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The Chestnut-capped Blackbird Chrysomus ruficapillus is a neotropical species that nests in wetlands, 
which are abundant in South America. However, many of these wetlands face threats of disappearance 
and degradation, with potential consequences for the species inhabiting them. Here, we carried out a 
detailed study of the breeding biology of this species and examined variables that influence daily nest 
survival rates (DSR). We described nest site features, nest morphometry, breeding parameters, estimated 
the growth curves of nestlings, and recorded the causes of nest failure. We evaluated the effects of nest 
site features, nest morphometry, nest age and timing of breeding season on the DSR of Chestnut-capped 
Blackbirds. We expected that DSR would increase with greater nests and higher nest concealment at 
the beginning of the breeding season. Additionally, we predicted that larger nests would have higher nest 
survival. We studied the breeding performance of 138 nests in a wetland in central Argentina over three 
consecutive breeding seasons. Nests were placed 80 ± 21.53 cm above the water. The clutch size was 
2.75 ± 0.67 eggs (n = 84 nests), and the brood size was 2.28 ± 0.79 nestlings (n = 49 nests). The most 
frequent cause of nest failures was predation (60%). The daily nest survival rate (DSR) was 0.96, and the 
cumulative probability of nest survival in a 29-day breeding cycle was 0.31 (n = 85 nests). As expected, 
we found a positive association between nest height above the water and DSR, suggesting that nests 
built further away from the water have increased survival rates. However, we found no effects of nest 
morphometry or the timing of breeding season on DSR. We emphasize the importance of understanding 
the breeding performance and the influence of nest site features on the survival of species inhabiting 
wetlands to implement actions to conserve and protect the population.
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BACKGROUND

Nest survival in birds, a crucial aspect of 
breeding success, is susceptible to multiple factors. 
Identifying these factors is vital for understanding 

their life histories, habitat preferences, and population 
dynamics (Zurita et al. 2017; Barocas et al. 2023) and 
for informing conservation strategies for bird species 
(Kolada et al. 2009; Anteau et al. 2012). In particular, 
it is important to study the factors affecting wetland 
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species that are vulnerable to numerous threats arising 
from the degradation of these ecosystems (Webb et al. 
2010; Barocas et al. 2023).

Factors influencing nest survival may be related 
to: i) breeding adults, such as adult age and breeding 
experience (Moreno-Rueda 2003), body condition (Öst 
and Steele 2010) and nest defense behaviors (Remeš 
2005; Brussee et al. 2016), ii) nest predators, such as 
nest predator abundance (Vazquez and Amico 2023; 
Browne et al. 2023) and type of predator (Remeš 2005), 
and iii) environmental conditions, related to the moment 
of the breeding cycle (Grant et al. 2005), the nest 
features (Mainwaring et al. 2014), weather conditions 
(Mwangi et al. 2018; Grudinskaya et al. 2022), and food 
availability (Mwangi et al. 2018; Grames et al. 2023). 

Nest-site features are thought to play an important 
role in the breeding performance of birds. Many studies 
have indicated that nest-site features are positively 
associated with nest survival (Remeš 2005; Newlon and 
Saab 2011; Mainwaring et al. 2014). A nest that is well-
covered by vegetation and positioned relatively high 
above the ground may reduce the chances of predators 
visually locating it and help evade terrestrial predators 
(Remeš 2005; Graña Grilli and Montalti 2014). This, 
in turn, increases the probability of nest survival 
(Fernández and Mermoz 2000). Several hypotheses 
have been proposed to explain how nest site selection 
reduces predation. The total-foliage hypothesis (or nest 
concealment hypothesis) predicts that predation will 
decline in areas with greater overall vegetation density, 
as this reduces nest detection chances by some predators 
(Martin 1993; Borgmann and Conway 2015). This 
hypothesis has been supported by numerous studies. For 
instance, Zhao et al. (2020) found a positive relationship 
between nest concealment and nest survival in Chinese 
grouse (Tetrastes sewerzawi), suggesting that this 
species may be select nesting sites to avoid visual avian 
predators. Similarly, Liu et al. (2021) showed a strong 
and positive association between nest concealment and 
nest survival across all studied species on the Tibet 
Plateau. However, some studies report that nest-site 
features do not significantly influence nest survival 
(Burhans et al. 2002; Fogarty et al. 2017; Smith et al. 
2018). Most studies suggest that such differences depend 
on predator type (e.g., olfactory vs. visual). Species 
facing olfactory and nocturnal predators (e.g., reptiles 
and mammals) may experience decreased breeding 
performance when these predators reach their nests 
(Berkunsky et al. 2011; Oswald et al. 2020). Another 
important variable potentially associated with nest 
survival and breeding performance is nest morphometry. 
Most studies describe nest size using length and width 
as key parameters (Heenan and Seymour 2011; Windsor 
et al. 2013; Lambrechts et al. 2017). The previous 

studies suggest that the species with larger nests tend 
to have larger clutch sizes (Slagsvold 1989; Wiebe 
and Swift 2001). Larger nests may offer advantages, 
such as better temperature and humidity regulation, 
reduced overcrowding of offspring, easier cleaning, and 
a lower risk of offspring falling out of the nest (Møller 
et al. 2014). The clutch size hypothesis proposes that 
larger nests can accommodate more eggs and nestlings 
compared to smaller nests, assuming a similar mean egg 
size among individuals (Suárez et al. 2005; Møller et al. 
2014). Thus, breeding performance is often positively 
associated with nest size (Windsor et al. 2013; Møller 
et al. 2014). Despite these advantages, large nests may 
also carry risks, as their increased size can make them 
more easily detectable to visual predators (Soler et al. 
1998; de Neve and Soler 2002; Mainwaring et al. 2014).

In addition, the variables that affect nest survival 
and breeding performance can change throughout the 
breeding season (Grant et al. 2005). Nest survival 
may increase as the breeding season advances because 
of increased vegetation cover providing grater nest 
concealment (Little et al. 2015; MacDonald et al. 
2016). Conversely, nest survival may decrease due to an 
increase in the community of predators (Martin 2002; 
Liebezeit et al. 2009). As nest density usually increases 
in the middle of the breeding season attracting more 
nest predators, nest survival may be higher for earlier 
and later nests (Weintraub 2013; Shitikov et al. 2018). 
The effect of high density in the middle of the breeding 
season may also be beneficial, as predators have access 
to other prey in addition to specific species (Smith and 
Wilson 2010). Moreover, reduced predation may be 
explained by nest defense; in colonial species, a greater 
number of adults may be vigilant about nests and warn 
about predators (Welty 2010; Magrath et al. 2010). 
Concomitantly, these variables that change as the season 
progresses also vary with the age of the nest, which may 
affect nest survival. For instance, the most vulnerable 
nests are lost early in incubation (Dinsmore et al. 2002), 
and daily nest survival may decrease during incubation 
(Grant et al. 2005). This decline may result from adult 
birds leaving cues when they visit their nests, which 
predators can use to locate them (Skutch 1985; Conway 
and Martin 2000; Martin et al. 2000). Therefore, we 
consider these variables essential for explaining bird 
nest survival. Understanding these factors allows us to 
identify temporal patterns that enhance our knowledge 
of predator-prey interactions, avian life histories, and 
other aspects of population dynamics (Grant et al. 
2005).

Finally, breeding is often considered to be the 
most demanding life history moment for birds. During 
the breeding season, the parents must maximize both 
their own and their offspring’s survival by regulating 
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the trade-off in energy, time, and effort (Lack 1968; 
Stearns 1992). Most bird species exhibit asynchronous 
hatching within a clutch, with hatching occurring over 
24 hours or more, leading to the establishment of a 
brood hierarchy (Lack 1954). Asynchronous hatching 
generally occurs when incubation starts before the last 
egg is laid, making the timing of the start of incubation 
a key factor in controlling the competitive hierarchy 
within avian broods (Ricklefs 1993; Lord et al. 2011; 
Węgrzyn et al. 2023). In passerines, females usually 
start incubating when the penultimate egg is laid (Nice 
1954; Wang and Beissinger 2009; Skutch 2021). This 
hatching pattern creates a size-age hierarchy within 
broods, where later-hatched nestlings are disadvantaged 
in competitive situations due to their smaller size, 
younger age, and delayed development compared to 
their earlier-hatched siblings (Mock and Parker 1997; 
Soler 2001; Scott Johnson et al. 2009). Therefore, 
evaluating this variation is important for understanding 
nestling development rates, their conditions, and 
offspring fitness (Roff 1996; McCarty 2001). 

In this study, we examined the variables that 
may influence the nest survival of the Chestnut-capped 
Blackbird (Chrysomus ruficapillus). This icterid species 
is common and locally abundant in South America. It 
inhabits freshwater marshes and reedy lake margins 
from French Guiana to Argentina (Fraga 2020). Like 
some other icterid species, they build their nests 
in emergent aquatic vegetation, where the distance 
between the nest and the water likely increases the 
probability of survival. Additionally, the vegetation in 
marshes is usually abundant, which may provide greater 
concealment for the nests from visual predators (Graña 
Grilli and Montalti 2014; Fraga 2020). In Argentina, 
the breeding season extends from October to March, 
with the highest concentration of nests occurring in the 
early months of the season (De la Peña 2015). First, we 
estimated the species’ descriptive breeding parameters 
and nestling growth curves. Second, we evaluated if 
daily nest survival rates (DSR) were affected by nest site 
features, nest morphometry and time-specific variables. 
We expected that nest survival would increase in higher 
nests with higher nest concealment at the beginning of 
the breeding season. Additionally, we predicted that 
larger nests would have higher nest survival.

MATERIALS AND METHODS

Study area and specie

This study was undertaken in a wetland of the 
Middle Parana River in Santa Fe province, Argentina 
(31°38'10"N, 60°40'31"W). The area corresponds 

to a University Ecological Reserve managed by the 
Universidad Nacional del Litoral of Argentina and 
the Foundation for Habitat and Development of 
Argentina. This wetland spans 20 hectares and features 
a dynamic water regime, with permanent water bodies 
and semipermanent areas during drought seasons. It 
lies within the Delta and Islands of the Paraná River 
ecoregion (Burkart et al. 1999), characterized by 
heterogeneity that sustains rich biodiversity (Morrone 
2001). The climate is subtropical-humid, with mean 
annual temperatures around 19°C (Iriondo et al. 2007).

The study area includes different types of habitat 
following the criteria proposed by Lorenzón et al. 
(2016), such as open water, floating macrophytes (e.g., 
Pistia stratiotes, Salvinia spp.), emergent macrophytes 
(e.g., Echinochloa sp., Sagittaria montevidensis), 
shrublands (e.g., Solanum glaucophyllum, Sesbania 
virgata) and gallery forests (e.g., Erythrina crista-galli, 
Salix humboldtiana, Tessaria integrifolia).

Additionally, potential nest predators in our study 
area include the southern crested caracara (Caracara 
plancus), roadside hawk (Rupornis magnirostris), 
guira cuckoo (Guira guira), great kiskadee (Pitangus 
sulphuratus), and American kestrel (Falco sparverius); 
snakes (e.g., Philodryas spp.); and rodents (e.g., 
Oxymycterus spp.).

During the 2015–2016 period, the area was 
affected by extreme climatic conditions associated 
with the El Niño phenomenon, which caused abundant 
precipitation, intense storms and flooding (Contreras et 
al. 2021; Aliaga and Piccolo 2021). During this period, 
the principal lagoon expanded in area and increased in 
depth. The water levels significantly decreased at the 
end of 2017, and the drought continued until October 
2018. Beginning in November 2018, the water levels 
experienced a rapid rise, ranging from 20 cm to 1.5 m. 
Consequently, parts of the marshes were populated 
by emergent macrophytes (e.g., Echinochloa sp.) that 
persisted until the water levels decreased at the end of 
summer.

The Chestnut-capped Blackbird is an omnivorous 
passerine. Its diet includes seeds, insects, spiders, and 
can also feed on cultivated rice seeds (Del Barco et 
al. 2006; Fraga 2020). This species inhabits wetlands, 
marshes, rice fields, wet grasslands and agricultural 
fields, and it invades recently flooded areas. The species 
is sexually dichromatic and dimorphic in size. Male 
Chestnut-capped Blackbirds (18.5 cm, 41.3 g) are 
black overall with a chestnut crown and throat, while 
females are olivaceous brown, faintly streaked with 
dusky (17.1 cm, 32.2 g) (Fraga 2020). This species 
is gregarious in all seasons, colonial in its breeding 
habits, and polygynous. During breeding season, males 
sing and built nests to exhibit themselves to females. 
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If a female accepts a nest, she lines it with thin fibers. 
Some nests, however, are not selected by any female, 
so they remain unfinished and the occupied ones. These 
unoccupied nests may be deeper than occupied nests 
(Jaramillo and Burke 1999; Fraga 2020). Females 
incubate and mainly feed the nestlings, while males 
defend colonies against predators (Fraga 2020). 
Furthermore, the species is parasitized by the Shiny 
Cowbird (Molothrus bonariensis), with approximately 
50% of nests being parasitized in Argentina (Blanco 
1995; Lyon 1997).

Nest monitoring and breeding parameters 

We searched for active nests during three 
breeding seasons (September to January of 2016–2017, 
2017–2018, and 2018–2019). On discovery, nests were 
monitored every 1–2 days from the start of the egg-
laying stage until either failure or fledging of the young. 
We defined a nesting attempt as successful when at least 
one nestling fledged. Failed nests were those that were 
completely lost during the incubation or nestling stage 
(Martin and Geupel 1993). We calculated the average 
and range of clutch size (number of eggs per nest when 
the clutch is complete), the average and range of brood 
size (number of nestlings hatched), and the average and 
range of brood size at fledging (number of nestlings 
fledged that were alive at the time of fledging). 

If nests were found during the building stage, 
we monitored them to determine the date of clutch 
initiation (the day the first egg was laid). In cases where 
clutch initiation dates were unknown, we established 
them indirectly by calculating the time elapsed since 
hatching dates for nests found during the incubation 
stage. We defined the duration of the breeding season 
as the interval between the earliest and the latest 
laying dates (Weatherhead 2005; Vengerov 2012). To 
estimate breeding cycle duration, we summed three 
components: 1) the laying stage duration, calculated 
from the beginning of the first egg when the clutch was 
completed; 2) the incubation stage duration, calculated 
from the beginning of incubation (when the clutch was 
completed) to the hatching of the first egg (determined 
only for those nests for both egg laying and hatching 
dates were known); and 3) the nestling stage, calculated 
from the hatching of the first egg to the fledging of the 
first nestling (determined when the day of fledging was 
known). 

Eggs were numbered with indelible ink according 
to their order of appearance. Maximum length (A) and 
breadth (B) were measured with a caliper (to the nearest 
1 mm). Egg mass was measured with a weighing scale 
during each visit the laying stage (precision of 0.1 g). 
Egg volume (V) was calculated using the formula 

provided by Hoyt (1979): V = 0.541AB2. To estimate 
egg size and weight at the population level, we use the 
average egg size for each nest with a complete to avoid 
pseudoreplication. To describe the nestling’s growth, 
we took measures such as body mass (weighing scale 
with a precision of 0.1 g), length of the beak, head 
+ beak, wing, tarsus, tibia, and total body length at 
different nestling ages using a caliper (to the nearest 
1 mm) and a precision scale (precision of 0.1 g). These 
measurements were made at ages 0 to 3, 4 to 7, and 8 
to 11 days after hatching. Hatchlings were marked with 
indelible ink of different colors on their legs to establish 
their hatching sequence, and they were weighed every 
2 days. Nestlings were assigned letters corresponding 
to their hatching order, so that nestling A was the first 
to hatch out, nestling B the second, and so on (C). They 
were monitored until fledging. Close to the fledging 
age, we approached cautiously to avoid premature 
abandonment of the nest. At older ages, we confirmed 
the nestlings’ presence but did not remove them from 
the nest for measurements.

Nests were classified according to the type of 
failure: I) predated nests, when eggs and/or nestlings 
disappeared between consecutive visits and there was 
no more parental activity near the nest; II) deserted 
nests without recognizable causes, when eggs were cold 
or nestlings were dead, and no further parental activity 
was observed; III) weather-affected nests when cold 
eggs or dead nestlings were found following weather 
events such as rain or storms; and IV) deserted nests due 
to brood parasitism, when all eggs in parasitized nests 
were damaged, and no further parental activity was 
observed. When possible, dead nestlings were collected 
for subsequent laboratory analysis (e.g., diet).

Nest morphometry and nest site features 
measurements

We recorded nest morphometry based on external 
width and length, as well as its depth as well egg 
chamber, measured using a ruler and a measuring tape 
(to the nearest 1 cm).

We measured nest height above the water using a 
measuring tape (to the nearest 1 cm), and identified each 
nest support plant. Nest concealment was determined by 
assessing its visibility from a distance of 1 m in each of 
the four cardinal directions (N, E, S, W) as well as from 
directly above. If the nest was visible, it was assigned 
the value 1. These five measurements were averaged to 
generate a concealment index for each nest, with values 
ranging from 0 (completely concealed, not visible from 
any of the five sides) to 1 (completely visible, visible 
from all sides) (King et al. 1998). All measurements 
were performed by the same observer to ensure 
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consistency.

Data analysis

Three breeding performances were assessed: 
A) hatching success, defined as the proportion of 
eggs that hatched from eggs that survived to the end 
of incubation; B) fledging success, defined as the 
proportion of nestlings present in the nest on the last 
check before fledging; and C) breeding success, defined 
as the proportion of nesting attempts in which at least 
one young fledged. A nesting attempt was classified as 
successful if at least one host young fledged.

We estimated the frequency of parasitism as the 
proportion of parasitized nests and the intensity of 
parasitism at the incubation stage as the number of 
parasitic eggs per nest.

For different analyses, we used nest morphometry 
variables, including the external width, external length, 
and depth of the nest, and nest site features, such as the 
height above the water and nest concealment. Moreover, 
we used clutch size and brood size as breeding 
parameters. 

We tested for differences in breeding parameters 
between breeding seasons using the non-parametric 
Kruskal-Wallis test (Kw). 

We modeled the daily nest survival rates (DSR) of 
Chestnut-capped Blackbird using the RMark package 
(Laake 2013), which interfaces with Program MARK 
(White and Burnham 1999). DSR was modeled as a 
function of the nest site features, nest morphometry, nest 
age (day 0 = date on which the first egg in the clutch 
was laid), and time of breeding (the first egg of each 
nest was laid, compared to the date the first egg was 
laid in the season; day 1 = 01 October) (Dinsmore et al. 
2002). We evaluated relationships between independent 
variables using the Spearman correlation coefficient (r). 
Since r < 0.70 in all cases, no variable was removed 
from the analysis. We used Akaike’s Information 
Criterion adjusted for small sample size (AICc) to 
compare competing models of Chestnut-capped 
Blackbird nest survival and to select the best-fitting 
model (Burnham and Anderson 2002). The AICc weight 
of a model (WeightAICc, wi) indicated the relative 
likelihood that specific model is the best of all tested 
models (Burnham and Anderson 2002). The effects 
of covariates on a model were considered meaningful 
when the 95% confidence intervals of β coefficients did 
not overlap zero. 

To assess whether  there were signif icant 
differences in nestlings’ body mass among different 
hatching orders, an analysis of variance (ANOVA) 
was conducted. Before performing the ANOVA, 
homogeneity of variances and normality of residuals 

were checked. Post hoc Tukey tests (Tukey’s honest 
significant difference test) were conducted for pairwise 
comparisons between nestlings. We used non-linear 
mixed models (NLMM) (nlme package; Pinheiro and 
Bates 2022) to estimate nestling growth curves for body 
mass as a function of nestling age. The curves were 
fitted to Richard’s equation (Tjørve and Tjørve 2017). 
Richard’s model using parameterization A, K, ti, and 
d, where A is the upper asymptote (i.e., predicted adult 
size), K maximum relative growth rate, ti age at the in 
flexion point, and D shape parameter (Tjørve and Tjørve 
2017). We modeled body mass growth and estimated the 
curves for each hatching order, considering estling and 
nest identity as random effect factors to estimate curve 
parameters (Svagelj et al. 2019). Nestlings showing 
signs of starvation were excluded for growth analyses. 

We considered an alpha of 0.05 for decision 
making on variables effects. All values are reported as 
means ± SD.

RESULTS

Breeding parameters

During the three breeding seasons, a total of 138 
nests of Chestnut-capped Blackbird were monitored 
(4 in 2016–2017, 16 in 2017–2018, and 118 in 2018–
2019). The earliest clutch was initiated on October 1, 
and the latest on December 28. The peaks of clutch 
initiation occurred in November and December (Fig. 1).

The breeding cycle of the Chestnut-capped 
Blackbird lasted 29.07 ± 1.12 days. The egg-laying 
stage lasted 3.09 ± 0.42 days (n = 84 nests), the 
incubation stage lasted 13.25 ± 1.20 days (n = 84 nests), 
and the nestling stage lasted 13 ± 0.73 days (n = 49 
nests).

Clutch size was 2.75 ± 0.67 eggs per nest (mode 
= 3, range = 1–4, n = 84 nests). Clutch size did not vary 
significantly among years (KW = 2.41, d.f. = 2, p = 0.30). 
Egg dimensions were as follows: the maximum length 
was 22.75 ± 1.31 mm, the greatest breadth was 16.21 ± 
9.81 mm, the mean volume was 30.27 ± 2.33 cm3, and 
the egg mass was 3.29 ± 0.40 g (n = 224 eggs from 84 
nests).

Brood size was 2.28 ± 0.79 nestlings per nest 
(mode = 3, range = 1–3; n = 49 nests). Brood size 
(2016–2017 and 2018–2019 of breeding seasons) did 
not vary significantly between years (KW = 0.09, d.f. = 1, 
p = 0.76). In the 2017–2018 breeding season, none of 
the nests reached the nestling stage. 

Brood size at fledging was 1.60 ± 0.64 fledgings 
per nest (mode = 1, range = 1–3; n = 38 nests). Brood 
size (2016–2017 and 2018–2019 of breeding seasons) 
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did not vary significantly between years (KW = 1.20, d.f. 
= 1, p = 0.27). 

The mean body mass for the hatching orders A, B, 
and C were 11.52 ± 7.32 g (range: 1.80–31.00 g), 9.93 ± 
5.63 g (range: 2.05–27.00 g), and 6.65 ± 4.33 g (range: 
1.70–17.00 g), respectively. The body mass of nestlings 
varied significantly across these hatching orders 
(F = 6.88, d.f. = 2, p = 0.0001). Post hoc comparisons 
using Tukey’s HSD test revealed that there was no 
significant difference between the body masses of A and 
B nestlings (p = 0.23). However, significant differences 
were found between A and C (p = 0.0009) and between 
B and C nestlings (p = 0.05).

By fitting Richard’s curves to the body mass 
data of the Chestnut-capped Blackbird nestlings, we 
estimated the growth parameters for each hatching 
order (Table 1). These parameters were then used to 

predict the growth curves at different ages (Fig. 2). The 
estimated body masses at hatching for nestlings A, B, 
and C are 1.76 g, 1.71 g, and 1.67 g, respectively. The 
curve indicates that few C nestlings (marginal nestlings) 
survive beyond seven days in the nest (Fig. 2). We 
sampled regurgitated and the stomach contents of dead 
nestlings found in the nests (n = 4). The items identified 
included seeds of Echinochloa sp., insects (Odonata, 
Diptera, Coleoptera, Hymenoptera and Orthoptera), and 
Mollusca.

Nest morphometry and nest site features 

The nests were cup-shaped, built by males using 
wet plant fibers intertwined and lined with aquatic 
plants. Nest external height, external width, and depth 
mensured 11.55 ± 2.01 cm (range = 9–18 cm), 11.54 

Fig. 1.  Distribution of Chestnut-capped Blackbird (Chrysomus ruficapillus) nests initiated each month during three breeding seasons (2016–2019) in 
a wetland in Argentina.

Table 1.  Richard’s growth curve parameters for body mass of Chestnut-capped Blackbird (Chrysomus ruficapillus) (n 
= 109 nestlings from 51 nests). Hatching order of the nestlings: A was the first to hatch out (n = 105 nestlings), nestling 
B the second (n = 71), and C the ultimate (n = 30)

Hatching order of nestlings A K ti d RD

A-order 36.21 ± 4.16 0.17 ± 0.05 7.13 ± 0.48 1.06 ± 0.30 1.33
B-order 33.97 ± 7.65 0.16 ± 0.09 6.46 ± 0.68 0.98 ± 0.20 1.30
C-order 22.51 ± 7.84 0.37 ± 0.29 5.75 ± 0.72 1.78 ± 1.15 0.84

A = upper asymptote, ti = time in days when maximum growth was reached, K = maximum relative growth rate; d = shape parameter, and RD = 
residual standard deviation for the predicted curve. Values are presented as mean ± SD.
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± 1.83 cm (range = 8–17 cm), and 7.91 ± 1.30 cm 
(range = 5–13 cm; n = 138 nests), respectively. The 
support plant used in the first two seasons was 
primarily Solanum glaucophyllum. In the last season 
(2018–2019), 54% of the nests were built on this 
species, while other plant species were incorporated, 
including Schoenoplectus californicus (7%), Solanum 
pilcomayense (4%), Persicaria punctatum (6%), and 
Senecio bonariensis (1%). Furthermore, 28% of the 
nests were built using more than one plant species for 
support, often combining the species mentioned above 
with Echinochloa sp. The height above the water level 
was 80 ± 21.53 cm (range = 38–150 cm), with a nest 
concealment of 0.52 ± 0.33 (range = 0.2–1; 138 nests). 

Breeding performance and causes of nest 
failures 

The mean hatching success per nest during 
the breeding season was 0.46 ± 0.43 (46%), and 

fledging success per nest was 0.32 ± 0.40 (32%). 
Breeding success was 0.44 ± 0.50 (44%). DSR in the 
constant model was 0.96 ± 0.08 (n = 85 nests), and the 
probability of nest survival throughout the entire 29-day 
cycle breeding was 0.31 (31%).

During the first two breeding seasons (2016–2017, 
2017–2018), six nests with eggs were monitored, of 
which four were parasitized by the Shiny Cowbird. 
The frequency of parasitism was 67% (4/6 nests) 
with an intensity of parasitism of 2.25 ± 0.96 eggs per 
nest (range = 1–3). However, during the 2018–2019 
breeding season, when the greatest number of nests was 
recorded (n = 118), no parasitic eggs were found. Egg 
punctures or parasite nestlings were also absent. All four 
parasitized nests were abandoned, likely after receiving 
parasitic eggs.

We found 53 nests during the building stage (with 
fresh material) that later did not proceed to lay, which 
were not considered failures. Among these nests, 41 
were located near nests with laying, and in addition, 

Fig. 2.  Growth curve for body mass of Chestnut-capped Blackbird (Chrysomus ruficapillus) nestlings. Growth curves were obtained from non-linear 
mixed models applied to the Richards equation (n = 109 nestlings from 51 nests). The lines depict growth by the order of hatching (fixed effects), 
whereas the points show individual nestlings.
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many other nests without laying were observed adjacent 
to active nests that were not included in the count. 
During 2017–2018, we found 12 nests in different 
stages of building. None of the 12 nests were occupied, 
coinciding with Chestnut-capped adults leaving the 
study area. 

Of the 85 remaining nests, 38 (45%) were 
successful, while 47 (55%) failes due to different causes. 
The most frequent cause of nest failures was predation 
(n = 28, 60%), followed by desert for unknown causes 
(n = 10, 21%), adverse weather conditions (n = 5, 11%), 
and desert due to brood parasitism (n = 4, 8%). Among 
the failed nests, 36 (77%) failed during the laying 
incubation stages while 11 (23%) failed during the 
nestling stage.

Factors influencing nest survival

The best model was the one that included the 
height above the water level in modeling DSR (Table 2), 
and this effect different from zero and was positive (β ± 
SE: 0.014 ± 0.007; 95% CI: 0.00002–0.02851). The rest 
of the candidate models that included nest concealment, 
variables of nest morphometry or temporal effects had 
no important effect on nest survival (Table 2). 

DISCUSSION

In this study, conducted in a wetland in central 
Argentina, we provide detailed data on the breeding 
parameters, nest site features, nest morphometry, and 
nestling growth rates of the Chestnut-capped Blackbird 
(Chrysomus ruficapillus). We also found low nest 
survival in our study site. Our findings support the 
prediction that the height of the nest above the water 

is a relevant factor associated with nest survival. 
However, contrary to our prediction, nest concealment, 
nest morphometry and time of breeding season had no 
effects on nests of Chestnut-capped Blackbird. 

The breeding season length of the Chestnut-capped 
Blackbird was similar to that recorded in rice paddies 
(Bello Fallavena 1987; Cirne and López-Iborra 2005) 
but shorter than in natural wetlands (Costa et al. 2020). 
These differences may be based on geographic factors. 
These differences may stem from geographic factors, as 
the study conducted in Brazil’s tropical climate featured 
a more favorable and prolonged breeding season (Costa 
et al. 2020). Moreover, cological factors such as the 
availability of support plants, food resources, and 
fluctuations in water levels may influence the length of 
the breeding season. In rice paddies, clutch initiation 
is tied to the growth of rice plants (Bello Fallavena 
1987; Cirne and López-Iborra 2005). According to our 
findings, the 2018–2019 breeding season length may be 
associated with the growth of Echinochloa sp., a key 
resource for the species. This plant served as both nest 
support and food source for adults (pers. observ.; Bello 
Fallavena 1987; Del Barco et al. 2006) and nestlings (as 
observed in this study).

The average clutch size registered in this study 
was slightly lower than those reported in studies in 
natural ecosystems (Klimaitis 1973; Canavelli 1994; Di 
Giacomo 2005) and similar to studies in rice paddies in 
Brazil (Cirne and López-Iborra 2005). A modal clutch 
size of three eggs is common among South American 
icterids (Jaramillo and Burke 1999). It coincides with a 
smaller clutch expected for southern temperate species 
compared with North Hemisphere species (Martin et al. 
2000). The morphometry measurements of eggs fall into 
the reported range (De la Peña 2015).

Our study revealed that early-hatched nestlings 

Table 2.  Results of models for daily nest survival of Chestnut-capped Blackbird (Chrysomus ruficapillus) in Argentina 
during three breeding seasons (2016–2019), including a null model of constant survival (S(.)). Model with greater 
support than the null model is in bold

Model K AICc ΔAICc wi Deviance Change in Deviance

S(~Height) 2 279.09 0.00 0.390 275.08 -4.15
S(~.) 1 281.23 2.14 0.134 279.23 0.0
S(~NestAge) 2 281.63 2.54 0.109 277.62 -1.61
S(~Time) 2 281.73 2.65 0.104 277.72 -1.51
S(~Conc) 2 282.35 3.27 0.076 278.34 -0.88
S(~Depth) 2 282.36 3.28 0.757 278.35 -0.87
S(~ExtHeight) 2 282.79 3.70 0.061 278.77 -0.45
S(~ExtWidth) 2 283.19 4.10 0.050 279.18 -0.05

K = number of parameters estimated in a model, AICc = Akaike Information Criterion (corrected for small sample sizes), ∆AICc = differences in AICc 
between models, wi = model importance weight, Deviance = likelihood difference between each model and the saturated model (hypothetic model 
with perfect fit), Change in Deviance = the difference between the deviance of a models and the deviance of a null model.
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(A–B) reached a larger body mass and showed higher 
asymptotes and inflexion points in their growth curves 
than late-hatched nestlings (C-nestlings). Late-hatched 
nestlings frequently exhibited signs of starvation, 
making them more vulnerable within the nest and 
contributing to their lower survival rates. Similarly, in 
Brazil, Cirne and López-Iborra (2005) found the poorest 
nestling conditions in the youngest nestlings. Several 
studies have shown that hatching asynchrony may 
decrease growth rates (Tuero et al. 2018; Wawrzyniak et 
al. 2020). Moreover, nestling growth can be influenced 
by various factors such as food availability, the number 
of siblings, sex, breeding season, weather conditions, 
parental age, and quality (Gebhardt-Henrich and 
Richner 1998; Badyaev et al. 2002; Massemin et al. 
2002). These findings are expected because hatching 
asynchrony in birds influences body mass and, as a 
consequence, growth rate. 

In our study, we found that the nesting success 
of the Chestnut-capped Blackbird was lower than 
previously reported (Klimaitis 1973; Cirne and López-
Iborra 2005; Costa et al. 2020). These differences may 
be attributed to variations in nesting sites (wetlands 
vs. rice paddies), weather conditions, or differences 
in the composition of the predator community. For 
example, studies on other Chrysomus species, such as 
the Yellow-hooded Blackbird (C. icterocephalus) in 
Venezuela’s llanos showed that nesting success depends 
on the wet season when food availability and vegetation 
are abundant (Cruz and Andrews 1989). In addition, 
Neotropical species generally have lower nesting 
success than Nearctic species (Martin 1993 1996; 
Wiersma et al. 2007; Kleindorfer 2007). This trend is 
likely due to higher predation rates and greater predator 
diversity in the tropics and Southern Hemisphere (Martin 
et al. 2006; Menezes and Marini 2017; Matysioková and 
Remeš 2022). Therefore, the low nesting success may 
be due to the high predation rate, nest site availability 
and weather conditions that preclude finding safe 
nesting sites (Mezquida 2004; Menezes and Marini 
2017). 

Nest site features observed in this study were 
similar to previous descriptions (Klimaitis 1973; Cirne 
and López-Iborra 2005; De la Peña 2015). However, 
the height of the nest above the water was slightly 
lower than data reported for natural environments 
(Klimaitis 1973; Olguín 2017). Like other icterid 
species, nests were built on low branches, concealed in 
vegetation, and protected from aerial predators (Graña 
Grilli and Montalti 2014; Mermoz and Reboreda 
1998). Furthermore, overlapping nests were found 
as mentioned in Klimaitis (1973) and Canavelli 
(1994). However, the function of these nests with 
greater external height and depth is unknown. On the 

other hand, there were nests built in unsuitable plant 
species (e.g., Echinochloa sp., Persicaria punctatum) 
that were damaged by the fall of these plants during 
extreme weather conditions (windstorms and rainfall). 
Previous studies on the Brown-and-yellow Marshbird 
(Pseudoleistes virescens) reported that building nests 
in certain support plants like exotic thistles, influenced 
breeding success because some nests fell off their plant 
supports (Mermoz and Reboreda 1998). Similarly, in the 
Chestnut-capped Blackbird, the choice of plant species 
for nest building may affect loss of clutch and/or its nest 
survival. 

Shiny cowbirds (45–50 g; Tuero et al. 2013) 
parasitized a high frequency (67%) of Chestnut-
capped blackbirds (38 g) during the first two breeding 
seasons and were absent in the following season (≈ 200 
total nests). Lyon (1997) reported a high frequency of 
parasitism in colonies with 10 to 30 nests. In contrast, 
other studies indicated a low frequency of parasitism 
(Klimaitis 1973; Canavelli 1994; Cirne and López-
Iborra 2005; Costa et al. 2020). Most nests containing 
parasite eggs were abandoned, consistent with 
observations by Klimaitis (1973), who suggested that 
nest abandonment by the female may be a response to 
the presence of parasitic eggs.

Nest height above the water was positively 
associated with nest survival, with nests positioned 
higher above the water exhibiting increased daily 
survival rates (DSR). Nest predation may vary with nest 
height, depending on the composition of the predator 
community in the area (Martin 1988; Menezes and 
Marini 2017). For instance, avian predators may have 
difficulty detecting lower nests (Remeš 2005), whereas 
such nests are more vulnerable to predators that rely on 
olfactory cues, such as snakes (Kleindorfer et al. 2005; 
Colombelli-Négrel and Kleindorfer 2009). Previous 
studies have identified avian predators as threats to this 
species (Cirne and López-Iborra 2005). Another factor 
to consider is the distance from the water to the nest. 
If the water level increases, the nest becomes more 
vulnerable. In November 2018, the water level in the 
lagoon of the Ecological Reserve started to increase 
by 30 cm to 1.5 m. This gradual growth led to the loss 
of low nests at the beginning of the breeding season 
(mostly without laying). Toward the end of the breeding 
season, nests close to the water surface were at risk of 
becoming wet and flooded. Therefore, nest height in the 
Chestnut-capped Blackbird may be influenced by both 
the predatory community and changes in water levels. 
Further studies are needed to ascertain the critical 
factors contributing to nest site isolation and protection.

Contrary to expectations, nest concealment and 
the timing of the breeding season did not affect daily 
survival rates (DSR). The vegetation covers at our study 
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site, which remained consistent throughout the breeding 
season, may have contributed to the lack of variation 
in DSR between different levels of nest exposure 
and between earlier and later nests. Additionally, this 
result might be explained by nest defense behavior. 
Previous studies have reported that communal mobbing 
by blackbirds reduces predation risk (Fernández and 
Mermoz 2000; Yasukawa et al. 2020; Lawson et al. 
2023). We suggest that Chestnut-capped Blackbirds 
can significantly reduce predation rates by defending 
their nests. Our results also showed no relationship 
between nest size and DSR. The similarity in blackbird 
nest architecture suggests that there may be no 
significant impact on the likelihood of egg survival and 
the successful fledging of offspring (Lambrechts and 
Deeming 2024).

CONCLUSIONS

This study enhances our understanding of the 
biology and breeding success of Chestnut-capped 
Blackbirds (Chrysomus ruficapillus) nesting in natural 
marshes and rice paddies. Our findings demonstrate that 
nest height above water is a critical factor associated 
with nest survival. This insight highlights the importance 
of identifying nest-site characteristics favorable for 
breeding in natural wetlands. Given that many wetlands 
in our region have been modified, we underscore the 
significance of understanding nesting preferences to 
support the conservation of species that depend on these 
habitats. Furthermore, we propose using this species as 
an ecological indicator to assess wetland conditions and 
the impacts of environmental changes. This information 
can also guide the development of conservation and 
management strategies to mitigate the damage caused 
by this species in rice paddies.

Acknowledgments: We express our gratitude to 
Antonio Rocha, Guillermo Ceppi and María Belén 
Molina for their help with fieldwork. LVS had a doctoral 
scholarship from the CONICET of Argentina. ChatGPT 
was used to review the grammar of the text.

Authors’ contributions: LVS contributed to the 
study design, fieldwork, data analysis, interpretation 
of data, and manuscript drafting. AHB contributed to 
the study design, interpretation of data, and manuscript 
drafting. SAR contributed to the study design and 
fieldwork. ARG contributed to the study design, 
interpretation of data, and manuscript drafting.

Competing interests: LVS, AHB, SAR, ARG 
declare that they have no conflict of interest.

Availability of data and materials: Data will be 
made available on reasonable request.

Consent for publication: Not applicable. 

Ethics approval consent to participate: Not 
applicable

REFERENCES

Aliaga VS, Piccolo MC. 2021. Variability of extreme precipitation 
events in the Northeastern Argentine region. Theor Appl 
Climatol 145:955–965. doi:10.1007/s00704-021-03659-0.

Anteau MJ, Shaffer TL, Sherfy MH, Sovada MA, Stucker JH, 
Wiltermuth MT. 2012. Nest survival of piping plovers at a 
dynamic reservoir indicates an ecological trap for a threatened 
population. Oecologia 170:1167–1179. doi:10.1007/s00442-012-
2384-y.

Badyaev AV, Hill GE, Beck ML, Dervan AA, Duckworth RA, 
McGraw KJ, Nolan PM, Whittingham LA. 2002. Sex-biased 
hatching order and adaptive population divergence in a passerine 
bird. Science 295:316–318. doi:10.1126/science.1066651.

Barocas A, Tobler MW, Valladares NA, Pardo AA, Macdonald DW, 
Swaisgood RR. 2023. Protected areas maintain neotropical 
freshwater bird biodiversity in the face of human activity. Ecol 
Indic 150:110256. doi:10.1016/j.ecolind.2023.110256.

Bello Fallavena MAB. 1987. Alguns dados sobre a reprodução do 
garibáldi, Agelaius r. ruficapillus (Icteridae, Aves) em lavouras 
de arroz no Rio Grande do Sul. Rev Bras Zool 4:307–317. 
doi:10.1590/S0101-81751987000400003.

Berkunsky I, Kacoliris FP, Faegre SI, Ruggera RA, Carrera JD, 
Aramburú RM. 2011. Nest predation by arboreal snakes on 
cavity nesting-birds in dry Chaco woodlands. Ornitol Neotrop 
22:459–464.

Blanco DE. 1995. Parasitismo de cría del Tordo Renegrido Molothrus 
bonariensis sobre Agelaius ruficapillus, en el este de la provincia 
de Buenos Aires. Hornero 14:44–45.

Borgmann KL, Conway CJ. 2015. The nest-concealment hypothesis: 
new insights from a comparative analysis. Wilson J Ornithol 
127:646–660. doi:10.1676/14-162.1.

Browne M, Pasian C, Di Giacomo AG, Di Bitetti MS, Di Giacomo 
AS. 2023. Variation in mesopredator abundance and nest 
predation rate of the endangered Strange‐tailed Tyrant (Alectrurus 
risora). Ibis 165:1201–1216. doi:10.1111/ibi.13202.

Burhans DE, Dearborn D, Thompson III FR, Faaborg J. 2002. Factors 
affecting predation at songbird nests in old fields. J Wildl Manag 
66:240–249. doi:10.2307/3802890.

Burkart R, Bárbaro NO, Sánchez RO, Gómez DA. 1999. Eco-
regiones de la Argentina. Administración de Parques Nacionales. 
PRODIA, Buenos Aires, Argentina.

Burnham KP, Anderson DR. 2002. Model selection and Multimodel 
Inference. A Practical Information Theorict Approach. Springer, 
New York, USA.

Brussee BE, Coates PS, Hothem RL, Howe KB, Casazza ML, Eadie 
JM. 2016. Nest survival is influenced by parental behaviour and 
heterospecifics in a mixed‐species colony. Ibis 158:315–326. 
doi:10.1111/ibi.12351.

Canavelli SB. 1994. Ecología alimentaria y reproductiva del Tordo 
varillero (Agelaius ruficapillus) en ambientes bajo producción de 
arroz. Bachelor Dissertation, Universidad Nacional de Córdoba, 
Argentina.

page 10 of 13Zoological Studies 63:50 (2024)

https://doi.org/10.1007/s00704-021-03659-0
https://doi.org/10.1007/s00442-012-2384-y
https://doi.org/10.1126/science.1066651
https://doi.org/10.1016/j.ecolind.2023.110256
https://doi.org/10.1590/S0101-81751987000400003
https://doi.org/10.1676/14-162.1
https://doi.org/10.1111/ibi.13202
https://doi.org/10.2307/3802890
https://doi.org/10.1111/ibi.12351


© 2024 Academia Sinica, Taiwan

Cirne MP, López-Iborra GM. 2005. Breeding biology of Chestnut-
capped Blackbirds in rice paddies in southern Brazil. J Field 
Ornithol 76:411–416. doi:10.1648/0273-8570-76.4.411.

Costa MC, Medolago CA, Murcia A, Francisco MR. 2020. 
Reproductive parameters of the Chestnut-capped Blackbird, 
Chrysomus ruficapillus (Passeriformes: Icteridae), in a natural 
wetland from southeastern Brazil. Zoologia 37:1–5. doi:10.3897/
zoologia.37.e36026.

Contreras FI, Mavo Manstretta GM, Piccolo MC, Perillo GME. 
2021. Spatio-temporal variability monitoring of the floods in 
the center-west of the Buenos Aires Province (Argentina) using 
remote sensing techniques: the role of sand dunes. Geograp Res 
Lett 47:337–354. doi:10.18172/cig.4477.

Conway CJ, Martin TE. 2000. Evolution of passerine incubation 
behavior: influence of food, temperature, and nest predation. 
Evol 54:670–685. doi:10.1111/j.0014-3820.2000.tb00068.x.

Colombelli-Négrel D, Kleindorfer S. 2009. Nest height, nest 
concealment, and predator type predict nest predation in 
superb fairy-wrens (Malurus cyaneus). Ecol Res 24:921–928. 
doi:10.1007/s11284-008-0569-y.

Cruz A, Andrews RW. 1989. Observations on the breeding biology of 
passerines in a seasonally flooded savanna in Venezuela. Wilson 
Bull 101:62–76.

De la Peña MR. 2015. Aves Argentinas: huevos y nidos. Eudeba- 
Ediciones UNL, Buenos Aires, Argentina.

de Neve L, Soler JJ. 2002. Nest-building activity and laying date 
influence female reproductive investment in magpies: an 
experimental study. Anim Behav 63:975–980. doi:10.1006/
anbe.2001.1989.

Del Barco OD, Paredes MR, Beltzer AH, Berduc A. 2006. Ecología 
Alimentaria Estival del Varillero Común, Chrysomus ruficapillus 
(Aves: Icteridae) y su Comparación con Otras Especies de 
Tordos. FABICIB 10:49–60. doi:10.14409/fabicib.v10i1.790.

Di Giacomo AG. 2005. Aves de la Reserva El Bagual. In: Di Giacomo 
AG, Krapovickas SF (eds) Historia natural y paisaje de la 
Reserva El Bagual, provincia de Formosa, Argentina. Inventario 
de la fauna de vertebrados y de la flora vascular de un área del 
Chaco Húmedo. Temas de Naturaleza y Conservación 4. Aves 
Argentinas & Asociación Ornitológica del Plata, Buenos Aires, 
pp. 202–578.

Dinsmore SJ, White GC, Knopf FL. 2002. Advanced techniques for 
modeling avian nest survival. Ecol 83:3476–3488. doi:10.1890/ 
0012-9658(2002)083[3476:ATFMAN]2.0.CO;2.

Fernández GJ, Mermoz ME. 2000. Effect of predation and cowbird 
parasitism on the nesting success of two sympatric Neotropical 
marshbirds. Wilson Bull 112:354–364. doi:10.1676/0043-
5643(2000)112[0354:EOPACP]2.0.CO;2.

Fogarty DT, Elmore RD, Fuhlendorf SD, Loss SR. 2017. Influence 
of olfactory and visual cover on nest site selection and nest 
success for grassland‐nesting birds. Ecol Evol 7:6247–6258. 
doi:10.1002/ece3.3195.

Fraga R. 2020. Chestnut-capped Blackbird (Chrysomus ruficapillus). 
In: del Hoyo J, Elliott A, Sargatal J, Christie DA, de Juana E 
(eds) Birds of the World. Cornell Lab of Ornithology, Ithaca. 
doi:10.2173/bow.chcbla2.01.

Gebhardt-Henrich S, Richner H. 1998. Causes of growth variation and 
its consequences for fitness. Oxford Ornithol 8:324–339.

Grames EM, Montgomery GA, Youngflesh C, Tingley MW, Elphick 
CS. 2023. The effect of insect food availability on songbird 
reproductive success and chick body condition: evidence from 
a systematic review and meta‐analysis. Ecol Lett 24:658–673. 
doi:10.1111/ele.14178.

Graña Grilli M, Montalti D. 2014. Relación entre la estructura y 
la ubicación del nido del Varillero Ala Amarilla (Agelasticus 
thilius). Hornero 29:37–40.

Grant TA, Shaffer TL, Madden EM, Pietz PJ. 2005. Time-specific 
variation in passerine nest survival: new insights into old 
questions. Auk 122:661–672. doi:10.1093/auk/122.2.661.

Grudinskaya V, Samsonov S, Galkina E, Grabovsky A, Makarova 
T, Vaytina T, Fedotova S, Shitikov D. 2022. Effects of spring 
weather on laying dates, clutch size, and nest survival of ground-
nesting passerines in abandoned fields. Avian Conserv Ecol 17:8. 
doi:10.5751/ACE-02215-170208.

Heenan CB, Seymour RS. 2011. Structural support, not insulation, is 
the primary driver for avian cup-shaped nest design. Proc Royal 
Soc B Biol Sci 278:2924–2929. doi:10.1098/rspb.2010.2798.

Hoyt DF. 1979. Practical methods of estimating volume and fresh 
weight of bird eggs. Auk 96:73–77. doi:10.1093/AUK/96.1.73.

Iriondo MH, Paggi JC, Parma MJ. 2007. The Middle Paraná River: 
limnology of a subtropical wetland. Springer Science & Business 
Media, Berlín, Germany.

Jaramillo A, Burke P. 1999. New World blackbirds: the icterids. 
Princeton University Press, Nueva Jersey, USA.

King DI, Degraaf RM, Griffin CR. 1998. Edge‐related nest predation 
in clearcut and groupcut stands. Conserv Biol 12:1412–1415. 
doi:10.1111/j.1523-1739.1998.97199.x.

Klimaitis JF. 1973. Estudio descriptivo de una colonia de Tordos 
Varilleros (Agelaius ruficapillus). Hornero 11:193–202.

Kleindorfer S. 2007. The ecology of clutch size variation in Darwin’s 
Small Ground Finch Geospiza fuliginosa: comparison between 
lowland and highland habitats. Ibis 149:730–741. doi:10.1111/
j.1474-919X.2007.00694.x.

Kleindorfer S, Fessl B, Hoi H. 2005. Avian nest defence behaviour: 
assessment in relation to predator distance and type, and nest 
height. Anim Behav 69:307–313. doi:10.1016/j.anbehav.2004.06. 
003.

Kolada EJ, Sedinger JS, Casazza ML. 2009. Nest site selection by 
greater sage‐grouse in Mono County, California. J Wildl Manage 
73:1333–1340. doi:10.2193/2008-338.

Laake JL. 2013. RMark: an R interface for analysis of capture-
recapture data with MARK. AFSC Processed Rep., Alaska, 
USA.

Lack D. 1954. The Natural Regulation of Animal Numbers. Clarendon 
Press, Oxford, UK.

Lack D. 1968. Ecological adaptations for breeding in birds. Methuen, 
Londres, UK. 

Lambrechts M, Deeming C. 2024. Nest design and breeding success: 
replicability of methodologies and research findings in secondary 
hole nesting Passerines. Birds 5:278–307. doi:10.20944/
preprints202403.0199.v1.

Lambrechts MM, Charmantier A, Demeyrier V, Lucas A, Perret S et 
al. 2017. Nest design in a changing world: Great tit Parus major 
nests from a Mediterranean city environment as a case study. 
Urban Ecosyst 20:1181–1190. doi:10.1007/s11252-017-0670-5.

Lawson S, Enos J, Gill SA, Hauber ME. 2023. Red‐winged blackbirds 
nesting nearer to yellow warbler and conspecific nests experience 
less brood parasitism. Ecol Evol 13:e9818. doi:10.1002/
ece3.9818.

Liebezeit JR, Kendall SJ, Brown S, Johnson CB, Martin P, McDonald 
TL, Payer DC, Res CL, Streever AM, Wildman AM, Zack S. 
2009. Influence of human development and predators on nest 
survival of tundra birds, Arctic Coastal Plain, Alaska. Ecol Appl 
19:1628–1644. doi:10.1890/08-1661.1.

Little IT, Hockey PA, Jansen R. 2015. Predation drives nesting success 
in moist highland grasslands: the importance of maintaining 
vegetation cover for bird conservation. Ostrich 86:97–111.  
doi:10.2989/00306525.2015.1005557.

Liu J, Yan H, Li G, Li S. 2021. Nest concealment is associated with 
reproductive traits across sympatric bird species. Ecol Evol 
11:14079–14087. doi:10.1002/ece3.8117.

page 11 of 13Zoological Studies 63:50 (2024)

https://doi.org/10.1648/0273-8570-76.4.411
https://doi.org/10.3897/zoologia.37.e36026
https://doi.org/10.18172/cig.4477
https://doi.org/10.1111/j.0014-3820.2000.tb00068.x
https://doi.org/10.1007/s11284-008-0569-y
https://doi.org/10.1006/anbe.2001.1989
https://doi.org/10.14409/fabicib.v10i1.790
https://doi.org/10.1890/0012-9658(2002)083[3476:ATFMAN]2.0.CO;2
https://doi.org/10.1676/0043-5643(2000)112[0354:EOPACP]2.0.CO;2
https://doi.org/10.1002/ece3.3195
https://birdsoftheworld.org/bow/species/chcbla2/1.0/introduction
https://doi.org/10.1111/ele.14178
https://doi.org/10.1093/auk/122.2.661
https://doi.org/10.5751/ACE-02215-170208
https://doi.org/10.1098/rspb.2010.2798
https://doi.org/10.1093/auk/96.1.73
https://doi.org/10.1111/j.1523-1739.1998.97199.x
https://doi.org/10.1111/j.1474-919X.2007.00694.x
https://doi.org/10.1016/j.anbehav.2004.06.003
https://doi.org/10.2193/2008-338
https://www.preprints.org/manuscript/202403.0199/v1
https://doi.org/10.1007/s11252-017-0670-5
https://doi.org/10.1002/ece3.9818
https://doi.org/10.1890/08-1661.1
https://doi.org/10.2989/00306525.2015.1005557
https://doi.org/10.1002/ece3.8117


© 2024 Academia Sinica, Taiwan

Lord AM, McCleery R, Cresswell W. 2011. Incubation prior to clutch 
completion accelerates embryonic development and so hatch 
date for eggs laid earlier in a clutch in the great tit Parus major. J 
Avian Biol 42:187–191. doi:10.1111/j.1600-048X.2010.05256.x.

Lorenzón RE, Beltzer AH, Olguin PF, Ronchi‐Virgolini AL. 2016. 
Habitat heterogeneity drives bird species richness, nestedness 
and habitat selection by individual species in fluvial wetlands 
of the Paraná River, Argentina. Austral Ecol 41:829–841. 
doi:10.1111/aec.12375.

Lyon BE. 1997. Spatial patterns of shiny cowbird brood parasitism 
on chestnut-capped blackbirds. Anim Behav 54:927–939. 
doi:10.1006/anbe.1997.0476. 

MacDonald EC, Camfield AF, Martin M, Wilson S, Martin K. 2016. 
Nest-site selection and consequences for nest survival among 
three sympatric songbirds in an alpine environment. J Ornithol 
157:393–405. doi:10.1007/s10336-015-1286-2.

Magrath RD, Haff TM, Horn AG, Leonard ML. 2010. Calling in the 
face of danger: predation risk and acoustic communication by 
parent birds and their offspring. Adv Study Behav 41:187–253. 
doi:10.1016/S0065-3454(10)41006-2.

Mainwaring MC, Hartley IR, Lambrechts MM, Deeming DC. 2014. 
The design and function of birds’ nests. Ecol Evol 4:3909–3928. 
doi:10.1002/ece3.1054.

Martin TE. 1988. On the advantage of being different: nest predation 
and the coexistence of bird species. Proc Natl Acad Sci USA 
85:2196–2199. doi:10.1073/pnas.85.7.2196.

Martin TE. 1993. Nest predation and nest sites. BioScience 43:523–
532.

Martin TE. 1996. Life history evolution in tropical and south 
temperate birds: what do we really know? J Avian Biol 27:263–
272. doi:10.2307/3677257.

Martin TE. 2002. A new view of avian life-history evolution tested 
on an incubation paradox. Proc Royal Soc London B: Biol Sci 
269:309–316. doi:10.1098/rspb.2001.1879.

Martin TE, Bassar RD, Bassar SK, Fontaine JJ, Lloyd P, Mathewson 
HA, Niklison AM, Chalfoun A. 2006. Life‐history and ecological 
correlates of geographic variation in egg and clutch mass 
among passerine species. Evol 60:390–398. doi:10.1111/j.0014-
3820.2006.tb01115.x.

Martin TE, Geupel GR. 1993. Nest-monitoring plots: Methods for 
locating nests and monitoring success. J Field Ornithol 64:507–
519.

Martin TE, Scott J, Menge C. 2000. Nest predation increases with 
parental activity: separating nest site and parental activity 
effects. Proc Royal Soc London B: Biol Sci 267:2287–2293. 
doi:10.1098/rspb.2000.1281.

Massemin S, Korpimäki E, Pöyri V, Zorn T. 2002. Influence of 
hatching order on growth rate and resting metabolism of 
kestrel nestlings. J Avian Biol 33:235–244. doi:10.1034/j.1600-
048X.2002.330305.x.

Matysioková B, Remeš V. 2022. Stronger negative species interactions 
in the tropics supported by a global analysis of nest predation in 
songbirds. J Biogeogr 49:511–522. doi:10.1111/jbi.14321.

McCarty JP. 2001. Variation in growth of nestling tree swallows 
across multiple temporal and spatial scales. Auk 118:176–190. 
doi:10.1093/auk/118.1.176.

Mezquida ET. 2004. Nest site selection and nesting success of five 
species of passerines in a South American open Prosopis 
woodland. J Ornithol 145:16–22. doi:10.1007/s10336-003-0002-
9.

Menezes JC, Marini MÂ. 2017. Predators of bird nests in the 
Neotropics: a review. J Field Ornithol 88:99–114. doi:10.1111/
jofo.12203.

Mermoz ME, Reboreda JC. 1998. Nesting success in Brown-and-

yellow Marshbirds: effects of timing, nest site, and brood 
parasitism. Auk 115:871–878. doi:10.1111/jav.01645.

Mock DW, Parker GA. 1997. The evolution of sibling rivalry. 
Oxford University Press,  Oxford,  USA. doi:10.1093/
oso/9780198577430.001.0001.

Møller AP, Adriaensen F, Artemyev A, Bańbura J, Barba E, Biard C, 
Blondel J, Bouslama Z, Bouvier JC, Lambrechts MM. 2014. 
Variation in clutch size in relation to nest size in birds. Ecol Evol 
4:3583–359. doi:10.1002/ece3.1189.

Moreno-Rueda G. 2003. Selección de cajas-nido por aves insectívoras 
en Sierra Nevada. Zool Baetica 13:131–138.

Morrone JJ. 2001. Biogeografía de América Latina y el Caribe. 
Manuales y Tesis SEA 3, Zaragoza, España. 

Mwangi J, Ndithia HK, Kentie R, Muchai M, Tieleman BI. 2018. 
Nest survival in year‐round breeding tropical red‐capped larks 
Calandrella cinerea increases with higher nest abundance but 
decreases with higher invertebrate availability and rainfall. J 
Avian Biol 49:e01645. doi:10.1111/jav.01645.

Newlon KR, Saab VA. 2011. Nest-site selection and nest survival 
of Lewis’s Woodpecker in aspen riparian woodlands. Condor 
113:183–193. doi:10.1525/cond.2011.100056.

Nice MM. 1954. Problems of incubation periods in North American 
birds. Condor 56:173–197. doi:10.2307/1365113.

Olguín PF. 2017. Biología reproductiva de especies de aves del 
río Paraná Medio, Argentina. PhD dissertation, Universidad 
Nacional del Litoral, Argentina.

Öst M, Steele BB. 2010. Age-specific nest-site preference and success 
in eiders. Oecologia 162:59–69. doi:10.1007/s00442-009-1444-4.

Oswald KN, Diener EF, Diener JP, Cunningham SJ, Smit B, Lee AT. 
2020. Increasing temperatures increase the risk of reproductive 
failure in a near threatened alpine ground‐nesting bird, the 
Cape Rockjumper Chaetops frenatus. Ibis 162:1363–1369. doi: 
10.1111/ibi.12846.

Pinheiro JC, Bates DM. 2022. nlme: Linear and Nonlinear Mixed 
Effects Models, R package version 3.1 Available at: https://
CRAN.R-project.org/package=nlme.

Remeš V. 2005. Birds and rodents destroy different nests: a study of 
Blackcap Sylvia atricapilla using the removal of nest concealment. 
Ibis 147:213–216. doi:10.1111/j.1474-919X.2004.00339.x.

Ricklefs RE. 1993. Sibling competition, hatching asynchrony, 
incubation period, and lifespan in altricial birds. Current 
Ornithology 11:199–276. doi:10.1007/978-1-4757-9912-5_5.

Roff DA. 1996. The evolution of threshold traits in animals. Q Rev 
Biol 71:3–35. doi:10.1086/419266.

Scott Johnson L, Brubaker JL, Johnson BG, Masters BS. 2009. 
Evidence for a maternal effect benefiting extra‐pair offspring 
in a songbird, the house wren Troglodytes aedon. J Avian Biol 
40:248–253. doi:10.1111/j.1600-048X.2009.04777.x.

Shitikov D, Vaytina T, Makarova T, Fedotova S, Volkova V, Samsonov 
S. 2018. Species-specific nest predation depends on the total 
passerine nest density in open-nesting passerines. J Ornithol 
159:483–491. doi:10.1007/s10336-017-1526-8.

Skutch AF. 1985. Clutch size, nesting success, and predation on nests 
of Neotropical birds, reviewed. Ornithol Monogr 36:575–594. 
doi:10.2307/40168306.

Skutch AF. 2021. Orioles, blackbirds, and their kin: a natural history. 
University of Arizona Press, Arizona, USA.

Smith JT, Tack JD, Berkeley LI, Szczypinski M, Naugle DE. 
2018. Effects of livestock grazing on nesting sage‐grouse in 
central Montana. J Wildl Manag 82:1503–1515. doi:10.1002/
jwmg.21500.

Smith PA, Wilson S. 2010. Intraseasonal patterns in shorebird nest 
survival are related to nest age and defence behaviour. Oecologia 
163:613–624. doi:10.1007/s00442-010-1644-y.

page 12 of 13Zoological Studies 63:50 (2024)

https://doi.org/10.1111/j.1600-048X.2010.05256.x
https://doi.org/10.1111/aec.12375
https://doi.org/10.1006/anbe.1997.0476
https://doi.org/10.1007/s10336-015-1286-2
https://doi.org/10.1016/S0065-3454(10)41006-2
https://doi.org/10.1002/ece3.1054
https://doi.org/10.1073/pnas.85.7.2196
https://doi.org/10.2307/3677257
https://doi.org/10.1098/rspb.2001.1879
https://doi.org/10.1111/j.0014-3820.2006.tb01115.x
https://doi.org/10.1098/rspb.2000.1281
https://doi.org/10.1034/j.1600-048X.2002.330305.x
https://doi.org/10.1111/jbi.14321
https://doi.org/10.1093/auk/118.1.176
https://doi.org/10.1111/jofo.12203
https://doi.org/10.1007/s10336-003-0002-9
https://doi.org/10.1111/jav.01645
https://doi.org/10.1002/ece3.1189
https://academic.oup.com/book/53217
https://doi.org/10.1111/jav.01645
https://doi.org/10.2307/1365113
https://doi.org/10.1007/s00442-009-1444-4
https://doi.org/10.1111/j.1474-919X.2004.00339.x
https://link.springer.com/chapter/10.1007/978-1-4757-9912-5_5
https://www.journals.uchicago.edu/doi/10.1086/419266
https://doi.org/10.1111/j.1600-048X.2009.04777.x
https://doi.org/10.1007/s10336-017-1526-8
https://doi.org/10.2307/40168306
https://doi.org/10.1002/jwmg.21500
https://doi.org/10.1007/s00442-010-1644-y
https://doi.org/10.1525/cond.2011.100056
https://doi.org/10.1111/ibi.12846


© 2024 Academia Sinica, Taiwan

Slagsvold T. 1989. Experiments on clutch size and nest size 
in passerine birds. Oecologia 80:297–302. doi:10.1007/
BF00379030.

Soler M. 2001. Begging behaviour of nestlings and food delivery by 
parents: the importance of breeding strategy. Acta Ethol 4:59–63. 
doi:10.1007/s102110100047.

Soler JJ, Møller AP, Soler M. 1998. Nest building, sexual selection 
and parental investment. Evol Ecol 12:427–441. doi:10.1023/
A:1006520821219.

Stearns SC. 1992. The evolution of life histories. Oxford University 
Press, Oxford, UK. 

Suárez F, Morales MB, Mínguez I, Herranz J. 2005. Seasonal variation 
in nest mass and dimensions in an open-cup ground-nesting 
shrub-steppe passerine: the tawny pipit Anthus campestris. 
Ardeola 52:43–52.

Svagelj WS, Laich AG, Quintana F. 2019. Richards’s equation and 
nonlinear mixed models applied to avian growth: why use them? 
J Avian Biol 50:7. doi:10.1111/jav.01864.

Tjørve KM, Tjørve E. 2017. The use of Gompertz models in growth 
analyses, and new Gompertz-model approach: an addition to the 
Unified-Richards family. PLoS ONE 12:e0178691. doi:10.1371/
journal.pone.0178691.

Tuero DT, Fiorini VD, Mahler B, Reboreda JC. 2013. Do sex ratio and 
development differ in sexually size-dimorphic shiny cowbirds 
(Molothrus bonariensis) parasitizing smaller and larger hosts? 
Biol J Linn Soc 110:442–448. doi:10.1111/bij.12130.

Tuero DT, Jahn AE, Husak MS, Roeder DV, Masson DA, Pucheta, 
FM, Michels TJ, Quickle, A, Vidoz JQ, Dominguez M, Reboreda 
JC. 2018. Ecological determinants of Tyrannus flycatcher 
nestling growth at north-and south-temperate latitudes. Auk 
135:439–448. doi:10.1642/AUK-17-62.1.

Vazquez MS, Amico GC. 2023. Nest predation in Patagonian 
wetlands: predator assemblage and microhabitat characteristics. 
Emu 123:24–34. doi:10.1080/01584197.2022.2153700.

Vengerov PD. 2012. Effect of climate change on the arrival and 
breeding dates of the Song Thrush (Turdus philomelos) and 
Chaffinch (Fringilla coelebs) observed in Voronezh Reserve. 
Biol Bull Rev 2:183–189. doi:10.1134/S2079086412020090.

Wang JW, Beissinger SR. 2009. Variation in the onset of incubation 
and its influence on avian hatching success and asynchrony. 
Anim Behav 78:601–613. doi:10.1016/j.anbehav.2009.05.022.

Wawrzyniak J, Glądalski M, Kaliński A, Bańbura M, Markowski M, 
Skwarska J, Zieliński P, Bańbura J. 2020. Differences in the 
breeding performance of great tits Parus major between a forest 

and an urban area: a long term study on first clutches. Eur Zool J 
87:294–309. doi:10.1080/24750263.2020.1766125.

Weatherhead PJ. 2005. Effects of climate variation on timing of 
nesting, reproductive success, and offspring sex ratios of red-
winged blackbirds. Oecologia 144:168–175. doi:10.1007/
s00442-005-0009-4.

Webb EB, Smith LM, Vrtiska MP, Lagrange TG. 2010. Effects of 
local and landscape variables on wetland bird habitat use during 
migration through the Rainwater Basin. J Wildl Manag 74:109–
119. doi:10.2193/2008-577.

Welty JL. 2010. Costs and benefits of variable nest density in 
Burrowing Owls: effects on predation, ectoparasites, egg yolk 
hormones, and productivity. Master thesis, Boise State University, 
USA.

Weintraub K. 2013. Nest survival of tricolored blackbirds in 
California’s San Joaquin Valley. The Condor 118:850–861. 
doi:10.1650/CONDOR-16-56.1.

Węgrzyn E, Węgrzyn W, Leniowski K. 2023. Hatching asynchrony as 
a parental reproductive strategy in birds: a review of causes and 
consequences. J Ornithol 164:477–497. doi:10.1007/s10336-
023-02066-8.

White GC, Burnham KP. 1999. Program MARK: survival estimation 
from populations of marked animals. Bird study 46:S120–S139.

Wiebe KL, Swift TL. 2001. Clutch size relative to tree cavity size in 
Northern Flickers. J Avian Biol 32:167–173. doi:10.1034/j.1600-
048X.2001.320210.x.

Wiersma P, Muñoz-Garcia A, Walker A, Williams JB. 2007. Tropical 
birds have a slow pace of life. Proc Natl Acad Sci 104:9340–
9345. doi:10.1073/pnas.0702212104.

Windsor RL, Fegely JL, Ardia DR. 2013. The effects of nest size and 
insulation on thermal properties of tree swallow nests. J Avian 
Biol 44:305–310. doi:10.1111/j.1600-048X.2013.05768.x.

Yasukawa K, Sollenberger J, Lindsey-Robbins J, DeBruyn E. 2020. 
Calling in the face of danger: do nestling Red-winged Blackbirds 
(Agelaius phoeniceus) suppress begging in response to predator 
playbacks? Auk 137:ukz071. doi:10.1093/auk/ukz071.

Zhao JM, Yang C, Lou YQ, Shi M, Fang Y, Sun YH. 2020. Nesting 
season, nest age, and disturbance, but not habitat characteristics, 
affect nest survival of Chinese grouse. Curr Zool 66:29–37. 
doi:10.1093/cz/zoz024.

Zurita GA, Peer G, Bellocq MI. 2017. Bird responses to forest loss are 
influence by habitat specialization. Divers Distrib 23:650–655. 
doi:10.1111/ddi.12559.

page 13 of 13Zoological Studies 63:50 (2024)

https://doi.org/10.1007/BF00379030
https://doi.org/10.1007/s102110100047
https://doi.org/10.1023/A:1006520821219
https://doi.org/10.1111/jav.01864
https://doi.org/10.1371/journal.pone.0178691
https://doi.org/10.1111/bij.12130
https://doi.org/10.1642/AUK-17-62.1
https://doi.org/10.1080/01584197.2022.2153700
https://doi.org/10.1134/S2079086412020090
https://doi.org/10.1016/j.anbehav.2009.05.022
https://doi.org/10.1080/24750263.2020.1766125
https://doi.org/10.1007/s00442-005-0009-4
https://doi.org/10.2193/2008-577
https://doi.org/10.1650/CONDOR-16-56.1
https://doi.org/10.1007/s10336-023-02066-8
https://doi.org/10.1034/j.1600-048X.2001.320210.x
https://doi.org/10.1073/pnas.0702212104
https://doi.org/10.1111/j.1600-048X.2013.05768.x
https://doi.org/10.1093/auk/ukz071
https://doi.org/10.1093/cz/zoz024
https://doi.org/10.1111/ddi.12559

	BACKGROUND
	MATERIALS AND METHODS
	Study area and specie
	Nest monitoring and breeding parameters
	Nest morphometry and nest site features measurements
	Data analysis

	RESULTS
	Breeding parameters
	Nest morphometry and nest site features
	Breeding performance and causes of nest failures
	Factors influencing nest survival

	DISCUSSION
	CONCLUSIONS
	Acknowledgments
	Authors’ contributions
	Competing interests
	Availability of data and materials
	Consent for publication
	Ethics approval consent to participate
	REFERENCES

