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Abstract

Parents can abandon their current clutch when reaching a physiological threshold to prioritise their survival and future
breeding in the trade-off against current reproduction. Incubation is metabolically costly, and regular recesses are necessary
to replenish energy reserves. Thus, an increase in the duration of these foraging trips may signal diminishing reserves and
perhaps impending abandonment. Here, we tested the hypothesis that the probability of abandonment of uniparental nest
is directly linked to the duration of extended recesses (i.e., recesses > 120 min). Analysing 13 years of breeding behaviour
from Sanderlings (Calidris alba) using thermologgers placed in 120 nests, we found that both the frequency and duration of
extended recesses were higher in nests that were ultimately abandoned. The probability of nest abandonment increased with
time spent in extended recesses during incubation, with the final day before abandonment proving critical in the decision-
making. In contrast, short recesses showed no relationship with abandonment probability, and neither recess type changed
significantly as nests approached hatching, confirming the specificity of extended recesses as indicators of abandonment.
With such results, parents likely remain at the nest until their reserves fall below a physiological threshold, when they have
no choice but to leave the nest when the costs-benefits balance becomes unsustainable for the parent. Our study suggests the
key link between extended recesses and nest abandonment; it paves the way for quantifying foraging success and variations
in energy reserves of individuals to provide deeper insights into the mechanisms driving reproductive decisions and their
impact on population dynamics.
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Introduction

Nest abandonment is a definitive reproductive decision,
particularly in species that only breed once per season
(Pogény et al. 2008; Székely et al. 1996). Life-history theo-
ries suggest different scenarios under which parents could
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abandon their clutch according to their individual conditions
(Székely et al. 1996). In long-lived species, individuals may,
for instance, prioritise their survival over their offspring’s
when the energetic cost of breeding hinders future breeding
attempts or increases their mortality risk (e.g., Verboven
& Tinbergen 2002). This classical trade-off between cur-
rent and future reproduction highlights the significance of
an organism's physiological state (i.e., condition) in parental
care decisions (McNamara & Houston 1996). Thus, parents
abandoning their clutch when they reach a physiological
or condition threshold could preserve their residual repro-
ductive value (Jones et al. 2002; Zangmeister et al. 2009).
Signs preceding nest abandonment are diverse. They can
be hormonal signals, such as an increase in corticosterone
levels (Ouyang et al. 2012; Spée et al. 2011; Turcotte-van
de Rydt et al. 2022), morphological signals when the body
condition of individuals is altered (Dubiec 2011), and more
rarely behavioural signals such as a decline in parental care
investment (Spée et al. 2011; Zangmeister et al. 2009). This
later can be difficult to detect because it requires constant
incubation monitoring (Zangmeister et al. 2009).

Coupled with the monitoring of biotic and abiotic condi-
tions, behavioural observations can help identify environ-
mental stressors behind reproductive failure. Under adverse
conditions (e.g., high or low temperatures, extreme climatic
events, low food availability), incubating birds, already
under heavy metabolic stress (20-50% increase in their met-
abolic rate compared to non-breeders; Tinbergen & Williams
2002) may perform extended incubation recesses (Bambini
et al. 2019; Bueno-Enciso et al. 2017; Haftorn 1988; Jia et al.
2010; Macdonald et al. 2013; Morton & Pereyra 1985; Smith
et al. 2012; Tulp & Schekkerman 2006). Extended recesses
(sometimes referred to as “prolonged egg neglect”) deserve
specific attention and must be studied per se in an ecological
context (Deeming and Reynolds 2015), since they respond to
different pressures to those of classic short foraging recesses
(Etchart et al. 2024). They could be a key breeding strategy
to overcome costs of incubation (Etchart et al. 2024). For
instance, common guillemots (Uria aalge), adapted to con-
serve heat, can make extended recesses during heatwaves to
temporally avoid unfavourable nesting conditions and spend
more time cooling off in the sea (Olin et al. 2023). Extended
recesses may also help balance the energetic deficits and
maintain body condition under harsh conditions, allowing
more time for foraging. Indeed, Etchart et al. (2024) demon-
strated that income breeders such as small shorebirds, who
do not store significant reserves to cover breeding and are
therefore very dependent on their environment (Klaassen
et al. 2001), performed extended recesses. These extended
recesses were primarily performed under cold temperatures
and were longer for individuals in poor body condition. This
suggests that they may represent a shift towards self-main-
tenance, at the expense of the eggs. If extended recesses
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are not sufficient to allow incubating birds to restore their
energy reserves, individuals could ultimately be forced to
abandon their nests in order to avoid mortality. Accordingly,
birds abandoning their nest due to reserve depletion should
perform extended incubation recesses before abandonment,
and the duration of those recesses should be linked with
abandonment in combination with their body condition.

In this study, we focused on uniparental Sanderlings
(Calidris alba), whose incubation behaviour is responsive
to ground-surface temperature (Meyer et al. 2021) and that
regularly perform extended recesses (Etchart et al. 2024). In
this high-arctic species, replenishing energy reserves daily is
essential as they cope with ambient temperatures well below
their physiological zero temperature (i.e., 26 °C; Webb
1987) and cannot store significant energy reserves (Klaas-
sen et al. 2001). Using a 13-year dataset from two study sites
in Greenland, we hypothesise that the probability of nest
abandonment is directly linked to the duration of extended
recesses. We predict that (1) the probability of nest abandon-
ment increases with the duration of extended recesses, and
that (2) the length of these recesses progressively increases
in the days leading up to abandonment, reflecting the physi-
ological stress that drives this decision.

Methods
Study sites and species

The study was conducted on Sanderling nests during 13
breeding seasons (2011-2023) at two locations in Green-
land (Hochstetter Forland, 75.15°N 19.70°W, and Karupelv
Valley, 72.50°N 24°W). Study sites are located in the unin-
habited Northeast Greenland National Park and are part of
the ‘prostrate shrub tundra’ bioclimatic zone (Walker et al.
2005). Winters in northeast Greenland are cold, with tem-
peratures between — 15 °C and — 25 °C. In summer, during
the sanderling’s breeding season, temperatures are usually
above zero, with average monthly temperatures between
2 °C and 4 °C. The areas surveyed are 18 km? at Hochstet-
ter Forland and 15 km? at Karupelv Valley.

The Sanderling (44-71 g) is a long-distance migratory
shorebird whose breeding range is restricted to a few High-
Arctic regions (Cramp and Simmons, 1983). Sanderlings
usually arrive at their northeast Greenland breeding strong-
holds between late May and mid-June (Meltofte et al. 2007).
They are generalist insectivores and use both uniparental
and biparental incubation strategies, with both sexes able
to incubate and rear chicks (Cramp and Simmons, 1983;
Reneerkens et al 2014; Etchart et al. 2024). They are also
very flexible in their incubation behaviour, which is mainly
driven by temperatures and body condition (Meyer et al.
2021; Etchart et al. 2024).
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Nest monitoring, incubation behaviour, and fate
determination

Nests were located by flushing incubating adults or by fol-
lowing birds with anti-predator behaviour (Humphreys &
Ruxton 2020). Search effort was similar at both sites and
for all years, with five to six trained field workers walking
across the study areas daily during the breeding season
(except in 2015 and 2020, when only two field workers
were present at Hochstetter site, and four at Karupelv Val-
ley, respectively).

For each nest, we monitored incubation behaviour
using a temperature probe (Flylead thermistor PB 5009
with 60 cm cable) coupled to a data logger (Tinytag Plus2
TGP-4020; Gemini Data Loggers Inc., West Sussex, U.K.;
see detailed method in Meyer et al. 2021). Probes were
set to record temperature every minute from the date of
nest discovery until the fate date (i.e., max. 21-23 days).
Recesses were then extracted and all recesses longer than
120 min were considered as extended recesses, while
recesses shorter than 120 min were considered short
recesses (Etchart et al. 2024).

Two independent observers (LE and OG) assessed
whether each nest had hatched, was abandoned, or was
depredated based on the pattern of incubating tempera-
tures (for all nests) supplemented by field observations (for
non-successful nests only) to distinguish between predated
and abandoned nests. A nest was considered hatched if the
temperature was erratically declining for 24 h, while both
depredated and abandoned nests showed a sudden and per-
manent drop in temperature (see figure Al in Meyer et al.
2020). Abandoned nests were further distinguished from
depredated nests by the presence of cold eggs left in the
nest cups. To prevent extremely long extended recesses from
being interpreted as abandonment, the temperature probes
were always left in these nests for at least 48 h after the last
recorded incubation bout. While a limited number of nests
(if any) predated between abandonment and our field visits
may have been misclassified as predated, the slight reduc-
tion of sample size of abandoned nests did not affect our
analyses.

We restricted our study to uniparental nests (see Moreau
et al. (2018) for methods), which are the only nests exhibit-
ing extended recesses in this species (Etchart et al. 2024).
Nest age and expected hatching date were estimated using
four different methods (i.e., observation of uncompleted
clutches, observation of hatching eggs or young in the nest
cup, flotation of the eggs, exact hatching time documented
with thermologgers) assuming an average incubation period
of 21.5 days for the species (see figure S2 in Etchart et al.
2024; Liebezeit et al. 2007). The incubation patterns of all
nests, with incubation bouts, extended recesses and fates,
are presented in Fig. 1.

Statistical analyses

To assess the impact of incubation behaviour on the prob-
ability of nest abandonment, we restricted our analyses to
successful (i.e., hatched) vs. abandoned nests with at least
four days of monitoring. This means excluding predated
nests from the analyses, as their potential fate in the absence
of predation (i.e., hatching versus abandoned) could not be
determined. See Meyer et al. (2020) for detailed analyses of
predation and recess patterns.

All our primary analyses were performed with logistic
regression with the fate of the nest modelled as a binary
response variable coded O (hatched) or 1 (abandoned). First,
we investigated the effect of the total duration of extended
recesses during the total monitored incubation (averaged
per day) on the fate. To do so, for each focal nest, the dura-
tion of all the extended recesses was summed and divided
by the number of days on which the nest was monitored.
Second, we investigated the effect of the total duration of
extended recesses on the days preceding the fate only, for
each period of 24 h from 1 to 7 days before the fate. In
this second analysis, a comparison was made between the
competing models, with each model based on one of the
aforementioned 24-h periods. We also included nest age as
a covariate. The model selection procedure was achieved
by comparing their Akaike's information criterion for small
sample size (AICc; Burnham & Anderson 2002). Third, we
performed separate analyses (using categorial nest ages) on
hatched and abandoned nests to detect potential differences
in the duration of extended recesses between the first (days
1-17) and latest (day 18 until the expected hatching date)
stages of the incubation. In these third analyses, we divided
the total duration of extended recesses by the total num-
ber of days monitored in each group for each nest to obtain
a total duration of extended recesses averaged by day (for
incubation days 1-17, hatched and abandoned nests were
monitored for 154 and 63 days, respectively, and beyond 17
incubation days, for 97 and 14 days, respectively). For all
relevant analyses, we presented odds-ratio results (OR) to
report the probability ratios of abandonment in our sample
(i.e., the larger the OR, the more likely the nest is abandoned
when the value of the predictor variable increases).

To address potential temporal biases in our analyses and
the complementary role of both short and extended recesses,
we conducted three additional analyses. First, we examined
whether short recesses (< 120 min) showed similar patterns
to extended recesses by applying our original logistic regres-
sion framework to short recess duration. Second, we tested
whether nest attendance patterns change in the days lead-
ing up to hatching by comparing both short and extended
recess duration across the final three days before hatching
using logistic models with nest age as a covariate. Third,
we implemented a day-by-day logistic regression approach
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Fig. 1 Actogram presenting raw incubation data of 54 nests of Sand-
erling in Hochstetter and Karupelv, Greenland (2011-2023). Each
segment represents a behavioural state, either incubation bouts (blue)
or extended recesses (ER; red). Segment lengths correspond to the
duration of each state until the final nest fate (either hatched or aban-
doned). White segments within the incubation bouts represent miss-

to predict next-day abandonment probability based on cur-
rent-day recess duration. In this model, we included both
short and extended recesses while controlling for nest age
using mixed effects models. These final analyses allowed
us to determine whether the observed relationship between
extended recesses and abandonment was specific to extended
recesses and not confounded by changes in overall attend-
ance patterns or temporal sampling bias.

All statistical analyses were conducted using R freeware
Version 4.3.0 (R CoreTeam 2024).

@ Springer

ing data (corresponding to trapping attempts) and are not included in
the analyses. On a white background, hatched nests (upper part) are
displayed, while abandoned nests (lower part of the figure) are high-
lighted in grey. In this latter group, nests are ordered by the duration
of their extended recesses within the last 24 h before the fate

Results

Over the 13-year study, we monitored 120 uniparental nests
with thermologgers. Among these nests, 67 hatched, 36 were
predated, 15 were abandoned and two were still incubating
when we ended our fieldwork. Out of the 82 hatched and
abandoned nests, 54 (41 hatched and 13 abandoned) were
tracked for four or more days and included in our analyses
(mean duration of monitoring: 8.95 days for hatched and
8.77 days for abandoned nests).
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Incubating birds spent an average of 2.2 h per day on
extended recesses in hatched nests and 4.8 h in abandoned
nests (ranges 0-22.3 and 0-19.7 h, respectively). Extended
recesses occurred in 28 of the 41 hatched nests and in all 13
abandoned nests (Fig. 1). The frequency was 0.31 extended
recesses per day in hatched nests and 0.75 in abandoned
nests. In other words (and on average), extended recesses
occurred every 3.2 days (and lasted for 7.1 h) in hatched
nests, compared to every 1.3 day (for 6.4 h) in abandoned
nests (see also figure S6 in Etchart et al. 2024). Generalized
linear model predicted a 62% increase in the probability of
abandonment for each additional hour spent on extended

recess per day (OR=1.62, R%>=0.22, p<0.01, n=54 nests,
Fig. 2).

We then examined the probability of abandonment as a
function of the time spent on extended recesses separately
for each of the three days before the fate (i.e., day-1=0-24 h
before fate; day-2 =24-48 h; day-3=48-72 h). The prob-
ability of abandonment increased by 84% for each
additional hour spent in extended recess during day-1
(ORyyy.1 =1.84, R%?=0.73, p<0.01, Fig. 3a), 42% during
day-2 (ORy,y ,=1.42, R%*=0.58, p<0.01, Fig. 3b), and 72%
during day-3 (ORy,, 3=1.72, R2=0.56, p=0.02, Fig. 3c).
Although each period from day-2 to day-7 explained part

Fig. 2 Probability for nest aban-
donment (compared to hatching R?=0.22
fate, y=0) in Sanderlings, 1.00 .o s e0 0 o . :
Greenland (2011-2023, n=54
nests), as a function of the mean
time per day spent on extended
recesses during the whole
incubation. Dots and shaded 075
areas show the raw data and v
the 95% confidence intervals, 2
respectively S g
20
=L
®S 050
Q7T )
o c
a3
[y}
0.25
0.00 somme am o ® o oo . * e e o o o
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T S

Probability of
abandoning the nest

Mean time spent by incubating birds
on extended recesses (in hour per day)

R?=0.58 (C) R?=056

T

Time spent by incubating birds
axtonded recosses at fat - 1 day (hour)

Fig.3 Probability for nest abandonment (compared to hatching fate,
y=0) in Sanderlings, Greenland (2011-2023, n=54 nests), as a func-
tion of the time spent on extended recesses for the three days (24 h

Time spent by incubating bi
extonded racesses at fate - 2. ﬂays thour)

Time spent by incubating b
extonded receases at fate - 3. days thoun)

periods) preceding the fate: a fate at day-1, b fate at day-2, ¢ fate at
day-3. Dots show the raw data and shaded area the 95% confidence
intervals. Nest age is included as a covariate of the model
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of the variation (Fig. S1), the model at day-1 best predicted
the probability of nest abandonment. However, nest age per
se (included as a covariate in this model) did not impact the
probability of abandoning the nest.

Finally, our last GLM models using categorial nest ages
predicted that, for abandoned nests, the total duration of
extended recesses increased more towards the expected
hatching date (from day 18 onward; 8 nests) than during
the preceding period (days 1 to 17; 13 nests) of the incuba-
tion (estimate=0.35+0.16, z=2.25, p=0.02, R?=0.25).
Conversely, we found no difference between the two peri-
ods for successful nests (estimate =-0.06+0.11, z=— 0.59,
p=0.55, R*=0.003).

Short recesses and nest age

Unlike extended recesses, the duration of short recesses
(< 120 min) showed no relationship with nest abandonment
probability. Neither the overall duration of short recesses
during incubation (GLM: $=0.08, SE=0.19, p=0.67,
R%=0.003) nor the duration in the days immediately preced-
ing the fate (day-1: f=-0.04, SE=0.31, p=0.89, R?=0.001;
day-2: p=0.11, SE=0.28, p=0.71, R*=0.002; day-3:
p=-0.07, SE=0.26, p=0.81, R?= 0.001) predicted whether
nests would be abandoned.

Additionally, our analysis of attendance patterns in
the days leading up to hatching revealed that neither

Fig.4 Probability of nest aban-
donment (compared to hatching
fate, y=0) in Sanderlings,
Greenland (2011-2023, n=54
nests), as a function of the time
spent on extended recesses
during the previous day (24-h
period). The shaded area shows
the 95% confidence interval.
Note the lower overall prob-
abilities of immediate abandon-
ment (max. ca. 0.30) compared
to Figs. 1 and 2. Both short and
extended recesses were included
in this model while controlling
for nest age using mixed effects
models

0.3

0.2

Probability of abandoning the nest

0.1

0.0

short recesses (F=0.84, p=0.43) nor extended recesses
(F=0.91, p=0.38) changed significantly as successful
nests approached hatching. This consistency in attend-
ance patterns before hatching contrasted with the signifi-
cant increase in extended recess duration observed before
abandonment.

Our day-by-day prediction analysis on all the nests dur-
ing the whole incubation period confirmed that extended
recess duration significantly predicted next-day abandon-
ment probability (§=0.47, SE=0.18, p=0.009; Fig. 4),
while short recess duration did not (f=-0.12, SE=0.22,
p=0.58). However, this day-by-day analysis showed lower
overall probabilities of immediate abandonment (maxi-
mum probability ~0.30), even with extended recesses.
This suggests that, while extended recesses consistently
increased abandonment risk throughout incubation, they
were especially predictive in the final days before actual
abandonment events occurred (Figs. 2—3 and related analy-
ses). For the final days of nests abandoned by the parent,
extended recesses exceeding approximately 5-6 h/day
were associated with abandonment probabilities greater
than 50%, potentially representing a critical threshold
beyond which birds were substantially more likely to
abandon their nests (Figs. 2-3). This threshold effect was
not observed for short recesses, regardless of their dura-
tion, further highlighting the specific relationship between
extended recesses and the abandonment decision.

R*=0.14

0

5

10 15 20

Time spent by incubating birds on extended recess during the previous day (in hours)
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Discussion

Our study reveals significant differences in the incubation
behaviour documented in hatched and abandoned Sander-
ling nests. On average, individuals from abandoned nests
spent 2.1 times more time in extended recesses (per day)
than those from successful nests. Additionally, all parents
abandoning their nest performed extended recesses during
incubation. The probability of nest abandonment increased
with the total duration of extended recesses (averaged
per day) across incubation, and the day before abandon-
ment was particularly notable for its extended duration of
recesses compared to successful nests (Figs. 1, 2 and 3).

The specificity of extended recesses as indicators of
impending abandonment is further supported by our find-
ing that short recesses show no relationship with abandon-
ment probability. This dichotomy suggests that extended
and short recesses likely represent fundamentally different
behavioural strategies: while short recesses could reflect
routine foraging needs that remain consistent throughout
incubation (Meyer et al 2021), extended recesses appear
to signal physiological stress and possible resource deple-
tion (Etchart et al. 2024). Furthermore, the stability of
both recess types in the days leading up to hatching indi-
cates that Sanderlings maintain consistent attendance pat-
terns even during this critical period, a finding that, to our
knowledge, has not been previously documented in Arctic
shorebirds. We argue that this is also strengthening our
interpretation that the increased extended recesses before
abandonment represent a specific behavioural response to
deteriorating conditions rather than a temporal artifact of
our sampling design.

Main suspected stressors

Extended recesses likely arise in response to harsh envi-
ronmental conditions and poor body condition (Etchart
et al. 2024; Tulp & Schekkerman 2006), serving as an
alternative breeding decision when breeding conditions
are unfavourable, in stark contrast to the more common
“short recess” behaviour seen in many species including
Sanderlings (Etchart et al. 2024; Meyer et al. 2021). The
positive relationship we found between the duration of
extended recesses (per day) and the probability of aban-
donment indicates that high-Arctic shorebirds are possibly
breeding at the limits of their physiological capabilities.
Being primarily income breeders, they rely heavily on the
current environmental conditions and food availability
for breeding success and survival (Klaassen et al. 2001).
Furthermore, the increased length of extended recess near
the expected hatching date for abandoned nests (while the

increasing ground-level temperatures during the incuba-
tion period should rather shorten them; Etchart et al 2024),
but not for hatched ones, suggests that many individuals
face constraints as incubation nears completion, leading
to significant physiological stress and abandonment (albeit
we did not directly measure the physiological conditions of
our studied birds). Such constraints might well be stronger
for first-time or inexperienced breeders (see below).

While Sanderlings use extended recesses to cope with
adverse conditions, there are necessarily energetic and physi-
ological thresholds beyond which it becomes impossible for
the adult, or useless for the egg, to prolong or multiply these
recesses. Consequently, abandonment likely occurs when the
balance between costs and benefits becomes unsustainable
for the incubating adult or its eggs. Although shorebird eggs
can tolerate long periods of exposure to poor environmental
conditions (Norton 1972), they still require a fixed amount of
energy to develop and hatch (Deeming and Reynolds 2015).
Increasing periods of non-attendance can only be compen-
sated for by an increase in the duration of incubation within
certain limits (e.g., four days on average in Blue, Cyanistes
caeruleus, and Great tits, Parus major; Bueno-Enciso et al.
2017). Furthermore, extending the duration of incubation
also increases the time of exposure to nest predators (Webb
1987) and hence mechanistically decreases the probability
of a nest hatching (i.e., by prolonging exposition time to
predation).

Alternative explanations

There are a few other drivers that could potentially explain
our results. First, when non-fertile eggs (or dead embryos)
are incubated, the fate of the nest can only be predation
(excluded from our study) or abandonment. Incubating birds
have cues to assess the development of their eggs (Deem-
ing and Reynolds 2015), and the amount of parental care
they provide could decline throughout the incubation (e.g.,
by engaging in more or longer extended recesses) if they
suspect that their eggs are unlikely to hatch. In such cases,
we would expect the incubation period to last longer than
the expected hatching date, as we have observed in non-
fertile clutches of Pectoral Sandpipers (Calidris melanotos;
unpublished data). In contrast, all the abandoned nests ana-
lysed in this study were abandoned before their expected
hatching date. Furthermore, all the abandoned Sanderling
clutches we were able to autopsy during this study (ca. half
of the 13 abandoned nests) had been fertilized (i.e., con-
tained embryos).

Secondly, disturbances by humans, predators, parasites,
competing individuals (of the same or different species),
or changes in habitat quality (e.g., flooding or drought) are
also known reasons for nest abandonment in birds (Ellison
and Cleary 1978; Frederick and Collopy 1989; Strasser and
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Heath 2013; Burga-Dominguez et al., 2020). In our study
areas, Sanderlings are particularly tame and resume incuba-
tion within minutes of disturbances ceasing, and we did not
notice any change in habitat quality around the abandoned
nests we found. For these disturbances to explain aban-
donment through cumulative effects, they would therefore
have to last several hours (i.e., of duration similar to that
of the > 120 mn extended recesses that we observed), be
repeated (to explain the repetition of the extended recesses)
or become more intense over time (to explain the increase
in the duration of the extended recess before abandonment).
To our knowledge, none of the disturbances that occurred in
our study areas met these conditions.

Capital breeders vs. income breeders

Nest abandonment and its underlying mechanisms are well
studied in capital breeders, where a body mass threshold
prompts a shift from lipid catabolism to protein stores (Spée
et al. 2011), but remain poorly understood in income breed-
ers like small shorebirds. In contrast to capital breeders,
small shorebirds must forage daily (Tulp & Schekkerman
2006), with nest attendance largely depending on the timing
of foraging recesses for optimal arthropod intake (Meyer
et al. 2021). For these small income breeders, adverse
weather likely quickly induces physiological stress in incu-
bating individuals, potentially influencing reproductive deci-
sions such as nest abandonment (Ouyang et al. 2012).

Extended recesses: a make-or-break decision

Extended recesses occur when incubating Sanderlings face
poor conditions (Etchart et al. 2024) and were observed in
most nests in our study (Fig. 1). Although we did not meas-
ure the foraging success during extended successes, we posit
that successful individuals likely succeed in refuelling their
energy reserves during their extended recesses. While the
total duration of extended recesses (i.e., measured over the
entire incubation) increases the probability of abandoning
the nest, the strongest signal of this variable was found for
the day preceding abandonment. This suggests that indi-
viduals likely balance the increasing cost of poor condition
until a threshold limit is reached and abandonment becomes
inevitable, highlighting the need to monitor foraging success
and body condition in tandem.

The fact that individuals can perform extended recesses
and be successful, while others are not, might be the result of
inter-individual variability in a suite of traits, such as body
condition, the ability to cope with stressful conditions, forag-
ing success, residual reproductive value (Tulp and Schekker-
man 2006; Deeming and Reynolds 2015). Cumulative effects
can also be at play, e.g. when birds face several successive
days of poor weather during their incubation compared
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to birds facing only one unfavourable day. However, this
could also indicate various responses to the same adverse
conditions.

Individual experience could also play an important role in
their decision. For instance, some ringed Sanderlings have
been found breeding in the same territory for more than
10 years (OG, pers. obs.). Experience might well increase
over the lifespan of individuals, with older ones being
more aware of the risks, costs, and benefits of incubating
under changing conditions, and younger, less experienced
ones more prone to abandonment. Age can also impact the
recess scheduling and attentiveness of individuals (Aldrich
& Raveling 1983), as well as their foraging abilities. Expe-
rienced individuals could e.g. be more resistant to fasting
and tolerate bigger energy depletion (as seen in some polar
capital breeders; Groscolas et al. 2000).

While extended incubation recesses are relatively rare
compared to short recesses (Etchart et al 2024), our study
demonstrates that they are closely linked to the probability
of nest abandonment. The hypothesis of extended recesses
as a strategy for coping with adverse conditions needs fur-
ther tests, especially to decipher the interplay between envi-
ronmental conditions, resource allocation, and individual
variability (but see e.g., Skutch 1962; Conway and Martin
2000). Future research should focus on quantifying forag-
ing success and physiological stress linked to incubation
behaviours, which could provide deeper insights into the
mechanisms driving reproductive decisions and their impact
on population dynamics. Additionally, investigating foraging
success of uniparental breeders according to various abiotic
and biotic conditions (e.g., body condition, competition, pre-
dation risk) could be crucial to predict breeding success and
desertion patterns accurately. Such studies will likely require
continuous data on body condition throughout incubation
(see e.g., Spaans et al. 2007), an experimental and ethical
challenge for small free-ranging taxa including shorebirds,
but that is nowadays achievable with new technological
developments. With such tools at-hand, deciphering the
dynamics of breeding trade-offs could then also be scaled
up to multitaxon studies.
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