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Abstract
Studies of parental care in tropical birds are still relatively scarce in comparison with northern temperate species, especially 
regarding to the division of parental tasks, leading to a biased and incomplete knowledge of avian reproductive strategies. 
Herein, we studied the sexual division of parental care in a sexually monomorphic Neotropical passerine, the Pale-breasted 
Thrush (Turdus leucomelas). We recorded food provisioning and food quantity rates (e.g. feeding trips/h and food items/h, 
respectively), nest sanitation rate (e.g. events of faecal sacs removal/h), and the time devoted to nest attendance and brooding 
behaviours by each parent. Throughout the 2015–2017 breeding seasons, we video-recorded 153.5 h of parental care in 33 
nesting attempts by 26 breeding pairs in a suburban area of south-eastern Brazil. We found that males had higher food provi-
sioning rates and delivered more food items to larger broods, while female did not respond to brood size. As expected, brood 
age positively affected food provisioning and food quantity rates of both sexes. Faecal sacs were removed predominantly by 
ingestion throughout the nesting stage, and males had higher nest sanitation rates. Nest attendance reached 34 ± 27% of the 
time and decreased with nestling age following a decrease in brooding behaviour, a female-only task, while males stayed in 
the nest for only 4 ± 4% of observation time. Although most of the parental activities are performed by both sexes, males and 
females differed in which tasks they invested the most, with brood size and brood age being important modulating factors.

Keywords  Breeding behaviour · Nest attendance · Nest sanitation · Sexual conflict

Zusammenfassung
Geschlechtsspezifische Arbeitsteilung von Fahlbrustdrossel-Eltern (Turdus leucomelas) bei der Brutpflege
Studien über die Brutpflege der Eltern sind bei tropischen Vögeln im Vergleich zu denen aus den nördlichen gemäßigten 
Zonen immer noch relativ rar, insbesondere was die Arbeitsteilung zwischen den Eltern betrifft. Dies führt zu einem 
einseitigen und unvollständigen Wissensstand über die Fortpflanzungsstrategien von Vögeln. Wir untersuchten die 
geschlechtsspezifische Aufteilung der elterlichen Brutpflege bei einem geschlechtsunabhängig einheitlich aussehenden 
neotropischen Sperlingsvogel, der Fahlbrustdrossel (Turdus leucomelas). Hierfür erfassten wir die Futterbeschaffung und 
-menge (z. B. Flüge/Stunde bzw. Futterstücke/Stunde), die Nestputzrate (z. B. Entfernung von Kotbeuteln/Stunde) und die 
Zeit, die die beiden Elterntiere für die Anwesenheit im Nest und für die Brutpflege aufwandten. Während der Brutsaison 
2015-2017 machten wir Videoaufnahmen von 153,5 Stunden Brutpflege bei 33 Bruttversuchen von 26 Brutpaaren in 
einem Stadtrandgebiet im Südosten Brasiliens. Wir stellten fest, dass die Männchen intensiver Futter herbeischafften und 
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bei größeren Bruten mehr Nahrung lieferten, während die Weibchen nicht auf die Brutgröße reagierten. Wie erwartet, 
wirkte sich bei beiden Gechlechtern das Alter der Brut verstärkend auf das Futtersuchverhalten und die Menge der herbei 
geschaffften Nahrung aus. Kotbeutel wurden während der gesamten Brutzeit zumeist durch Herunterschlucken entfernt, 
wobei die Männchen eine höhere Nestputzrate hatten. Die Anwesenheit im Nest betrug 34 ± 27 % der ganzen Zeit und nahm, 
wie auch das gesamte Brutpflegeverhalten, mit dem Alter der Jungen ab. Gebrütet wurde ausschließlich von den Weibchen, 
während die Männchen nur 4 ± 4 % der Beobachtungszeit im Nest zu sehen waren. Obwohl die meisten Arbeiten von beiden 
Geschlechtern ausgeführt wurden, unterschieden sich Männchen und Weibchen darin, in welche Aufgaben sie am meisten 
investierten, wobei die Größe und das Alter der Brut wichtige Steuerungsfaktoren waren.

Introduction

Parental care is described as any strategy or behaviour 
adopted by breeding individuals to promote the survival 
of their offspring, encompassing from energy provision for 
gametes to food provisioning and protection of offspring 
(Trivers 1972; Clutton-Brock 1991). Despite the great vari-
ety of reproductive strategies and patterns of parental care, 
social monogamy with biparental care is the most common 
reproductive strategy in birds (Cockburn 2006). In mono-
morphic and monogamous species, parents commonly 
have similar investment in reproductive activities like food 
provisioning, nest sanitation, and brooding (Gill and Hag-
gerty 2012; Sánchez et al. 2018). However, in some of such 
species, energy investment and the role performed by par-
ents differ considerably, with each sex performing certain 
breeding tasks exclusively or more frequently than its mate 
(Gowaty 1996; Stutchbury and Morton 2001; Kokko and 
Jennions 2008).

Even in more equitable division of parental tasks, there 
are asymmetric investments between parents due to ani-
sogamy, physiological and behavioural differences between 
sexes (Lessels 2012). Although parental investment in 
monogamous monomorphic birds is considered fairly equi-
table, higher reproductive costs associated with parental care 
normally rests upon females due to egg laying and a higher 
frequency of egg and nestling brooding (Gowaty 1996; 
Carere and Alleva 1998; Bowers et al. 2014). In contrast, 
males usually engage in territory and nest defence through 
vigilance, vocalization, and physical aggression, while also 
providing food to the incubating and/or brooding female 
(Gowaty 1996; Winkler 2016). Therefore, differences in 
parental investment and division of reproductive tasks are 
expected to be found to varying degrees in monogamous 
monomorphic birds (Carere and Alleva 1998; Espíndola-
Hernández et al. 2017; Sánchez et al. 2018).

Costs of parental investment in offspring increase con-
siderably with brood size and age in altricial birds (Lack 
1947; Skutch 1949). This investment increase is often non-
linear, as large broods usually receive less per capita food 
provisioning, leading to a trade-off between brood size and 
offspring quality (Silver et al. 1985; Stutchbury and Morton 
2001; Bowers et al. 2014). The most frequent form of care 

used to quantify parental effort in the nesting stage is food 
provisioning to nestlings, as the time and energy required 
to supply the energetic demand of nestlings escalates with 
brood size and age (Silver et al. 1985; Bowers et al. 2014). 
By being more easily quantified, food provisioning has been 
used to gauge parental care, sexual and parent–offspring 
conflicts, as well as to understand breeding strategies of 
altricial birds (Low et al. 2012; Gill and Haggerty 2012; 
MacLeod and Brouwer 2018). Nest attendance and nestling 
brooding (nestling thermoregulation) are also important for 
the comprehension of sex asymmetry in energy investment, 
as such tasks may occupy a large part of the daily activi-
ties of parents (Carere and Alleva 1998; Hill et al. 1999; 
Evans and Stutchbury 2012). Lastly, nest sanitation can be a 
costly and frequent activity for parents, as it requires parents 
visiting the nest, waiting for and/or prodding nestlings to 
defecate, and then disposing off the nestlings’ excrements 
(Hurd et al. 1991; Ibáñez-Álamo et al. 2017).

In many altricial birds, nestling excrements are enclosed 
in a mucous covering called faecal sacs (Ibáñez-Álamo et al. 
2013). Through the removal of faecal sacs, birds avoid the 
potential negative effects of excrements soiling the nest 
structure (Ibáñez-Álamo et al. 2014, 2016). The research on 
nest sanitation has been usually focused on its importance to 
prevent diseases and parasites from afflicting the parents and 
offspring through removal of external or unwanted material 
and faecal sacs, or on the direct benefits of faecal sac inges-
tion by the parents (i.e. the acquisition of nutrients or water) 
(Hurd et al. 1991; Ibáñez-Álamo et al. 2016, 2017). The 
more frequent disposal of faecal sacs by a specific sex could 
serve as an indication of higher breeding effort, indicating a 
need and/or benefit to recycle water and nutrients from fae-
cal sacs, possibly providing another way to compare parental 
expenditure between sexes (Hurd et al. 1991; McKay et al. 
2009). The few studies that integrate nest sanitation in the 
framework of sexual differences in parental care report cases 
of female-dominant, male-dominant, and equitable nest 
sanitation (Carere and Alleva 1998; Markman et al. 1995; 
McKay et al. 2009; Bolopo et al. 2015).

The topic of parental care has traditionally attracted atten-
tion from the ornithological scientific community, but severe 
gaps in our knowledge do remain, especially in the southern 
hemisphere and regarding tropical birds, where few studies 
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exist and extended parental care occurs in comparison with 
northern hemisphere species (Russell et al. 2004). We stud-
ied a Neotropical passerine, the Pale-breasted Thrush (Tur-
dus leucomelas), to evaluate the parental division of tasks 
during the nesting stage by investigating different compo-
nents of parental care (i.e. food provisioning, nest attendance 
and brooding, and nest sanitation). We hypothesized that the 
Pale-breasted Thrush would present indistinguishable food 
provisioning rates between sexes irrespective of brood size 
and age, but nest attendance and brooding would be car-
ried out by females, akin to other species of the genus (e.g. 
Hill et al. 1999; Sánchez et al. 2018; Batisteli et al. 2020). 
Regarding nest sanitation, we expected a pattern similar 
to food provisioning with which it is usually synchronized 
(Quan et al. 2015).

Methods

Study area

The study was conducted in the campus of the Universi-
dade Estadual Paulista “Júlio de Mesquita Filho” (UNESP) 
(22°23′45.7″S 47°32′38.3″W) at Rio Claro, Brazil, between 
2015 and 2017 from September to December, which covers 
most of the species’ breeding season (Batisteli et al. 2021). 
Rio Claro is at the transition between the semideciduous 
Atlantic Forest and the Cerrado biomes, though heavily 
impacted by anthropic land uses as sugarcane farmland, pas-
ture, and Eucalyptus plantations. The campus (111.46 ha) 
consists of a mix of manmade gardens and small forest 
patches of native vegetation. The regional climate has two 
well defined seasons: a dry season from April to September 
(~ 240 mm rainfall) and a wet season from October to March 
(~ 1100 mm) (Alvares et al. 2013).

Study species

The Pale-breasted Thrush is a visually monomorphic spe-
cies with a widespread distribution in South America, from 
the Guyanas, south of Colombia and Venezuela, almost 
every state in Brazil (except Acre and Rondônia), Paraguay 
and north Argentina (Sick 1997). It is an omnivore species, 
feeding primarily on fruits and invertebrates (mainly arthro-
pods), and rarely small vertebrates, found in forest borders, 
clearings, savannahs, gallery forests, rural and urban areas 
(Sick 1997; Collar 2005).

The breeding season at the study region spans from 
September to January; and the breeding cycle of the Pale-
breasted Thrush has an average duration of two months 
from egg laying and incubation (12–13  days), nestling 
(14–16 days) to post-fledging stages (30–40 days) (Davanco 
et al. 2013). At the campus, the species prefers areas with 

sparse to dense trees and shrubs, nesting in buildings and on 
the vegetation, mainly on forks of large tree trunks. One to 
four eggs per clutch are laid (usually two to three) in a cup-
shaped nest built by the female with roots, vegetation, and 
mud (Davanco et al. 2013). Up to two successful clutches 
are laid in a breeding season, with a replacement clutch 
occurring if one of the previous clutches was unsuccessful 
(Batisteli et al. 2021).

Field procedures

Adult thrushes were captured with mist nets and marked 
with a coded metal ring and coloured rings. We collected a 
small drop of blood by cutting the tip of the nail from each 
captured individual for sex identification, which was done 
by an outsourced laboratory (UNIGEN, São Paulo) through 
Polymerase Chain Reaction (PCR) amplification of DNA 
sex-specific gene sequences. We observed only breeding 
pairs for which at least one of the parents was sexed and 
colour-ringed to enable sex identification from a distance.

Nests were found by active searching and monitored 
every 2–3 days with the aid of a pole with an attached mir-
ror to record clutch size and hatching days. We used GoPro 
Hero 2 cameras positioned 0.5–1.0 m from nests, distances 
that allowed for quality recordings. Parents quickly returned 
to the nests and resumed breeding tasks after camera instal-
lation, which allows us to assume a minimal interference of 
this procedure on the parents’ behaviour. Recordings began 
the day following the hatching of all the eggs in nests found 
with eggs (n = 24), or immediately for nests discovered 
already with nestlings (n = 9). For clutches found after eggs 
had already hatched, nestling age was estimated by com-
paring feather development to photos of other monitored 
clutches of known age. We carried out filming sessions of 
0.9–2.0 h duration (see Results) every two days either during 
the morning (07:00–12:30 h) or afternoon (14:00–18:00 h) 
depending on weather conditions. Recordings ceased when 
nestlings were 14–16 days old to avoid their premature 
departure from the nest upon our approximation (Appen-
dix 1, Fig. S1).

Video recordings were then viewed to record for each 
parent the number of feeding visits per hour (hereafter “food 
provisioning rate”), the number of food items brought per 
hour (hereafter “food quantity rate”) (Biermann and Sealy 
1982; Gill and Haggerty 2012), nest sanitation visits (i.e. 
visits in which there was faecal sac removal), nest sanita-
tion rate (i.e. number of faecal sacs removed per hour), and 
the method of faecal sac removal (i.e. either the removal by 
carrying the faecal sac away from the nest or the ingestion of 
it at the nest; Ibáñez-Álamo et al. 2013). We also estimated 
the percentage of parental attendance to the nest, defined 
as the time spent inside or perched on the nest rim (Appen-
dix 1, Fig S2), and the percentage of time spent brooding the 



196	 Journal of Ornithology (2024) 165:193–202

1 3

nestlings, defined as the parent laying on top of the nestlings, 
both calculated in relation to the duration of each filming 
session. Since brood parasitism can modify parental care 
behaviour and sometimes sexual conflict (Hoover and Reetz 
2006; Požgayová et al. 2015), nests parasitized by the Shiny 
Cowbird (Molothrus bonariensis) were excluded from the 
study. We gathered data from 10 broods in 2015, 12 in 2016 
and 11 in 2017.

Statistical analysis

We used Generalized Linear Mixed-Effects Models 
(GLMMs) with Poisson error distribution to investigate 
whether there were sex differences in parental care behav-
iour during the nestling stage, having as response variables 
food provisioning, food quantity, and nest sanitation rates. 
In these models, we included parent sex (male or female), 
brood size (1, 2 or 3), period of day (morning/afternoon), 
and the interaction between sex × brood size as fixed factors, 
and brood age as a covariate. We included in all these mod-
els the duration of each filming session as an offset variable, 
i.e. an independent variable with coefficient fixed at 1. As 
two nests were reused in the same breeding season and other 
five nests were used in multiple years (i.e. one nest used 
three times and five nests used twice), nest identification and 
a brood code made up of brood identification and year were 
used as random factors.

We ran Tukey pairwise post-hoc tests to evaluate male 
and female differences when the interaction term was signifi-
cant, and to identify the differences in parental care behav-
iours according to brood size when it was a significant factor. 
For nest attendance, we built Linear Mixed-Effects Model 
(LMM) using the percentage of time spent on the nest (arc-
sine and square-root transformed to achieve residual nor-
mality) as a continuous response variable, while sex, brood 
size and period of day as fixed factors and brood age as a 
covariate. In this case, the interaction between sex and brood 
age was included because brooding differs between sexes 
in this genus, with the females being the major or sole sex 
responsible for brooding (Hill et al. 1999; Batisteli et al. 
2020), which tends to cease as nestlings age. Herein, nest 
identification and brood code were used as random factors. 
We used a backward stepwise procedure to select the sig-
nificant factors of the models. Additionally, we utilised the 
Akaike Information Criterion (AIC) to confirm the results 
and best model, and the most relevant factors from our pre-
vious procedure. Models were ranked from the lowest AIC 
score. Only models with ΔAIC < 2 for each response vari-
able were presented, except for cases in which there would 
be a single model, when the second-best model was pre-
sented as well. We visually checked whether the residuals 
of each model complied with assumptions of normality. All 
analyses were done in R version 3.6.2 (R Core Team 2019) 

using the packages ‘car’ (Fox et al. 2012), ‘emmeans’ (Lenth 
et al. 2020), ‘lme4’ (Bates et al. 2015), ‘lmerTest’ (Kuznet-
sova et al. 2017), AICcmodavg (Mazerolle 2019). Values are 
reported as mean ± standard deviation.

Results

We recorded 33 nesting attempts (with initial brood sizes of 
1, 2 and 3 nestlings in 9, 13, and 11 nests, respectively) by 
26 unique breeding pair combinations. Brood reduction from 
3 to 2 and from 2 to 1 nestling occurred in two and three 
breeding events, respectively. Filming sessions averaged 
1.5 ± 0.2 h, ranging from 0.9–2.0 h, totalling 153.5 h. Each 
nest was filmed on average 3.2 ± 1.4 times (range 1–6 times).

Food provisioning and food quantity

The overall average food provisioning rate was 1.61 ± 1.13 
feeding trips/h. The best model for food provisioning 
rate included the single terms sex, brood size and brood 
age, whereas the interaction between sex and brood size 
and the period of day were deemed unimportant and 
removed (Table 1). Both sexes fed the nestlings, with a 
significant difference between them in food provision-
ing (Table 1, males = 1.76 ± 1.12 feeding trips/h/nestling, 
females = 1.45 ± 1.12 feeding trips/h/nestling). Female pro-
visioning rates were 2.23 ± 1.51, 2.45 ± 1.43, 2.70 ± 1.24 
feeding trips/h for broods with one, two and three nestlings, 
respectively, whereas the corresponding male food pro-
visioning rates were 2.42 ± 1.42, 3.35 ± 2.21, 4.28 ± 1.96 
feeding trips/h (Fig. 1A). Overall food provisioning rate 
increased with brood age (Table 1, Fig. 2A). Post-hoc tests 
revealed a difference in food provisioning between broods 
with one and three nestlings (Tukey: z = −3.156, p < 0.005), 
but no difference between broods with one to two, and two 
to three nestlings (both p > 0.120).

The overall average food quantity rate was 2.08 ± 1.66 
food items/h. The best model for food quantity rate included 
all the factors except period of day (Table S1). Food quan-
tity rate, in contrast to food provisioning, was not affected 
by brood size, but brood age, sex, and the interaction 
sex × brood size were all significant factors (Table 1). Food 
quantity rate increased with brood age (Fig. 2B) and differed 
between sexes (Table 1, males = 2.33 ± 1.64 food items/h/
nestling, females = 1.80 ± 1.64 food items/h/nestling). Post-
hoc tests revealed that males showed higher food quantity 
rates than females in broods with three nestlings (Tukey: 
z = −1.336, p < 0.001), but not in broods with one or two 
nestlings (both p > 0.786) (Fig. 1B). Post-hoc tests also 
revealed that food quantity rate provided by males did not 
differ between broods with one to two nestlings (z = 2.625, 
p = 0.091), and two to three nestlings (z = −2.658, p = 0.084), 
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but there was difference between broods of one to three nest-
lings (z = 4.756, p =  < 0.001). The quantity of food delivered 
by females did not change with brood size (p > 0.786 for all 
pairwise comparisons) (Fig. 1B).

Nest sanitation

In 91.5% of the nest sanitation visits, a single faecal sac 
was removed. Therefore, we did not analyse the quantity of 
faecal sacs removed per nest sanitation visit. In 377 events 
of nest sanitation, 418 faecal sacs were removed by either 
ingesting or carrying faecal sacs away in the beak. Both 
sexes participated in nest sanitation, and faecal sacs were 
ingested 153 times by females (90.53% of their total faecal 
sac removal) and 214 times by males (86.29%). Females 
and males carried away the remaining 16 and 34 faecal sacs, 
respectively. A female fed 1 faecal sac to a nestling. There 
was no faecal sac unremoved from the nest, and most of 
them were removed as soon as nestlings defecated, which 
often occurred synchronized with food provisioning.

The best model for nest sanitation rate included brood 
size, sex, and the interaction between these two factors, 
whereas brood age and period of day were dropped off 
(Table 1). There was a significant difference between sexes 
in sanitation rates (Table 1, males = 0.71 ± 0.59 sanitation 
event/h/nestling, females = 0.59 ± 0.73). Nest sanitation rates 
were not affected by brood size, whereas the p-value of the 
interaction sex × brood size was significant but close to the 
critical level (Table 1). However, pairwise comparisons by 
the post-hoc test revealed no differences between sexes in 
nest sanitation rates in broods with one, two or even three 
nestlings (p > 0.184 for all pairwise comparisons).

Nest attendance

Visits to the nest lasted on average 7.05 ± 8.45 min for 
females and 0.82 ± 1.7 min for males. Females spent on 
average 34 ± 27% of the observation time on the nest, and 
24 ± 26% brooding nestlings. Males spent 4 ± 4% of the 

Table 1   Results of the Generalized Linear Mixed-Effects Models 
(GLMMs) with Poisson error distribution and the Linear Mixed-
Effects Model (LMM) testing the effect of sex, brood size (fixed fac-
tors), brood age (covariate), period of day (morning/afternoon) and 
the interactions of sex with brood size and with brood age on aspects 
of nestling care (food provisioning rate, food quantity rate, nest sani-
tation rate and nest attendance) in the Pale-breasted Thrush (Turdus 
leucomelas)

Statistical significance at α = 0.05 (*). Factors or covariates noted 
with an NR indicate they were not retained in the final models accord-
ing to the backward selection procedure

χ2 Df P

Food provisioning rate (GLMM)
 Sex 16.798 154.577  < 0.001*
 Brood size 9.974 27.341 0.007*
 Brood age 6.723 148.617 0.010*
 Sex × Brood sizeNR 3.549 151.094 0.169
 Period of dayNR 2.558 30.312 0.110

Food quantity rate (GLMM)
 Sex 7.751 153.070 0.005*
 Brood size 3.020 28.757 0.221
 Brood age 5.062 155.832 0.024*
 Sex × Brood size 7.808 150.445 0.020*
 Period of dayNR 0.303 30.329 0.198

Nest sanitation rate (GLMM)
 Sex 4.665 138.481 0.031*
 Brood size 1.315 33.316 0.518
 Brood ageNR 2.373 115.741 0.125
 Sex × Brood size 6.183 143.038 0.045*
 Period of dayNR 0.022 34.434 0.881

Nest attendance (LMM)
 Sex 234.605 116.110  < 0.001*
 Brood sizeNR 1.065 22.447 0.587
 Brood age 17.017 127.120  < 0.001*
 Sex × Brood age 24.976 116.440  < 0.001*
 Period of dayNR 0.012 19.599 0.913

Fig. 1   Food provisioning rate A food quantity rate B and nest sani-
tation rates C of males and females Pale-breasted Thrushes (Turdus 
leucomelas) according to brood size. In boxplots horizontal lines rep-

resent medians, whiskers represent minimum and maximum values, 
while dots represent outliers. Asterisk indicates significant difference 
at α = 0.05
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observation time on the nest and did not exhibit any brood-
ing behaviour toward nestlings.

The best model for nest attendance included sex, brood 
age, the interaction between these two terms, but not brood 
size and period of day (Table 1). Nest attendance was not 
influenced by the number of nestlings in the brood, but 
it decreased with nestling age (Fig. 2C). The interaction 
between sex and brood age was significant, indicating that 
females decreased their attendance to nests as nestling grew, 
while nest attendance by males remained constant and low 
(Fig. 2C).

Discussion

We found that both males and females of the Pale-breasted 
Thrush engaged in food provisioning, nest sanitation and 
nest attendance, but differed in their investment in each of 
the tasks. Interestingly, for food quantity and nest sanitation 
rates, we found a significant effect of the interaction between 
sex and brood size, suggesting that the number of nestlings 
influences care investment differently by each parent. In this 
sense, while females keep constant their food quantity rate 
with increasing brood size, males modulate their effort by 
increasing the number of food items delivered to the young. 
Furthermore, brood age was positively related to both 
food provisioning and food quantity rates, likely due to the 
gradual changes of nestling energy requirements over their 
rapid growth and development period. Nest sanitation was 
performed by both sexes, with males having higher rates of 
faecal sac removal. Finally, only females brooded nestlings 
and thus remained on the nest for longer periods than males. 
This extensive nest attendance by females decreased rapidly 
through the nesting stage, as nestling development leads to 
an increased thermoregulation capacity (Andreasson et al. 
2016), consequently allowing for a reduction of time spent 
brooding and attending nests. Males had consistently short 
nest attendance periods throughout the nesting period, usu-
ally only visiting to feed nestlings and remove faecal sacs. 

Nonetheless, while body masses do not differ between sexes 
in the non-breeding period in our study population, females 
tend to have higher body mass than males during the breed-
ing season (Floreste et al. 2021). Therefore, it is possible 
that the care of nestlings in addition to the other reproduc-
tive tasks performed by males (e.g. territory defence, nest 
sanitation, fledgling care) take a more severe toll on their 
body condition than to females.

Food provisioning and food quantity

Food provisioning and food quantity, two complementary 
aspects of nestling provisioning effort, were influenced by 
different factors. Similar provisioning rates were expected 
for males and females of the Pale-breasted Thrush as 
observed in other thrush species (Sánchez et al. 2018), but 
males showed higher food provisioning and quantity rates, 
both increasing with nestling age. These intersexual differ-
ences cannot be attributed to a specialization in parental 
roles as both delivered invertebrates and fruits to the nest-
lings in similar frequencies (Pizo, unpubl. data). A larger 
brood size (e.g. three nestlings) elicited a higher food pro-
visioning rate (feeding trips/h) irrespective of the parent 
sex, however, the effect of brood size on food quantity (food 
items/h) was restricted to males. Brood size and age are fac-
tors known to affect positively food provisioning rates in 
birds (Silver et al. 1985; Gill and Haggerty 2012; Bowers 
et al. 2014), as both age and the number of nestlings increase 
energy requirement and thus food demand. Therefore, larger 
broods require greater parental investment to sustain growth 
and development, and stable per capita food provisioning 
across brood sizes benefit the survival chances and quality 
of the offspring (Stutchbury and Morton 2001; Bowers et al. 
2014).

In our study, although total food quantity increased with 
brood size, the largest broods still received lower per capita 
provisioning in comparison with single-nestling broods 
(Fig.  1A, B). Males of the Pale-breasted Thrush fulfil 
the role of keeping the per capita food quantity rate from 

Fig. 2   Food provisioning rate A, food quantity rate B, and percentage of the observation time spent on the nest C across brood ages by males 
and females of the Pale-breasted Thrush (Turdus leucomelas) in an urban population in southeast of Brazil
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declining drastically in the largest broods. In contrast, the 
number of food items delivered per hour by females are 
nearly constant across brood sizes, meaning that its per 
capita food quantity rate decreases in larger broods. This 
difference is only present in broods with three nestlings, in 
which males had significantly higher food quantity rates. A 
similar case of only males adjusting food provisioning rates 
as a function of brood size was found in the Common Swift 
(Apus apus), in which larger broods resulted in increased 
male effort, while smaller and older broods lead to reduced 
care by males in favour of seeking extra-pair copulations 
(Carere and Alleva 1998). Indeed, the certainty of paternity 
has been suggested as an important factor influencing the 
commitment of male passerines to parental duties (Arnold 
and Owens 2002), but unfortunately we do not have informa-
tion on the frequency of extra-pair copulations in our study 
population to evaluate this possibility.

As larger clutches represent a higher energetic cost for 
females than smaller clutches (Visser and Lessells 2001), 
the female tendency to maintain food quantity rates con-
stant across brood sizes could be explained with fitness con-
straints associated with laying a larger clutch. However, if 
that was the case, the number of food items per hour deliv-
ered by females would have been expected to be higher in 
smaller clutches, which did not happen. A likely alternative 
explanation for the constant provisioning effort by females is 
that they performed at their maximum level (Drent and Daan 
1980), but this seems not feasible in our case. Otherwise, 
we should assume that females are at their maximum effort 
even in clutches of a single nestling, which provides weak 
support for this idea considering that the modal clutch size 
in this species is three (Batisteli et al. 2021).

While males do increase their food quantity for large 
broods, alone they are not able to keep the food quantity 
rates as high as in smaller broods, meaning that the com-
bined per capita food quantity will inevitably be reduced 
for large broods, which may impact nestling quality (i.e. 
body mass and/or nestling development) and survival in 
the post-fledging stage (Styrsky et al. 2005; Gill and Hag-
gerty 2012; Bowers et al. 2014; Sofaer et al. 2018; Evans 
et al. 2020). Thus, a trade-off could be at play, as the higher 
survival chance of a small clutch might be a breeding strat-
egy as viable as a larger clutch with lower survival chance 
(Smith et al. 1989). Still, there is some contention on the 
claim that clutch size directly influences fledgling survival 
(Bowers et al. 2014; Remeš and Matysiovoká 2016). Given 
that clutches of three eggs are common in our study popula-
tion (66% of 129 clutches; M. A. Pizo unpubl.), we assume 
that despite the possibility of lower post-fledging survival 
of a larger brood, producing a higher number of fledglings 
remains advantageous for the Pale-breasted thrush.

The amount of investment provided by males of the Pale-
breasted Thrush was unexpected, as there are few cases of 

higher male food provisioning in passerines with biparental 
care (Carere and Alleva 1998; Hill et al. 1999; Reed et al. 
2007). Additionally, males were responsible for increasing 
the parental effort in delivering food to broods with three 
nestlings. For this to happen, a higher brood size needs to 
be a worthwhile investment considering the potential inverse 
relationship between the energy invested in current repro-
duction and future breeding prospects (Parejo and Danchin 
2006; Fokkema et al. 2016). In a more equal sexual selection 
scenario, both sexes will seek to maintain high quality part-
ners over a breeding season or consecutive years. It might be 
that males perceive the ability to lay clutches of three eggs as 
a trait that indicates a high-quality female (Gill and Stutch-
bury 2005; Mahr et al. 2012; Peralta-Sánchez et al. 2020), 
as the parental investment of an individual has been shown 
to influence the investment of its mate (Gori 1988; Beb-
bington and Hatchwell 2016). Possibly, males might also be 
contributing to avoid decay in female condition, which could 
enhance the chance of a second nesting attempt (Ritchison 
et al. 2019). If breeding pairs last through multiple nesting 
attempts and years, the advantages of great investment in 
the current partnership increase, as securing high quality 
and experienced partners is advantageous for reproduc-
tive success (Peralta-Sánchez et al. 2020). This is precisely 
what seems to happen in our study population (A. Batisteli 
unpubl. data).

Nest sanitation

Both males and females removed faecal sacs, but as with 
food provisioning rate, nest sanitation rates differed between 
sexes, being higher for males. The per capita faecal sac 
removal remained constant in larger broods despite the per 
capita reduction of food provisioning, which might have led 
to a decrease in faecal sac removal in larger broods. The 
synchronization of provisioning and nest sanitation events 
led us to expect higher nest sanitation rates by males in 
larger broods, which was not the case. This might simply 
be explained by the short time that males spent in the nest 
to feed the nestlings, leaving the nest prior to nestling def-
ecation. As females spent much more time in the nest, they 
might have removed the faecal sacs that were left unremoved 
by the males. Furthermore, removal of faecal sacs did not 
increase with brood age, which suggests that the size of 
faecal sacs rather than the number of faecal sacs produced 
increases with nestling age (Weatherhead 1984), akin to 
what we suggested previously for food provisioning rates. 
This suspicion is supported by video evidence when com-
paring the size of faecal sacs with the beak of the parents 
(Appendix 1, Fig. S3).

As previously mentioned, our results on the method of 
disposal of faecal sacs  might imply that the ingestion of 
faecal sacs contributes to supply the energetic need of the 
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parents. Hypotheses explaining the putative benefits of 
faecal sac ingestion are: (1) Parental-Nutrition Hypothesis, 
which predicts that recycling nutrients from faecal sacs are 
beneficial, increasing with energetic stress and brood size 
(McGowan 1995; McKay et al. 2009); the (2) Economic 
Disposal Hypothesis (Hurd et al. 1991) that proposes that 
the time saved by ingestion of faecal sacs may be invested 
in other activities, and the (3) Nest Predation Hypoth-
esis that predicts that ingestion is beneficial by reduc-
ing parental movement in and out of the nest, therefore 
reducing the risk of nest predation and enabling higher 
nest attendance. In this hypothesis, frequency of faecal 
sac ingestion increases with larger brood sizes (Ibáñez-
Álamo et al. 2013). The first two hypotheses predict higher 
frequency of ingestion from the most stressed and energy 
constrained sex, usually the female. In our case, however, 
males ingested a higher proportion of faecal sacs, which 
may imply a higher energetic demand, which is supported 
by the previously mentioned study reporting a reduc-
tion in male body condition during the breeding season 
in our study population (Floreste et al. 2021). Interest-
ingly, the preferential method of faecal sac removal was 
ingestion throughout the whole nestling stage, contrary to 
the gradual decrease in faecal sac ingestion with the pro-
gress of the nesting stage usually reported in the literature 
(Darveau et al. 1993). Apart from the energetic demands 
of parents occasionally supplied by faecal sac ingestion, 
a lack of mechanical constraint due to the large size of 
parents in relation to the faecal sacs produced, even at later 
stages of nestling development, is what makes possible the 
continued ingestion of faecal sacs throughout the nestling 
period. Otherwise, faecal sacs would be likely removed 
rather than ingested (Darveau et al. 1993).

To conclude, several of our initial expectations for the 
division of reproductive tasks between the sexes in the 
Pale-breasted Thrush were not met, as the parental invest-
ment in our study species differs for most tasks. We have 
found that only males increased their effort by providing 
more food items for nestlings according to brood size, 
while a higher demand from offspring development is also 
supplied by both sexes with an increase in food provision-
ing and food quantity. Males also performed faecal sac 
removal more often than females. Our results then suggest 
a complex sexual conflict underlying the division of paren-
tal tasks in this monomorphic and socially monogamous 
bird.
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