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ABSTRACT 
Nest-site selection may reduce predation and enhance recruitment, especially in ground-nesting birds. Few studies have examined both nest-
site selection and its potential effects on nesting success, even though predation risk and exposure to inclement weather may limit the effect-
iveness of nest-site selection. We assessed home-range and local-scale nest-site selection of Scolopax minor (American Woodcock) as well as 
nest and brood survival in Rhode Island, USA during the breeding seasons (March 15 to June 15) of 2020–2022. Specifically, we employed a 
use/available design and conditional logistic regression models to evaluate nest-site selection and used the Program MARK to estimate nest and 
brood survival. At the home-range scale, we found that nesting woodcock selected for early successional cover types (i.e., pastures, grasslands, 
or regenerating clearcuts) and areas closer to upland young forest and reverting agricultural openings. They also occupied forests and wetlands 
of varied species composition and age (i.e., upland young forests as well as upland and wetland deciduous forests, and emergent wetlands). 
At the local scale, females selected nest sites that provided visual concealment of the nest. Despite nest-site selection at 2 spatial scales, nest 
and brood survival were low (10% and 16%, respectively) and were not influenced by vegetation, landscape configuration, and weather. Given 
that woodcock nest-site selection is driven by vegetative structure and concealment, yet reproductive success was low, future management 
should experimentally alter forests to identify forest configurations that help mitigate predation and increase cover in fragmented landscapes, 
such as Rhode Island.
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LAY SUMMARY 
•Nest-site selection can reduce predation rates and improve recruitment in ground-nesting birds, but few studies have examined its impact on 

nesting and brood success.
•We tracked female Scolopax minor (American Woodcock) and their young using very high-frequency radiotelemetry in southern New England 

throughout the spring to assess 3 key aspects of breeding ecology: nest-site selection, nest survival, and brood survival.
•At the home-range scale, females selected nest sites near upland young forests and at the local scale they selected nest sites where the nest 

could be hidden.
•Nest and brood survival were extremely low, and neither were predicted well by habitat or weather variables.
•To enhance breeding success, managers should create and maintain diverse habitats that include early successional areas, mature forests, and 

wetlands and promote dense vegetation transition between habitat patches for better connectivity.

Desajuste entre una fuerte selección de sitios de anidación y una baja supervivencia de nidos y 
crías en Scolopax minor y sus implicaciones para la conservación

RESUMEN
La selección de sitios de anidación puede reducir la depredación y mejorar el reclutamiento, especialmente en aves que anidan en el suelo. 
Pocos estudios han examinado tanto la selección de sitios de anidación como sus posibles efectos en el éxito reproductivo, aunque el riesgo 
de depredación y la exposición a condiciones climáticas adversas pueden limitar la eficacia de esta selección. Evaluamos la selección de sitios 
de anidación de Scolopax minor a escala de rango de hogar y local, así como la supervivencia de nidos y crías en Rhode Island, EUA, durante 
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las temporadas de cría (15 de marzo al 15 de junio) de 2020 a 2022. Específicamente, utilizamos un diseño de uso/disponibilidad y modelos 
de regresión logística condicional para evaluar la selección de sitios de anidación y usamos el programa MARK para estimar la supervivencia 
de nidos y crías. A escala de rango de hogar, encontramos que los individuos que anidan de S. minor seleccionaron coberturas en etapas 
sucesionales tempranas (i.e., pastizales, praderas o claros en regeneración) y áreas cercanas a bosques jóvenes de tierras altas y a aperturas 
agrícolas en recuperación. También ocuparon bosques y humedales con composición de especies y edades variadas (i.e., bosques jóvenes de 
tierras altas, así como bosques deciduos de tierras altas y de humedales, y humedales emergentes). A escala local, las hembras seleccionaron 
sitios de anidación que ofrecían camuflaje visual para el nido. A pesar de la selección de sitios de anidación a dos escalas espaciales, la 
supervivencia de nidos y crías fue baja (10% y 16%, respectivamente) y no estuvo influida por la vegetación, la configuración del paisaje y el 
clima. Dado que la selección de sitios de anidación de S. minor está impulsada por la estructura de la vegetación y el camuflaje, a pesar de que 
el éxito reproductivo fue bajo, la gestión futura debería alterar experimentalmente los bosques para identificar configuraciones que ayuden a 
mitigar la depredación y aumentar la cobertura en paisajes fragmentados, como Rhode Island.

Palabras clave: aves playeras, camuflaje, depredación, Scolopax minor, selección de sitios de anidación, supervivencia de crías, supervivencia de nidos

INTRODUCTION
Breeding ecology of birds is influenced by multiple factors, 
including predation rate, habitat selection, and abiotic con-
ditions. These limitations have shaped nest-site selection 
(Martin 1993), optimal clutch size (Cody 1966, Martin 1995), 
and a diversity of breeding behaviors (e.g., injury feigning) 
that combined maximize reproductive output (Martin et al. 
2000, Ghalambor and Martin 2002). Ground-nesters are 
particularly susceptible to nest depredation because they 
are vulnerable to a broad suite of predators, and often con-
struct simple nests that provide little protection from pred-
ators and the elements (Smith and Edwards 2018). The high 
nest failure rates of ground-nesting birds have been selected 
for traits that increase crypsis. These traits include egg color-
ation (Kilner 2006) that camouflages the eggs against their 
background (Stevens et al. 2017), selection of nest sites that 
provide vegetative concealment (Schieck and Hannon 1993, 
Dion et al. 2000, Albrecht and Klvaňa 2004, Westmoreland 
and Kiltie 2007) which limit predator detection and access to 
nest sites (Martin 1995), high rates of incubation constancy 
(Ghalambor and Martin 2002), and aggressive or deceptive 
behaviors that help drive or mislead predators away from the 
nest and chicks (Smith and Edwards 2018). However, studies 
have shown that wildlife cannot always discern quality and 
thus may choose suboptimal habitats (Battin 2004). Also 
known as an ecological trap, breeding in these suboptimal 
habitats leads to low recruitment of young and/or survival 
of adults (Battin 2004, Robertson and Hutto 2006). The dis-
connect between perceived and actual habitat quality dem-
onstrates the complexity of habitat selection in fragmented 
landscapes, where habitat may appear suitable but has un-
perceived/undetected deficiencies or risks (Rocha et al. 2021).

Spatial variability in predator activity and abundance and 
thus predation risk influences nest-site selection by ground-
nesting birds (Kurki et al. 1997, Wilson and Arcese 2006, 
Schmidt et al. 2006, Mönkkönen et al. 2009) and the like-
lihood of losing a nest or brood to predators. High predator 
abundance often leads to low breeding success (Kurki et al. 
1997, Wilson and Arcese 2006). Spatial variability in predator 
abundance and predation rates can arise from both landscape 
and local-scale features, such as forest patch size or amount of 
edge (Robinson et al. 1995, Chalfoun et al. 2002, Thompson 
et al. 2002). For example, predation rates are higher along 
edges when the surrounding forested landscape is highly 
fragmented but not when the surrounding landscape is con-
tiguous (Donovan et al. 1997, Lloyd et al. 2005). The effects 
of edge on nest predation appear to be particularly strong 
for ground-nesting species (Chalfoun et al. 2002, Lloyd et al. 
2005). This edge effect is broadly problematic given that most 
remaining forests globally are composed of fragments and 

edges (Luskin et al. 2023) and such areas have typically lost 
apex predators causing mesopredator release and population 
declines of prey species (Crooks and Soule 1999). Given that 
bird populations are often limited by recruitment (Desante 
1990), an understanding of the underlying mechanisms that 
affect rates of nest success and brood survival are particularly 
important to achieve effective species-specific management 
strategies (Chalfoun et al. 2002).

Abiotic factors as well as biotic factors other than predators, 
such as parasites, can also play a crucial role in influencing 
reproductive success. Weather conditions, such as tempera-
ture and precipitation, can impact nest and brood survival 
separately from predation risk (Dinsmore et al. 2002). For 
example, harsh weather can cause nests to fail or chicks to 
die independent of the extent of predation (Dinsmore et al. 
2002, Andreasson et al. 2020). Additionally, vegetative struc-
ture can influence microclimate around nests (Martin 1998), 
and the availability of resources can influence breeding suc-
cess (Holmes and Robinson 1988). Abiotic factors, such as 
temperature and precipitation, and biotic factors, such as 
predation risk, food availability, and habitat structure, col-
lectively influence nest-site selection in ground-nesting birds 
across multiple scales (Martin 1995).

Charadriiformes is a large, diverse group of ground-nesting 
shorebird species (Thomas et al. 2006) that experience high 
yet variable rates of clutch failure (Evans and Pienkowski 
1984, Colwell 2006) and use a diversity of cover types for 
nesting (Colwell and Oring 1988). Shorebird nests are cryptic 
and typically include 4 dull-colored, spotted eggs (Maclean 
1972), suggesting an anti-predatory evolutionary response to 
high nest failure rates (Lack 1968, Lee et al. 2010). Increases 
in nest predation rates during the last 70 years have been 
implicated as the likely cause for the precipitous popula-
tion declines in shorebirds worldwide (Kubelka et al. 2018). 
However, migratory shorebirds also face other significant 
threats, such as habitat loss (Wang et al. 2022) and trophic 
mismatches during crucial periods of the annual cycle, 
including the breeding season, caused by a warming climate 
(Kwon et al. 2019, Lameris et al. 2022). Shorebirds may se-
lect their nest sites to reduce the likelihood of nest loss during 
incubation and in response to perceived suitability of the area 
for rearing their precocial chicks (Blomqvist and Johansson 
1995, Anteau et al. 2012, Wiltermuth et al. 2015). Therefore, 
adequately assessing reproductive success requires under-
standing how nest-site selection influences predation rates 
during both the nesting and brood-rearing stages.

Scolopax minor (American Woodcock) is an upland shore-
bird that primarily feeds on earthworms and resides in de-
ciduous forests and wetlands throughout eastern and central 
North America. Since monitoring began in the 1960s, their 
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populations have declined (Seamans and Rau 2023). Although 
initiatives focused on increasing forest management activ-
ities (e.g., timber harvests and prescribed burns as part of the 
young forest initiative) for woodcock have increased during 
recent decades, populations have not stabilized or increased, 
leading researchers to believe that factors related to breeding 
season survival and productivity may be limiting (Whiting et 
al. 2005, Kelley et al. 2008, Case and Sanders 2010, Huinker 
2020, Seamans and Rau 2023). This realization has motivated 
researchers to prioritize investigations of breeding habits and 
habitats (Case and Sanders 2010). Because woodcock have 
such a broad breeding distribution (McAuley et al. 2020, 
Slezak et al. 2024a), the level of concealment of nests by vege-
tation varies across their range (Sepik et al. 1993, McAuley 
et al. 2020), but nests are typically in or near young forests 
that provide females with the visual concealment required for 
nesting and brood rearing (Sepik et al. 1993, Dessecker and 
McAuley 2001). Nest sites are also often near male singing 
grounds (i.e., forest openings or abandoned agricultural 
land) that are selected in part by males for their proximity 
to nesting cover (Dwyer et al. 1988, Williamson 2010). Past 
studies of woodcock nesting habitat were largely qualitative, 
and there have been few studies of woodcock nest-site selec-
tion (McAuley et al. 1996, Miller and Jordan 2011, Huinker 
2020). Our study is distinct in that it directly relates nest-site 
selection to nest and brood survival.

We studied the breeding ecology of woodcock in Rhode 
Island, USA, at sites typically considered to be the southern 
edge of the primary breeding range (Sheldon 1967). Our 
goals were to quantify the habitat selection of nesting female 
woodcock at 2 spatial scales (local and home-range scale) and 
to determine how environmental factors related to landscape 
configuration, vegetation, and weather, specifically tempera-
ture and precipitation, influenced nest and brood survival 
rates. We tested the hypothesis that woodcock considers both 
landscape-level and local characteristics when selecting nest 
sites. We predicted that females would select for home ranges 
comprising early successional cover types close to wetland 
forests that support their preferred food source (Dessecker 
and McAuley 2001), and at the local scale for sites with 
more visual concealment near the nest compared to the sur-
rounding available habitat. We also tested the hypothesis that 
nest and brood survival for this ground-nesting bird may be 
determined by mostly unpredictable abiotic events. We pre-
dicted that nest and brood survival would be strongly related 
to weather, such as temperature and precipitation, due to 
their direct impact on the viability of nests and the overall 
environment for the young chicks and less to vegetation and 
landscape configuration. Documenting these aspects of the 
breeding ecology of woodcock establishes the foundation for 
developing effective management prescriptions and conserva-
tion goals.

METHODS
Marking and Tracking Female Woodcock, Nest 
Searches, and Brood Tag Attachment
Locating nests and broods
Over a 3-year period (2020–2022), we assessed female wood-
cock nest-site selection and nest and brood survival during the 
core of the female woodcock breeding period (March 15 to 

June 15; McAuley et al. 2020, Slezak et al. 2024b, a) in 4 state-
owned Wildlife Management Areas (WMAs) and 3 Preserves in 
Kent and Washington Counties, Rhode Island, USA (Figure 1). 
In this region of southern New England, Quercus spp. (mixed 
oaks), Carya spp. (hickories), and Acer rubrum (red maple) 
typically dominated in deciduous upland forests, whereas 
Pinus strobus (eastern white pine) was common in coniferous 
forests, and mixed forests typically contained combinations of 
oaks and white pine; red maple and Chamaecyparis thyoides 
(Atlantic white cedar) swamps were common in forested wet-
lands (Enser and Lundgren 2006). Nests and brood sites found 
within management areas were forest-dominated and were ac-
tively managed to create and maintain stands of young forest 
for woodcock and other associated species of conservation 
concern (Buffum et al. 2019).

We used mist nets to capture females visiting male singing 
grounds (2020–2021) and used pointing dogs (2020–2022) 
and thermal cameras (2021–2022) to locate brooding females 
incubating eggs or with chicks. We placed mist nets at male 
singing grounds to capture and tag females (n = 20), although 
only a few (n = 5) were later found nesting. We used pointing 
dogs 5 or more days per week in areas that were managed 
as young forests to locate and tag brooding females (n = 25) 
during the day (Ammann 1974, 1977; McAuley et al. 1993, 
Daly et al. 2015, Huinker 2020). We also used thermal cam-
eras (FLIR Scout III 320, Teledyne FLIR, Wilsonville, OR, 
USA; FLIR Scion OTM230, Teledyne FLIR, Wilsonville, 
OR, USA) after sunset to locate additional brooding females 
(n = 8) (Keller et al. 2019). We incidentally located 5 add-
itional brooding females when observers flushed them from 
the nest during fieldwork. If a nesting female was found, we 
collected information about the nest site and waited until the 
eggs hatched before attempting to capture the female with 
a long-handled net to avoid nest abandonment (Horton 
and Causey 1984). We attached an A5400 ATS (Advanced 
Telemetry Systems, Isanti, MN, USA) very high frequency 
(VHF) transmitter using a crimped wire belly band and cattle 
tag cement to all females (McAuley et al. 1993). The mass of 
the transmitter and attachment materials was 1.7–2.6% of 
the body mass of females in our study.

When nests were located, we took a global positioning 
system (GPS) coordinate, placed a flag in the area, and floated 
2 eggs from each clutch to estimate the percentage of incuba-
tion completed (Liebezeit et al. 2007) and thereby nest ini-
tiation dates assuming a 25-day nesting period including 4 
days of egg laying and ~21 days of incubation (McAuley et 
al. 2020). To estimate nest initiation dates, we used the egg 
floatation methodology outlined in Liebezeit et al. (2007), 
which seemed to approximate the hatch date within a few 
days. However, when we floated eggs in 2 nests that hatched 
the next day, the eggs floated 6 mm higher above the water 
surface than estimated by Liebezeit et al. (2007) for other 
shorebird eggs on the final day of incubation (C.R. Slezak, 
personal observation). This relatively higher flotation height 
of eggs just before hatch was within the range reported by 
other studies of nesting woodcock (Ammann 1974). We moni-
tored nests attended by incubating females every 2–3 days 
to determine nest fate. Woodcocks are unique in that their 
eggs hatch longitudinally, allowing us to identify depredation 
events by the absence of eggs or the presence of shells cracked 
in non-characteristic configurations (Wetherbee and Bartlett 
1962). If a nesting female was inadvertently flushed during 
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a nest check, then at subsequent visits we would observe the 
site from a more discrete location and exercised greater cau-
tion. In total 50 nests (n2020 = 16, n2021 = 18, n2022 = 16) were 
found using a combination of capture techniques including 
trained pointing dogs, thermal cameras, tracking of tagged 
females, as well as incidental finds from other observers. All 
failed woodcock nests showed indication of depredation (i.e., 
non-latitudinally cracked eggshells, missing eggs, or missing 
eggshells).

Aging chicks and estimating hatch dates and survival rates
When chicks were located with dogs or thermal cameras, we 
measured culmen length, recorded body mass, and banded 

each chick with a butt-end size 3 USFWS leg-band. Woodcock 
chicks can be reliably aged because they hatch with a culmen 
length of 14 mm that grows at a rate of 2 mm per day until 
~2 weeks of life (Ammann 1982). This documented growth 
rate of culmen allowed us to estimate the date of hatching, 
as well as nest initiation (i.e., hatch date minus 25 days) for 
each brood. In addition, 1–2 chicks per brood were tagged 
with a VHF transmitter so we could track their subsequent 
movements and survival. For chicks with a mass ≥16 g, we 
attached a VHF transmitter (0.5 g, <3% body mass; Holohill 
Systems BD-2XC VHF, Carp, Ontario, Canada). During 2020, 
we also attached some larger VHF transmitters (1.1 g, <3% 
body mass; Holohill Systems BD-2XC VHF, Carp, Ontario, 

FIGURE 1. The 4 WMAs and 3 preserves used in our 2 analyses of female Scolopax minor (American Woodcock) nest-site selection and analysis of 
nest and brood survival in Rhode Island, USA from 2020 to 2022. Nest site locations are overlayed as dots on the map and streams are represented as 
lines. Males were captured at their singing grounds (triangles) in 2020–2021 as part of a companion study and female nest sites were usually near one 
or more documented singing ground(s). No nests were found at Nicholas Farm preserve, although there were several male singing grounds. Four nests 
were located incidentally by dog handlers and other observers outside our study areas.
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Canada) on chicks weighing ≥27 g, but we discontinued the 
use of these heavier tags after 2020, given the small difference 
in transmitter lifespan between the 2 tag types. In total, 62 
broods (n2020 = 16; n2021 = 21; n2022 = 25) were found through 
trained pointing dogs, thermal cameras, tracking of tagged 
females, and incidental finds.

We tracked females without broods to locate their nests, 
tagged females with broods, and tagged chicks ~ 3 times 
weekly from the first time of capture until tag failure, bird 
mortality, or until chicks fledged at ~21 days old. We used 
chick-fledging data to assess the pre-fledge survival of broods. 
The 3 weekly locations for each individual were stratified 
across the day so that approximately equal numbers of di-
urnal locations were recorded before and after 1200 Eastern 
Standard Time (EST). The location of each female and chick 
was assessed by walking in on individuals until the telemetry 
signal could be heard without the Yagi antenna attached (x̄ 
distance to a bird was ≤18 m; Masse et al. 2014). Subsequently, 
we cautiously approached until the tagged individual was 
seen or we could determine that the female and chicks were 
still together because their VHF signals were originating from 
the same general location. When females were no longer seen 
with chicks, we flushed the female to observe whether her 
flight behavior (i.e., drooping legs and/or decoy display) in-
dicated she still had a brood. When we were unable to locate 
VHF signals from tagged chicks that were with an untagged 
adult female, we drove on paved and unpaved roads nearby 
to scan for VHF radio signals in an area much larger than the 
detection distance of the tag. When these searches failed to 
identify an audible VHF signal, we assumed that the brood 
had died. We were confident that these broods had died be-
cause chicks under the age of 21 days cannot fly and will 
remain in the vicinity of the nest. In the case of suspected mor-
tality of tagged females or chicks, we attempted to locate the 
VHF tag and/or carcass to identify a potential cause of death. 
All recovered chicks showed evidence of depredation (e.g., 
bite marks on the neck or missing body parts) or their VHF 
tags had visible signs of predator damage (i.e., damaged har-
ness or teeth marks; Derleth and Sepik 1990). However, some 
chicks might have died due to exposure to adverse climatic 
conditions and could have been subsequently scavenged by 
predators.

Nest-Site Selection at the Scale of the Home Range
We assessed home-range-scale nest-site selection from 2020 
to 2022 by comparing environmental factors at each nest site 
to 5,000 paired available sites within a 1,001-m diameter 
circle centered around each nest (Supplementary Material 
Table S1). Our dataset included 50 nests (used points; n2020 
= 16; n2021 = 18, n2022 = 16) across 6 of the study sites (Figure 
1; Arcadia, Big River, Carolina, and Great Swamp WMAs 
and Tillinghast and Francis Carter Preserves). We chose a 
1,001-m diameter circle because this produced an area that 
was equivalent to the average 95% kernel area used by fe-
males during the summer (May to September) in Rhode 
Island (78.7 ± 46.4 ha), as there are no home-range size es-
timates available for female woodcock during the nesting 
period (Slezak et al. 2024b). To assess the spatial extent of the 
various forest cover types surrounding the nest, we created a 
10-m raster grid in ArcMap (version 10.3.1; Esri, Redlands, 
CA, USA) using the 2020 forest habitat layer for Rhode Island 
(RIGIS 2020). We used the clipping tool in ArcMap 10.3.1 

to clip our 1,001 m diameter circles (available area) to the 
3 cover types with nests: agricultural (pasture/hay and idle 
agriculture), emergent wetlands, and forested areas excluding 
wetland coniferous forest. We created a separate raster for 
each forest cover type, emergent wetlands, distance to agri-
culture, distance to stream, distance to upland young forest, 
elevation, and distance to moist soils, as these environmental 
factors are suspected to play a role in nest-site selection, food 
availability, and subsequent space use by females during 
brood rearing (Sheldon 1967, Gregg and Hale 1977, Kinsley 
and Storm 1989, McAuley et al. 1996, Kelley et al. 2008, 
Keller et al. 2019). We then randomly generated (paired by 
nest) 5,000 available points for each nest site and extracted 
values for each of our environmental factors from both the 
used and available points.

Local-Scale Nest-Site Selection
For 31 (used points; n2021 = 17; n2022 = 14) of 34 nests found 
during 2021–2022, we collected local-scale vegetation data 
46 (± 2) days after the estimated nest initiation date within 
a 15-m radius circular plot centered on each nest site fol-
lowing the methods in Yeldell et al. (2017). Three nests were 
excluded because time constraints limited our ability to col-
lect vegetation data. Within each of the circular plots, we 
measured percent canopy cover, percent ground cover, stem 
density (number m2), visual obstruction height (m), and max-
imum height of vegetation (m). We used a convex spherical 
densiometer (Lemmon 1956) held at ground level to measure 
the percent canopy cover at 15 cm from the ground, the ap-
proximate height of a woodcock. We measured canopy cover 
at both the nest bowl and 15-m away in each cardinal direc-
tion to characterize vegetation at and near the nest site. We 
also placed a 1-m2 quadrat frame on the ground centered on 
the nest bowl, as well as 15 m away in each cardinal direction. 
We viewed each quadrat directly overhead and estimated the 
percent ground cover (in categories of 5%) that was com-
posed of bare ground, grasses, herbaceous plants, and woody 
stems (taller than 0.5 m and shorter than 0.5 m). We also 
counted the number of woody stems in both categories within 
each quadrat as a measure of stem density. For all these meas-
ures conducted at both the nest bowl and 15 m away in each 
cardinal direction, we calculated the mean of the 5 readings 
to estimate vegetation characteristics at and near the nest site. 
In addition, we used a 2-m Robel pole (Robel et al. 1970) 
to quantify visual obstruction and the maximum height of 
vegetation. For both measures, we placed the Robel pole in 
the nest bowl and took readings through a 1-m tall seeing 
eye pole standing 4 m away in each cardinal direction. For 
each reading, we estimated the height to the nearest 10 cm, 
at which the pole was fully obstructed by vegetation, as well 
as the maximum height to the nearest 10 cm, at which any 
vegetation covered some part of the pole. We averaged the 4 
Robel pole readings for each nest to estimate the mean max-
imum vegetation height and visual obstruction height at and 
near the nest site. For each nest site, we then randomly chose 
a paired location within 50–100 m of the actual nest site and 
conducted the same set of vegetation surveys as described 
above for nest sites (Supplementary Material Table S1). This 
available location was presumably a site that a female could 
have selected as an alternative nest site. Paired comparisons 
of vegetation characteristics at and near nest sites vs. available 
locations are commonly used to estimate nest-site selection 
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or nest-site characteristics at the local scale (McAuley et al. 
1996, Harris et al. 2009, Yeldell et al. 2017, Huinker 2020).

Statistical Analysis
Nest-site selection at the scale of the home range
To determine the best explanatory model for nest-site selection 
at the home-range scale, we generated 5 a priori conditional 
logistic regression models (strata: nest ID) using the sur-
vival package (version 3.5-7; Therneau and Lumley 2024) in 
Program R (version 4.2.2; R Core Team 2022). These models 
compared the actual nest sites to the available sites to identify 
the factors influencing selection. The environmental variables 
chosen for model development had been previously shown 
as important for females during the breeding and/or post-
breeding period, when females may be prospecting for future 
nest sites (Slezak et al. 2024b). We first calculated Pearson 
correlations for all continuous variables using the rcorr func-
tion in the Hmisc package (version 5.1‐1; Harrell and Dupont 
2023). None of our continuous variables were highly correl-
ated (all with r ≤ 0.7; Dormann et al. 2013) so we retained 
all variables for the model creation. We scaled and centered 
(x̄ = 0 and SD = 1) our continuous variables. The 5 a priori 
models included a null model, a global model, and 3 models 
with combinations of environmental variables related to food 
availability (i.e., proxies for earthworm abundance), forest 
cover type (reference category: upland coniferous forest), and 
proximity to rivers and streams (Table 1). The cover model in-
cluded cover types in which woodcock nests were located, as 
well as variables related to landscape configuration (distance 
to nearest upland young forest and to nearest agriculture) 
that may relate to the amount of vegetative cover. We per-
formed model selection using Akaike Information Criterion 
adjusted for small sample sizes (AICc; Burnham and Anderson 
2002) using the aictab function in the AICcmodavg package 
(version 2.3-2; Mazerolle 2020). We selected models with 
ΔAICc values ≤ 2 (Burnham and Anderson 2002) and plotted 
the coefficient estimates with 85% confidence intervals (85% 
CIs). Unlike 95% confidence intervals (95% CIs), 85% CIs 

are compatible with a ΔAICc cutoff of 2 and are particu-
larly useful for determining whether a variable is informative 
(Arnold 2010). Furthermore, forest management for wood-
cock leads to the creation of young forest openings that may 
be beneficial to many other species that rely on early succes-
sional cover types (Masse et al. 2015). This supported our 
decision to use 85% CIs given the relatively non-controversial 
nature of such management.

Local-scale nest-site selection
To determine the best explanatory model for nest-site selec-
tion at the local scale, we generated 4 a priori conditional 
logistic regression models (strata: nest ID) using the sur-
vival package (version 3.5-7) in Program R (version 4.2.2; 
R Core Team 2022). These models compared the actual nest 
sites to available sites to identify the factors influencing se-
lection. Similar to the home-range-scale analysis, we initially 
calculated Pearson correlations for all continuous variables 
using the rcorr function in the Hmisc package (version 5.1‐1; 
Harrell and Dupont 2023) to check for highly correlated 
covariates (r ≥ 0.7). We found that the % woody stems > 
0.5 m was highly correlated with both the number of woody 
stems > 0.5 m and the number of woody stems < 0.5 m, so 
we retained only the number of woody stems > 0.5 m and 
the number of woody stems < 0.5 m for model development. 
We scaled and centered (x ̄= 0 and SD = 1) our continuous 
variables using the scale function in Program (version 4.2.2; 
R Core Team 2022). The 4 a priori models included a null 
model, a global model, and 2 models with combinations of 
environmental variables related to concealment at the nest 
site and stem density (Table 1). The nest concealment model 
assessed the effect of variables related to vegetative cover and 
concealment at the nest site (i.e., fine-scale vegetation data), 
while the stem density model assessed the extent, to which 
stem abundance influenced nest-site selection at the local 
scale (Table 1). Our cover and stem candidate models were 
compared against a global model containing each of the vari-
ables contained in these 2-candidate model sets along with a 

TABLE 1. The 5 models from the home-range scale Scolopax minor (American Woodcock) nest-site selection analysis and the 4 models from the local-
scale nest-site selection analysis. Models were compared using the change in Akaike’s Information Criterion corrected for small sample sizes (ΔAICc), 
number of parameters (k), model weight (wi), and Deviance. All nests were located in Rhode Island, USA (see Figure 1) in 2020–2022. Forest cover type 
is a categorical variable with 7 levels: upland coniferous forest, grassland/herbaceous, wetland deciduous forest, palustrine wetland, pasture/hay, and 
upland young forest.

Model Structure k ΔAICc wi

Deviance 
(−2logl)

Home range nest-site 
selection models

~cover (forest cover type + distance to upland young forest + distance to agriculture) 9 0.00 0.92 811.01

~global (forest cover type + dist. to ag + dist. up young forest + dist. to stream + eleva-
tion + slope + dist. to moist soil)

13 4.84 0.08 807.85

~1 0 22.72 0.00 851.74
~distance to stream 1 24.72 0.00 851.73
~food (distance to stream + elevation + slope + distance to moist soil) 4 27.91 0.00 848.92

Local nest-site 
selection models

~nest concealment (visual obstruction height + max vegetation height + % herbaceous 
plants + % canopy cover)

4 0.00 0.95 53.42

~global (% herb. plants + % grass + % open + no. woody stems < 0.5 m + no. woody 
stems > 0.5 m + % canopy cover + max vegetation height + visual obstruction height)

8 6.04 0.05 50.54

~1 0 24.20 0.00 85.95
~stem density (number of woody stems < 0.5 m + number of woody stems > 0.5 m) 2 26.72 0.00 84.37
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null model (Table 1). Similar to the home-range-scale selec-
tion analysis, we selected top models with ΔAICc values ≤ 2 
(Burnham and Anderson 2002) and plotted the coefficient es-
timates with 85% CIs to ensure they were informative and 
did not contain 0 (Arnold 2010, Scrafford et al. 2018). For 
each used nest site, we calculated the mean value with 95% 
CIs for each of the vegetative measures we collected to dem-
onstrate typical nest-site characteristics for female woodcock 
in Rhode Island (Table 2). We chose 95% CIs for descriptive 
statistics in the manuscript, which were not model predictions 
to provide a more conservative estimate of the uncertainty 
around the population parameters.

Nest survival
We estimated nest daily survival rates (DSR) for 39 of the 
50 nests with encounter histories from 2020-2022 using nest-
survival models in the RMark package (version 3.0.0, Laake 
2022) in Program R (version 4.2.2; R Core Team 2022). 
RMark is an R program interface for Program MARK (White 
and Burnham 1999, Laake 2022). Eleven nests were excluded 
because they were found after hatch or depredation (n = 5) or 
were abandoned by the female possibly as a result of human 
interference (n = 6). Similar to other studies of nesting wood-
cock, we found that females caught on the nest were very 
likely to abandon the nest even during the final days of incu-
bation (McAuley et al. 1993). For each field season (2020–
2022), we formatted the number of occasions so that the first 
day a nest was found was labeled as “day 1” and sequentially 
numbered through to the last day a nest was checked during 
that nesting season. We generated 9 candidate models for nest 
survival (grouped by year) for the full dataset (n = 39 nests) 
to assess the effect of precipitation and temperature, land-
scape configuration, and time (daily intervals) of the nesting 
season (T) on woodcock nest survival (Table 3). We retrieved 
minimum and maximum temperature, as well as rainfall and 
snowfall data from the Kingston, RI coop station using past 
weather archived on the National Oceanic and Atmospheric 
Administration website (https://www.weather.gov/wrh/
Climate?wfo=box). We chose this weather station given its 
central location considering the 7 study sites (Figure 1) and 
because it is more representative of the weather conditions in 
southern Rhode Island (≤30 km from all study sites) than the 

more urban Providence Airport weather station farther north. 
We also assessed how proximity to forest clearings created for 
agricultural fields or for timber harvest (proxies for distance 
to nearest male singing ground) may influence woodcock nest 
survival. We compared our set of candidate models against 
a null model (Table 3). During 2021 and 2022, we used the 
local-scale vegetation data we collected at the 25 nests with 
encounter histories to assess the potential effect of each fine-
scale vegetative measure on nest survival (Table 3). The 4 
nests potentially abandoned because of human disturbance 
were excluded, as well as 2 nests for lack of vegetation data. 
After calculating Pearson correlations for all continuous vari-
ables using the rcorr function in the Hmisc package (version 
5.1‐1; Harrell and Dupont 2023), we retained all variables 
in our models. We scaled and centered (x ̄= 0 and SD = 1) 
our continuous variables. We compared the set of candidate 
models to a null model, as well as a global nest concealment 
model that combined each of the 4 vegetative measures using 
AICc (Table 3). We selected models with ΔAICc values ≤ 2 
(Burnham and Anderson 2002) and evaluated whether the 
85% CIs on the beta coefficients were significant and did not 
contain 0 (Arnold 2010, Scrafford et al. 2018). For our nest-
survival analysis, we estimated the probability that a nest sur-
vived the entire incubation period (25 days) by raising the 
DSR estimate from our null model of constant daily survival 
to the 25th power (Freeman et al. 2023).

Brood survival
We estimated brood DSR (≥ 1 chick surviving to fledge) using 
nest-survival models in the RMark package (version 3.0.0, 
Laake 2022) for 56 of the 62 broods with encounter his-
tories from 2020 to 2022. Six broods were excluded from 
the analysis because the brood was caught after fledging (i.e., 
21 days old) and capable of sustained flight (n = 1), the trans-
mitters were faulty at deployment (n = 2), or the hen was in-
jured during the capture and banding process (n = 2). We used 
nest-survival models in RMark to assess brood survival, as 
we did not track broods at regular time intervals and instead 
monitored them ~3 times weekly. Thus, nest-survival models 
worked well because we did not know the exact date of death 
in cases where the brood was not successful (White and 
Burnham 1999). For our brood survival models, we applied 
the same formatting for the number of occasions as used in 
our nest-survival models. We used the same set of 9 survival 
models from the full nest-survival dataset (Table 3), in part 
because female woodcock, similar to other ground-nesting 
species, select a nest site based on its perceived suitability for 
raising a brood. We used the same environmental variables 
as in the nest-survival analyses. In addition to the 9 survival 
models used in the nest-survival analysis, we included a cover 
model (Table 3; % young forest in the localized use area for 
each brood) because brooding woodcock may prefer young 
forest sites based on the vegetative structure and conceal-
ment they provide. We assigned a % young forest value to 
each brood by averaging the longitude and latitude values 
(WGS 84) for each individual brood in Program R (version 
4.2.2; R Core Team 2022). Using ArcMap (version 10.3.1; 
Esri, Redlands, CA, USA), we added a circular buffer to each 
averaged longitude and latitude location of radius equivalent 
to the average step length between subsequent GPS locations 
for our entire dataset of tracked broods. We then clipped 
these individual buffers to the forest habitat 2022 layer and 

TABLE 2. Mean values and 95% CIs for each of the local-scale 
vegetation measures collected at a subset of Scolopax minor (American 
Woodcock) nest sites (n = 31) from 2021 to 2022. Mean values and CIs 
were calculated using the measurements that we collected at the nest 
site as well as in the 4 cardinal directions surrounding the nest. For each 
measure, we averaged the 5 values (4 values for maximum vegetation 
height and visual obstruction) across all 31 sites for nests in Rhode 
Island, USA, 2021–2022.

Vegetation measures in 1-m2 plot Mean (95% CIs)

% Woody stems > 5 (m) 11.10 (7.72–14.47)
% Woody stems < 5 (m) 5.74 (4.24–7.24)
% Herbaceous plants 23.90 (20.12–27.69)
% Grass 21.39 (16.96-25.81)
% Open 37.87 (32.95–25.81)
% Canopy cover 34.95 (29.94–39.96)
Max vegetation height (m) 1.35 (1.19–1.50)
Visual obstruction height (m) 0.24 (0.15–0.33)
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summarized the percentage of young forest in the activity 
center of each brood. We compared our set of candidate 
models to a null model using AICc (Table 3), selected models 
with ΔAICc values ≤ 2 (Burnham and Anderson 2002), and 
evaluated whether the 85% CIs on the beta coefficients were 
significant and did not contain 0 (Arnold 2010, Scrafford et 
al. 2018). We estimated the probability that a brood survived 
either the entire brood-rearing period (21 days) by raising the 
DSR estimate from our null model of constant daily survival 
to the 21st power (Freeman et al. 2023).

RESULTS
Home-range Scale Nest-site selection
Of the 5 a priori conditional logistic regression models for 
nest-site selection at the home-range scale (Table 1), the 
model containing variables related to forest cover type and 
landscape configuration predicted nest-site selection best with 
95% AICc model weight (Table 1). This model suggests that 
at the home-range scale, females were selected for wetland 
deciduous forest, upland deciduous forest, upland young 
forest, pasture/hay, grassland/herbaceous, and emergent wet-

land cover types (Figure 2). The second-ranked model had 
a ΔAICc > 4. Females were also selected for areas closer to 
upland young forest and agriculture. The only variable that 
was weakly related to nest-site selection was upland mixed 
forest (Figure 2).

Local-Scale Nest-Site Selection
Of the 4 a priori conditional logistic regression models for 
nest-site selection at the local scale (Table 1), the model con-
taining variables related to nest-site concealment predicted 
woodcock nest-site selection best with 92% AICc model 
weight (Table 1). This model suggests that at the local scale, 
females were selected for nest sites with higher percentages of 
herbaceous cover, canopy cover, and surrounding vegetation 
that was taller (Figure 3). The only variable that was weakly 
related to nest-site selection was percent visual obstruction 
(Figure 3). The second-ranked model had a ΔAICc > 6.

Nest Survival
The average nest initiation date for woodcock in Rhode Island 
derived from 41 nests and 45 broods was April 1, although 
nest initiation was estimated to be as early as March 7 and 

TABLE 3. The 9 models compared for Scolopax minor (American Woodcock) nest survival full dataset (n = 39; 2020–2022) analysis, the 6 models 
compared for the nest survival subset analysis with local-scale vegetation measures (n = 25; 2021–2022), and the 10 models compared for the 
brood survival analysis (n = 56) for nests and broods in Rhode Island, USA in 2020–2022. Model comparisons were based on the change in Akaike’s 
Information Criterion corrected for small sample sizes (ΔAICc), number of parameters (k), and model weight (wi).

Model Structure k ΔAICc wi

Nest survival (full dataset) 
models

~1 1 0.00 0.22

~distance to agriculture 2 0.76 0.15
~time (T) 2 1.15 0.12
~minimum temperature 2 1.28 0.12
~snowfall 2 1.45 0.11
~rainfall 2 1.48 0.11
~distance to young forest 2 2.01 0.08
~maximum temperature 2 2.03 0.08
~weather (snowfall + rainfall + maximum temperature + minimum tem-

perature)
5 6.49 0.01

Nest survival (subset dataset) 
models

~1 1 0.00 0.34

~% herbaceous plants 2 0.65 0.25
~maximum vegetation height 2 1.82 0.14
~visual obstruction height 2 1.97 0.13
~% canopy cover 2 1.97 0.13
~nest concealment (visual obstruction height + maximum vegetation 

height + % herbaceous plants + % canopy cover)
5 5.38 0.02

Brood survival models ~1 1 0.00 0.17
~maximum temperature 2 0.15 0.15
~minimum temperature 2 0.28 0.15
~distance to young forest 2 0.74 0.12
~cover (% young forest) 2 1.31 0.09
~rainfall 2 1.36 0.08
~time (T) 2 1.51 0.08
~distance to agriculture 2 1.56 0.08
~snowfall 2 1.97 0.06
~weather (snowfall + rainfall + maximum temperature + minimum tem-

perature)
5 3.55 0.03
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as late as May 15 during the 3 years of the study (Figure 4). 
The null model was the top-ranked model for both the full 
nest-survival dataset and the subset of nests with local-scale 
vegetation measures, suggesting that none of the assessed fac-
tors affected nest survival (Table 3). Each of the competing 
models (ΔAICc ≤ 2) ranked lower than the null model, so 
none of these variables were considered important for nest 
survival. The probability of a nest surviving the entire nesting 

period was low, with only 10% making it to hatch (95% CI: 
2–21%).

Brood Survival
The average hatch date for broods in Rhode Island (n = 62) 
was April 25 although hatching began as early as April 1 and 
as late as June 9 during the 3 years of the study (Figure 4). 
Similar to the 2 nest-survival analyses, the null model was the 

FIGURE 2. Home-range scale nest-site selection coefficient estimates on the logit scale and 85% CIs from our cover model for 50 S. minor nest sites 
in Rhode Island, USA in 2020–2022. Nest sites were located in wetland deciduous forest, upland young forest, upland deciduous forest, pasture/hay, 
grassland/herbaceous, emergent wetlands, and were close to upland young forest and agriculture. Upland mixed forest was considered weakly related 
to home-range scale nest-site selection because the CIs encompassed 0.

FIGURE 3. Local-scale nest-site selection coefficient estimates on the logit scale and 85% CIs from our nest concealment model for 31 S. minor nest 
sites in Rhode Island, USA in 2021–2022. Nest sites had a higher percentage of herbaceous cover, canopy cover, and surrounding taller vegetation. 
Percent visual obstruction was considered weakly related to local-scale nest-site selection because the CI encompassed 0.
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top-ranked model, suggesting that the assessed factors did not 
affect brood survival (Table 3). Each of the competing models 
(ΔAICc ≤ 2) ranked lower than the null model, so none of 
these variables were considered important for brood survival. 
The probability of a brood surviving to fledge was low with 
only ~16% (95% CI: 8–27%) of broods surviving the entire 
21-day period.

DISCUSSION
Our study is one of the first to document woodcock nest-site 
selection at 2 spatial scales and to the best of our knowledge, 
the first to explicitly test the hypothesis that female nest-
site selection relies on home-range characteristics, as well as 
visual concealment of the nest at the local scale. As predicted, 
females were strongly selected for landscape characteris-
tics related to forest cover and landscape configuration, and 
nest sites that provided high percentages of herbaceous and 
canopy cover, and tall surrounding vegetation. Despite this 
strong nest-site selection at 2 spatial scales, nest and brood 
survival were extremely low, and contrary to our predictions, 
neither were adequately explained by weather or habitat vari-
ables. These low survival rates may indicate a need for softer 
edges (i.e., undulating boundaries or removal of mature trees 
where 2 boundaries meet) in areas where woodcock and 
other ground-nesting birds reside.

Home-Range Scale Nest-Site Selection
At the home-range scale, woodcock females selected early suc-
cessional cover types and proximity to upland young forests 
and regenerating agricultural openings. Woodcock occupied 
diverse forest and wetland compositions, including upland 
young and deciduous forests, and wetlands. These findings 

align with other studies from the northeastern USA that em-
phasize the value of maintaining diverse habitats that con-
tain dense early successional cover near moist soils which can 
support nesting woodcock and their young (Pettingill 1936, 
Mendall and Aldous 1943, Sheldon 1967, Kinsley and Storm 
1989, McAuley et al. 1996). Although woodcock nest in for-
ests of mixed species composition that can span various age 
groups (Dessecker and McAuley 2001), nest sites are most 
often found in and around forest openings (Bourgeois 1976, 
Sepik and Derleth 1993, McAuley et al. 1996, Huinker 2020) 
and align with the patterns of selection we observed in Rhode 
Island (Figure 2). Nest sites were generally close to upland 
young forests and agricultural openings, often overlapping 
with singing grounds, suggesting that male selection of singing 
sites may align with female selection of nest sites (Dwyer et al. 
1988, Dessecker and McAuley 2001).

In the northeast, woodcock typically nest on well-drained 
upland sites (Mendall and Aldous 1943, Gregg and Hale 1977, 
McAuley et al. 1996); however, the nest sites located in our 
study were often near water or in areas with moist soil (Figure 
1). At the home-range scale, woodcock was selected for nest 
sites within wetland deciduous forests, as well as emergent 
wetlands near streams. In addition, we regularly noticed that 
nest sites were often close to standing water or near areas 
where water had inundated the soil for at least some portion 
of the year (C.R. Slezak, personal observation). Selection for 
streams is likely occurring at a scale larger than we assessed 
(i.e., larger than a female’s home range), and we hypothesize 
that females migrating northward prospecting for breeding 
sites may first settle along riparian corridors before selecting 
for the home-range scale characteristics described here. In 
northern New England these low-lying areas are more sus-
ceptible to persistent snowpack, making them inaccessible to 

FIGURE 4. Nest initiation (nnests = 41; nbroods = 45) and brood (n = 62) hatch date phenology by year for S. minor nests and broods located in Rhode 
Island, USA from 2020 to 2022. Boxes indicate median, mean (black point within box plot), 25%, and 75% quartiles. Whiskers represent the highest 
and lowest values within 1.5 times the interquartile range over the 75th percentile. In Rhode Island, nests are initiated in mid-March and continue 
through late-April, whereas broods typically begin hatching in mid-April and continue through mid-May.
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early arriving nesting females during some years (Bourgeois 
1976, Sepik et al. 1993). This may explain why nest site asso-
ciations with water have only been observed in regions such 
as southern New England and areas of the south that experi-
ence milder winters (Roboski and Causey 1981).

Local Nest-Site Selection
At the local scale, females selected nest sites that were more 
concealed visually (Figure 3), possibly representing an 
antipredator trait that is particularly necessary for ground-
nesting species in fragmented landscapes that contain a mo-
saic of habitats with more edges (Angelstam 1986, Huinker 
2020). While there has been extensive research on the vege-
tation characteristics at woodcock nesting sites (Mendall 
and Aldous 1943, McAuley et al. 1996, Harris et al. 2009, 
Miller and Jordan 2011, Huinker 2020), the results are 
often inconsistent partially because of the broad geographic 
breeding range (Sepik et al. 1993) and extended breeding 
season (Slezak et al. 2024a) of woodcock, as well as varied 
methodological approaches to quantify nest site vegetation 
(McAuley et al. 2020). However, we identified some common-
alities among nest site vegetation measures in Rhode Island 
and studies from other locations across the breeding range. 
Woodcock nest sites in Rhode Island had moderate canopy 
closures (x̄ = 35%) similar to those reported in Missouri 
(x ̄= 36%; Murphy and Thompson 1993), although sub-
stantially lower than those reported in Michigan (x ̄= 62%; 
Huinker et al. 2020). Nest sites in Rhode Island were com-
posed of relatively equal percentages of woody stems (~17%) 
and herbaceous plant cover (~24%) similar to nest sites in 
Pennsylvania (20–29%), although other studies in northern 
New England did not measure this variable because wood-
cock nests were initiated before herbaceous plant emergence 
(McAuley et al. 1996). Nest sites also had moderate grass 
coverage in Rhode Island (21%) and were slightly lower 
in Michigan (13%; Huinker 2020). The percentage of bare 
ground at nests in Rhode Island (38%) was substantially 
higher than in Michigan (3%; Huinker et al. 2020) and 
Pennsylvania (4%; Kinsley and Storm 1989). Thus, the rela-
tive amount of certain cover types and the total amount of 
canopy cover at nest sites were broadly similar across studies 
with a few notable exceptions.

The results of the nest-site selection analyses at the local 
and the home-range scale suggest that female woodcock select 
nest sites in early successional cover types that are vegetated, 
which conceals their ground nest. Management prescriptions 
for woodcock breeding habitats usually emphasize the need 
for high stem density with the vegetation structure being more 
important than species composition (Gregg and Hale 1977, 
Sepik et al. 1993, Dessecker and McAuley 2001, McAuley 
et al. 2020). Stem densities at nest sites in Rhode Island were 
54,600 stems ha–1 and 39,400 stems ha–1 for tall (>0.5 m) and 
short (<0.5 m) woody stems, respectively. Stem densities at 
nest sites in Alabama were substantially lower (7,002 stems 
ha–1 and 20,630 stems ha–1 for woody stems >0.3 m and <0.3 
m, respectively; Roboski and Causey 1981). In Pennsylvania, 
stem densities at nests were 48,550 stems ha–1 and 148,175 
stems ha–1 for woody stems >0.3 m and ≤2.5 m and <0.3 m, 
respectively (Kinsley and Storm 1989). The substantial in-
crease in stem density from south to north, along with the 
itinerant breeding behavior (i.e., the temporal overlap of 
migratory and reproductive periods of the annual cycle) of 
nesting females (Slezak et al. 2024a), makes selection for spe-

cific stem densities or species of vegetation by individual fe-
males unlikely. Instead, females select nest sites within their 
home ranges with more horizontal and vertical structures 
compared to the available surrounding habitat, which helps 
to conceal the nest (McAuley et al. 1996, Dessecker and 
McAuley 2001, Harris et al. 2009). Because woodcock are it-
inerant breeders and exhibit extreme flexibility in their ability 
to migrate between nesting attempts (Slezak et al. 2024a), fe-
males must respond flexibly to differences in land use pat-
terns and available habitat as they select nest sites across the 
breeding range. The itinerant breeding behavior of woodcock 
highlights the importance of maintaining diverse landscapes 
that contain areas of suitable nesting habitat for woodcock 
across their breeding range.

Nest and Brood Survival
Studies of woodcock nest and brood survival in the 
northeastern United States are limited, and most often esti-
mate survival using biased estimators (i.e., apparent survival) 
that do not account for exposure time (Huinker 2020). The 
daily survival estimates that we report for Rhode Island are 
the first in southern New England to assess whether land-
scape configuration, vegetation, and weather influence wood-
cock nest and brood survival. Our estimates of nest survival 
were extremely low compared to other studies, all from the 
northern part of the breeding range, such as Michigan (33%; 
Huinker et al. 2020), Minnesota (46–79%; Daly et al. 2019), 
and Maine (50–75%; McAuley et al. 1990). Brood survival 
was also higher in Michigan (84% surviving to 32 days; 
Huinker 2020), Minnesota (75–84% surviving to 15 days; 
Daly et al. 2015), and Maine (44–83% surviving to 21 days; 
Dwyer et al. 1988, McAuley et al. 2006). Notably, we did not 
measure any local-scale habitat characteristics at brood loca-
tions, such as woody ground cover or soil moisture that have 
been shown to influence brood survival in Michigan (Huinker 
2020). Common to all such studies, nest-survival estimates 
were lower than brood survival estimates, suggesting that the 
former may be more important than the latter for limiting 
woodcock annual productivity (Derleth and Sepik 1990, 
Kramer et al. 2019b, Huinker 2020). Similar to other recent 
studies of woodcock nest survival (Huinker 2020), we found 
that vegetation characteristics did not influence nest-survival 
estimates and landscape configuration and percent young 
forest did not influence brood survival estimates.

Similar to other ground-nesting birds, nest failure for wood-
cock appears to be predator mediated and we found no direct 
evidence that any of the monitored nests or broods had failed 
from exposure to adverse climatic conditions. Adverse effects 
of weather (e.g., periods of low temperatures and precipita-
tion) on nest and brood survival are more likely to occur at 
the northern extent of the breeding range rather than at mid-
latitudes like Rhode Island (McAuley et al. 2006, Kramer et 
al. 2019a) or in other areas near the southern terminus of the 
breeding range (Wiley and Causey 1987). Although there may 
be range-wide patterns of nest and brood survival, the pecu-
liar life history of woodcock (i.e., prolonged breeding season, 
high rate of renesting, and itinerant breeding) have evolved 
as a countermeasure to regularly low nest and brood survival 
observed in southern New England (Slezak et al. 2024a).

Conservation Implications
Our nest-site selection analysis at 2 spatial scales reinforces 
past literature highlighting the importance of creating and 
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maintaining habitat for S. minor across their breeding range 
that includes early successional cover types, mature forests, 
and wetlands that are beneficial to both nesting females and 
their young (Dessecker and McAuley 2001, Masse et al. 2014, 
Slezak et al. 2024b). In disturbed landscapes with high an-
thropogenic disturbance, such as those found in Rhode Island, 
we should prioritize habitat structure and configuration that 
potentially reduces nest detection by predators. Woodcock 
nests and broods are depredated by a suite of meso- and 
avian predators (e.g., mink, striped skunks, red foxes, etc.; 
Kramer et al. 2019b, Daly et al. 2019, Huinker 2020) that 
have increased in abundance in the northeast U.S. because of 
land use alteration, fragmentation, and loss (Litvaitis 2001, 
Zamuda et al. 2022). Remaining natural areas in Rhode 
Island are severely fragmented and land conversion is one of 
the most serious threats to forests in the state (Riely et al. 
2019). Fragmented landscapes promote “mesopredator re-
lease” (sensu Crooks and Soulé 1999 ) and may be one reason 
for the low-survival estimates observed in our study.

Given these high predation rates in fragmented landscapes, 
it is possible that woodcocks are susceptible to ecological 
traps, where perceived habitat quality does not align with ac-
tual survival outcomes. Areas that appear suitable due to their 
availability of cover may inadvertently attract woodcock but 
result in low recruitment and survival due to elevated preda-
tion risk (Battin 2004, Robertson and Hutto 2006).

Low nest survival estimates for woodcock in Rhode Island 
may have limited our ability to detect the influence of land-
scape configuration, vegetation, and weather, because pre-
dation rates were high enough that discerning differences 
between successful and unsuccessful nests would be difficult 
or require a larger sample of nests (Mezquida 2004). In highly 
disturbed landscapes like Rhode Island, we suggest that wild-
life managers create experimentally managed forests and 
adapt current forestry practices to reflect the forest config-
urations that best reduce predation rates for ground-nesting 
birds. Based on the hard forest edges and low survival rates 
that we observed for S. minor in Rhode Island, we suspect 
that softening edges when creating early successional cover 
types may help mediate depredation of ground-nesting birds 
like S. minor.

Supplementary material
Supplementary material is available at Ornithological 
Applications online.

Acknowledgments
We thank R. J. Masse for review of earlier drafts of this manu-
script and for assisting with project development. We thank 
A. McNulty, M. Shanaghan, J. Moore, B. Dodge, M. Zucconi, 
M. Carroll, A. Hughes, P. Woodward, A. Feuti, L. Corcoran, 
and D. Straley for their help in the field. We also thank P. 
and C. Shirley, J. Broome, R. Jacobson, S. Conyngham, L. 
Ruddock, and B. Tollhurst for helping us locate woodcock 
nests, female woodcock, and their broods with their pointing 
dogs and interest in woodcock conservation. Additionally, we 
thank M. M. Müller for helping us troubleshoot female cap-
ture methods and assistance with female hand‐netting and 
transmitter attachment. B. S. Cohen provided example code 
for our analyses of nest site selection and E. J. Blomberg pro-

vided example code as well as guidance on the analysis of 
our survival datasets. The following organizations allowed 
access to their properties for this research: The Rhode Island 
Department of Environmental Management, The Nature 
Conservancy in Rhode Island, The Mt. Tom Club, and the 
Rhode Island Audubon Society.

Funding statement
C. R. Slezak was supported in part by the Donald H. Rush 
Memorial Gamebird Scholarship, The New York Outdoor 
Writer’s Scholarship, and the University of Rhode Island 
Enhancement of Graduate Research Award. Funding for 
this project was provided by the Rhode Island Department 
of Environmental Management via USFWS Wildlife and 
Sport Fish Restoration Program W-23R, the United States 
Department of Agriculture McIntire-Stennis (MS-983) 
and Hatch (H-338) grants, the Rhode Island Agricultural 
Experiment Station, and the Department of Natural Resources 
Science at University of Rhode Island.

Ethics statement
All woodcock trapping, handling, and tagging activities were 
conducted in accordance with the University of Rhode Island 
Animal Care and Use Guidelines under Animal Care and Use 
Protocol AN#10-02-017.

Conflict of interest statement
The authors declare no conflicts of interest.

Author contributions
Conceptualization: CRS, SRM. Methodology: CRS, IMD, 
SRM. Investigation: all authors. Visualization: CRS, SRM. 
Funding acquisition: SRM. Project administration: SRM. 
Supervision: SRM. Writing—original draft: CRS, IMD, SRM. 
Writing—review & editing: CRS, IMD, JEK, SRM

Data availability
Analyses reported in this article can be reproduced using the 
data and code provided by Slezak et al. (2025).

LITERATURE CITED
Albrecht, T., and P. Klvaňa (2004). Nest crypsis, reproductive value of 

a clutch and escape decisions in incubating female Mallards Anas 
platyrhynchos. Ethology 110:603–613.

Ammann, G. A. (1974). Methods of capturing American Woodcock 
broods. In Eleventh International Congress of Game Biologists (S. 
Lundstrom, Editor). Stockholm, Sweden. pp. 593–605.

Ammann, G. A. (1977). Finding and banding woodcock broods using 
pointing dogs. State of Michigan Department of Natural Resources 
Wildlife Division Report 2780, Michigan Department of Natural 
Resources, Lansing, MI, USA.

Ammann, G. A. (1982). Age determination of American Woodcock 
chicks by bill length. In Woodcock Ecology and Management. U.S. 
Fish and Wildlife Service Wildlife Research Report 14, Pennsyl-
vania State University, University Park, PA, USA.

Andreasson, F., J. Å. Nilsson, and A. Nord (2020). Avian reproduction 
in a warming world. Frontiers in Ecology and Evolution 8:576331.

D
ow

nloaded from
 https://academ

ic.oup.com
/condor/advance-article/doi/10.1093/ornithapp/duaf009/7985366 by U

niversity of R
hode Island user on 16 April 2025



C. R. Slezak et al. � Breeding ecology of Scolopax minor 13

Angelstam, P. (1986). Predation on ground-nesting birds’ nests in re-
lation to predator densities and habitat edge. Oikos 47:365–373.

Anteau, M. J., M. H. Sherfy, and M. T. Wiltermuth (2012). Selection 
indicates preference in diverse habitats: A ground-nesting bird 
(Charadrius melodus) using reservoir shoreline. PLoS One 7:e30347.

Arnold, T. W. (2010). Uninformative parameters and model selection 
using Akaike’s Information Criterion. The Journal of Wildlife Man-
agement 74:1175–1178.

Battin, J. (2004). When good animals love bad habitats: Ecological 
traps and the conservation of animal populations. Conservation 
Biology 18:1482–1491.

Blomqvist, D., and O. C. Johansson (1995). Trade‐offs in nest site se-
lection in coastal populations of Lapwings Vanellus vanellus. Ibis 
137:550–558.

Bourgeois, A. (1976). Analysis of American Woodcock nest and brood 
habitat in northern lower Michigan. Dissertation, Michigan State 
University, East Lansing, MI, USA.

Buffum, B., B. C. Tefft, R. J. Masse, and S. R. McWilliams (2019). Mo-
bilizing private landowners to create American Woodcock habitat: 
Lessons learned in Rhode Island, USA. In Proceedings of the Elev-
enth American Woodcock Symposium (D. G. Krementz, D. E. 
Andersen and T. R. Cooper, Editors). University of Minnesota Li-
braries Publishing, Roscommon, MI, USA, pp. 85–92.

Burnham, K. P., and D. R. Anderson (2002). Model Selection and 
Multimodel Inference. Springer-Verlag, New York, NY, USA.

Case, D. J., and S. J. Sanders (2010). Priority information needs for 
American Woodcock: A funding strategy. Developed for the Asso-
ciation of Fish and Wildlife Agencies by the Migratory Shore and 
Upland Game Bird Support Task Force.

Chalfoun, A. D., F. R. Thompson III, and M. J. Ratnaswamy (2002). 
Nest predators and fragmentation: A review and meta-analysis. 
Conservation Biology 16:306–318.

Cody, M. L. (1966). A general theory of clutch size. Evolution 20:174–
184.

Colwell, M. A. (2006). Egg-laying intervals in shorebirds. Wader Study 
Group Bulletin 111:50–59.

Colwell, M. A., and L. W. Oring (1988). Habitat use by breeding and 
migrating shorebirds in southcentral Saskatchewan. The Wilson 
Bulletin 100:554–566.

Crooks, K. R., and M. E. Soulé (1999). Mesopredator release and avi-
faunal extinctions in a fragmented system. Nature 400:563–566.

Daly, K. O., D. E. Andersen, W. L. Brininger, and T. R. Cooper (2015). 
Radio-transmitters have no impact on survival of pre-fledged 
American Woodcocks. Journal of Field Ornithology 86:345–351.

Daly, K. O., D. O. Andersen, W. L. Brininger, and T. R. Cooper (2019). 
Breeding season survival of American Woodcock at a habitat 
demonstration area in Minnesota. In Proceedings of the Eleventh 
American Woodcock Symposium (D. G. Krementz, D. E. Andersen 
and T. R. Cooper, Editors). University of Minnesota, Roscommon, 
MI, USA.

Derleth, E. L., and G. F. Sepik (1990). Summer-fall survival of in Maine. 
The Journal of Wildlife Management 54:97–106.

Desante, D. F. (1990). The role of recruitment in the dynamics of a 
Sierran subalpine bird community. The American Naturalist 
136:429–445.

Dessecker, D. R., and D. G. McAuley (2001). Importance of early suc-
cessional habitat to Ruffed Grouse and American Woodcock. Wild-
life Society Bulletin 29:456–465.

Dinsmore, S. J., G. C. White, and F. L. Knopf (2002). Advanced tech-
niques for modeling avian nest survival. Ecology 83:3476–3488.

Dion, N., K. A. Hobson, and S. Larivie`re (2000). Interactive effects of 
vegetation and predators on the success of natural and simulated 
nests of grassland songbirds. The Condor 102:629–634.

Donovan, T. M., P. W. Jones, E. M. Annand, and F. R. Thompson III 
(1997). Variation in local-scale edge effects: Mechanisms and land-
scape context. Ecology 78:2064–2075.

Dormann, C. F., J. Elith, S. Bacher, C. Buchmann, G. Carl, G. Carré, J. R. 
G. Marquéz, B. Gruber, B. Lafourcade, P. J. Leitão, T. Münkemüller, 

et al. (2013). Collinearity: A review of methods to deal with it and a 
simulation study evaluating their performance. Ecography 36:27–46.

Dwyer, T. J., G. F. Sepik, E. L. Dereleth, and D. G. McAuley (1988). 
Demographic characteristics of a Maine woodcock population and 
effects of habitat management. Fish and Wildlife Research 4, U.S. 
Fish and Wildlife Service, Washington, D.C., USA.

Enser, R. W. and J. A. Lundgren (2006). Natural Communities of 
Rhode Island. A joint project of the Rhode Island Department of 
Environmental Management Natural Heritage Program and The 
Nature Conservancy of Rhode Island. R.I. Natural History Survey, 
Kingston, RI, USA. www.rinhs.org.

Evans, P. R., and M. W. Pienkowski (1984). Population dynamics of 
shorebirds. In Shorebirds: Breeding Behavior and Populations (J. 
Burger and B. L. Olla, Editors). Plenum Press, New York, NY, USA, 
pp. 83–123.

Freeman, S. L., K. M. Luff, and K. E. B. Gurney (2023). Good neigh-
bors? Does aggregation of nests in an Arctic-breeding shorebird 
influence daily survival rates? Ecology and Evolution 13:e10137.

Ghalambor, C. K., and T. E. Martin (2002). Comparative manipulation 
of predation risk in incubating birds reveals variability in the plas-
ticity of responses. Behavioral Ecology 13:101–108.

Gregg, L. E., and J. B. Hale (1977). Woodcock nesting habitat in 
northern Wisconsin. The Auk 94:489–493.

Harrell, F. E. J., and C. Dupont (2023). Hmisc. Version 5.1‐1. https://
CRAN.R-project.org/package=Hmisc

Harris, D., C. Elliott, R. Frederick, and T. Edwards (2009). Habitat 
characteristics associated with American Woodcock (Scolopax 
minor gmelin) nests in central Kentucky. Journal of the Kentucky 
Academy of Science 70:141–144.

Holmes, R. T., and S. K. Robinson (1988). Spatial patterns, foraging 
tactics, and diets of ground-foraging birds in a northern hardwood 
forest. The Wilson Bulletin 100:317–394.

Horton, G. I., and M. K. Causey (1984). Brood abandonment by radio-
tagged American Woodcock hens. The Journal of Wildlife Manage-
ment 53:1689–1699.

Huinker, A. E. (2020). American Woodcock habitat selection and repro-
ductive success in Michigan. Dissertation, Michigan State Univer-
sity, East Lansing, MI, USA.

Keller, T. J., S. Trusso, I. D. Gregg, and L. Williams (2019). Using in-
frared technology to locate and monitor American Woodcock nests. 
In Proceedings of the Eleventh American Woodcock Symposium 
(D. G. Krementz, D. E. Andersen and T. R. Cooper, Editors). Uni-
versity of Minnesota, Roscommon, Michigan, USA. pp. 256–262.

Kelley, J., S. Williamson, and T. R. Cooper (2008). American Wood-
cock conservation plan: A summary of and recommendations for 
woodcock conservation in North America. Wildlife Management 
Institute, Washington, D.C., USA.

Kilner, R. M. (2006). The evolution of egg colour and patterning in 
birds. Biological Reviews 81:383–406.

Kinsley, K. R., and G. L. Storm (1989). Structural characteristics of 
woodcock nesting habitat. Journal of the Pennsylvania Academy of 
Science 62:142–146.

Kramer, G. R., K. O. Daly, H. M. Streby, and D. E. Andersen (2019a). 
Association between American Woodcock seasonal productivity 
and landscape composition and configuration in Minnesota. In 
Proceedings of the Eleventh American Woodcock Symposium (D. 
G. Krementz, D. E. Andersen and T. R. Cooper, Editors). University 
of Minnesota, Roscommon, MI, USA. pp. 107–121.

Kramer, G. R., S. M. Peterson, K. O. Daly, H. M. Streby, and D. E. An-
dersen (2019b). Left out in the rain: Comparing productivity of 
two associated species exposes a leak in the umbrella species con-
cept. Biological Conservation 233:276–288.

Kubelka, V., M. Šálek, P. Tomkovich, Z. Végvári, R. P. Freckleton, and 
T. Székely (2018). Global pattern of nest predation is disrupted by 
climate change in shorebirds. Science 362:680–683.

Kurki, S., P. Helle, H. Lindén, and A. Nikula (1997). Breeding success of 
Black Grouse and capercaillie in relation to mammalian predator 
densities on two spatial scales. Oikos 79:301–310.

D
ow

nloaded from
 https://academ

ic.oup.com
/condor/advance-article/doi/10.1093/ornithapp/duaf009/7985366 by U

niversity of R
hode Island user on 16 April 2025

www.rinhs.org
https://doi.org/10.3389/fnhum.2015.00181
https://doi.org/10.3389/fnhum.2015.00181


14 Breeding ecology of Scolopax minor � C. R. Slezak et al. 

Kwon, E., E. L. Weiser, R. B. Lanctot, S. C. Brown, H. R. Gates, G. 
Gilchrist, S. J. Kendall, D. B. Lank, J. R. Liebezeit, L. McKinnon, E. 
Nol, et al. (2019). Geographic variation in the intensity of warming 
and phenological mismatch between Arctic shorebirds and inverte-
brates. Ecological Monographs 89:e01383.

Laake, J. (2022). RMARK: R Code for Mark Analysis. https://cran.r-
project.org/web/packages/RMark/RMark.pdf.

Lack, D. (1968). Ecological Adaptations for Breeding Birds. Methuen, 
London, UK.

Lameris, T. K., P. S. Tomkovich, J. A. Johnson, R. I. G. Morrison, I. 
Tulp, S. Lisovski, L. DeCicco, M. Dementyev, R. E. Gill, J. ten 
Horn, T. Piersma, et al. (2022). Mismatch-induced growth reduc-
tions in a clade of Arctic-breeding shorebirds are rarely mitigated 
by increasing temperatures. Global Change Biology 28:829–847.

Lee, W. S., Y. S. Kwon, and J. C. Yoo (2010). Egg survival is related 
to the colour matching of eggs to nest background in black-tailed 
gulls. Journal of Ornithology 151:765–770.

Lemmon, P. E. (1956). A spherical densiometer for estimating forest 
overstory density. Forest Science 2:314–320.

Liebezeit, J. R., P. A. Smith, R. B. Lanctot, H. Schekkerman, I. Tulp, S. J. 
Kendall, D. M. Tracy, R. J. Rodrigues, H. Meltofte, J. A. Robinson, 
C. Gratto-Trevor, et al. (2007). Assessing the development of shore-
bird eggs using the flotation method: Species-specific and general-
ized regression models. The Condor 109:32–47.

Litvaitis, J. A. (2001). Importance of early successional habitats to 
mammals in eastern forests. Wildlife Society Bulletin 29:466–473.

Lloyd, P., T. E. Martin, R. L. Redmond, U. Langner, M. M. Hart, P. 
Lloyd, R. L. Redmond, U. Langner, and M. M. Hart (2005). 
Linking demographic effects of habitat fragmentation across land-
scapes to continental source-sink dynamics. Ecological Applica-
tions 15:1504–1514.

Luskin, M. S., L. Arnold, A. Sovie, Z. Amir, M. A. H. Chua, B. Dehaudt, 
A. Dunn, I. Nursamsi, J. H. Moore, and C. P. Mendes (2023). 
Mesopredators in forest edges. Wildlife Letters 1:107–118.

Maclean, G. L. (1972). Clutch size and evolution in the Charadrii. The 
Auk 89:299–324.

Martin, T. E. (1993). Nest predation among vegetation layers and habitat 
types: Revising the dogmas. The American Naturalist 141:897–913.

Martin, T. E. (1995). Avian life history evolution in relation to nest sites, 
nest predation, and food. Ecological Monographs 65:101–127.

Martin, T. E. (1998). Are microhabitat preferences of coexisting species 
under selection and adaptive? Ecology 79:656–670.

Martin, T. E., J. Scott, and C. Menge (2000). Nest predation increases 
with parental activity: Separating nest site and parental activity 
effects. Proceedings of the Royal Society B: Biological Sciences 
267:2287–2293.

Masse, R. J., B. C. Tefft, and S. R. McWilliams (2014). Multiscale 
habitat selection by a forest-dwelling shorebird, the American 
Woodcock: Implications for forest management in southern New 
England, USA. Forest Ecology and Management 325:37–48.

Masse, R. J., B. C. Tefft, and S. R. McWilliams (2015). Higher bird 
abundance and diversity where American Woodcock sing: Fringe 
benefits of managing forests for woodcock. The Journal of Wildlife 
Management 79:1378–1384.

Mazerolle, M. J. (2020). Model selection and multimodel inference 
using the AICcmodavg package. https://cran.r-project.org/web/
packages/AICcmodavg/index.html.

McAuley, D. G., D. M. Keppie, and R. M. Whiting Jr. (2020). American 
Woodcock (Scolopax minor), version 1.0. In Birds of the World 
(A. F. Poole, Editor). Cornell Lab of Ornithology, Ithaca, NY, USA. 
https://doi.org/10.2173/bow.amewoo.01

McAuley, D. G., J. R. Longcore, D. A. Clugston, W. Halteman, and 
Greg F. Sepik. (2006). Survival of American Woodcock broods 
and chicks in Maine. In Proceedings of the Tenth American Wood-
cock Sympoisum (A. C. Stewart and V. R. Frawley, Editors). Ros-
common, Michigan, USA. pp. 175–184.

McAuley, D. G., J. R. Longcore, and G. F. Sepik (1990). Renesting 
by American Woodcocks (Scolopax minor) in Maine. The Auk 
107:407–410.

McAuley, D. G., J. R. Longcore, and G. F. Sepik (1993). Techniques 
for research into woodcocks: Experiences and recommendations. 
In Proceedings of the Eighth American Woodcock Symposium (J. 
R. Longcore and G. F. Sepik, Editors). Washington, D.C., USA. pp. 
5–11.

McAuley, D. G., J. R. Longcore, G. F. Sepik, and G. W. Pendleton 
(1996). Habitat characteristics of American Woodcock nest sites 
on a managed area in Maine. The Journal of Wildlife Management 
60:138–148.

Mendall, H. L., and C. M. Aldous (1943). The Ecology and Aanagement 
of the American Woodcock. Maine Cooperative Wildlife Research 
Unit, Orono, ME, USA.

Mezquida, E. T. (2004). Nest site selection and nesting success of five 
species of passerines in a South American open Prosopis woodland. 
Journal of Ornithology 145:16–22.

Miller, H. E., and M. J. Jordan (2011). Relationship between exotic 
invasive shrubs and American Woodcock (Scolopax minor) nest 
success and habitat selection. Journal of the Pennsylvania Academy 
of Science 86:1–8.

Mönkkönen, M., J. T. Forsman, T. Kananoja, and H. Ylönen (2009). In-
direct cues of nest predation risk and avian reproductive decisions. 
Biology Letters 5:176–178.

Murphy, D. W., and F. R. Thompson III. (1993). Breeding chronology 
and habitat of the American Woodcock in Missouri. In Proceedings 
of the Eighth American Woodcock Symposium (J. R. Longcore and 
G. F Sepik, Editors). Washington, DC, USA, pp. 12–18.

Pettingill, S. O. Jr. (1936). The American Woodcock. Memoirs of the 
Boston Society of Natural History, Boston, MA, USA.

R Core Team (2022). R: A Language and Environment for Statistical 
Computing. The R Foundation for Statistical Computing, Vienna, 
Austria. https://www.R-project.org/

Riely, C., K. Sayles, and J. Burr (2019). The value of Rhode Island for-
ests. Rhode Island Forest Conservation Advisory Committee and 
the Rhode Island Tree Council.

RIGIS (2020). Forest Habitat (2020). https://www.rigis.org/datasets/
edc::forest-habitat-2020/explore?location=41.585441%2C-
71.505321%2C10.48.

Robel, R. J., J. N. Briggs, A. D. Dayton, and L. C. Hulbert (1970). Rela-
tionships between visual obstruction measurements and weight of 
grassland vegetation. Journal of Range Management 23:295–297.

Robertson, B. A., and R. L. Hutto (2006). A framework for under-
standing ecological traps and an evaluation of existing evidence. 
Ecology 87:1075–1085.

Robinson, S. K., F. R. Thompson Iii, T. M. Donovan, D. R. Whitehead, 
and J. Faaborg (1995). Regional forest fragmentation and the 
nesting success of migratory birds. Science 267:1987–1990.

Roboski, J. C., and K. M. Causey (1981). Incidence, habitat use, and 
chronology of woodcock nesting in Alabama. The Journal of Wild-
life Management 45:793–797.

Rocha, É. G. da, E. Brigatti, B. B. Niebuhr, M. C. Ribeiro, and M. V. 
Vieira (2021). Dispersal movement through fragmented land-
scapes: The role of stepping stones and perceptual range. Land-
scape Ecology 36:3249–3267.

Schieck, J. O., and S. J. Hannon (1993). Clutch predation, cover, and the 
overdispersion of nests of the Willow Ptarmigan. Ecology 74:743–
750.

Schmidt, K. A., R. S. Ostfeld, and K. N. Smyth (2006). Spatial hetero-
geneity in predator activity, nest survivorship, and nest-site selec-
tion in two forest thrushes. Oecologia 148:22–29.

Scrafford, M. A., D. B. Tyers, D. T. Patten, and B. F. Sowell (2018). 
Beaver habitat selection for 24 Yr since reintroduction north of 
Yellowstone National Park. Rangeland Ecology and Management 
71:266–273.

Seamans, M. E., and R. D. Rau (2023). American Woodcock Popula-
tion Status, 2023. U.S. Fish and Wildlife Service, Laurel, MD, USA.

Sepik, G. F., and E. L. Derleth (1993). Habitat use, home range size, and 
patterns of moves of the American Woodcock in Maine. In Proceed-
ings of the Eighth American Woodcock Symposium (J. R. Longcore 
and G. F. Sepik, Editors). Washington, D.C., USA. pp. 41–48.

D
ow

nloaded from
 https://academ

ic.oup.com
/condor/advance-article/doi/10.1093/ornithapp/duaf009/7985366 by U

niversity of R
hode Island user on 16 April 2025

https://cran.r-project.org/web/packages/RMark/RMark.pdf
https://cran.r-project.org/web/packages/RMark/RMark.pdf
https://cran.r-project.org/web/packages/AICcmodavg/index.html
https://cran.r-project.org/web/packages/AICcmodavg/index.html
https://doi.org/10.2173/bow.amewoo.01
https://www.R-project.org/
https://www.rigis.org/datasets/edc::forest-habitat-2020/explore?location=41.585441%2C-71.505321%2C10.48
https://www.rigis.org/datasets/edc::forest-habitat-2020/explore?location=41.585441%2C-71.505321%2C10.48
https://www.rigis.org/datasets/edc::forest-habitat-2020/explore?location=41.585441%2C-71.505321%2C10.48


C. R. Slezak et al. � Breeding ecology of Scolopax minor 15

Sepik, G. F., D. G. McAuley, and J. R. Longcore (1993). Critical review 
of the current knowledge of the biology of the American Woodcock 
and its management on the breeding grounds. In Proceedings of the 
Eighth American Woodcock Symposium (J. R. Longcore and G. F. 
Sepik, Editors). Washington, D.C., USA. pp. 98–104.

Sheldon, W. G. (1967). The Book of the American Woodcock. Univer-
sity of Massachusetts Press, Amherst, MA, USA.

Slezak, C. R., E. J. Blomberg, A. M. Roth, L. A. Berigan, A. C. Fish, R. 
Darling, S. J. Clements, G. Balkcom, B. Carpenter, G. Costanzo, J. 
Duguay, et al. (2024a). Unconventional life history in a migratory 
shorebird: Desegregating reproduction and migration. Proceedings 
of the Royal Society B: Biological Sciences 291:20240021.

Slezak, C. R., I. M. Delmonico, J. E. Kilburn, and S. R. McWilliams 
(2025). Data from: Mismatch between strong nest-site selection 
and low survival of nests and broods for Scolopax minor (American 
Woodcock) and its implications for conservation. Ornithological 
Applications 127:duaf009. 10.5281/zenodo.10927853 [Dataset].

Slezak, C. R., R. J. Masse, and S. R. McWilliams (2024b). Sex-specific 
differences and long-term trends in habitat selection of American 
Woodcock. The Journal of Wildlife Management 88:e22518.

Smith, P. A., and D. B. Edwards (2018). Deceptive nest defence in 
ground-nesting birds and the risk of intermediate strategies. PLoS 
One 13:e0205236.

Stevens, M., J. Troscianko, J. K. Wilson-Aggarwal, and C. N. 
Spottiswoode (2017). Improvement of individual camouflage 
through background choice in ground-nesting birds. Nature 
Ecology and Evolution 1:1325–1333.

Therneau, T. M., and T. Lumley (2024). survival package. https://cran.r-
project.org/web/packages/survival/index.html.

Thomas, G. H., R. P. Freckleton, and T. Székely (2006). Comparative 
analyses of the influence of developmental mode on phenotypic di-
versification rates in shorebirds. Proceedings of the Royal Society 
B: Biological Sciences 273:1619–1624.

Thompson, F. R., T. M. Donovan, R. M. Degraaf, J. Faaborg, and S. K. 
Robinson (2002). A multi-scale perspective of the effects of forest 
fragmentation on birds in eastern forests. In Effects of Habitat 
Fragmentation on Birds in Western Landscapes: Contrasts with 

Paradigms from the Eastern United States (T. L. George and D. S. 
Dobkin, Editors). Studies in Avian Biology 25:8–19.

Wang, X., Y. Chen, D. S. Melville, C. Y. Choi, K. Tan, J. Liu, J. Li, S. 
Zhang, L. Cao, and Z. Ma (2022). Impacts of habitat loss on mi-
gratory shorebird populations and communities at stopover sites in 
the Yellow Sea. Biological Conservation 269:109547.

Westmoreland, D., and R. A. Kiltie (2007). Egg coloration and selection 
for crypsis in open-nesting blackbirds. Journal of Avian Biology 
38:682–689.

Wetherbee, D. K., and L. M. Bartlett (1962). Egg teeth and shell rupture 
of the American Woodcock. The Auk 79:117.

White, G. C., and K. P. Burnham (1999). Program mark: Survival es-
timation from populations of marked animals. Bird Study 46 
(Supplement):S120–S139.

Whiting, M. R., D. A. Haukos, and L. M. Smith (2005). Factors af-
fecting January reproduction of American Woodcock in Texas. 
Southeastern Naturalist 4:639–646.

Wiley, E. N., and K. M. Causey (1987). Survival of American Wood-
cock chicks in Alabama. The Journal of Wildlife Management 
43:414–420.

Williamson, S. J. (2010). American Woodcock: Habitat best manage-
ment practices for the northeast. Wildlife Insight 89:1–10.

Wilson, S., and P. Arcese (2006). Nest depredation, brood parasitism, 
and reproductive variation in island populations of Song Sparrows 
(Melospiza melodia). The Auk 123:784–794.

Wiltermuth, M. T., M. J. Anteau, M. H. Sherfy, and A. T. Pearse (2015). 
Habitat selection and movements of Piping Plover broods sug-
gest a tradeoff between breeding stages. Journal of Ornithology 
156:999–1013.

Yeldell, N. A., B. S. Cohen, A. R. Little, B. A. Collier, and M. J. Cham-
berlain (2017). Nest site selection and nest survival of eastern Wild 
Turkeys in a pyric landscape. The Journal of Wildlife Management 
81:1073–1083.

Zamuda, K. M., M. C. Duguid, and O. J. Schmitz (2022). Human 
land-use effects on mammalian mesopredator occupancy of a 
northeastern Connecticut landscape. Ecology and Evolution 
12:e9015.

D
ow

nloaded from
 https://academ

ic.oup.com
/condor/advance-article/doi/10.1093/ornithapp/duaf009/7985366 by U

niversity of R
hode Island user on 16 April 2025

https://doi.org/10.5281/zenodo.10927853
https://cran.r-project.org/web/packages/survival/index.html
https://cran.r-project.org/web/packages/survival/index.html

	Mismatch between strong nest-site selection and low survival of nests and broods for Scolopax minor (American Woodcock) and its implications for conservation
	INTRODUCTION
	METHODS
	Marking and Tracking Female Woodcock, Nest Searches, and Brood Tag Attachment
	Locating nests and broods
	Aging chicks and estimating hatch dates and survival rates

	Nest-Site Selection at the Scale of the Home Range
	Local-Scale Nest-Site Selection
	Statistical Analysis
	Nest-site selection at the scale of the home range
	Local-scale nest-site selection
	Nest survival
	Brood survival


	RESULTS
	Home-range Scale Nest-site selection
	Local-Scale Nest-Site Selection
	Nest Survival
	Brood Survival

	DISCUSSION
	Home-Range Scale Nest-Site Selection
	Local Nest-Site Selection
	Nest and Brood Survival
	Conservation Implications

	Supplementary material
	Acknowledgments
	LITERATURE CITED


