sometimes farther away in the case 
of nests made on buildings), amidst the dense vegetation 
of bushes and shrubs. After that, fledglings were found in 
specific spots, often less than 30 m away from the nest, and 
continued to select areas with denser vegetation.

Parents caring for fledglings alternated between stay-
ing near them while at a high vantage point and leaving to 
forage. Social foraging occasionally occurred in this early 
period. Later in their development, fledglings became capa-
ble of flying longer distances to follow their parents (up to ~ 
75 m from the usual fledgling resting spot and back again).

The overall provisioning rate was 4.74 ± 3.05 feeding 
trips/h, ranging between 0 and 12 feeding trips/h. Seven out 
of 344 feeding events were performed by an unidentified 
sex and were excluded from further analyses. Both parents 
(together or separately) fed the fledglings in at least one 
observation session in four of the eight families followed, 
which were then classified as biparental feeding. In the other 
four families classified as uniparental feeding, fledglings 
were fed exclusively by males (n = 2 families) or females (n 
= 2) during the observation sessions (Fig. 1).

Uniparental vs. biparental food provisioning

When examining all the families, there was no effect of 
fledgling age on food provisioning rate to the target fledgling 
of each observation session (Table 1, Fig. 2), which also did 

Table 1. Factors affecting the rate of food provisioning to 
fledglings in the pale-breasted thrush, Turdus leucomelas. 
Generalized linear mixed-effects models addressing the 
effect of fledgling age, mode of parental care (uniparental/
biparental feeding), parental sex, and brood size on food 
provisioning considering all observed families (n = 8, 70.2 of 
observation) and families with biparental food provisioning 
(n = 4, 24.5 hours of observation).

Model structure Estimate Std. error z p

All families

Intercept -2.210 0.416 -5.309 < 0.001*

Fledgling age -0.011 0.008 -1.270 0.204

Parental care mode -0.029 0.171 -0.102 0.919

Brood size -0.184 0.084 -1.085 0.278

Families with biparental care

Intercept -3.337 0.699 -4.776 < 0.001*

Fledgling age 0.011 0.025 0.431 0.666

Parental sex -0.403 0.339 -1.189 0.234

Brood size 0.223 0.157 1.428 0.153

Figure 1. Total number of food provisioning events to fledg-
lings of the Pale-breasted Thrush Turdus leucomelas by each 
parental sex. Grouped bars refer to fledglings from the same 
family group (1 to 8) and reflect clutch size, with exception 
of families 5 and 6 (two fledglings each, one of them non 
assessed during focal observations). Families 1 and 6 to 8 
were assigned as biparental care; in family 7, biparental care 
was assigned because the male was observed feeding one 
non focal nestling.
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for the target fledgling was 2.33 ± 2.39 feeding trips/h (range: 
0–7.00.trips/h), under an effective observation time of 24.5 
h distributed in 15 observation sessions (70.0 ± 24.2 min 
per session, range: 35–110 min). We also did not observe a 
significant effect of brood size on food provisioning rates for 
the target fledgling (Fig. 3A, Table 1), which were 4.66 ± 2.41 
(n = 9 sessions in three families), 2.95 ± 2.27 (n = 13 sessions in 
three families), and 3.30 ± 2.44 (n = 24 sessions in two families) 
for broods with one, two, and three fledglings, respectively.

Male vs. female in biparental food provisioning

In the 13 out of 15 sessions from families with bipa-
rental food provisioning when at least one feeding event 
was recorded, fledglings were fed solely by females in eight 
sessions, while males fed the fledglings alone in one session. 
Males and females were recorded provisioning fledglings 
together in three of the sessions, but they fed the same 
fledgling in only two of those observation sessions. Regarding 
brood division, our results were restricted to two families 
that met the prerequisites for assessing brood division 
between parents (i.e., with biparental food provisioning 
and more than one fledgling). We found little evidence of 
this due to the overall low participation of males in these 
particular cases. For instance, in one of these families, the 
male fed only one of the two fledglings a single time, while 

Figure 2. Food provisioning rate (events per fledgling per 
hour) in the Pale-breasted Thrush Turdus leucomelas in 
relation to fledgling age expressed as days from fledging.

Figure 3. Food provisioning rate (events per fledgling per hour) in the Pale-breasted Thrush Turdus leucomelas. A) effect 
of brood size and mode of parental care division (uniparental/biparental), and B) by females and males in family groups 
with biparental food provisioning. Points in B represent the values comprised in the boxplots, in which the box delimit 
interquartile ranges, the vertical lines indicate minimum and maximum and the horizontal line denotes medians.

not differ between families with uniparental or biparental 
feeding (Table 1). In families with uniparental care, this rate 
was 3.52 ± 2.33 feeding trips/h (range: 0–7.5 trips/h), under 
an effective observation time of 52.2 h distributed in 32 ob-
servation sessions (97.8 ± 19.0 min per session, range: 60–130 
min). In families with biparental care, the provisioning rate 
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the female performed 18 feeding events in total. In the 
other family with three fledglings, the male fed only one of 
them seven times.

In families with biparental feeding, females and males 
did not differ about food provisioning rate (females: 4.06 ± 
1.86 feeding trips/h; males: 2.75 ± 2.07 feeding trips/h; Fig. 
3B) (Table 1). Provisioning rates also did not vary in relation 
to brood sizes or fledgling age in these families (Table 1).

Vocalization and foraging behavior of fledglings

The average number of scan samples per family was 
81.8 ± 15.1 scans (range: 17–446 scans), which were dis-
tributed in 63.5 h of effective observation time during 41 
observation sessions. We failed to detect fledgling behavior 
in 187 of the total 974 scan samples. The earliest foraging 
behaviors were observed on the same day fledglings were 
out of the nest, which were instances of social foraging, and 
at the sixth day after fledging occurred the first instances 
of sole fledgling foraging. Vocalizations were recorded for 
all fledgling ages in all but one (a fledgling with 27 days) 
observation session. Foraging frequency increased with 
fledgling age but was not related to the provisioning rate 
of food by parents (Fig. 4A, Table 2), while vocalization did 
not vary with fledgling age or the rate of food provisioning 
by parents (Fig. 4B, Table 2).

The number of food items delivered to fledglings was 
one in 92.1% of the 344 provisioning events, ranging from 1 
to 5. Food items were identified in 45.9% of the provisioning 
events, being classified as “invertebrates” (e.g., earthworms, 
cicadas, winged termites, caterpillars, and other insects), 
“fruits”, and “others” (e.g., dog food, pieces of bread) (Fig. 
5). As the fledglings became older, the proportion of un-
identified food items decreased while the proportion of 
invertebrates increased (Fig. 6).

Table 2. Fledgling behavior changes in the pale-breasted 
thrush, Turdus leucomelas. Results of generalized linear 
mixed-effects models addressing the effect of fledgling age 
and the frequency of food provisioning by parents on the 
foraging and vocalization of fledglings (as binomial response 
variables).

Model structure Estimate Std. error z p

Foraging

Intercept -5.169 0.753 -6.864 < 0.001*

Fledgling age 0.084 0.018 4.662 < 0.001*

Food provisioning 0.001 0.041 0.031 0.975

Vocalization

Intercept -1.601 0.501 -3.192 0.001*

Fledgling age 0.022 0.013 1.694 0.090

Food provisioning 0.038 0.033 1.128 0.259

Figure 4. Age-related variation in the frequency of foraging and vocalization behaviors in fledglings of Turdus leucomelas. 
The curve in the panel A represents a significant logistic relationship between the variables, and its 95% confidence in-
terval denoted by the shaded area. Bars in both panels represent the relative frequency of the behaviors followed by the 
number of scans (below bars) within 1-day age intervals (n = 787 in total), with fledgling age corresponding to the number 
of days after fledging.
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DISCUSSION

Our study provides novel information regarding the 
largely unknown fledgling stage of passerines. We found 
similar food provisioning rates between families with unipa-
rental and biparental food provisioning. Our expectation of 
an equitable parental investment between sexes in families 
where both parents fed the fledglings was then confirmed, as 
in other studies (e.g., Weatherhead and McRae 1990, Wilkin 

et al. 2009, Gill and Haggerty 2012, Sánchez et al. 2018). In 
contrast, we unexpectedly found that food provisioning 
rates did not vary with brood size or age. Previous studies 
suggest that the parental effort to supply the energy demand 
of young is limited by different factors (Martin et al. 2000, 
Tinbergen and Verhulst 2000) and therefore we expected 
that the per capita food provisioning rate would be lower in 
large broods than in small broods. One potential explanation 
could be that this species has a small brood size variation 
(1–3 nestlings; Batisteli et al. 2021) compared to other spe-
cies that can produce more fledglings per breeding attempt 
(e.g., Marques-Santos et al. 2015). With few fledglings, adult 
thrushes could easily adjust their food provisioning efforts.

We also found that the food provisioning rate by parents 
was constant across fledgling ages, rejecting our hypothesis. 
The food load for each feeding trip was usually a single food 
item. If there are adjustments to the energetic demand of 
growing fledglings by the parents, it does not seem to be 
done through increased feeding trip rates or food load. We 
suggest two potential explanations for this: First, the average 
size of the food provided might have increased during the 
post-fledging stage; therefore, a higher provisioning of food 
could happen even without increasing the number of feeding 
events. Although we have not assessed the size of food items 
delivered to fledglings, the variation in the size of food items 
might be a mechanism in the adjustment of parental food 
provisioning during the fledgling stage akin to what happens 
in other species (Carey 1990, Wiebe and Slagsvold 2014). Ac-
cordingly, we suppose that the inverse trends in the proportion 
of unidentified items and invertebrates as the fledglings aged 
(Fig. 6) are biased by our limitations in recognizing the small-
er food items delivered in the early fledgling stage. Second, 

Figure 5. Food provisioning to fledglings of the Pale-breasted Thrush Turdus leucomelas: (A) fledgling (front) swallowing a 
fruit delivered by the adult; (B) the fledgling (right) receives a piece of an arthropod.

Figure 6. Relative frequency of food items delivered to Tur-
dus leucomelas fledglings in relation to their age (days after 
fledging). Sample sizes are indicated above bars. “Other” 
refers to food items like dog food and pieces of bread.
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fledglings might have supplied their increasing food demand 
by foraging themselves, which becomes more frequent and 
effective throughout the post-fledging stage (Weathers and 
Sullivan 2011). Despite the constant parental food provision-
ing, fledglings become more skilled and efficient in foraging 
and would be able to support any temporary increase in their 
own additional energetic demands, which should stabilize 
when they complete body and feather development. Consid-
ering that the development of foraging skills may vary among 
siblings, observing each fledgling with more detail across the 
entire fledgling period could also reveal different trends in 
parental food provisioning among the brood towards fledgling 
independence, which is beyond the focus of this study. Based 
on our data, we can state that fledglings are still being fed by 
their parents as long as we can observe them. Whether they 
are in fact dependent on parental provisioning (i.e., unable 
to supply themselves) during this whole period or if the food 
provided by parents merely supplements their energetic 
needs, especially as they get older, is an open question.

Although we did not find an increase in provisioning 
rate during the post-fledging stage with brood age, our data 
indicates that it did occur in the transition from the nesting 
to the post-fledging stages. Compared to the nesting stage, 
mean food provisioning rates in the post-fledging period for 
biparental feeding were 1.56 and 2.8 times higher for males 
and females, respectively (Haddad et al. 2024). This increase 
is within the range reported for other passerine species (With 
and Balda 1990, Ogden and Stutchbury 1997) and may reflect 
a higher food provisioning demand by fledglings compared 
to nestlings. Moreover, parental activity in the nest may be 
constrained by the risk of brood predation, as higher pro-
visioning rates to nestlings are known to increase the cues 
of nest location for visually-oriented predators (Stutchbury 
and Morton 2001, Eggers et al. 2008, Martin et al. 2011, 
Ghalambor et al. 2013, Trillmich et al. 2016). Alternatively, 
fledglings may have greater value than nestlings, considering 
the accumulated energy expenditure by parents during the 
breeding cycle. This would induce parents to invest more 
by, in this case, performing higher food delivery rates in the 
post-fledging stage than in the nestling stage, as predicted 
by the parental investment theory (Redmond et al. 2009).

Brood division

Interestingly, we found a large variation in parental 
care arrangements (four arrangements in eight families), 
some with unknown underlying reasons for their occurrence. 
Male-only care and biparental care are in line with what was 
found in other Turdidae species, in which parental care ar-

rangements depend on the presence of simultaneous nesting 
events. For instance, when there are simultaneous nesting 
attempts, usually only males care for the fledglings, either for 
the majority or the whole post-fledging stage, while females 
lay and incubate a new clutch, as in European blackbirds, 
Turdus merula (see Edwards 1985), American robins, Turdus mi-
gratorius Linnaeus, 1766 (see Weatherhead and McRae 1990), 
and wood thrushes, Hylocichla mustelina (Gmelin, 1789) (see 
Rivera et al. 2000). When there is not a simultaneous nesting 
attempt, fledgling care would be divided between male and 
female (Rivera et al. 2000). Due to our modest sample size, we 
cannot discard that the low male participation in biparental 
care is a matter of individual characteristics.

In cases with no simultaneous nesting attempt, we 
observed ‘brood division’ in three out of four families that 
had more than one fledgling. However, in two of these 
supposed brood division instances, we did not find one of 
the parents and one of the fledglings (in both cases, there 
were two fledglings). It is thus uncertain if, in these cases, 
there was uniparental care directed to the missing fledgling. 
In addition, in one family for which we assumed to have 
female-only care in a brood of two fledglings, we observed 
the male caring for the non-target fledgling. Nevertheless, 
this episode was likely an exception since this male was not 
recorded delivering food to his fledglings during systematic 
observations, and therefore “female-only care” fits better the 
real proportion of male and female participation in this fam-
ily. We cannot discard, however, that the same might have 
occurred in other families classified as male- or female-only 
care, so this terminology should be taken with caution and 
denotes, at least, the predominance of one sex over the other 
regarding post-fledging food provisioning.

Some of the cases of broods with multiple fledglings 
had a fledgling fed exclusively by one of their parents during 
observations (Fig. 1), a pattern found in other species (Rivera 
et al. 2000, Green and Cockburn 2001). Broods of a single 
fledgling were expected to be cared for by both parents, 
which did happen in two families. However, one family had 
a single fledgling being fed solely by the female, even though 
the male was spotted in their surroundings. We did not find 
a connection between biparental provisioning and prefer-
ential provisioning of a specific fledgling by a single sex, but 
the variation in parental care strategy and our low sample 
size prevent us from completely discarding this possibility.

Final remarks

This study provides novel and valuable information 
on the difficult-to-investigate fledgling stage of a passerine 
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species. We found that parental food provisioning to fledg-
lings was overall comparable between males and females 
as well as among families with uniparental and biparental 
fledgling care. Interestingly, parental investment in food 
provisioning did not influence the frequency of fledgling 
foraging, which increased as fledglings age towards nu-
tritional independence. Future studies should identify if 
there is a pattern for parental choice of cared fledgling and 
investigate potential causes of food provisioning variation 
(e.g., geographic variation).
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