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Abstract
The intraspecific variability of nest construction behavior in birds underlies environmental—as well as builder-dependent 
drivers. To draw correct conclusions about the bird’s nest construction investment, an accurate assessment of the nest size or 
weight is crucial. The weight of a nest depends on the material collected by the builder but may still increase over time with 
the presence of chicks, for instance if fecal material accumulates. Here, we provide evidence from a nesting box population 
of European Pied Flycatchers (Ficedula hypoleuca) that nest weight was positively correlated to hatchling number when 
weighed post-fledging. We use a novel approach of sorting, washing, and sieving the nesting material to reduce the effects of 
the chick-rearing phase on nest weight. Finally, we compare nest height and nest bottom thickness as indirect measurements 
of nest size to nest weight. Both nest height and nest bottom thickness became significantly smaller throughout the course 
of breeding and chick-rearing, which is why these parameters should be measured right after nest completion. While neither 
pre-incubation nest height nor nest weight (post-sieving) was related to number of eggs or number of hatchlings, we found 
a significant positive correlation between nest weight before sieving and number of hatchlings, showing the impact of chick 
presence on nest weight. Based on our data, we want to highlight the importance of an accurate and well-timed assessment 
of nest size and weight to facilitate an accurate characterization of the investment of birds into nest construction.
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Zusammenfassung
Quantifizierung der Auswirkungen der Nestlingszahl auf das Nestgewicht, als Indikator für die Nestgröße, bei der 
Erfassung nach dem Ausfliegen der Jungvögel.
Die intraspezifische Variabilität des Nestbauverhaltens von Vögeln unterliegt Umwelteinflüssen sowie Einflüssen des 
nestbauenden Individuums. Um korrekte Schlussfolgerungen aus dem Nestbauinvestment zu ziehen, ist es von entscheidender 
Bedeutung, die Nestgröße oder das Nestgewicht präzise zu erfassen. Das Gewicht eines Nestes hängt von dem gesammelten 
Material ab, kann aber im Verlauf der Brutsaison zunehmen, beispielsweise durch die Anwesenheit von Jungvögeln 
und die Akkumulation von Fäkalien. In dieser Studie zeigen wir, dass das Nestgewicht einer Nistkastenpopulation von 
Trauerschnäppern (Ficedula hypoleuca) positiv mit der Anzahl der Jungvögel korreliert war, wenn es nach deren Ausflug 
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gemessen wurde. Um diesen Effekt der Jungvogelzahl auf das Nestgewicht zu reduzieren, verwendeten wir eine neuartige 
Herangehensweise, bei der das Nistmaterial sortiert, gewaschen und gesiebt wurde. Abschließend vergleichen wir die 
Nesthöhe und die Nestbodendicke als indirekten Ausdruck der Nestgröße mit dem Nestgewicht. Sowohl Nestgröße als 
auch Nestbodendicke wurden signifikant kleiner während des Brutgeschehens, weswegen sie direkt nach Beendigung des 
Nestbaus gemessen werden sollten. Während weder die Nesthöhe vor Beginn des Brutgeschehens, noch das „bereinigte “ 
Gewicht des Nistmaterials nach dem Sieben von der Gelegegröße oder der Anzahl an Nestlingen abhängig waren, zeigte 
sich ein signifikanter, positiver Zusammenhang zwischen dem „unbereinigten“ Nestgewicht vor dem Sieben und der Anzahl 
an Nestlingen, was die Auswirkungen des Brutgeschehens auf das Nestgewicht belegt. Auf Basis dieser Daten möchten wir 
die Notwendigkeit einer akkuraten und präzise terminierten Erfassung des Nestgewichts und der Nestgröße betonen, um das 
individuelle Investment in den Nestbau möglichst exakt zu erfassen.

Introduction

Avian nests are primarily built to provide a suitable environ-
ment for the development of the offspring. As a time- and 
energy-consuming behavior, avian nest construction is con-
sidered to be a key life-history trait that attracted greater 
attention in recent years (Mainwaring and Hartley 2013; 
Deeming and Reynolds 2015; Lambrechts and Deeming 
2024). Nest size is one of the best-studied aspects of nest 
architecture as it is easy to measure, specifically in cavity 
breeding songbirds that accept and occupy nesting boxes 
(e.g., as reviewed in Mainwaring 2017; Lambrechts and 
Deeming 2024). Intraspecific variation in nest size has 
been studied in relation to several builder-dependent and 
environmental factors (e.g., Wysocki et al. 2015; Main-
waring 2017; Guan et al. 2018; O’Neill et al. 2018; Briggs 
et al. 2019; Der Weduwen et al. 2021). Builder-dependent 
(endogenous) factors include the builder’s state or condi-
tion (Tomás et al. 2006; Moreno et al. 2008; Mainwaring 
and Hartley 2009), first-egg date (Lambrechts et al. 2012), 
and clutch size (Slagsvold 1989a; Álvarez and Barba 2008; 
Mainwaring and Hartley 2013; Lambrechts and Deeming 
2024). Environmental (exogenous) influences include size of 
the nest-chamber in cavity breeding birds (Lombardo 1994; 
Wesołowski 2002; Vergara 2007; Mazgajski and Rykowska 
2008; Kaliński et al. 2014; Lambrechts et al. 2014; Main-
waring 2017), weather conditions (Britt and Deeming 2011; 
Deeming et al. 2012; Lambrechts et al. 2016), food avail-
ability (Smith et al. 2013), nest predation pressure (Kaliński 
et al. 2014), or latitude (Morton 1976). For instance, in cav-
ity-nesting species that also accept nest-boxes for breeding, 
birds build larger or heavier nests in larger nest-chambers, 
in colder, drier, and/or darker environments, or when nest 
predation risks are lower (e.g., see review in Lambrechts 
and Deeming 2024).

Independently of the underlying hypotheses on potential 
causes and consequences of intraspecific variation in nest 
architecture, an accurate assessment of the nest’s dimen-
sions is crucial to draw precise conclusions about the factors 
contributing to its variability.

Since the size of the cavity and/or distance from the 
entrance hole is known to impact nest size (Lombardo 1994; 
Wesołowski 2002; Vergara 2007; Mazgajski and Rykowska 
2008; Kaliński et al. 2014; Lambrechts et al. 2014; Main-
waring 2017), a common approach to achieve a standardized 
setup in a free-living population is to provide cavity breeding 
songbirds with nesting boxes of standardized dimensions. 
Furthermore, the timing of measuring nest size or weight 
(pre-incubation vs. post-fledging) must be considered, since 
both parameters are affected by the process of incubation and 
chick-rearing. Nest height is expected to decrease through-
out subsequent reproductive stages through the weight of 
eggs, chicks and breeding adult(s) in the nest (Slagsvold 
1989b; Lambrechts et al. 2012, 2014). Part of this compres-
sion process is associated with the deterioration of nesting 
material when greenery, such as leaves, are incorporated 
in the nest (Lambrechts and Dos Santos 2000; Petit et al. 
2002; Tomás et al. 2012). In most studies that used nesting 
box populations, nest size has been derived from measuring 
proxies such as nest height (as reviewed for Eurasian Blue 
Tits [Cyanistes caeruleus] and Great Tits [Parus major] by 
Mainwaring 2017) or from measuring parts of the nest such 
as the thickness of the nest’s base layer (Briggs et al. 2019, 
in this study referred to as "nest bottom thickness"). Con-
trary to nest size, nest weight is expected to increase with 
the accumulation of various impurities within the nest, such 
as feces, arthropod exoskeletons, and dust from the feather 
growing process of the juveniles (McCarty 1999; Britt and 
Deeming 2011; Lambrechts et al. 2012; Dubiec and Maz-
gajski 2013; Cruz et al. 2016; Harnist et al. 2020; Glądalski 
et al. 2024; Lambrechts and Deeming 2024).

Due to these influences, nest size and weight would 
ideally be measured right after nest completion (Dubiec 
and Mazgajski 2013; Harnist et  al. 2020). However, a 
temporal removal of the nest may disturb the incubating 
female or brood and harm the nest’s structure. Even if 
some measurements can be carried out without a removal 
of the nest, disturbance of the incubating female or brood 
is unavoidable. To date studies on the quantitative effects 
of chick-rearing on nest size or weight are scarce (McCa-
rty 1999; Dubiec and Mazgajski 2013; Cruz et al. 2016; 
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Harnist et al. 2020) but of great value, as they contribute 
to improve and refine methodological approaches when 
studying bird nests. With this study, we aim to quantify 
the effects of chick-rearing on nest size and weight in 
the European Pied Flycatcher (Ficedula hypoleuca) and 
thereby disentangle relations between nest dimensions and 
reproduction.

The European Pied Flycatcher is a long-distance migra-
tory songbird frequently occupying nesting boxes (Lund-
berg and Alatalo 2010). Its breeding range covers great 
parts of Europe and extends across Morocco and Spain in 
the south-west to northernmost Norway and western Rus-
sia in the East. The nests of the European Pied Flycatcher 
are built mostly out of plant-derived materials, such as 
pieces of bark, leaves, or grass. The nest cup is built out 
of fibrous materials such as grass or animal fur or hair. 
To prevent the loss or destruction of nesting material, we 
measured nest size indirectly through the nest’s height 
and bottom thickness right after construction had stopped 
(i.e., after the first egg was laid) as well as after fledging 
of the chicks. To minimize disturbance of the brood, nest 
weight was measured only after the chicks had fledged. 
We sorted, washed, and sieved the nesting material in the 
lab to remove impurities like dead juveniles, eggshells, 
dead insects, or feces before measuring its dry weight. 
We then assessed the effects of clutch size on nest size 
and nest weight. Additionally, we investigated potential 
relations between clutch size (egg and hatchling number), 
volumetric parameters (pre-incubation) and nest weight 
(post-sieving), using generalized linear models (GLMs). 
We expect, first, that nest weight (post-breeding) to be 
positively related to the number of hatchlings, as a higher 
number of offspring present in the nest should result in a 
stronger accumulation of impurities in the nest. Second, 

under the assumption that pre-incubation nest size as well 
as clutch size are positively related to female body condi-
tion, we expect that females laying larger clutches also 
build larger nests.

Methods

Study area

The study was carried out in southern Swedish Lapland, 
west of Ammarnäs (Västerbotten) at approximately 65° 58′ 
N, 16° 05′ E, at 500–650 m above sea level, in a subalpine 
birch forest. We used a local nesting box population that was 
established in the 1960s (Nyholm 2011). Nesting boxes of 
standardized dimensions (floor space 7 cm × 7 cm; distance 
to center of entrance hole 16 cm) allowed for comparability 
among nests. The boxes were hung at around 1.5 m height 
on birch trees and were grouped into different subplots as 
described in Nyholm (2011) (see electronic supplementary 
material Fig. S1 for a map of the study area and distribution 
of nest-boxes).

Field work

Nesting boxes in subplot E (empty boxes = 74) and V (empty 
boxes = 79) were visited every other day from the 15th of 
May 2023, and from the 2nd of June in subplot R (empty 
boxes = 71) and T (empty boxes = 44), until all nesting boxes 
occupied by F. hypoleuca contained the first egg (Fig. 1a), 
followed by irregular visits during the hatchling phase 
(Table 1). Throughout the regular visits on every other day 
between midday and early afternoon, we assessed first-egg 
date. When one egg was present in the nest, we considered 

Fig. 1   Example of pre-breeding 
and post-fledging nest condition 
in box V9. a The photo was 
taken on the day of first-egg lay-
ing, i.e., right after nest comple-
tion (15th of June). b The photo 
was taken about 1 month later 
(19th of July) after the chicks 
fledged
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this day as first-egg date, since females are laying one egg 
per day (Potti and Merino 1996; Lundberg and Alatalo 2010) 
mostly in the early hours of the day (Von Haartman 1990; 
Lundberg and Alatalo 2010). If there were two eggs in the 
nest, the previous day was regarded as first egg date.

We assessed the volumetric parameters when the first 
egg(s) were found in the nest. Volumetric parameters 
included the total nest height (mm) and bottom thickness 
(mm) (Briggs et al. 2019; Kang et al. 2022) and were meas-
ured without temporarily removing eggs or moving the nest 
out of the box. Total nest height was measured as distance 
between the upper edge of the nesting box and upper edge 
of the nest cup, which was then subtracted from the total box 
depth. Two measurements were taken from opposite sides 
of the nest cup and averaged. Nest bottom thickness was 
measured by pushing a pointy small wooden stick through 
the center of the nest cup and measuring the depth of the 
nesting material beneath the nest cup (electronic supplemen-
tary material Fig. S2).

Approximately one week after the first egg was laid, the 
nests were revisited to assess clutch size and to catch, ring, 
and measure the females. We assessed the number of hatch-
lings through irregular visits during the end of the breeding 
period, which is known to take approximately 14 or 15 days 
(Järvinen 1983; Laaksonen et al. 2006). The approximate 
age of the hatchlings was determined based on their appear-
ance (size and molting stage) and data on hatching dates 
to be able to ring them between the age of 5 and 12 days 
(Nyholm 2011). After the breeding period, nests were 
checked for dead juveniles to adjust the number of actually 
fledged juveniles. When the nesting boxes were empty and 
all chicks had fledged (Fig. 1b), all nesting material was 
carefully removed from the nesting boxes, assuring that no 

material was left in the boxes or got lost during the packing 
of the nests. We stored the material in sealed and labeled 
plastic bags.

Determination of nest weight

We immediately brought the material to the lab, where it was 
frozen for at least four days at − 12 °C to kill any insects 
(Moreno et al. 2010; Loukola et al. 2014; Mainwaring et al. 
2014; Briggs et al. 2019; Briggs and Mainwaring 2019). 
Later, we stored the material in paper bags, thawed, and 
dried it at 80 °C for 48 h in a drying cabinet to ease the 
following sorting process, as the dry nesting material did 
not stick together so much. We removed coarse impurities 
such as dead juveniles and/or larger dead insects. Afterward, 
each nest was soaked in a box in water to remove and solute 
feces which were stuck to nesting material and could not 
be removed from it in the previous process (Fig. 1b). After 
30 min, we poured away the water, using a paper filter to 
prevent any loss of material. The soaked material was then 
put into paper bags and dried in a drying cabinet at 80 °C for 
at least 48 h. Afterward, the material was sieved for 10 min 
using a sieving tower (Retsch AS 200 basic, amplitude = 70) 
with five sieves of different mesh sizes (20, 10, 5, 2.5, and 
1.25 mm) resulting in six fractions of different fragment 
sizes (Fig. 2). We found some nests to contain a lot of dust 
from feather growing of the chicks as well as their dissolved 
feces.

Data analysis

We used GLMs to test for effects of our explanatory vari-
ables (number of eggs, number of hatchlings, total nest 
height, and nest weight after sieving) on the dependent vari-
ables (pre-breeding total height, pre-breeding bottom thick-
ness, reduction in nest height and bottom thickness after 
breeding, nest weight before sieving, and nest weight after 
sieving) and evaluated the models graphically via QQ and 
residual plots. If our dependent variables were normally dis-
tributed, we used Gaussian error distribution, and for right-
skewed data, we used Poisson or quasi-Poisson for overdis-
persed data error-distributions. Data analysis was conducted 
using R version 4.1.2 (R Core Team 2020) using the package 
readxl (Wickham and Bryan 2015).

To assess whether the weight of the whole nest (hereaf-
ter “total nest weight”) depended on the number of chicks 
reared in the nest (first hypothesis), we ran independent 
GLMs either with all sieving fractions included (and thus 
including dust and other particles) or stepwise exclusion 
of fractions beginning with those comprising the smallest 
particles removed by sieving. We assumed that impurities 
should be mostly present as dust and thus be contained in 
the smallest sieving fraction. After exclusion of the fraction 

Table 1   Overview of all parameters measured and their respective 
sample sizes, which were assessed during field- or lab-work of the 
occupied nesting boxes (containing incubating females of F. hypole-
uca) in the respective subplots (E, V, R, and T)

In sites R and T, we were unable to measure pre-breeding bottom 
thickness and total height of nests (marked with *). Total number of 
occupied nesting boxes are written in bold. #: nest weight was meas-
ured twice for each nest, once before washing and sieving and once 
afterward

Parameters Subplot E (13) V (11) R (18) T (7)

Pre-breeding bottom thick-
ness

13 11 0* 0*

Pre-breeding total height 13 11 0* 0*
Post-fledging bottom thick-

ness
12 6 18 7

Post-fledging total height 11 6 18 7
Nest weight# 13 9 18 7
First egg-date 13 11 15 6
Clutch size 13 11 18 7
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containing particles smaller than 1.25 mm (mainly dust), 
nest weight was independent of hatchling number. The 
weight of the coarser material was then regarded as the 
weight of the nesting material that had been brought to the 
nesting box by the nest-building individual (hereafter “nest 
weight after sieving”). Nest weight after sieving was subse-
quently used in our analysis on potential relations to clutch 
size (first hypothesis) and nest size (total nest height and nest 
bottom thickness).

To assess whether clutch size (egg and hatchling number) 
is positively related to nest size and weight (second hypoth-
esis), we ran separate GLMs with total nest height and nest 
weight after sieving as dependent variables and number of 
eggs and number of hatchlings as independent variables. 
Our dataset contained only nests in which at least one egg 
was laid to ensure that the studied nests were all completely 
built (n = 49).

Results

From a total of 268 nesting boxes, 49 were occupied by 
European Pied Flycatchers and contained at least one egg. 
We excluded 18 cases of egg or juvenile predation from 
further reproduction related analysis. The nests contained a 
mean clutch size of 4.8 ± 1,0 eggs, mean number of 3.2 ± 2,6 

hatchlings, and mean number of 3.1 ± 2.5 fledglings (n = 31). 
The nest bottom was loosely packed and mainly composed 
of plant-based materials such as birch leaves and birch bark. 
The tightly woven nest cup was primarily composed of grass 
and reindeer hair (Fig. 1).

Nest weight

The total nest weight was significantly positively corre-
lated to the number of hatchlings in the nest (p = 0.012, 
SE = 0.017, t = 2.62, Fig. 3a). After removal of the weight 
of the smallest fraction (< 1.25 mm, Fig. 4), the number of 
hatchlings had no significant effect on the rest of the nest 
weight anymore (p = 0.21, SE = 0.020, t = 1.27; Fig. 3b). 
The material in this smallest fraction was mainly composed 
of dust, likely derived from the feather growing process, 
arthropod exoskeletons, as well as feces from the hatchlings 
(Fig. 1b), but probably also heavily deteriorated nesting 
material. We subsequently regarded the cumulative weight 
of the coarser fragment sizes (> 1.25 mm; Fig. 2a–e) as the 
actual nest weight (i.e., weight after sieving). Mean dry 
nest weight after sieving was 15.1 g (standard deviation 
(SD) = 5.1 g) and showed a fourfold variation (min = 6.4 g, 
max = 26.3  g, Fig.  3b). The average proportion of the 
excluded material of the total nest weight before sieving was 
26.9% (SD = 7.4%).

Fig. 2   Nesting material after sieving. Sorted by decreasing fragment size from bigger than 25  mm (a), 10  mm (b), 5  mm (c), 2.5  mm (d), 
1.25 mm (e) to smaller than 1.25 mm (f)



1088	 Journal of Ornithology (2025) 166:1083–1092

Nest size

The mean thickness of the nest bottom (beneath the 
nest cup) was 3.2  cm (SD = 1.3  cm; min = 0.9  cm, 
max = 5.3 cm) and the mean total nest height was 9.4 cm 
(SD = 1.2 cm; min = 7.4 cm, max = 12.2 cm) right after 
completion of nest-building. During incubation and 
chick-rearing, total nest height decreased on average by 
4.0 cm, which is an average reduction of 42%. In contrast, 
the reduction of nest bottom thickness was only 0.4 cm, 
corresponding to an average reduction of 7%. While the 
reduction of nest height was significantly correlated with 
the number of hatchlings that were reared in the nest 
(p < 0.001, SE = 0.17, t = − 4.09), the reduction of the 
nest bottom thickness showed no significant correlation 
(p = 0.47, SE = 0.095, t = − 0.74).

Both volumetric parameters were highly correlated with 
each other (p < 0.0001, SE = 0.10, t = 8.62) and showed a 
significantly positive correlation with nest weight after siev-
ing (Table 2) showing that nest weight after sieving is a 
reliable indicator of overall nest size and vice versa (Main-
waring et al. 2008). However, the total nest height showed a 
stronger correlation with the nest weight after sieving than 
nest bottom thickness.

Fig. 3   Relation between the a nest weight [g] before sieving (total 
nest weight), and b after sieving to the number of hatchlings in the 
nest (n = 47). Boxplots show median (bold line), 25th and 75th quan-

tiles (lower and upper hinges) and 1.5-fold interquartile range (whisk-
ers) with outlier points for weights that exceed the 1.5-fold interquar-
tile range

Fig. 4   Weight [g] of the excluded material (fragments < 1.25 mm) in 
relation to the number of hatchlings per nest (n = 47). Boxplots show 
median (bold line), 25th and 75th quantiles (lower and upper hinges), 
and 1.5-fold interquartile range (whiskers) with outlier points for 
weights that exceed the 1.5-fold interquartile range
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Does nest size or weight correlate with clutch size?

We neither found nest height (pre-incubation) nor nest 
weight after sieving to be related to number of eggs or num-
ber of hatchlings (Table 3, Fig. 5).

Discussion

Effects of chick‑rearing on nest weight and nest size

Here, we showed that the total weight of the unprocessed 
nest was positively correlated to the number of the chicks. 
In contrast, after removal of mostly juvenile derived impu-
rities, such as feces and dust from feather growth through 
sorting and sieving, the weight of the nesting material was 
independent of the number of chicks present in the nest. 
The most important contaminant was dust that was present 
in the < 1.25 mm fraction after sieving. We assume that this 
dust mostly stems from the feather growing process of the 
juveniles (Britt and Deeming 2011; Dubiec and Mazgajski 
2013) and dried feces that stuck onto the nesting material 
prior to washing (Fig. 1). However, we cannot exclude that 
the smallest sieving fraction also contains heavily deterio-
rated nesting material, making this fraction also dependent 
on the degree of deterioration. Both, contaminations as well 
as heavily deteriorated nest material are evidently dependent 
on the number of reared hatchlings.

Nest height and nest bottom thickness decreased during 
the breeding season (Slagsvold 1989b; Lambrechts et al. 
2012). This effect was more pronounced for the total nest 
height than for nest bottom thickness. We suppose that the 
nest cup loses its depth and the whole nest becomes flat-
ter through trampling and flattening of the nest cup rim by 

the brood when growing larger and heavier, with a stronger 
effect on the total nest height that includes the nest cup rim.

Methodological implications

We suggest measuring nest height rather than nest weight 
(pre-incubation) directly after completion of nest-building, 
as a reliable proxy for overall nest size, since it is less inva-
sive and easy to measure. However, this parameter might 
raise some methodological difficulties as the nests’ upper 
edge (i.e., the nest cup rim) usually shows no clear and well-
defined edge (Fig. 2a). Usually, there are always some pieces 
of nesting material sticking out, which then make it difficult 
to judge whether they should be included when measuring 
nest height. Additionally, nest height might not be uniform 
around the nest cup. In some corners of the nesting box, 
more material might have accumulated, resulting in a higher 
nest height when measuring or including this part of the 
nest. Therefore, multiple measurements of nest height of 
one nest should be averaged to obtain more precise data. We 
tried to address this heterogeneity of nest height by averag-
ing the height of two sides (electronic supplementary mate-
rial Fig. S2). Finally, measuring nest weight post-fledging 
might be the least invasive method of assessing nest weight 
but requires elaborate processing of nesting material to mini-
mize the effects of chick-rearing, as described in this study.

Coherent with the previous literature (e.g., Lambrechts 
et al. 2010; Lambrechts and Deeming 2024), we want to 
emphasize the need to use nesting boxes of standardized 
dimensions to increase comparability between studies. 
Particularly, as more research is needed to understand and 
quantify the effects of nest-box dimensions (i.e., floor space, 
internal height, and location of the entrance hole) on nest 
architecture.

Table 2   Output table from the 
GLM examining the relation 
between nest bottom thickness 
as well as total nest height 
to nest weight after sieving 
(n = 22)

Response variable Predictor Coefficient SE t p

Nest bottom thickness (Intercept)
nest weight after sieving

− 0.112
0.215

0.622
0.0392

− 0.18
5.49

0.859
2.24e−05

Total nest height (Intercept)
nest weight after sieving

5.94
0.227

0.437
0.028

13.6
8.25

1.48e−11
7.19e−08

Table 3   Output table from 
the GLM examining the 
relation between total nest 
height and number of eggs 
(n = 24), respectively, number 
of hatchlings (n = 16), as well 
as nest weight after sieving 
and number of eggs (n = 49), 
respectively, number of 
hatchlings (n = 31)

Response variable Predictor Coefficient SE t p

Total nest height (Intercept)
number of eggs
(Intercept)
number of hatchlings

8.18
0.233
8.96
0.08

1.984
0.378
0.893
0.177

4.12
0.62
10.0
0.45

4.50e−04
0.54
8.95e−08
0.66

Nest weight after sieving (Intercept)
number of eggs
(Intercept)
number of hatchlings

18.6
− 0.755
14.6
0.325

3.38
0.704
1.51
0.373

5.51
− 1.07
9.6
0.87

1.66e−06
0.289
2.16e−10
0.391
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No correlation of nest weight or nest size 
with reproduction

Neither number of eggs nor number of hatchlings was 
related to pre-incubation nest height or nest weight after 
sieving. In relation to nest construction, these two repro-
ductive parameters can be interpreted differently. While 
the number of eggs may be related to nest construction 
investment through the bird’s physical condition and ener-
getic capabilities pre-incubation (Tomás et al. 2006; Main-
waring and Hartley 2009, 2013), the number of hatched 
or fledged chicks might at least partly be affected by the 
nest’s architecture (Lambrechts and Deeming 2024). In 
this study, particularly the absence of both positive and 
negative correlations between pre-incubation reproduc-
tive investment (i.e., number of eggs, Fig. 5a,c) and nest 

construction investment is remarkable, considering the 
fourfold variation in nest weight after sieving, and the 
variations in nest height and nest bottom thickness. In 
contrast, Moreno et al. (2010) provide experimental evi-
dence that the investment in nest construction is traded off 
against the investment in incubation and/or chick-rearing. 
Furthermore, clutch mass was positively correlated with 
nest construction rate (Moreno et  al. 2008) as well as 
male-participation during nest construction (Martínez‐de 
La Puente et al. 2009). The absence of reproductive con-
sequences (i.e., effects on hatchling number, Fig. 5b, d) 
in relation to intraspecific variation in nest construction 
behavior in this study might be due to the high predation 
rates observed in this breeding population and the associ-
ated reduction in sample size, with 18 of 49 nests being 
predated.

Fig. 5   Nest height (measured pre-incubation) in relation to a num-
ber of eggs and b number of hatchlings, as well as nest weight after 
sieving in relation to c number of eggs and d number of hatchlings. 

Boxplots show median (bold line), 25th and 75th quantiles (lower and 
upper hinges), and 1.5-fold interquartile range (whiskers)
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Conclusion

With this study, we provide quantitative evidence for the 
effect of hatchling number on nest height, nest bottom 
thickness, and nest weight in a cavity breeding songbird. 
Additionally, we showed that both nest height and nest 
weight serve as reliable indicators of overall nest size. 
While the former should be measured right after nest 
completion, the latter can be assessed post-fledging fol-
lowed by sufficient processing of the nest, as described in 
this study. The advantage of measuring nest weight is that 
breeding birds or their offspring are not disturbed during 
the breeding period. Contrary to our expectations, clutch 
size (number of eggs and hatchlings) was neither related to 
nest size nor weight. With this study, we want to highlight 
the importance of processing (i.e., sort, wash, and sieve) 
the nesting material post-fledging to accurately assess its 
weight, allowing to draw more precise conclusions when 
studying drivers of intraspecific variation in nest-building 
of songbirds.
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