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Abstract: The natural valleys of large rivers provide suitable nesting and foraging sites for many
bird species. In this study, we assess the effects of water fluctuations during the breeding season on
Common Sandpipers’ nest survival on a semi-natural section of the Vistula River, and evaluate which
tactics this species can adopt to minimise the effects on a long-term scale. Birds can avoid losses due
to flooding by adjusting the timing of nesting to avoid the occurrence of extreme water conditions,
and/or by choosing a safe nesting location. We found that nest location is a direct response to periodic
high water, and the threat of flooding seems to be one of the important determinants of Common
Sandpiper nest placement. The choice of nest location is not random, as 70% of pairs nested above
a height that provides an 80% chance of avoiding flooding of the nest. For the lowest-lying nests
found in this study, nesting success was reduced up to 92% because of inundation. Birds choose
more elevated places, even during the second half of the season when the threat of flooding is lower.
Their preference for nesting above a certain height does not change over the breeding season, which
corresponds to the very small impact of the date of first egg laying on breeding success. Those who
breed earlier in the season have a slightly higher risk of being flooded, but nesting in more elevated
places reduces this risk much more than shifting the time of breeding.

Keywords: shorebirds; Vistula River; floods; riverine birds; nest placement

1. Introduction

The riparian zones of large rivers are considered hot spots of biodiversity due to their
continuous supply and accumulation of nutrient-rich sediments and high environmen-
tal heterogeneity in space and time, which makes floodplains among the world’s most
biologically productive areas [1,2]. A natural flow regime is vital to the functioning and
maintenance of a healthy river ecosystem [3], as proper nutrient exchange influences abiotic
and biotic processes within the riverbed and enhances biological productivity [4–6]. Hence,
the natural flow of the river is the primary factor shaping river habitat dynamics [7]. Undis-
turbed flow regimes, especially peak flows, are crucial for maintaining river habitats, and
altering the natural fluvial characteristics of the river changes the habitats present in the
river valley [5,8]. Many ground-nesting bird species form distinctive bird communities nest-
ing in riverbeds, occupying both sandy fragments and areas of low vegetation [9–11]. The
flow regime has a significant impact on the evolution of riparian species’ adaptations [12],
the diversity of bird communities [9,13], and the timing of their breeding [14].

The Vistula is Poland’s longest river, whose catchment area covers approximately
62% of the country’s area and is the second largest catchment area draining into the Baltic
Sea [15]. Its middle run is an example of a semi-natural braided middle European river
with highly well preserved semi-natural conditions [16,17]. Its yearly transport of about
0.5 million m3 of sediment affects the ongoing creation of sandy bars and islands [18],
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which are important breeding sites for terns, gulls, and plovers. Approximately 50% of the
Polish populations of Little Tern Sternula albifrons (VU on the Polish red list) and Common
Ringed Plover Charadrius hiaticula (EN on Polish red list) breed on these sandy bars and
islands [19,20].

The only species from the Scolopacidae family that nests in the Vistula River bed is
the Common Sandpiper Actitis hypoleucos, a widespread riverine, migratory, wide-ranging
species breeding from Western Europe to East Asia [21,22]. It breeds on various water
bodies and rivers of all sizes, including small mountain and large lowland rivers, and
prefers riverbeds with sand and gravel substrate and natural character with varied channel
morphology and low levels of anthropogenic alteration [23–25]. In Europe, their population
is estimated to be 794,000–1,460,000 pairs and is decreasing [26,27]. The number of breeding
Common Sandpipers in Poland is 1600–2200 pairs, with a moderate decrease. [28,29]. The
average density of this species in the middle Vistula River is 5.7–6.5 pairs/10 km of the river,
but it reaches up to 35 pairs/10 km locally [30,31]. The breeding of Common Sandpiper
populations on small rivers has been studied in detail [32–34]; however, in mountain rivers,
spring floods result in the spontaneous restoration of natural habitats and may increase
the number of breeding pairs due to the increase in breeding site availability and food
abundance [35,36]. In large lowland rivers, seasonal spring floods are responsible for
many breeding failures in birds nesting in the riverbed [37–39], which is also the case
in the middle Vistula [40,41]. To date, no analyses have been presented on the effects of
periodic high-water events on the breeding success of riverine species over a long period of
time. Understanding the impact of flow regime on riverine birds might be important in
quantifying the environmental impact of river regulations on birds’ populations, especially
during a period of rapid climate change [42].

Birds can change their breeding timing due to yearly changes in water levels [43–45],
and repeated disturbances can influence the long-time mean breeding date, as is observed
in plovers breeding in tidal areas [46]. Moreover, there may also be adaptations related to
the selective choice of nest placement that minimises the risk of flooding [45]. However, due
to climate change and the increased frequency of extreme events, as well as the decreasing
possibility of buffering atmospheric phenomena in the catchment, the frequency of extreme
events on the river may increase [47–49], and the impact of flooding as a factor limiting
the breeding success of the Common Sandpiper and other riverine species may increase.
There are two options to avoid losses due to flooding: adjusting the timing of nesting to the
occurrence of extreme water conditions and/or choosing a safe nesting location [50]. In
this study, we assess the effects of natural spring floods on the Common Sandpiper’s nest
survival on a semi-natural section of a large lowland river, and evaluate what tactics this
species can adopt to minimise the effects.

2. Materials and Methods
2.1. Study Area

The studies were conducted in Central Poland in the 10 km long section of the Vistula
River. The study area is within the Natura 2000 protected area (PLB 140004 Middle
Vistula River) and the Important Birds Area (PL083) [20] (Figure 1). There are two nature
reserves (Wyspy Świderskie Nature Reserve and Wyspy Zawadowskie Nature Reserve)
in this river section, created to protect rare and endangered bird species (i.e., the Little
Tern, the Common Tern Sterna hirundo, the Common Gull Larus canus, and the Common
Ringed Plover) and their habitats, consisting of riverbeds, islands, and natural processes
of sedimentation and erosion. In the studied area, there is still a continuous process of
deposition and redeposition of sand and the formation of islands and sandy bars [51], with
the most quasi-natural water regime on the Vistula River compared to other sections of
this river [52]. There was no significant anthropogenic impact on natural fluvial processes;
however, there are levees on both sides that significantly narrowed the floodplain to
1.0–1.8 km wide [51,53,54].
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Figure 1. Study area with cross-sections used to model water level.

2.2. Field Study

Nest searching was conducted between mid-April and mid-July in 2014 and 2015.
During the surveys, we used a standardised territory mapping technique [55], adapted to
the species and study area [56]. At the beginning of the season, we mapped the territory
based on singing or fighting males or multiple observations of pairs of birds, including
singing or copulations. Starting from the second half of May, single observations of birds
in territories were also considered indicative of the presence of a breeding territory. We
surveyed every known territory at least 2 times during the season, and we monitored nests
every 3–7 days. In total, we found 43 nests by thoroughly searching during walking controls
in already mapped territories. To monitor the incubation phenology, we put Thermochron®

iButton data loggers (Maxim Integrated Products, Sunnyvale, CA, USA) in eight nests in
2014 and 21 nests in 2015 to collect temperature data every 5 to 20 min. The positions
of all nests were marked using a Garmin GPS device (GPSMAP 64, Garmin Ltd., Olathe,
KS, USA).

In the case of eight nests found during egg laying (18.7%), the first egg day (FED)
was determined directly. In other cases, when the nest was found during incubation, the
assessment of FED was based on back-calculation when the hatching date was known
(N = 12; 27.9% cases), assuming that the incubation and laying period is 26 days [57],
and using the floating test [58] to determine the number of days of incubation (N = 23;
53.5%). We determined the incubation start (IS), assuming that birds lay subsequent eggs
at 1.5-day intervals [57]. Second clutches were distinguished when they were found in
known territory after the identified loss of the first clutch in a given territory (after a flood
or after predation) or found very late in the season (FED > 50), because no known first
clutches were found after this date. However, females may lay one or, very rarely, two
replacement clutches, if none of the previous clutches were successful [59,60]. We did
not observe clutches being repeated more than once and we assumed that clutches were
repeated only once.
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To determine the nest height (in m above sea level), we used the Digital Terrain Model
created in 2011, with a 10 cm grid, obtained from the Polish Main Office of Geodesy and
Cartography. This model is the closest to the years of field study carried out. Due to the
accuracy of GPS devices, the height was obtained not by determining the height of the
exact point, but by taking the median heights from a 2 m buffer zone around each nest. In
11 cases (25.6%), when the nest was located on the slope and the 2 m buffer zone reached
the base of the slope, lowering the median height, the buffer zone was manually moved on
the map toward the top of the hill. The correction was also made based on the photographic
documentation of each nest, which was taken during the fieldwork. After the correction,
the nest was always in the buffer zone but out of the centre of the buffer. All work involving
the maps and calculations of this part of the work was completed using QuantumGIS 3.4
software [61].

2.3. Water Level Assessment for Each Nest Site

To model river surface elevation in the riverbed and river valley, we used the one-
dimensional model Mike 11 [62], based on flow data from 1980 to 2015 (Polish Institute
of Meteorology and Water Management). The model took into account the width of the
riverbed and the floodplain terrace, and we obtained the water surface level (in m above
sea level) in 19 modelled cross-sections of the river. For each cross-section, the water level
was known for every 6 h over a span of 36 years (4 records per day) (Figure A2).

Water levels at each nest were inferred from the water levels at sections directly
upstream and downstream of each nest (Figure 2), assuming that the angle of decline was
constant between two neighbouring sections. The water level at the nest n at time-stamp t
(Wn,t) was calculated for a given nest using the formula in Equation (1):

Wn,t = Wαn,t + Dαn
Wβn,t − Wαn,t

Dβn + Dαn
, (1)

where Wαn,t is the water level measured at the closest upstream section of the nest n at time-
stamp t, Wβn,t is the measured water level at the closest downstream section of the nest n
at time-stamp t, Dβn is the distance between the nest n and the closest downstream section,
and Dαn is the distance between the nest n and the closest upstream section. Measurements
were calculated by transforming each line section into a series of points with a distance
of 1 m between them; then, the distance was measured between each nest and the section
point closest to that nest for the closest downstream and upstream sections.

Figure 2. The method of calculating the water level at the nest location (white dot) based on known
water level in the following cross-sections. Wn,t: water level at the nest location, Wαn,t: water level at
upstream cross-section, Wβn,t: water level at downstream cross-section, Dαn: distance between nest
and upstream cross-section, and Dβn: distance between nest and downstream cross-section.

Within the studied section of the Vistula River, the slope, according to the Digital
Terrain Model, is about 3.4%, and the mean water level difference between the beginning
and the end of the study area is 4.2 m. Hence, the nests’ heights, expressed in metres
above sea level, are not comparable and do not translate into actual height above the water
level; therefore, we calculated the relative nest height (RNH), which was the difference
between the nest height (in m above sea level) and the water level from one particular
day for all nests. We chose the 31 May 2007, when the water level was the lowest in
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April–May for all years. In effect, we obtained the RNH (in m) to compare nests and for
use in further analyses.

2.4. Estimating the Probability of Avoiding Flooding of the Nest

To determine the probability of avoiding flooding of the nest, data on whether nests
might survive each day were simulated using the known location and heights of the nests
found in two studied seasons. We modelled the survival of the nest locations for every
possible FED starting from day 24 (24th April) to day 79 (18th June) for every 6-hour period
over a span of 36 years (1980–2015). If the water level was higher than the nest location
even once during the incubation period, the nest was assumed not to have survived due
to flooding. The time needed for laying and incubation in the Common Sandpiper lasts
26 days [57]. The survival probability for a nest on a given FED was estimated as the
percentage of the 36 years that a nest in that location would have survived if it had been
built on that FED. To calculate this, we used the locations of nests found during 2014–2015.
The water discharge data modelled to the water level were the only long-term data available
to use to quantify the probability of avoiding flooding of the nest. There are neither data on
nest location nor a Digital Terrain Model available for such a long period. Therefore, in this
study, data on the height of nests found and incubation dates provide a background for the
analysis of the impact of seasonal changes in the water level of the Vistula on the survival
of Common Sandpiper nests over a 36-year period.

2.5. Assessing the Effect of the FED on the Probability of Avoiding Flooding of the Nest

To check if there was any significant difference in the probability of avoiding flooding
of the nest between FEDs, we used a Friedman test with the Conover adjustment [63] usin
the R package PMCMRplus [64]. To avoid a large number of subsequent pairwise tests, the
FED values were clustered using hierarchical clustering [65] to find suitable continuous
groups of FED values to compare. When clustering, each FED was represented by a vector
of the probability of avoiding flooding of the nest for each nest if they had been built
on that FED. The vectors of the probability of avoiding flooding of the nest were then
averaged for each cluster, and the resulting mean vectors for each cluster were compared
using pairwise Wilcoxon tests with Bonferroni adjustments for multiple testing [66,67]. We
used linear and polynomial regressions to quantify the effects of FED on the probability
of avoiding flooding of the nest. The polynomial regression was performed by adding
additional predictors when calculating linear regression, calculated as FED to the power of
2, 3, 4, and 5.

2.6. Assessing the Effect of RNH on the Probability of Avoiding Flooding of the Nest

We used spline regression with linear splines, linear regression on the natural loga-
rithm of relative height, linear regression on the natural logarithm of relative height plus the
relative height, and polynomial regression of the second and third degree to assess the influ-
ence of RNH on the probability of avoiding flooding of the nest. The R package ‘splines’ [68]
was used for linear spline regression where the location of the knot was obtained through
optimization using the limited-memory Broyden–Fletcher–Goldfarb–Shanno algorithm
(BFGS) [69]).

For all regression model evaluations, we used the Bayesian information criterion (BIC)
as this is considered a more conservative information criterion, which gives higher penalties
to models with more parameters [70]. The model with the lowest BIC score is considered
the best fitting model [70]; hence, we calculated the differences between the model with
the lowest BIC and subsequent candidate models (∆BIC). Large absolute values of ∆BIC
indicate that one approach performed substantially better than the other, whereas ∆BIC
values less than 2 indicate that the two methods performed equally well [71]. In the case
of two models with similar BICs and with ∆BIC < 2, we chose the model with the fewest
parameters. The significance level was set at p < 0.05 in all analyses.
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3. Results
3.1. Characteristics of Found Nests

In 2014–2015, Common Sandpipers started egg laying between 25th April and 18th
June (24–79 FED); for most known first clutches, egg laying starts before day 39, and in
known repeated clutches, egg laying starts after day 54 (N = 40; Figure 3). There is no
relationship between nest height and FED (r = 0.09; N = 43; p = 0.550).

Figure 3. Dates of (1) first and (2) repeated clutches of the Common Sandpiper during 2014–2015. The
box-plot shows the median date (horizontal line), interquartile range (rectangle), and range (vertical
line). FED—the date of first egg laying.

The nest height of the 43 nests found during 2014–2015 varied from 82.07 m to
88.20 m above sea level (mean = 85.07, range = 6.13), and RNH varied from 0.64 m to
4.58 m (mean = 2.80, range = 3.94). The distribution of nest height was negatively skewed
(Sk = −0.42), and more nests were built above the mean height (Figure 4).

Figure 4. Distribution of relative nest heights (RNH). The box plot shows median and interquartile
range, and the dashed line represents the mean.

3.2. Assessment of the Probability of Avoiding Flooding of the Nest during a 36-Year Period

The mean survival of individual nests during the 36-year period varied from 16.6%
to 98.5%, with a mean of 80.7% (Figure 5). The distribution of individual probability of
avoiding flooding of the nest was negatively skewed (Sk = −1.93), and more nests had a
higher probability of avoiding flooding of the nest than the mean (Figure 5).
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Figure 5. Distribution of individual probability of avoiding flooding of the nest (PNF) during a
36-year period. The box plot shows the median and interquartile range.

The yearly mean probability of avoiding flooding of the nest during the analysed
period varied from 7.8% (in 2010) to 100% (in 1993 and 2007), with a mean of 80.7%
and no significant trend (linear regression coefficient = −0.004; p = 0.205; Figure 6). The
exceptionally low nest survival rate in 2010 was due to flooding that covered much of
central Europe [72].

Figure 6. Mean probability of avoiding flooding of the nest (PNF) in the Common Sandpiper from
1980 to 2015.

3.3. Effect of FED on Probability of Avoiding Flooding of the Nest

We could not find a model to describe the probability of a nest not being flooded as
a function of FED. The best model found (Equation (2)) had a non-significant regression
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coefficient (t = 1.626; p = 0.104) and a very low adjusted coefficient of determination
(R2 < 0.001), indicating that even though it was the best model, it was not a good fit for the
data (Table A1). Moreover, there was no formula that could estimate the probability of a
nest not being flooded significantly better than taking the average probability of the nest
not being flooded.

p(not flooded) = 0.7856 + 0.0004·FED, (2)

The probability of avoiding flooding of the nest within the breeding season varied
from 0.78 to 0.84, and there was a significant difference in the probability of nests not being
flooded between different FEDs at the 95% confidence level (Friedman test with Conover
adjustment, F = 15.15; p < 0.001). Hierarchical clustering based on the probability of
avoiding flooding of the nest revealed three clusters with different survival rates: early FED
(25–43), middle FED (44–71), and late FED (72–79) (Figure A1, Figure 7). The probability of
nests not being flooded in the middle period was significantly lower than for nests in the
late period (Wilcoxon test with Bonferroni adjustment, W = 56, adjusted p < 0.001). There
were no significant differences in not being flooded between early nests and middle ones
(Wilcoxon test with Bonferroni adjustment, W = 486, adjusted p = 1.0) or for early and late
nests (Wilcoxon test with Bonferroni adjustment, W = 369, adjusted p = 0.09). In the middle
cluster, there is a slight increase in the probability of avoiding flooding of the nest after an
FED of 55. In fact, late first clutches had the smallest probability of avoiding flooding of the
nest—even smaller than early first clutches and replaced ones (Figure 7).

Figure 7. Average probability of avoiding flooding of the nest (PNF) between 1980 and 2015 if placed
on a particular FED. The dashed lines show the split between early, middle, and late clusters with
different survival rates according to hierarchical clustering.

3.4. Effect of RNH on Probability of Avoiding Flooding of the Nest

The probability of avoiding flooding of the nest was strongly dependent on RNH. The
two models were fitted similarly (Table A2). The model using both ln(RNH) and RNH
(Equation (3)) and the spline regression with 1 knot (Equation (4)) (R2 = 0.95 in both cases)
showed a significantly higher probability of avoiding flooding of the nest for nests built
above the 2.25 m RNH (Figure 8).

p(n not flooded) = 0.7575·ln(RNH) − 0.1600 + 0.5479, (3)

p(n not f looded) = 0.4307·RNH − 0.0726, i f RNH < 2.25 m
p(n not f looded) = 0.0434·RNH + 0.7767, i f RNH ≥ 2.25 m

, (4)
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Figure 8. Dependence of the probability of avoiding flooding of the nest (PNF) on relative nest height.
The solid line represents the linear spline regression with one breakpoint at 2.25 m, and the dashed
line represents the model with both ln(RNH) and RNH as independent variables. White dots show
probability of not flooding for each nest with fixed RNH over the 36-year period.

For nests built below 2.25 m, every 10 cm increase in elevation provided a 4.3% higher
survival probability, while for nests built above 2.25 m, there was only a 0.4% increase in
survival probability. Hence, it was most beneficial for birds to build nests above the 2.25 m
RNH, and indeed, 70% of found nests were placed above the 2.25 m RNH.

The effect of FED on the probability of avoiding flooding of the nest was much less
important than the effect of RNH, as the coefficient for FED was not significant and very
small. Even if the coefficient was significant, it would indicate that waiting 1 day would
result in an increase in survival probability of 0.040%, which is roughly the effect obtained
by 1 additional cm of nest height when the nest was already above 2.25 m (0.043%).

4. Discussion

The regulation of European rivers is very common, and it is estimated that more than
one million dams on rivers of all sizes have been constructed, affecting entire river catch-
ments [73,74] and riparian habitats [75]. Altering of the river flow, e.g., due to development
and dam construction or climate change, has a significant impact on aquatic and riparian
organisms [76]. Climate and anthropogenic changes in the entire river catchment mani-
fested due to increased intensity of extreme events [76,77]. At the present time, the pressure
from floods is generally higher than during thw time when the Common Sandpiper was
adapting to living in a riparian environment [49,78]. Anthropogenic changes in hydrolog-
ical conditions in the Vistula Valley began in the 13th century and resulted in increased
debris flow, faster runoff, and shorter time between precipitation and runoff [53,54]. The
narrowing of the riverbed that has occurred in the last 100 years concentrates the water in
a narrow area between levees, not allowing flood waters to spill over into the wide river
valley [16,40,54]. Hence, these changes may have important implications for the height of
nest placement and the probability of avoiding flooding of the nest in the Common Sand-
piper. On one hand, floods are an important cause of breeding losses, while on the other
hand, they are responsible for the annual restoration of river habitats to their initial state,
such as sandbars and sandy islets, which are among the most sensitive and crucial habitats
for breeding birds and also the most vulnerable to flooding [20,36,79,80]. Hence, water
conditions in a riverbed may strongly affect the species richness and distribution [36,81,82],
breeding success [83], foraging efficiency [84], and survival rate [82] of riverine bird species.

In the Vistula River, the water conditions are very unstable during the breeding season,
and the hydrological regime of the studied part of the Vistula depends more on hydrological
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and precipitation conditions in its tributaries than on atmospheric conditions in the studied
area [52]. The difference between the minimum and maximum flow of the Vistula is more
than 80 times [85], and the water height during floods is up to 6.5 m higher than the
average water level [17]. Although the Common Sandpiper usually chose more elevated
nest locations, nests were still exposed to floods, which, in some seasons, may significantly
reduce the breeding success of this species. For the lowest-lying nests found in this study,
the probability of nest inundation was up to 92%. Hence, flooding must be a considerable
factor that affects not only breeding success but also reproductive strategy. Especially over
the 36 years considered in our study, the water level of the river did not show a long-term
trend of change. Hence, it seems that flooding is not responsible for the population declines
in Common Sandpipers.

Nesting early in the season has the obvious advantages of being able to occupy the best
available territory and attract the best mate [86,87]. Moreover, early breeding increases the
time available for replacement clutches and can be the sole important factor in increasing
breeding success [87]. The Common Sandpiper usually repeats breeding after failure [59],
but in northern latitudes with shorter breeding seasons, only birds that start their first
broods early can repeat them after loss [60]. The timing of breeding can also be adaptive
to yearly water conditions on the river or seasonal tide [43,46], on a long-term scale. In
the middle Vistula, early nesting certainly has not had a significant influence on lowering
the probability of flooding. This is due to the unpredictable timing of floods, which occur
on the Vistula most frequently between April and June [52], covering the entire breeding
season of the Common Sandpiper. Moreover, the exact date of flood occurrence in a given
year is unpredictable [52], and this is why it is difficult for birds to adjust their phenology
to this event. Significantly higher nest survival probability occurs only at the very end
of the breeding season, when the water level in the Vistula is usually low and stable.
The highest probability of avoiding flooding of the nest applies to the latest, repeated
broods, which have the lowest chance of being exposed to flooding. The mating system
(social monogamy) of the Common Sandpiper should promote birds arriving early in
breeding territories. Moreover, in early broods, the proportion of males, which are the more
competitive sex, is higher than that in late broods [88]. Males hatched earlier in the season
may start breeding for the first time at a younger age and achieve better conditions due to a
longer growth period [59,88]. It seems that the benefits of early breeding are higher than the
unpredictable costs of being flooded, especially since the changing of FED is not crucial to
avoiding inundation. The second way to mitigate nesting losses due to flooding is ensuring
proper nest location [43,50]. In the study area, the height at which the Common Sandpipers
built their nests was not random. The majority of nests (70%) were built 2.25 m above the
RNH, which allowed them to achieve a probability of avoiding flooding of the nest above
80% over a long period of time. It appears that while the benefits of early nesting are related
to factors other than hydrological ones, nest location is a direct response to periodic high
water levels, and the threat from flooding seems to be one of the important determinants
of Common Sandpipers’ nesting locations within a riverbed. The preference for nesting
above a certain height did not change over the breeding season, which corresponded with
the small impact of FED on breeding success. The lack of such variation in nest height over
time shows that Common Sandpipers are ‘prepared’ for flooding that may occur at any
time during the season. Therefore, for Common Sandpipers, it is profitable to breed as
early as possible due to the mating system, and as high as possible due to possibility of
flooding; however, only proper nest height significantly increases the likelihood of the nest
being unaffected by flooding.
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Appendix A

Figure A1. Heatmap of probability of nests not being flooded when built on a particular FED. Darker
colours indicate a higher probability of not being flooded. FEDs are rearranged due to clustering.
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Figure A2. Mean (black line), maximum, and minimum water levels (above sea level) on one
cross-section of the Vistula River over 36 years during breeding season (day 1 = 1 April).

Table A1. Regression model comparison for modelling the probability of avoiding flooding of the
nest as a function of first egg day (FED). Only models with ∆BIC lower than 10 are shown.

Model No. Model Structure BIC ∆BIC

1 spline(h) + FED + FED2 −7333.18 0.00

2 spline(h) + FED + FED2 + FED3 −7331.06 2.12

3 spline(h) + FED + FED2 + FED3 + FED4 −7329.69 3.48

3 spline(h) + FED + FED2 + FED3 + FED4 −7329.69 3.48

Table A2. Regression model comparison for modelling probability of avoiding flooding of the nest as
a function of relative nest height (RNH). Only models with ∆BIC lower than 10 are shown.

Model No. Model Structure BIC ∆BIC

1 Ln(RNH) + RNH −129.55 0.00

2 Linear splines, 1 knot −129.25 0.30

3 Ln(RNH) −126.94 2.61

3 3rd degree polynomial −126.29 3.26
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