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Abstract. Nest-site conditions and breeding phenology may relate to reproductive success in marsh-
nesting birds, but their relative importance remains unclear. We examined hatching success in the
Eurasian Coot (Fulica atra) using 204 eggs from 43 nests in an urban wetland, integrating nest-scale
habitat variables, initiation date, and egg volume. At the nest level, all 43 nests were analysed using
a quasibinomial GLM because the initial binomial model showed substantial overdispersion. None
of the four a priori nest-level predictors reached conventional statistical significance after accounting
for overdispersion. Distance to open water showed the strongest negative association with hatching
success (OR = 0.45, p = 0.078), whereas initiation date (OR = 0.69, p = 0.341), nest height above
water (OR =1.27, p=0.532), and vegetation cover (OR = 1.64, p =0.242) showed weaker evidence.
At the egg level, a binomial GLMM based on 204 eggs from 43 nests showed a negative association
between egg volume and hatching outcome (OR = 0.34, 95% CI: 0.12-0.92, p = 0.033), while the
nest-level covariates did not reach conventional significance. Egg outcomes were strongly clustered
within nests (ICC = 0.78). Overall, evidence for consistent nest-level predictors was limited, whereas

egg volume was negatively associated with hatching fate.

INTRODUCTION

Reproductive success in water birds is shaped by the
interaction between breeding phenology and nest-site
conditions in dynamic wetland environments (Rounds
et al. 2004; Cheriet et al. 2015). Wetland breeding
conditions can change rapidly as water levels fluctuate,
vegetation develops, and exposure to disturbance or
predation varies over time, requiring adaptive responses
from breeding populations (Austin and Buhl 2011). The
studies of water birds in north-eastern Algeria have
shown that breeding performance may vary with both
breeding timing and nest-site conditions, although the
direction of these relationships differs among species.
At Boussedra Pond, Common Moorhens Gallinula
chloropus (Linnaeus, 1758) nested predominantly in
dense stands of Typha angustifolia, and egg volume
declined as the breeding season progressed (Samraoui
et al. 2013). In Mallards Anas platyrhynchos (Lin-
naeus, 1758), breeding outcome declined with later egg

laying (Fouzari et al. 2018), whereas nesting success in
Little Grebes Tachybaptus ruficollis (Pallas, 1764) was
related to water depth and nest size (Athamnia et al.
2015). In Common Moorhens, clutch success increased
with both laying date and water depth, partly reflecting
seasonal variation in predation and flooding (Meniaia
etal. 2014).

In the Eurasian Coot Fulica atra (Linnaeus, 1758),
as in its congener, the American Coot F. americana
(Gmelin, 1789), breeding ecology is closely linked
to habitat structure, nest-site selection, and seasonal
timing (Hatupka et al. 2020). In F. atra, laying dates
have advanced over recent decades in a Polish popu-
lation (Hatupka et al. 2020), and weather effects on
reproductive performance are modulated by breeding
habitat (Chyb and Minias 2022). Both the timing of
reproduction and parental age can influence breed-
ing performance in coots (Ryan and Dinsmore 1980;
Brinkhof et al. 2002). The experimentally altered tim-
ing of the first brood affects the probability of a second



https://orcid.org/0009-0001-5611-2197
https://orcid.org/0000-0003-2407-3004
https://orcid.org/0009-0005-4789-1175
https://orcid.org/0000-0002-0608-9021

130

Benslimane, N., Samraoui, F., Cheriet, S., Samraoui, B.

brood and parental survival (Brinkhof et al. 2002), while
habitat selection and breeding success are shaped by
broader ecological conditions such as the availability
of submerged macrophytes resistant to fish predation
(Nieoczym and Kloskowski 2018). Regional studies
have demonstrated considerable geographic variation
in these relationships, with nest placement and ini-
tiation date depending strongly on wetland patchiness
and vegetation structure, and clutch size exhibiting a
seasonal decline (Samraoui and Samraoui 2007; Talbi
et al. 2020).

Long-term studies have shown that breeding phenol-
ogy in the Eurasian Coot can shift over time, with
nesting occurring earlier in recent decades (Hatupka
et al. 2020). Phenological changes may alter the match
between breeding and food availability, as documented
in water birds and passerines (Both et al. 2006; Renner
and Zohner 2018) and may also affect processes such
as brood reduction (Horsfall 1984). These broader
patterns underscore the importance of understanding
how breeding timing and local conditions are related to
reproductive success at the population scale.

Despite this background, the relative contributions of
seasonal progression and local nest-site characteristics
remain difficult to disentangle, because vegetation
structure and hydrological conditions around nest sites
may change over the course of the breeding season
(Samraoui and Samraoui 2007; Uzun 2012; Zhang
et al. 2018), potentially affecting breeding perform-
ance (Brzezinski et al. 2013). This issue is especially
relevant in coots whose nests are built in emergent
vegetation at the water—vegetation interface (Nieoczym
and Kloskowski 2018). In such settings, nests located
farther from open water may occur in different vegeta-
tion settings and may require adults to move farther
between the nest and open-water areas. In the Camargue,
Eurasian Coots generally nested close to open water,
which serves as a feeding area within the territory, and
nest sites were constrained by emergent vegetation of
a minimum height (Salathé 1986). In American Coots,
nest-site characteristics such as water depth, vegetation
height, concealment and distance to open water varied
with local conditions, and the intermingling of open
water and emergent cover influenced how many coots
nested (Gorenzel et al. 1982). Later breeding attempts
may also experience lower success as environmental
conditions change through the season. In the Camargue,
nesting success depended on the timing of marsh dry-
ing: the young fledged on only 8% of marshes that dried
before the end of June, versus 83% of those that dried
after early July (Salathé 1986). In the Eurasian Coot,
the probability of a second brood also declined as the
season progressed (Brinkhof et al. 2002).

A further challenge is that these factors are not fully

independent. Seasonal changes in vegetation, water
conditions, and nest accessibility can make it difficult
to determine whether reproductive outcomes are asso-
ciated primarily with the time of nest initiation or nest
location. Previous studies have associated breeding
timing with reproductive performance (Halupka et al.
2020) and nest-site selection with vegetation structure
and the spatial arrangement of nesting habitat (Samraoui
and Samraoui 2007; Squalli et al. 2020), providing the
basis for the hypotheses tested in this study.

The present study examined variation in hatching success
in the Eurasian Coot at both nest and egg levels. We tested
two main predictions. First, we predicted that hatching
success would decline with later nest initiation, based
on previous evidence that breeding timing is associated
with reproductive performance in coots (Brinkhof et al.
1993; Halupka et al. 2020). Second, we predicted a higher
hatching success in nests positioned at a greater height
above water surface and closer to open water, based
on previous evidence that nest placement and habitat
structure are associated with breeding performance in
coots (Samraoui and Samraoui 2007; Squalli et al. 2020;
Nieoczym and Kloskowski 2018). At the egg level, we
also examined whether egg volume was associated with
hatching outcome. We aimed to evaluate associations
between breeding timing, nest-site characteristics, and
egg-level variation in hatching success.

MATERIALS AND METHODS

Study area

The study was conducted at Boussedra Pond near
El Bouni, north-eastern Algeria (36.846551° N,
7.727835° E). Boussedra is a small, unprotected
freshwater wetland of approximately 55 ha within
the Annaba region (Figure 1). The site is of consider-
able ornithological importance and supports a diverse
breeding water bird community, including species of
conservation concern such as the Ferruginous Duck
Aythya nyroca (Giildenstidt, 1770) and White-headed
Duck Oxyura leucocephala (Scopoli, 1769), reported as
Near Threatened and Endangered, respectively, in the
regional assessment of Samraoui and Samraoui (2008).
Boussedra was also identified as one of the noteworthy
breeding wetlands of north-eastern Algeria (Aouadi et
al. 2021). The wetland is surrounded by an increasingly
urbanised landscape and has been strongly affected by
land-filling; earlier surveys documented a substantial
loss of its surface area, and this pressure has continued
in recent decades (Aouadi et al. 2021).

Vegetation at the site is dominated by the stands of
Bolboschoenus maritimus (L.) Palla, 1905, Typha an-
gustifolia L., 1753, and Schoenoplectus lacustris (L.)




Predictors of Hatching Success in Urban Eurasian Coots: Roles of Breeding Timing and Nest Characteristics

131

OUM EL BOUAGH!

Figure 1. Study area at Boussedra Pond, north-eastern Algeria (North Africa).

Palla, 1888, while dense Tamarix gallica L., 1753 occurs
mainly along the southern margin. Despite strong an-
thropogenic pressure, Boussedra Pond remains of high
ecological value. It is recognised as an Important Bird
Area (Aouadi et al. 2021) and supports both breeding
and wintering water birds, including the White-headed
Duck, Ferruginous Duck, Little Bittern Ixobrychus
minutus (Linnaeus, 1766), and Great Bittern Botaurus
stellaris (Linnaeus, 1758). The wetland also provides
habitat for the endemic and threatened newt Pleurodeles
poireti (Gervais, 1835).

Study methods

Fieldwork was carried out twice per week from the be-
ginning of March to the end of June 2025, encompassing
the breeding season. Each nest was assigned a unique
code, and the location of most nests was recorded us-
ing a handheld GPS. For each nest, we measured nest
height above water surface, internal and external nest
diameters, water depth at the location of the nest, and
surrounding vegetation height. Vegetation cover was
visually estimated in the field by the observers as a
percentage of vegetation cover within a 4 X 4 m plot
centred on each nest; no photographic or drone-based
assessment was used. Distance to open water was
analysed as a single nest-level covariate recorded in
centimetres. The field records indicate one value per nest
and do not specify whether this measure represented the
shortest linear distance to the nearest open-water patch,
distance to a channel, or a threshold-based definition of
open water.

Internal and external nest diameters were measured
in the field. Each egg was individually marked with a
permanent marker. Egg mass was measured to the near-
est 0.1 g using a Pesola spring balance, and egg length
and breadth were measured to the nearest 0.1 mm using
vernier callipers. Egg volume (cm?®) was calculated fol-
lowing Hoyt (1979) as:

V =0.000509 x L x B?,

where V is egg volume (cm?), L is egg length (mm),
and B is maximum egg breadth (mm).

Laying chronology was analysed using first-egg date.
When direct egg laying observations were unavailable,
first-egg dates were estimated assuming a laying interval
of one egg per day and 28 days between first egg and
hatching (Lack 1950). Clutches were considered com-
plete when egg number remained unchanged between
two consecutive visits. Predation was identified visually
in the field from characteristic signs of egg damage or
disappearance. Nest fate and predation events were
recorded separately. For failed nests, predation was as-
signed as the cause when field evidence indicated that
predation was responsible for the failure.

Statistical analyses

The full dataset comprised 43 monitored nests, all of
which had complete data for the hatching-success re-
sponse and the four focal nest-level predictors; therefore,
all 43 nests were included in the primary nest-level
analysis. Failed nests, including depredated nests, were
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Table S1. Summary of the nest-level and egg-level statistical models used to analyse hatching success in Eurasian Coots.

Model Response variable Predictors/covariates R:Pf::tm Sample size
Nest-level Number of hatched vs. Initiation date; distance to open water; nest None 43 nests
quasibinomial GLM | unhatched eggs per nest | height above water; vegetation cover
Egg-level binomial | Individual egg hatching | Egg volume; initiation date; distance to open Nest 204 eggs
GLMM outcome water; nest height above water; vegetation cover | identity from 43 nests

Note: All continuous predictors were z-standardised before modelling. The quasibinomial model was used at the nest level because

the initial binomial GLM showed substantial overdispersion.

retained because nest failure contributes directly to the
hatching-success response. Analyses were conducted
at two complementary biological levels to reflect the
hierarchical structure of the dataset, with multiple eggs
nested within nests, and to avoid pseudoreplication
(Hurlbert 1984; Sokal and Rohlf 1995; Zar 2010). At
the nest level, hatching success was modelled as the
number of hatched versus unhatched eggs per nest. The
primary model included initiation date, distance to open
water, nest height above water, and vegetation cover as
predictors specified a priori. All continuous predictors
were z-standardised before modelling (Dytham 2011).
Because the initial binomial GLM showed substantial
overdispersion (Pearson dispersion = 3.37), inference
was based on a quasibinomial GLM, with odds ratios
reported for a one-standard-deviation increase in each
predictor.

At the egg level, individual hatching outcome was ana-
lysed using a binomial generalized linear mixed model
(GLMM) based on 204 eggs from 43 nests. The model
included egg volume as an egg-level predictor and ini-
tiation date, distance to open water, nest height above
water, and vegetation cover as nest-level predictors.
All continuous predictors were z-standardised before
modelling. Nest identity was included as a random
intercept to account for the non-independence of eggs
within nests. The intraclass correlation coefficient (ICC)
was calculated on the latent logistic scale as ICC=c? ../
(0%, T ™/3) and interpreted as residual among-nest
heterogeneity after accounting for the fixed predictors.
A summary of nest-level and egg-level statistical models
is provided in Table S1.

Because the initiation date and distance to open water
could covary seasonally, their association was examined
using both Pearson and Spearman correlation coef-
ficients. Effect sizes are reported as odds ratios with
95% confidence intervals and p-values.

Model adequacy was evaluated separately for the two
analytical frameworks. For the nest-level analysis,
overdispersion was assessed using the Pearson disper-
sion statistic and the ratio of residual deviance to re-
sidual degrees of freedom. The binomial GLM showed
substantial overdispersion (Pearson dispersion = 3.37;
deviance/df = 3.52); therefore, inference was based on
a quasibinomial GLM. Variance inflation factors (VIFs)

were used to assess collinearity among predictors (Fox
and Weisberg 2019). For the egg-level GLMM, conver-
gence, singularity of random-effect structure, optimizer
behaviour, and potential complete or quasi-complete
separation were examined before inference. All tests
were two-sided with o = 0.05. Statistical analyses
were conducted in R (R Core Team 2025). Nest-level
GLMs were fitted using the stats package and egg-level
GLMMs using Ime4 (Bates et al. 2015).

RESULTS

Clutch size and nest characteristics

A total of 43 nests were monitored, and all 43 were in-
cluded in the nest-level analysis. Unless otherwise stat-
ed, descriptive values are presented as mean + SD. Mean
clutch size was 4.74 + 1.50 eggs, and mean hatching
proportion per nest was 0.743 £0.370. Mean egg length,
breadth, and volume per nest were 54.29 = 2.11 mm,
36.50 £ 1.20 mm, and 36.90 + 3.08 cm?, respectively.
Full descriptive statistics are presented in Table 1. Nest
fate was classified as successful, failed, or unknown
(Table 2). Among the nine failed nests, predation ac-
counted for eight failures (88.9%), whereas flooding
accounted for one (11.1%; Table 2).

Breeding phenology and microhabitat predictors of
hatching success

In the nest-level quasibinomial GLM, none of the four
focal predictors showed a clear association with hatch-
ing success (Table 3). Distance to open water showed
the strongest negative pattern: nests farther from open
water tended to have lower hatching odds, although
the confidence interval included unity (OR = 0.45,
95% CI: 0.18-1.10, p = 0.078; Figure 2). Initiation
date also showed a negative pattern (OR = 0.69, 95%
CI: 0.32-1.51, p = 0.341; Figure 3). Vegetation cover
showed no clear association with hatching success
(OR = 1.64, 95% CI: 0.70-3.84, p = 0.242; Figure 4),
and nest height above water was likewise not clearly
associated with hatching success (OR = 1.27, 95% CI:
0.58-2.78, p = 0.532; Figure 5).

Initiation date and distance to open water were mod-
erately negatively correlated (Pearson » = —0.45,
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Table 1. Descriptive statistics of nesting sites, nest measurements, clutch traits, and mean egg measurements per nest of
Eurasian Coot at Boussedra Pond (N = 43).

Variable Mean + SD Minimum Maximum
Distance to open water (cm) 25.63 +£8.57 0.00 40.00
Water depth (cm) 60.14 £ 15.56 30.00 90.00
Vegetation height (cm) 129.07 £ 21.36 50.00 160.00
Vegetation cover (%) 32.84 +17.06 10.00 100.00
External nest diameter (cm) 31.21 +£3.79 25.00 41.00
Internal nest diameter (cm) 20.80 + 3.69 13.00 28.00
Nest height (cm) 18.67 £4.80 6.00 28.00
Clutch size (eggs) 4.74 £1.50 1.00 7.00
Total clutch volume (cm?) 174.84 + 57.31 40.45 297.33
Hatching proportion per nest 0.743 +£0.370 0.000 1.000
Mean egg length per nest (mm) 5429 £2.11 49.50 60.82
Mean egg breadth per nest (mm) 36.50 +1.20 31.89 38.75
Mean egg volume per nest (cm?) 36.90 +3.08 28.21 42.48

Table 2. Fate of Eurasian Coot nests monitored at Boussedra Pond in 2025 (N = 43).

Year | N | Fate unknown, n (%) | Successful, n (%) | Failed, n (%) | Predated, n (%)* | Flooded, n (%)* Unknl‘l’v(f/l)cfuses’
(]
2025 | 43 1(2.3) 33 (76.7) 9(20.9) 8 (88.9) 1(11.1) 0(0.0)

*Percentages for predation, flooding, and unknown causes were calculated among failed nests only (n = 9).
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Figure 2. Predicted hatching success as a function of distance to open water. Solid line shows fitted values from the nest-level
quasibinomial GLM, and the shaded band represents the pointwise 95% confidence interval adjusted for overdispersion.

Table 3. Quasibinomial GLM parameter estimates for hatching success in Eurasian Coot nests in 2025 (n = 43).

Predictor B SE t p OR 95% CI for OR
Intercept 1.30 0.34 3.79 <0.001 3.66 1.83-7.33
Vegetation cover (%) z 0.50 0.42 1.19 0.242 1.64 0.70-3.84
Distance to open water (cm) z —0.81 0.45 —1.81 0.078 0.45 0.18-1.10
Nest height above water (cm) z 0.24 0.39 0.63 0.532 1.27 0.58-2.78
Initiation date z —0.37 0.39 —0.96 0.341 0.69 0.32-1.51

Note: Continuous predictors were z-standardised. Standard errors, 7 tests, and 95% confidence intervals account for extra-binomial

variation.
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Figure 3. Predicted hatching success as a function of estimated initiation date. Solid line shows fitted values from the nest-level
quasibinomial GLM, and the shaded band represents the pointwise 95% confidence interval adjusted for overdispersion.
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quasibinomial GLM, and the shaded band represents the pointwise 95% confidence interval adjusted for overdispersion.
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Table 4. Egg-level GLMM parameter estimates for hatching fate in Eurasian Coot eggs in 2025 (204 eggs from 43 nests).

Predictor B SE z )4 OR 95% CI
Intercept 2.79 0.84 3.34 <0.001 16.32 3.17-83.91
Egg volume (z) -1.09 0.51 -2.13 0.033 0.34 0.12-0.92
Initiation date () -1.09 0.88 —1.24 0.216 0.34 0.06-1.89
Distance to open water (z) -1.37 0.79 -1.73 0.083 0.25 0.05-1.20
Nest height above water (z) 0.53 0.81 0.65 0.513 1.70 0.35-8.33
Vegetation cover (z) 1.31 0.94 1.39 0.163 3.69 0.59-23.17

Note: Nest identity was included as a random intercept (variance = 11.92, SD = 3.45). The latent-scale ICC was 0.78 and was

calculated as ICC = o2 ./(c?

nest

p = 0.002; Spearman p = —0.43, p = 0.004; n = 43),
indicating that later nests tended to be recorded closer
to the measured open-water edge. Collinearity between
these two predictors was low (VIF = 1.52 for initiation
date and 1.30 for distance to open water).

Egg-level hatching outcome and among-nest hetero-
geneity

The egg-level GLMM included 204 eggs from 43 nests
(Table 4). Egg volume was negatively associated with
hatching probability (OR = 0.34, 95% CI: 0.12-0.92,
p = 0.033). By contrast, initiation date (OR = 0.34,
95% CI: 0.06—-1.89, p = 0.216), distance to open water
(OR=0.25,95% CI: 0.05-1.20, p = 0.083), nest height
above water (OR =1.70, 95% CI: 0.35-8.33, p=0.513),
and vegetation cover (OR = 3.69, 95% CI: 0.59-23.17,
p=0.163) showed no clear associations with individual
egg hatching outcome.

Egg outcomes were strongly clustered within nests.
The nest random-intercept variance was 11.92
(SD =3.45), corresponding to a latent-scale ICC of 0.78.
This indicates substantial residual among-nest heteroge-
neity after accounting for the fixed predictors.

DISCUSSION

Patterns in hatching success across nest- and egg-level
predictors

The nest-level analysis provided limited evidence that
the breeding timing or the measured nest-site variables
explained variation in hatching success. Distance to
open water showed the strongest negative pattern, but its
confidence interval included unity, while initiation date,
nest height above water, and vegetation cover showed
no clear relationship with hatching success. At the egg
level, egg volume was negatively related to hatching
probability, whereas the nest-level covariates included
in the GLMM showed no clear relationships with indi-
vidual egg fate. Egg outcomes were strongly clustered
within nests (ICC = 0.78), indicating substantial residual
variation among nests beyond that accounted for by the
measured predictors.

+ 12/3). All continuous predictors were z-standardised before modelling.

Ecological interpretation of nest-site patterns

Nest height above water showed no clear relationship
with hatching success in the nest-level analysis. Preda-
tion accounted for eight of the nine failed nests, whereas
flooding accounted for only one. Previous work at
Boussedra Pond documented predation by the viperine
snake Natrix maura (Linnaeus, 1758) on the Common
Moorhen Gallinula chloropus (Linnaeus, 1758) nests,
indicating that this species occurs as a nest predator at
the site (Talbi et al. 2021). Predator identity was not
systematically determined for individual nest failures
in the present study; therefore, the observed variation in
hatching success cannot be attributed to any particular
predator species. The influence of nest elevation and
surrounding water conditions on predator access may
differ among predator groups and requires direct obser-
vation to evaluate.

Nest height above water and seasonal water-level
change represent different aspects of nest-site condi-
tions. Because nest height was measured relative to the
water surface at a single point in time, the study does
not allow reconstruction of how this distance changed
during the breeding season. If water levels declined
while nest elevation remained fixed, the vertical distance
between the nest and the water surface would increase.
Lower water levels could also alter the degree of aquatic
isolation around nests, but predator responses to such
changes were not measured. Flooding, by contrast,
would result from subsequent increases in water level
or other inundation events. Given that only one failed
nest was attributed to flooding, flooding was a minor
source of nest failure in this population.

Mean nest height above water was 18.7 cm in the present
study, compared with 14.5 cm reported for a Moroccan
population (Squalli et al. 2020). This comparison is
descriptive because hydrological conditions, reference
levels, and nest-height measurement procedures may
differ among studies and were not evaluated directly
here.

Distance to open water showed the strongest negative
pattern among the nest-level predictors, although the
evidence remained limited and the confidence interval
included unity. Nests farther from open water therefore
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tended to have lower hatching odds, but this relation-
ship should be interpreted cautiously. Proximity to
open water could influence predator detection, escape
behaviour, or access to foraging areas, but none of these
processes was measured directly. These mechanisms
remain plausible explanations rather than demonstrated
benefits of nesting close to open water. Future work
combining repeated habitat measurements with direct
observations of predator activity and adult movements
would help determine whether proximity to open water
has a consistent biological role in hatching success.

Breeding phenology and hatching success

Hatching success showed no clear association with ini-
tiation date. Seasonal declines in reproductive success
have been documented in free-living birds (Verhulst and
Nilsson 2008), including Eurasian Coots (Brinkhof'et al.
1993) and Mallards Anas platyrhynchos in north-eastern
Algeria (Fouzari et al. 2018). In Collared Flycatchers
Ficedula albicollis (Temminck, 1815), within-season
variation in temperature and precipitation has also
been associated with reproductive outcomes (Arct et
al. 2025), illustrating that environmental conditions
can vary within the breeding season and influence re-
productive performance. However, a seasonal decline
in hatching success was not statistically supported in
the present study.

Previous work has shown that declining water depth can
delay breeding in Eurasian Coots (Zhang et al. 2018),
but our data do not indicate that later breeding was
accompanied by lower hatching success. Vegetation
cover was included together with initiation date in the
nest-level model, and neither variable showed a clear
association with hatching success. Vegetation height
was measured as an additional habitat descriptor but
was not included in the primary model, and seasonal
changes in vegetation structure were not monitored
repeatedly. Consequently, possible seasonal changes
in habitat conditions, predator exposure, or differences
among breeding individuals cannot be distinguished
with the present data.

Seasonal vegetation development could covary with
breeding phenology, as reported for nest-site use in
North African rallids (Samraoui et al. 2015), but this
mechanism was not tested directly in the present
study.

Egg-level traits and residual among-nest heterogene-
ity

Egg volume was negatively associated with individual
hatching outcome in the egg-level GLMM, with larger
eggs showing lower hatching odds. The biological basis
of'this pattern remains unclear. Whole-nest failure, par-

ticularly predation, affected several eggs simultaneously
and may therefore have influenced egg-level outcomes
independently of individual egg characteristics. A strong
clustering of hatching outcomes within nests further
suggests that nest-level conditions or other unmeasured
differences among nests may have contributed to this
relationship. Accordingly, the negative association with
egg volume should not be interpreted as evidence that
larger eggs themselves reduce hatching probability.
The effects of hatching order on brood reduction and
chick survival have been documented in Coots (Horsfall
1984), but hatching order and post-hatching survival
were not assessed in the present study.

Egg hatching outcomes were strongly clustered within
nests (ICC = 0.78). Eggs from the same nest therefore
tended to have more similar outcomes than eggs from
different nests. This clustering does not indicate that the
measured nest-site characteristics were responsible for
the among-nest variation. The nest random effect may
reflect unmeasured parental attributes, local environ-
mental conditions, nest-specific events, or whole-nest
failure.

Limitations

Several limitations should be considered. The study
covered a single breeding season and therefore cannot
quantify interannual variation in breeding conditions or
reproductive performance. Water-level dynamics, hu-
man disturbance, predator identity, and predator activity
were not monitored continuously, and nest height above
water and distance to open water were recorded as single
nest-level measurements. In addition, the field records
do not provide a more detailed operational definition of
the open-water boundary. Future studies should define
this boundary in advance, repeat hydrological and nest-
to-water measurements through the season, and identify
nest predators directly where possible.

Implications for habitat management

Despite these limitations, the findings have implica-
tions for urban wetland management. Predation was
the dominant recorded cause of nest failure, but the
predator-specific mechanisms linking nest position
to failure were not established; management should
therefore avoid assuming that a single intervention will
reduce predator access. Maintaining a heterogeneous
mosaic of open-water patches, emergent vegetation, and
ecotones may preserve a range of nesting conditions.
Reed-bed management, including selective mowing, can
alter habitat use and may benefit some larger-bodied wa-
ter birds while disadvantaging smaller reed-associated
species, so such interventions should be applied cau-
tiously and at a fine spatial scale (Giordano et al. 2024).
Maintaining relatively stable water conditions may also
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help preserve nesting habitat, but flooding was uncom-
mon in this study and hydrological dynamics were
not monitored continuously. These recommendations
should therefore be treated as provisional and evaluated
through site-specific monitoring.

CONCLUSION

At the nest level, hatching success varied substantially,
but none of the four measured predictors showed a
clear association after accounting for overdispersion.
Distance to open water showed the strongest negative
pattern. At the egg level, egg volume was negatively
associated with hatching probability, although the
mechanism underlying this relationship remains uncer-
tain and egg outcomes were strongly clustered within
nests. These results indicate substantial residual varia-
tion among nests and support a cautious interpretation
of associations between breeding phenology, nest-site
characteristics, egg volume, and hatching success in this
single-season study.
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