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The Eastern Woodcock Migration Research Cooperative is a collaborative group partnered to
understand the migratory ecology of American Woodcock in eastern North America. This project
would not have been possible without the support of multiple state and federal agencies across

the United States and Canada, as well as several universities and non-profit organizations.

This document contains draft information that has not yet been subject to peer review. As such
any results or information reported herein should be cited as unpublished data, and we

anticipate interpretation may change as additional years of data are collected.

Cover photos: top, new site in Nova Scotia, October 2024, where more than half of Fall 2024
birds were captured. Bottom, woodcock hen on nest in West Virginia, so dedicated to her task
she did not mind a slug on her beak. Photo credit to Rachel Darling (top) and Kylie Brunette

(bottom).



Executive Summary

The American Woodcock (Scolopax minor) is a migratory forest bird that has experienced
population declines of an average 0.58% per year for the past five and a half decades.
Woodcock migration has traditionally been challenging to study, leading to limited information
about migratory ecology to inform management. We initiated the Eastern Woodcock Migration
Research Cooperative in 2017 to provide insights into woodcock migration in the Eastern
Management Region, and we have since expanded our focus to the species’ entire North
American range. This report documents data collection and preliminary findings from the past
year, presents major results to date, and describes our future directions. Publications and

previous year’'s annual reports can be found at woodcockmigration.org/research. Highlights from

this report include:

- Field data collected to date: From Fall 2017 — Spring 2024, we deployed 737 GPS
transmitters on woodcock captured in 15 states and 3 Canadian provinces throughout eastern
North America. As of the end of Spring 2024, we received data from 714 unique deployments,
detailing 547 migration attempts and 433 full migratory paths. Not all deployments resulted in
migration data for a variety of reasons, including transmitter failure or loss, death of the marked
bird prior to migration, or transmitters that were intentionally programmed to collect local rather
than migratory data. We also collected feather and/or blood samples from the majority of
marked woodcock, which we will use to assess woodcock population structure via genomic and

isotopic methods.

- Student degree completions: 2024 was an exciting year as we celebrated degree
completions for three graduate students - Liam Berrigan (Ph.D. - UMaine), Colby Slezak (Ph.D.
- URI), and Kayleigh Filkins (M.S. - SUNY-Brockport). Undergraduate Zoe Pavlik (B.S. -

UMaine) also defended her Honor’s thesis. Each student thesis is linked in this report.


http://woodcockmigration.org/research

- Several manuscripts accepted and published during 2024: This includes work by Sarah
Clements on woodcock using a gradient of migration strategies, by Colby Slezak on woodcock
unconventional reproduction strategy, by Alex Fish on the phenology of woodcock migration
compared to hunting season timing, and contributions by Erik Blomberg, Amber Roth, and Liam

Berigan to a collaborative paper on the application of shorebird tracking data to conservation.

- American woodcock symposium at shorebird group meeting: Scott McWilliams and Erik
Blomberg organized an American woodcock research symposium at the Western Hemisphere
Shorebird Group meeting in Sackville, New Brunswick in August 2024 (see Professional
presentations for a list of talks). The symposium highlighted recent developments in our
knowledge of woodcock migratory ecology, both through the EWMRC and researchers outside
the cooperative, and helped to elevate the importance of woodcock research within shorebird

ecology and conservation circles.

- Genomic analysis of population structure: During spring/summer 2023 we obtained the first
results from 192 genomic samples (blood or feather) that showed no evidence of genetic
population structure across the entire woodcock range. Further genomic samples were collected
from Louisiana in January 2024, and a sample of wings from across the birds’ Canadian
breeding range were imported in fall 2024. This second round of samples (n = 88) was recently
sequenced and will be added to the original genomic data to further evaluate evidence for
genetic differences among Eastern Management Region (EMR) and Central Management

Region (CMR) birds.

- Work in progress: We will continue to collect data at a subset of field sites during Spring
2025. We also plan to conduct analyses in the coming year examining woodcock use of public
versus private lands, the relationship of woodcock flight altitude to stopover site selection,
responses of woodcock to light pollution, woodcock ecology in West Virginia, and woodcock

overwater migration across the Gulf of Maine.
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Introduction

The American Woodcock (Scolopax minor; woodcock hereinafter) is a migratory forest-
dwelling shorebird that has experienced long-term declines of 0.58% per year over the past 56
years (Seamans and Rau 2024). Woodcock are distributed throughout eastern North America;
primarily breeding in the northern United States and southern Canada and overwintering in the
southern United States. The species is managed as two discrete populations associated with
the Central and the Eastern Management Regions (Figure 1). Woodcock generally migrate
south between October — December and north between January — April (Krementz et al. 1994,
Butler 2003, Meunier et al. 2008, Moore 2016). Prior studies of woodcock migration were
principally derived from observations of local changes in woodcock abundance (e.g. arrival of
spring migrants) and radio-tracking studies at breeding, wintering, and stopover sites. While this
information is useful, it is inherently limited in scope and cannot be applied broadly across the
species’ range. This knowledge gap prompted the Association of Fish and Wildlife Agencies to
identify migratory ecology as one of the woodcock’s greatest research needs (Case &

Associates 2010).

Tracking woodcock throughout migration presents numerous challenges, as individuals
must be continually relocated over vast distances, almost always spanning numerous states
and often two countries (Myatt and Krementz 2007, Klaassen et al. 2014). Recent technological
advances allow for woodcock to be tracked using satellite transmitters (Moore 2016). Satellite
transmitters can now simultaneously collect global positioning system (GPS) location data and
remotely transmit locations to a central database via satellite networks. Between 2014 and
2016, Moore (2016) used satellite transmitters to track migrating woodcock in the Central
Management Region but were unable to track more than a few woodcock that migrated into the

eastern half of the range. To that end, we created the Eastern Woodcock Migration Research



Cooperative with the goal of describing the migratory ecology of woodcock in the Eastern

Management Region using satellite-enabled telemetry.

In this report, we document data collected during the project’s first seven years,
summarize woodcock observations during Fall 2023 - Summer 2024 (see Appendices), highlight
several noteworthy findings from the past year, present scientific products from the collaborative
to date, and provide a description of work in progress and outreach accomplishments. Previous
years’ reports, scientific publications, and links to publicly available products can be found by

visiting woodcockmigration.org/research.
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Figure 1. American Woodcock Central (light gray) and Eastern (dark gray) Management
Regions, with white points indicating capture locations and shape of the point indicating the

season during which captures occurred.
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Methods

Study Area

The Eastern Woodcock Migration Research Cooperative study area is primarily
comprised of the Eastern Woodcock Management Region, the spatial unit at which the United
States Fish and Wildlife Service and Environment and Climate Change Canada manage
woodcock populations. During the fall (September — October), we focused capture efforts in ME,
NY, PA, RI, VA, VT, and WV in the U.S., as well as NS, ON, and QU in Canada. During winter
(December — February), we focused captures in AL, FL, GA, LA, MD, NC, NJ, SC, and VA.
During the spring (April — June), we focused captures in NY, WI, and WV (see Figure 1 for
locations). We relied on the knowledge of local partners to identify areas suitable for woodcock
capture within states and provinces, and we deployed transmitters on a wide variety of land
ownership types, including state, federal, non-governmental organization, and private. As
woodcock departed for spring and fall migration, they traversed multiple states and provinces

throughout the eastern United States and Canada.

Capture

We captured woodcock using mist nets during crepuscular flights (Sheldon 1960) and by
spot-lighting roosting birds (Rieffenberger and Kletzly 1966, McAuley et al. 1993). We set mist
net arrays near roosting fields, travel corridors, and forested wetlands to capture birds as they
left diurnal use areas and flew to night roosts. Additionally, we used spotlights and thermal
imaging scopes to locate woodcock roosting in fallow, agricultural, or (new in 2024) pastoral
fields, and captured them using handheld nets. Once captured, we aged woodcock to two age
classes (adult [after hatch year or after second year; > 1 year old] or young [hatch year or
second year; < 1 year old]) using wing plumage characteristics and sexed (male or female)

them using a combination of wing plumage and bill length (Mendall and Aldous 1943, Martin



1964). Woodcock were fitted with a Lotek PinPoint 75, 120, or 150 ARGOS-compatible satellite
transmitter, attached with a leg-loop style harness (Moore 2016). The satellite transmitter
collected GPS locations at pre-programmed dates and times, and transmitted data to a central
database using the ARGOS satellite system. We stopped receiving locations when birds either
dropped their transmitter or died, thereby causing the transmitter to rest on the ground and
attenuate the signal, or if the transmitter’s battery died or the transmitter otherwise failed. We
are working towards methods to differentiate tag loss/failure from mortality to estimate survival

from the GPS location data (see Work in Progress).

Transmitter Schedules

Transmitters were manually programmed using Lotek PinPoint Host software (Lotek
Wireless Inc., Newmarket, Ontario, CA), which allowed us to specify the exact date and time
locations were collected. Transmitters had limited battery life and were expected to collect a
maximum of 75, 100, and 125 locations for the PinPoint 75, 120, and 150 tags, respectively,
before losing power. We initially created three location collection schedules; frequent (one
location per day), infrequent (one location every few days), and hybrid (combinations of frequent
and infrequent periods) to maximize the amount of data we collected for each woodcock. Hybrid
schedules contained a frequent collection period (~30 days) during the peak of migration, and
infrequent collection periods before and after the frequent period. Frequent and infrequent
schedules were used on both sexes during both fall and spring migration. Hybrid schedules
were primarily used during spring migration, as the potential migration period exceeds the
expected number of GPS locations possible under a frequent schedule, and also during the
special case of fall migration from Nova Scotia across the Gulf of Maine (details below).
Frequent schedules are useful to evaluate fine scale movement and provide the finest resolution
(i.e., one day) to document stopover (resting periods during migration) ecology. Infrequent

schedules allow for woodcock to be tracked for longer periods of time, thus possibly providing
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data on both spring and fall migration for an individual bird. Infrequent schedules also increased
the probability of receiving future data transmissions when individuals used stopover sites with

poor satellite signal and failed to upload locations (e.g., mountainous areas with a steep slope).

From Fall 2017 — Spring 2020, we set transmitter schedules to take locations exclusively
during the afternoon to capture woodcock stopover habitat use. Beginning in Fall 2020, PinPoint
tags were manufactured to record the altitude of GPS locations, which introduced the capability
to differentiate between night flight and night stopover locations. Accordingly, in Fall 2020 we
began altering our transmitter schedules to take advantage of the ability to capture migratory
flight points. We created schedules that took a combination of day and night locations, and
schedules that took night locations only, which we randomly assigned to woodcock, attempting
to control for age and sex ratios by program and capture location. In Fall 2023, we created an
overwater schedule (2-3 locations taken per night) to try to capture the routes woodcock use
when they leave Nova Scotia. Location data were transmitted to a remote database using the
ARGOS satellite system after every third GPS location was collected. We manually downloaded
woodcock locations every 1 to 5 days and used Movebank (Kays et al. 2022) to store all

location data.

To determine whether each woodcock movement included a full migratory departure,
transit, and settling stage, we classified the beginning and end point of each track. The first
point in a sustained, directional movement of greater than 16.1 km per step was classified as
the beginning of a migratory movement, while the last point before that movement switched to
undirected, < 16.1 km steps was classified as the end of the migratory movement. If a bird
stopped transmitting before the end of its migration, we determined whether its final step was
migratory or post-migratory based on a hidden Markov model framework (see Berigan et al. in
prep below). If the last location received from the bird was a part of a migratory step, then the

migratory trajectory was classified as incomplete and excluded from statistics on the distance
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traveled during migration and time spent migrating. Additional analyses were performed for

specific objectives, as described in each corresponding results section.

Data collected to date

Since the EWMRC began in Fall 2017, we have deployed 737 transmitters on birds
captured in 18 states and provinces (Table A1. American Woodcock captured and tagged with
satellite GPS transmitters in each state/province collaborating in the Eastern Woodcock
Migration Research Cooperative, summarized by year, age, and sex.). Of these transmitters,
714 gathered and transmitted at least one location, for a total of over 40,000 locations over the
course of the project (Figure 2, Figure 3). During the Fall 2023 and Spring 2024 migration
seasons alone, we recorded over 70,000 kilometers of migratory movements from 108
woodcock marked both during and prior to those seasons. Number of woodcock captured and
data collected have been evenly distributed among age and sex classes (Figure 2), and while
location data is clustered the Eastern Management Region, we have collected woodcock
locations from nearly all states and provinces within the species’ range (Figure 3). In total, we
have documented 547 migration attempts and 433 full migratory paths (Table A2. Number of
attempted and complete migratory movements by GPS-tagged American Woodcock by season
from Fall 2017 through Spring 2024. Complete migratory movements are a result of actual
migratory completion and tag battery failure.). Since altitude capacity was introduced on

PinPoint transmitters in Fall 2020, we have also recorded at least 144 presumed night flight

locations that can be used to characterize woodcock flight altitudes during migration.
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Figure 2. Counts of GPS locations recorded by tagged woodcock from Fall 2017 — Summer
2024. Over 40,000 locations have been gathered since the project began, including day and
night locations and large sample sizes from each combination of sex and age classes. 'NA’

reflects birds not assigned a sex or age class at capture.
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Figure 3. GPS locations (black points) collected by woodcock marked through the EWMRC from
Fall 2017 — Summer 2024. Over 40,000 locations have been gathered since the project began.
Location density is highest in the Eastern Management Region, but locations can be found

throughout the entirety of the woodcock’s range.
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Recent Publications and Publications in Prep

. Satellite tracking of American woodcock reveals a gradient of migration

strategies (Lead: Sarah Clements; published in Ornithology)

Abstract: Diversity in behavior is important for migratory birds in adapting to dynamic
environmental and habitat conditions and responding to global change. Migratory behavior can
be described by a variety of factors that comprise migration strategies. We characterized
variation in migration strategies in American Woodcock using GPS data from approximately 300
individuals tracked throughout eastern North America. We classified woodcock migratory
movements using a step-length threshold, and calculated characteristics of migration related to
distance, path, and stopping events. We then used principal components analysis (PCA) to
ordinate variation in migration characteristics along axes that explained different fundamental
aspects of migration, and tested effects of body condition, age-sex class, and starting and
ending location on PCA results. The PCA did not show evidence for clustering (Figure 4)
suggesting a lack of discrete strategies among groups of individuals; rather, woodcock migration
strategies existed along continuous gradients driven most heavily by metrics associated with
migration distance and duration, departure timing, and stopping behavior. Body condition did not
explain variation in migration strategy during the fall or spring, but during spring adult males and
young females differed in some characteristics of migration. Starting and ending latitude and
longitude, particularly the northernmost point of migration, explained up to 61% of the variation
in any one axis of migration strategy. Our results reveal gradients in migration behavior of
woodcock, and this variability should increase the resilience of woodcock to future

anthropogenic landscape and climate change.
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2. American woodcock migration phenology in eastern North America: implications

for hunting season timing (Lead: Alexander Fish; published in the Journal of

Wildlife Management)

Abstract: Understanding the phenology of migration is fundamental to management of
migratory gamebirds, in part because of the role migratory timing plays in setting harvest
regulations. Migratory timing is particularly important for determining appropriate dates for
hunting seasons, which may be selected to coincide with major periods of migration, according
to local management objectives. We used GPS transmitters to track American woodcock,
characterize the timing of woodcock migration, and identify sources of variation in timing relative
to current hunting season structures in eastern North America. We captured 304 woodcock in 3
Canadian provinces and 12 US states from 2017 to 2020, primarily within the Eastern
Woodcock Management Region. Using locations collected every 1.7 days on average, we
assessed whether initiation, termination, or stopover timing of woodcock migration during fall
and early spring varied geographically, differed among age and sex classes, or was influenced
by individual body condition. During fall, woodcock migrating from summer use areas farther
north and west (e.g., Ontario, Quebec) initiated and terminated migration earlier than woodcock
migrating from areas farther south and east (e.g., Rhode Island). Adult woodcock made longer
multiday stopovers that were 3 days longer, on average, than juveniles, and females made
more stopovers on average (8.0 stopovers) compared to males (6.1 stopovers). During the
onset of spring migration, woodcock that wintered farther west initiated migration before birds
that spent the winter farther east, and males initiated migration on average six days earlier than
females. Under current 45-day frameworks in the US, hunting seasons are generally consistent
with migration phenology (see Figure 5 for fall migratory termination dates), with the greatest

deviation at mid-latitudes and for states that split hunting seasons.
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Figure 5. Termination of fall migrating woodcock marked in eastern North America from 2017-
2019, by state of migration destination. Black circles represent individual observations, box-and-
whisker plots display the median (solid line), 50th percentile (blue box) and 90" percentile
(whiskers) data distribution by state. Grey boxes represent woodcock hunting seasons for each

state (cropped to dates within graph, 6 Oct — 5 Jan).

. Unconventional life history in a migratory shorebird: desegregating reproduction

and migration (Lead: Colby Slezak, URI; published in Proceedings of the Royal
Society B)

Abstract: Conventional life-history theory predicts that energy-demanding events such as
reproduction and migration must be temporally segregated to avoid resource limitation. Here,
we provide, to our knowledge, the first direct evidence of ‘itinerant breeding’ in a migratory bird,
an incredibly rare breeding strategy (less than 0.1% of extant bird species) that involves the
temporal overlap of migratory and reproductive periods of the annual cycle. Based on GPS-
tracking of over 200 female American woodcock, most female woodcock (greater than 80%)

18
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nested more than once (some up to six times) with short re-nest intervals, and females moved
northwards on average 800 km between first and second nests, and then smaller distances (ca
200+ km) between subsequent nesting attempts (Figure 6). Reliance on ephemeral habitat for
breeding, ground-nesting and key aspects of life history that reduce both the costs of
reproduction and migration probably explain the prevalence of this rare phenotype in woodcock

and why itinerant breeding so rarely occurs in other bird species.
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Figure 6. Total number of females with one or more nest attempts (top), and distance moved
between 144 nesting attempts of 52 female woodcock (bottom). In the bottom plot, points
represent raw data values, boxes indicate 25% and 75% quartiles, horizontal line within each
box the median, and whiskers represent values 1.5 times greater or less than the interquartile

range over the 75" percentile.
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4. The collective application of shorebird tracking data to conservation
(collaborative paper contributed to by Erik Blomberg, Amber Roth, and Liam
Berigan, and led by the Smithsonian Shorebird Science and Conservation

Collective; in press, Conservation Biology)

Abstract: Addressing urgent conservation issues, like the drastic declines of North American
migratory birds, requires creative, evidence-based, efficient, and collaborative approaches. Over
50% of monitored North American shorebird populations have lost over 50% of their abundance
since 1980. To address these declines, we developed a partnership of scientists and
practitioners called the Shorebird Science and Conservation Collective (hereinafter “the
Collective”). Here, we present this successful case study as an example for others engaged in
translational science. The Collective acts as an intermediary whereby dedicated staff collate and
analyze data contributions from scientists to support knowledge requests from conservation
practitioners. Data contributions from 74 organizations include over 6.7 million shorebird
locations forming movement paths of 3,345 individuals representing 36 species tracked across
the Americas (Figure 7). We describe the founding and structure of the Collective and
conservation activities we supported in our first two years. As the volume of scientific data on
animal movements continues to grow, groups like the Collective can be vital liaisons to rapidly

integrate and interpret research to support conservation action.
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Figure 7. Distribution of Argos and GPS tracking data (n = 1771 individuals) contributed to the
Shorebird Science and Conservation Collective as of October 2023, shaded by the number of
species with tracking locations in 100km x 100km hexagonal cells. Data from our GPS-marked

woodcock are included in this impressive dataset.
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5. Joint life-stage-specific distribution models better facilitate habitat conservation
for a short distance migratory bird (Lead: Liam Berigan; in review at Biological

Conservation)

Abstract: Species distribution models have issues with cross-seasonal transferability when
data collected during a single season do not reflect habitat relationships across other seasons.
This issue can be addressed using spatial decision support systems, which allow users to
incorporate multiple season-specific distribution models into a single tool to facilitate
conservation decisions. We demonstrated a potential application of this framework through an
analysis of multi-season habitat use for American woodcock in Pennsylvania, USA. We
modeled woodcock breeding and migratory habitat distributions in Pennsylvania, USA, using
random forest classifiers, and integrated the predictions of both models into a single decision
support system using a Shiny application, the Woodcock Priority Area Siting Tool, or W-PAST
(Figure 8). The Shiny application accepts user input through breeding and migratory season
weights, allowing users to customize the tool based on area-specific management priorities. We
found that woodcock have low cross-seasonal transferability between breeding and migratory
season models, with Pearson correlations of 0.15 at a pixel-scale and 0.39 at a local
management area scale, indicating that conservation of breeding habitat alone is unlikely to
result in efficient conservation of migratory habitat for woodcock. Woodcock breeding and
migratory habitat is also unevenly distributed at a regional scale, with 3 Pennsylvania
ecoregions having low breeding suitability but high migratory suitability. Creating a multi-season
distribution model for woodcock management highlighted important migratory areas that may
otherwise be overlooked due to a lack of breeding season occupancy, such as urban
greenspaces. Flexibility in data sources and ability to compensate for low cross-seasonal
transferability in distribution models make multi-season distribution modeling ideal for the study

of birds and other migratory taxa.
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6. Low migratory flight altitudes may explain increased collision risk for American

Woodcock (Lead: Liam Berigan; in press, Ornithological Applications)

Abstract: Understanding bird migration at low altitudes is critical to evaluating risk of collision
with obstacles; however, quantifying flight at low altitudes is often complicated by difficulty
measuring low altitude flight using weather radar. Recent advances in satellite tracking
technologies for avian species allow quantifying use of low altitudes by nocturnal migrants with
a high level of precision, allowing species-level inference into potential collision risk based on
use of risky altitudes. The American Woodcock (Scolopax minor) has long been considered a
low altitude migrant due to its frequent collisions with buildings, and subsequent mortality during
migration may be contributing to population declines. We investigated migratory flight altitudes
using satellite transmitters deployed on woodcock in 2020-2024 and examined how flight
altitudes compare to the heights of common airspace obstacles. Each transmitter recorded a
nocturnal GPS location with an altitude reading every 1-3 days during fall and spring migrations.
We implemented a Bayesian hierarchical mixture model to identify whether locations were
recorded on the ground or during flight, isolate measurement error, and describe the distribution
of flight altitudes. We found that migrating woodcock fly at mean altitudes of 379m (SD: 393m),
flying higher during spring (mean: 444m, 95% credible interval: 333-578m) than fall (338m, 95%
CRI: 267-423m). Woodcock flight altitudes were frequently lower than could be observed using
weather radar (27% of observations), and 57% of observations fell within the altitude range of
21 airspace obstacle (Figure 9). Our results suggest that woodcock fly at altitudes lower than
reported for most nocturnal migrants, which likely contributes to their vulnerability to obstacle
collisions. Woodcock provide an example of how vulnerability to obstacle collisions during
nocturnal migratory flights are often species-specific, and mitigation efforts should incorporate
measures aimed at reducing collisions during both diurnal stopovers and nocturnal migratory

flights to effectively reduce bird collision mortality.
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Figure 9. Distribution of American Woodcock (Scolopax minor) flight altitudes above ground
level compared to the heights of low-rise buildings (red; 47 m), land-based wind turbines
(orange; 32-164 m), and large communications towers (yellow; 244 m). The dark line
represents the median flight altitude distribution calculated using the base model, while ribbons
represent 50%, 80%, and 95% highest density credible intervals for the distribution. Raw

altitude data were collected using GPS transmitters in the eastern portion of the woodcock’s

range from 2020 to 2024.
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Adapting hidden Markov models for tracking migratory birds using data from

small GPS transmitters (Lead: Liam Berigan; in prep)

Abstract: Recent technological advances resulting in the widespread collection of tracking data
from migratory birds necessitates tools for the effective processing and classification of that
data. Tools such as hidden Markov models provide opportunities to classify movement states
from high-resolution Global Positioning System (GPS) data collected at frequent, regular
intervals. However, small-bodied migratory birds frequently cannot carry large enough tags to
collect GPS data frequently. Use of additional data streams may assist with assigning cryptic
movement states to sparse and irregular GPS data. Here we apply a correlated random walk
model and additional data streams to fit hidden Markov models to GPS data from American
Woodcock (Scolopax minor; hereinafter woodcock). Our objectives were to determine if the use
of additional data streams resulted in an improved capacity to predict migratory states and
characterize woodcock migratory distance, duration, phenology, and the presence of long-
distance movements outside of fall and spring migration. We found that individual data streams
only marginally improved model performance, but collectively data streams decreased model
error rates by a median value of 5.93%. Migratory characteristics measured using the full model
(all additional data streams) were similar to the base model (only step length and turn angle) for
all birds during fall and for males during spring, although the full model was 2.12 times more
likely to identify a migratory endpoint than the base model for females during spring. The mean
duration and distance of migration was also underestimated by 7 days and 278 kilometers for
the base model as opposed to the full model for females during spring. Long-distance
movements outside of fall and spring migration, such as dispersals and foray loops (Figure 10),
were less frequently identified with the base model (3 dispersals, 15 foray loops) as opposed to
the full model (4 dispersals, 18 foray loops). Using additional data streams may be beneficial for

birds with overlapping seasonal distributions and prolonged stopovers, demonstrating the
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benefits that new or repurposed movement models may have for understanding avian migratory

ecology.
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Figure 10. Movement state transition diagram for each hidden Markov model (HMM) classifying
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woodcock migratory states. Blue boxes represent pre- and post-migratory states, which include
disperals and foray loops, while orange and red circles represent states during fall and spring
migrations, respectively. Arrows indicate directional transitions between states that we permitted
within the HMM framework. The spring male model includes two post-migration states to

compensate for less frequent GPS locations collected from males in late spring.
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8. Does Urbanization Surrounding Stopping Sites Affect Migratory Behavior in

American Woodcock (Scolopax minor)? (Lead: Zoe Pavlik, undergraduate

honors thesis)

Abstract: Urban landscapes may influence bird species in complex ways, with some species
exploiting urban environments, others adapting to them, and others avoiding them. Migratory
birds encounter urbanization not just during breeding and overwintering, but also at stopping
sites during migration. Migration routes of American Woodcock (Scolopax minor), a bird species
experiencing long term population declines, follow the east coast of the United States, including
the major urbanized areas of the eastern seaboard. | explored the effects of urbanization around
stopping sites on woodcock migratory behavior using the percentage of impervious surfaces
within a buffer surrounding the site as a measure of urbanization. | used four variables to
guantify stopping behavior: stopover duration, average movement distance within stopover,
stopping event type (stop or stopover), and subsequent migratory step length. | predicted that
greater levels of urbanization would result in less favorable stopping sites, which | hypothesized
would be associated with shorter stopping events, a greater likelihood of stops as opposed to
stopovers, longer movements within stopovers and a shorter subsequent migratory step length.
| used a tiered AICc model selection approach with generalized linear models, while accounting
for the potential confounding effects of demographic, spatial, and temporal variables on
woodcock behavior. | found little evidence that impervious surface cover affected woodcock
migratory stopping behavior (Figure 11), which could indicate that urbanization in their migratory
range is not a major concern for the species. However, | also noted a low frequency of stopping
sites in very urbanized areas and some non-linear patterns in the data, which may suggest a

potential threshold effect that could be investigated by further study.
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Figure 11. Distribution of percent impervious surface cover around woodcock stopping events
during 2017-2022. Fall (top row) did not differ much from spring (bottom row), whether using a

1.859 km radius (left column) or a 3.900 km radius (right column) from the stopping event

center.
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9. Full Annual Cycle Analysis of American Woodcock (Scolopax minor) Distribution,

Habitat Use, and Migration Ecology (Lead: Liam Berigan; dissertation)

Abstract: The widespread availability of satellite tracking devices has made it possible to track
individual migratory birds throughout the full annual cycle, examining how distribution and
habitat use change between seasons and regions while also describing the characteristics of
migratory movements. We used these devices to examine the full annual cycle ecology of
American Woodcock (Scolopax minor; hereinafter woodcock), an early successional habitat
specialist whose populations are declining throughout their range in eastern North America. We
used these data to develop a multi-season distribution model for woodcock management in
Pennsylvania, demonstrating the importance of considering habitat use across multiple seasons
for migratory bird conservation. We also used woodcock migratory movements to demonstrate
improved methods for classifying animal locations into migratory states, allowing inferences into
migratory behavior despite sparse and incomplete data. We examined changes in woodcock
habitat selection among seasons, finding that woodcock likely undergo a functional response in
their habitat selection to changes in habitat availability throughout the full annual cycle. Finally,
we described woodcock flight altitudes and their corresponding vulnerability to various airspace
obstacles, finding that low altitude flights are likely a contributing factor to woodcocks’
disproportionate collisions with buildings. Stabilizing woodcock populations will likely require
better understanding of woodcock ecology throughout the full annual cycle, as well as the
threats they face at each stage. We hope that our comprehensive analysis of woodcock
distribution, habitat use, and migration ecology throughout the full annual cycle will improve

conservation of this iconic upland bird species.
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10. Habitat Selection and Breeding Ecology of American Woodcock in Eastern North

America (Lead: Colby Slezak, University of Rhode Island; dissertation)

Abstract: Declines in young forest in eastern North America during the last century have led to
declines in wildlife species that inhabit and depend on this habitat for at least some portion of
their annual cycle. For example, the American woodcock (Scolopax minor), a hunted upland
shorebird that inhabits early successional habitats has experienced long-term (ca. 1% annually)
population declines since monitoring of singing males began in 1968. For nearly a century,
woodcock research has primarily focused on males because of the difficulties associated with
capturing females, thus relatively little is known about females and if factors related to their
ecology may be contributing to declines. Like many shorebirds, there is also a critical need to
better understand woodcock ecology during different portions of the annual cycle in order to
effectively conserve this species amidst a rapidly changing environment. Recognizing the need
for comprehensive knowledge across various portions of the year, we investigated three
portions of the woodcock’s annual cycle (i.e., spring migration, breeding, and post-breeding
periods) in Rhode Island as well as throughout eastern North America. In chapter 1, we tracked
VHF-tagged male and female woodcock during the post-breeding period to assess third-order
habitat selection and look for sex-specific differences in Rhode Island. Additionally, we
leveraged a long-term (9-years of data collected over 11-years) male tracking dataset of 146
individually marked males in Rhode Island to identify trends in habitat selection over time and
enhance forest management planning for woodcock and other early successional species in the
state. Our study of 146 male woodcock represents one of the largest habitat selection studies to
date for this species. Although sex-specific differences in habitat use have been observed in
other shorebird species, this was the first study to examine if such differences exist between
male and female woodcock. We found that males typically had smaller home ranges (35.0 £

10.7 ha) than females (78.7 £ 46.4 ha) and that males preferred habitat mosaics that consist of

31


https://doi.org/10.23860/diss-1666

forested wetlands, young forest patches, areas of deciduous forest, moist soils with gentle
slopes, and riparian corridors. We detected subtle differences between males and females in
selection for wetland young forest, upland young forest, percent slope, distance to upland young
forest, distance to streams, and distance to moist soils. In contrast, we found that females more
strongly selected areas closer to riparian corridors while males selected areas that were closer
to upland young forest with flatter slopes than the available surrounding landscape. We suspect
that these observed differences are related to post-breeding prospecting for future breeding
sites by males and females as has been shown in some other shorebird species. Finally, we
used our top-ranked habitat selection models for males and females to produce spatially explicit
state-wide maps that identify low-to-high likelihood of use areas that can be used to guide forest

management decisions in southern New England to maximize benefits for woodcock.

In chapter 2, we cooperated with the Eastern Woodcock Migration Research
Cooperative (EWMRC; woodcockmigration.org) to answer fundamental questions about
woodcock breeding behavior and nesting ecology at the range-wide scale using movement data
from satellite-tagged female woodcock. This allowed us to uncover unprecedented results-
female woodcock are ‘itinerant breeders’ that defy conventional life-history theory by
desegregating spring migration and reproduction, an incredibly rare breeding strategy (<0.1% of
extant bird species). This finding emerged from a two-step approach. First, from February to
June 2021 and 2022, we engaged with EWMRC partners to field verify 26 suspected nesting
attempts from satellite-tagged female woodcock exhibiting small step-lengths (i.e., <20 m)
throughout Eastern North America. We then used the recursion patterns and step-lengths from
this set of field-verified nests to retroactively identify nesting attempts from a larger 4-year
satellite-tagged female dataset (n < 200 females) collected by the EWMRC from 2019 to 2022.
We found that most female woodcock (>80%) nested more than once (some up to 6 times) with

short renest intervals, and females moved northward on average 800 km between first and
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second nests, and then smaller distances (ca. 200 + km) between subsequent nesting attempts.
Reliance on ephemeral habitat for breeding, ground-nesting, and key aspects of life-history that
reduce both the costs of reproduction and migration likely explain the prevalence of this rare
phenotype in woodcock and why itinerant breeding so rarely occurs in other bird species. We
think that the extreme flexibility exhibited by itinerant breeders in their choice of breeding
locations may also make these species less vulnerable to environmental change, as long as

some suitable habitat remains.

In chapter 3, we worked with volunteer pointing dog handlers to locate breeding females
from 15 March to 15 June of 2020-2022 to assess previously unknown life-history aspects for
breeding woodcock in the state (i.e., multi-scale nest-site selection and nest and brood survival)
in relation to various environmental and temporal variables. To do this, we GPS marked nest
sites and VHF-tagged broods so that we could monitor them and determine fate. After nest
hatch or failure, we returned to nest sites to collect local-scale vegetation measurements for our
assessment of multi-scale nest-site selection. At the landscape scale, we found that nesting
woodcock select for early successional habitats (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
and coniferous forests as well as upland and wetland deciduous forests, and emergent
wetlands). At the local scale, we found that nesting woodcock select nest sites providing visual
concealment (i.e., larger percentages of herbaceous cover, canopy cover, and surrounding
vegetation that is taller). Despite this multi-scale nest site selection, nest and brood survival
were low (10% and 16%, respectively) and were not significantly 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, habitat management
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practices that mitigate predation and increase cover are needed especially in fragmented

landscapes.

In chapter 4, we tracked VHF-tagged male woodcock from May to September to
estimate post-breeding survival. Similar to chapter 1, we utilized the long-term male tracking
dataset of males in Rhode Island to assess the relationship between survival and factors such
as age, precipitation, habitat, and time to identify what may be contributing to ongoing
population declines. Although survival estimates exist for much of the woodcock’s annual cycle,
this study is one of the first long-term (i.e., nearly a decade) empirical studies of male survival (n
= 200 radio-tagged individuals). Overall post-breeding survival estimates for the period from
May to September were high 0.90 (95% credible intervals = 0.80, 0.98), and the four covariates
that we assessed did not significantly influence daily survival rate. However, relative probability
of use score had a high probability of direction (0.910) indicating a high certainty that the effect
of this habitat quality metric was in a positive direction. The high post-breeding survival of male
woodcock in our 11-year study period was consistent with other estimates from Maine
populations. Despite moderate to high adult survival estimates throughout much of the annual
cycle, American woodcock populations continue to decline. This decline seems most influenced
by factors during the breeding period (i.e., low nest and brood survival rates) which means the
most effective conservation and management should focus on reducing predation on nests and

broods.
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11. Landscape use and resource selection during the breeding season and migration

for American woodcock (Scolopax minor) in New York State (Lead: Kayleigh

Filkins, State University of New York, Brockport; master’s thesis)

Abstract: Globally, bird populations have declined at a rate of 29% in the last 50 years, and
shorebirds have some of the fastest rates of decline of any species group (Rosenberg 2019).
Among shorebirds, the American woodcock (Scolopax minor) has been showing a steady
population decline over the past 50 years. One of the leading causes of population declines
experienced by Woodcock, and other early successional species, is the loss and fragmentation
of habitat. | used Woodcock location data from GPS transmitters to understand how woodcock
used landscapes within New York State during the breeding season and fall and spring
migrations. | used a mixed effect generalized linear model to describe woodcock resource
selection during the breeding season, utilizing a layer digitized from aerial imagery and the
Nature Conservancy Terrestrial Habitat Map. | also developed a generalized linear model to
describe woodcock landscape selection during fall and spring migration using the Environmental
Protection Agency Level Ill Ecoregions. | found woodcock in New York used a larger area
during the breeding season than previous breeding season studies, and selected for open areas
such as shrublands, grasslands, and wet meadows. There were notable differences between
how male and female woodcocks select for available resources. Male and female woodcocks
showed similar trends in selection of ecoregions during spring and fall migration. | recommend
managers consider differences in male and female selection when developing habitat
management plans for woodcock. | also recommend migration stopover location patterns to be
considered when developing these management plans, as stopover locations double as

potential breeding locations for females in New York State.
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Work in Progress

. American woodcock use of different land ownership and management types

varies throughout the annual cycle (Lead: Sarah Clements)

In the Eastern Management Region for American woodcock only 18% of land is
managed by governments or non-governmental organizations (NGOs), however the relative
amount varies considerably throughout the region. Accordingly, privately-owned lands likely
contribute to the bulk of used woodcock habitat, but it is unclear how important public versus
private land ownership types are to woodcock throughout the region and during different stages
of the annual cycle. There are 7 different Bird Conservation Regions, or areas with similar
habitat types, bird communities, and management strategies in the Eastern Management
Region, or EMR (Bird Studies Canada and NABCI 2014). BCRs provide a useful way to
delineate bird management units (Sauer et al. 2003), but administrative units and BCRs do not
align.

The objectives of this project are to (1) quantify the relative use of public and private land
ownership categories by GPS-marked woodcock in the Eastern Management Region during fall
migration, spring migration, and wintering and summering non-migratory periods and (2)
examine variation in woodcock use of different land ownerships and management status areas
among states and bird conservation regions throughout the eastern United States. We classified
land into government protected, private protected, private unprotected, and government
unprotected management classes. We used woodcock migratory data from 2017-2023 (Eastern
Woodcock Migration Research Cooperative dataset). We calculated the percent use of each
land ownership category for each individual woodcock, and then averaged the percentages of

locations within each management class across individuals. This allowed each woodcock to
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contribute only once to the full sample averages. We then compared use of each land

management class relative to what was available in each state or province.

Most woodcock use during migration occurred on private lands, however there was

considerable variation among states, and also some regional patterns. In most of the NE and

SE U.S., the majority of woodcock use during migration, >80%, occurs on private lands (Figure

12). In the mid-Atlantic, however, there tended to be greater woodcock use of government

lands. In three states (MD, DE, NJ), 32-50% of migratory woodcock used government lands,

and this use was at least 10% more than predicted based on availability. These patterns were

largely mirrored during other periods of the annual cycle. We are continuing to develop this

research, and plan to submit a publication during 2025.
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2. American Woodcock survival across migratory stages inferred from satellite

telemetry data (Lead: Sarah Clements)

Understanding demographic rates, including survival, is fundamental to conservation
and management planning for woodcock. However, the birds’ variety of behavioral states and
the numerous landscapes they use often makes survival highly variable throughout the year
(e.g., Sillett & Holmes 2002). With mark-recapture or mark-recovery data only, quantifying
survival within seasons or stages of the annual cycle can be difficult for migratory species like
woodcock. Satellite telemetry data can give us detailed information about bird movement at a
fine temporal scale, but device failure or other technological limitations (Hofman et al. 2019) and
presumed device effects on birds (Cleasby et al. 2021) can make it difficult to quantify survival
from tracking data. We are revisiting and expanding on questions related to woodcock survival
explored by Fish (2021) using an updated dataset and a different model which jointly models
device survival and bird survival. Our objectives are to (1) quantify survival rates for woodcock
in pre-migration, migration, and post-migration periods; (2) compare survival rates between
spring and fall migration, and (3) evaluate how survival differed among demographic groups
Since last year’s annual report, we have changed the analytical method and are working on
model development to reduce bias associated with device failure and effects.

To improve survival estimates from our woodcock tracking data, we used behavioral
classifications described above (Berigan et al. in prep) and a joint model with weekly device
survival modeled in a Cormack-Jolly-Seber submodel (Cormack 1964, Jolly 1964, Seber 1965)
and bird survival in a multistate survival model (Kéry & Schaub 2012). We ran separate models
for spring and fall migration, and implemented them in Jags (Plummer 2003). The models are
still in development, but preliminary results suggest lower mortality rates during pre-migration
and relatively higher mortality rates during migration and post-migration periods. We are

currently working on adding complexity to the models and running simulations to develop and
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test methods for reducing bias associated with device effects and device failure. We plan to run
the model on both spring and fall migration data, and build upon it to include effects of

demographic group and starting and ending location on survival.

. Assessing American woodcock overwater migration relative to offshore wind

energy development (Lead: Rachel Darling)

Development of clean energy (e.g. solar & wind energy) is increasing at a rapid pace,
with offshore wind development in the Gulf of Maine expected to proliferate in the next several
decades. Effects of onshore wind turbines on birds are well known, but research on the effects
of offshore wind infrastructure on migratory landbirds is scarce. We deployed GPS-satellite
transmitters on American woodcock in Nova Scotia prior to fall migration to address the
guestions 1) when do woodcock initiate overwater crossings from Nova Scotia, 2) do woodcock
use distinct crossing strategies (path and/or altitude), and 3) does wind speed and direction
predict the strategy they choose?

We received crossing data from 13 woodcock between 2019 and 2023. On average,
woodcock departed Nova Scotia on November 22 (range: 23-Oct to 19-Dec), and preliminary
analysis suggests woodcock initiated most overwater flights when winds were from the NNW to
ENE. We identified 3 distinct crossing strategies (see Figure 13): NW over the Bay of Fundy into
New Brunswick (n = 1), W to WNW across the northern Gulf of Maine (n = 9), and SW making
landfall in southern New England (n = 3).

Overwater flight locations (n =7) averaged 110 m above sea level (ASL; range 10-
294m), and were well within the altitude of the rotor swept area of currently manufactured
offshore floating turbines (20-260 m ASL,; Figure 14). We are currently analyzing additional data

from birds tagged in Fall 2024 (total tagged, n = 24; birds with crossing data, n = 7). Landbird

39



overwater crossing patterns will play an important role in species conservation as offshore wind

development progresses in the Gulf of Maine.
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Figure 13. Paths of 13 woodcock tracked during fall migration in 2019, 2022 or 2023. Each
colored track represents one bird, the red polygon represents the final Wind Energy Area as of
October 2024, and the black outlines represent 3 leases sold in late 2024. Three distinct ‘paths’
can be seen, 1) across the Bay of Fundy, 2) from southwest Nova Scotia across the northern
Gulf of Maine to Maine’s coast, and 3) from southwest Nova Scotia almost directly southwest to

southern New England, also directly through the Wind Energy Area.
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Figure 14. Overwater locations captured from 2019 — 2023 of four individual woodcock, with
altitude (in meters) listed beside each point. The red polygon is the finalized Wind Energy Area
up for lease as of 2024. The three points with large black circles around them fall within the

rotor-swept zone of currently produced offshore wind turbines.
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4. West Virginia Ecoregions and Nesting Ecology Project (Lead: Kylie Brunette)

In April 2023, working in collaboration with the West Virginia Division of Natural
Resources, we initiated a comprehensive study of woodcock spatial ecology in West Virginia.
Over the course of three years, our goal is to deploy at least 20 satellite transmitters in each of
the state’s 4 ecoregions. Through the joint effort of Canaan Valley NWR, Old Hemlock
Foundation, WVDNR, and UMaine personnel, we have deployed 55 satellite transmitters to
date. Field work will continue in 2025; we aim to deploy 31 more satellite transmitters. The GPS
data gathered from these woodcock will inform species distribution models for breeding and
migratory periods within the state of West Virginia. We will use these models to build a spatial
decision support tool that managers can use to facilitate habitat management decisions for
woodcock within the state.

The second facet of this project focuses on woodcock breeding ecology within West
Virginia. Previous research has focused on northern, high-density areas of the woodcock
breeding range, leaving the southern portion of the population largely understudied. A diverse
land use history in the state includes surface mining and agriculture; mine site reclamation and
agricultural abandonment generates the early successional habitat used by woodcock. We will
investigate differences between these habitat types on woodcock reproductive ecology in West
Virginia, specifically on daily nest survival rates and the habitat characteristics of selected nest
sites. We began this facet in 2024, finding 11 nests, and our overall nest survival probability for
the 2024 field season was 0.345. We monitored nests with remote cameras, capturing predation
events and predation attempts by raccoons, fishers, an opossum, crows, and a Northern Harrier
(Figure 15).

Overall, this research will help us understand the role southern breeding woodcock play
in the population dynamics of the species, provide insight into nesting site types and the
success rates on those sites, and lead to an interactive tool managers can use to facilitate
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habitat management decisions for woodcock in West Virginia. This work will be the basis of her

master’s thesis (anticipated graduation May 2026).
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Figure 15. A Northern Harrier predates a woodcock brood at the nest site about 12 hours post-

hatch.
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Genomic and isotopic analysis of population connectivity (Lead: Rachel Darling)

Our areas, but some woodcock (~4%) also migrate from EMR wintering areas into the
CMR to breed. This illustrates a lack of strong migratory connectivity within each region, which
seems to be supported by our preliminary genomic results, described below.

To expand our analysis of migratory connectivity and to better understand how low
connectivity may affect population structure, we are evaluating genomic and stable isotopic
signatures from blood and feather samples collected from marked woodcock since the
beginning of the project. These data provide regional markers to identify at a coarse scale each
woodcock’s natal origin, and in combination with the project’s migratory data, determine the
frequency that woodcock return to natal regions, or disperse to others. Our objectives for this
work are to 1) conduct a range-wide assessment of population genomic structure for American
Woodcock, 2) relate genomic signatures from GPS-marked woodcock to their movements
throughout the annual cycle to identify mechanisms governing population structure via migratory
connectivity, 3) compare isotopic assignment of GPS-marked woodcock to their migration and
dispersal throughout the EMR and CMR, and 4) based on results of objectives 1 through 3,
evaluate evidence for finer-scale population structure within each management region. This
work is supported by a grant from the US Fish and Wildlife Service Webless Migratory
Gamebird Research fund.

Thus far, we’ve processed 192 genomic samples from woodcock with complete or near-
complete migration paths (indicating accurate wintering and summering locations), and 88
additional samples collected on the wintering grounds in Louisiana and across the species’
breeding range in Canada are currently being sequenced. To examine potential population
structure, we first identified single nucleotide polymorphisms (SNPs) within the woodcock
genome. SNPs are variants in the nucleotide base pairs of DNA (A, G, T or C) that occur in >1%

of a species and are used to distinguish between populations or sub-populations of that species.
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Based on alignment with its own genome, we were able to isolate 68,067 SNPs from our
woodcock samples. A Bayesian clustering analysis was unable to recover any signal of
population differentiation from the first batch of samples (Figure 16), including no differences

among birds summering (panel A) or wintering (panel B) in the EMR and the CMR, and no

spatial structure in general.

This suggests regular gene flow is producing genetic admixture within the global

woodcock population; based on a bird’s genomic signature, we can’t tell a woodcock breeding in

Wisconsin apart from one breeding in Maine. The sample above includes woodcock that
migrated into the CMR during the wintering (n=49) and breeding seasons (n=24), a much
smaller sample than birds migrating into the EMR during the wintering (n=143) and breeding

seasons (n=168). Additional data from migrant woodcock in the CMR is necessary to bolster

sample sizes and improve our inferences. Data from birds wintering (n = 22), breeding (n = 19),

or spending both seasons (n = 16) in the CMR is forthcoming. This will be a chapter in Rachel

Darling’s dissertation (anticipated graduation 2026).
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locations. Locations in the CMR are in red, and locations in the EMR are in blue.
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6. Response to light pollution during migration (Lead: Rachel Darling)

There is a growing body of evidence suggesting that light pollution can cause
widespread disruption during bird migration, both through local attraction of birds to high
intensity light sources (Van Doren et al. 2017) and regional selection of artificially lit areas for
migratory stopovers (McLaren et al. 2018). As woodcock are disproportionately the victims of
window strikes (Loss et al. 2020), they are believed to be especially vulnerable to light pollution.
We leveraged our dataset GPS-tagged woodcock and the New World Atlas of Sky Brightness
(Falchi et al. 2016a & Falchi et al. 2016b) to examine the relationship between woodcock
migratory stopover selection and night light. We ran step selection functions by migratory
season and age-sex class and compared the approximate level of light each bird encountered
as it initiated each stopover with light levels at random steps along the bird’s migration
trajectory. Preliminary analyses (Figure 17) show that in the spring, adult males (n = 83) select
for night light (8 = 0.15 + 0.06, odds ratio of 1.16), and in the fall, young females (n = 35) select
for night light (B = 0.18 £ 0.09, odds ratio 1.19). All other age-sex class relationships with night
light were not significant. Next steps in this analysis include adding covariates, such as
landcover, and running step selection functions on within-stopover movements. This will be a

chapter in Rachel Darling’s dissertation (anticipated graduation 2026).
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Figure 17. The odds ratios that a woodcock will choose an area with more light over an area

with less light, by age-sex class and season. Spring is represented by light blue, fall by dark

blue. Asterisk indicates p < 0.05.
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Outreach

Our primary means of distributing information is the EWMRC email listserv, which
includes representatives from 36 states, provinces, federal agencies, and non-governmental
organizations engaged in woodcock conservation. We also use our website,

www.woodcockmigration.org, to distribute up-to-date woodcock migration information to any

interested parties. Since it was launched, the website has gained a considerable following
(>90,000 unique visitors, >278,000 page views), and we have also incorporated interactive
Shiny apps to allow users to interface with our migratory data and hopefully drive more traffic.
PDFs of our published studies are available on the research page of our website.

Our data have also been incorporated into a number of national databases, including the

National Audubon Society’s Bird Migration Explorer (explorer.audubon.orq), which is an

educational resource for learning about North American bird migration, connectivity, and
conservation. Additionally, the Cornell Lab of Ornithology has used our data to validate BirdFlow

(https://birdflow-science.github.io/), an R package that uses eBird data to predict bird migration.

We have contributed data to the Shorebird Science and Conservation Collective, an initiative
housed within the Smithsonian’s National Zoo and Conservation Biology Institute which collates
and provides shorebird tracking data to conservation practitioners. Through the shorebird
Collective, EWMRC data have contributed to conservation projects in Minnesota, the Canadian
Maritimes, and offshore wind assessments by the U.S. Fish and Wildlife Service.

EWMRC personnel have also presented project results in a number of professional and
outreach settings in 2024, including the South Carolina Chapter of the Ruffed Grouse Society
and American Woodcock Society, the Penobscot Valley Chapter of the Maine Audubon Saociety,
the Atlantic Flyway Council meeting, as well as introducing undergraduate students at the
University of Maine to woodcock survey and capture methods. Finally, we continue to present

our results at wildlife and ornithology conferences, including the Maine Chapter of the Wildlife
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Society meeting in December 2024, and organization of an entire symposium dedicated to
woodcock research at the Western Hemisphere Shorebird Group’s biennial meeting in August
2024. A full list of outreach and professional presentations since the beginning of the project is

provided below.

EWMRC Output to Date

Peer-reviewed publications (see our website for pdfs)

Clements, S. et al. coauthors. 2024. Satellite tracking of American Woodcock reveals a

gradient of migration strategies. Ornithology.

Slezak, C., and 26 coauthors. 2024. Unconventional life-history in a migratory shorebird:
desegregating reproduction and migration. Proceedings of the National Academy of

Sciences

Fish, A. C. and 27 coauthors. 2024. American woodcock (Scolopax minor) fall and spring
migration phenology in Eastern North America: implications for hunting season timing.

Journal of Wildlife Management.

Blomberg, E. J., and 25 coauthors. 2023. The American Woodcock Singing Ground Survey
largely conforms to the phenology of male woodcock migration. Journal of Wildlife

Management.

Student theses and dissertations

Links to manuscripts at the end of the citation.

Filkins, K. 2024. Landscape use and resource selection during the breeding season and
migration for American woodcock (Scolopax minor) in New York State. M.S. Thesis, SUNY-

Brockport. Thesis.

Slezak, C. 2024. Habitat Selection and Breeding Ecology of American Woodcock in Eastern

North America. PhD Dissertatin, University of Rhode Island. Dissertation.
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Berigan, L. 2024. Full annual cycle analysis of American Woodcock (Scolopax minor)
distribution, habitat use, and migration ecology. PhD Dissertation, University of Maine.

Digital Commons.

Pavlik, Z. 2024. Does urbanization around stopping sites affect migratory behavior in American

woodcock (Scolopax minor). Honors Thesis, University of Maine. Digital Commons.

Trebilcock, K. 2022. Riders on the storm: using satellite transmitters to quantify American
woodcock movement behavior following extreme weather events. Honors Thesis, University

of Maine. Digital Commons.

Fish, A. 2021. American woodcock (Scolopax minor) migration ecology in eastern North

America. PhD Dissertation, University of Maine. Digital Commons.

Professional presentations

Darling, R.L. American Woodcock Migration Relative to Offshore Wind Development. Maine

State Chapter of the Wildlife Society Fall Meeting, Orono, Maine. December 2024.

Filkins, K. American woodcock (Scolopax minor) research update. New York State Department
of Environmental Conservation Upland Gamebird Team Meeting, Virtual, September
2024.

Berigan, L. Examining individual variation in American Woodcock habitat selection throughout
the full annual cycle. Western Hemisphere Shorebird Group Annual Meeting, Sackville,

New Brunswick. August 2024.

Blomberg, E. The American Woodcock Singing Ground Survey largely conforms to the
phenology of male woodcock migration. Western Hemisphere Shorebird Group Annual
Meeting, Sackville, New Brunswick. August 2024.

Brunette, K. Habitat associations of American Woodcock on reclaimed surface mines in West
Virginia. Western Hemisphere Shorebird Group Annual Meeting, Sackville, New
Brunswick. August 2024.

Clements, S. Satellite tracking of American Woodcock reveals a gradient of migration strategies.
Western Hemisphere Shorebird Group Annual Meeting, Sackville, New Brunswick.
August 2024.
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Darling, R. Troubled waters: assessing American woodcock over-water migration in relation to
offshore wind energy development. Western Hemisphere Shorebird Group Annual
Meeting, Sackville, New Brunswick. August 2024.

Slezak, C. Unconventional life-history in a migratory shorebird: desegregating reproduction and
migration. Western Hemisphere Shorebird Group Annual Meeting, Sackville, New
Brunswick. August 2024.

Filkins, K. Sex specific landscape use of American woodcock (Scolopax minor) during breeding
season in New York State. Northeast Natural History Conference, Albany, NY, April
2024.

Blomberg, E. The American Woodcock signing ground survey largely conforms to the
phenology of male woodcock migration. Maine State Chapter of the Wildlife Society Fall

Meeting, Orono, Maine. December 2023.

Blomberg, E. The American Woodcock signing ground survey largely conforms to the
phenology of male woodcock migration. American Ornithological Society and Canadian

Society of Ornithologists Joint Conference, London, Ontario, Canada, August 2023.

Darling, R. American woodcock select for areas of artificial light at night during migration.
American Ornithological Society and Canadian Society of Ornithologists Joint

Conference, London, Ontario, Canada, August 2023. (poster).

Clements, S. Lack of discrete migration strategies in American Woodcock suggests potential for
species resiliency. American Ornithological Society and Canadian Society of

Ornithologists Joint Conference, London, Ontario, Canada, August 2023. (poster).

Filkins, K. American woodcock resource selection in New York State. American Ornithological
Society and Canadian Society of Ornithologists Joint Conference, London, Ontario,

Canada, August 2023. (poster).

Berigan, L. Adapting hidden Markov movement models to the study of migration by small-
bodied birds. American Ornithological Society and Canadian Society of Ornithologists

Joint Conference, London, Ontario, Canada, August 2023.

Berigan, L. Using joint life-stage-specific species distribution models to facilitate habitat
conservation for American woodcock. Maine Chapter of the Wildlife Society Annual Fall

Meeting, December 2022 (poster).

51



Slezak, C.R. “Almost itinerant”, the breeding ecology of a peculiar shorebird, the American

woodcock, The Wildlife Society Annual Conference, 2022.

Filkins, K. American woodcock (Scolopax minor) research update. New York State Department
of Environmental Conservation Upland Gamebird Team Meeting, Virtual, September
2022.

Berigan, L. Reuvisiting the role of stopover when assessing migratory connectivity: an American

Woodcock case study. North American Ornithological Congress, Puerto Rico, 2022.

Berigan, L. Widespread use of satellite transmitters reveals the dynamic nature of American
Woodcock migration timing. Maine Chapter of the Wildlife Society Annual Fall Meeting,
December 2021.

Berigan, L. Site prioritization for American Woodcock management by comparing breeding and

migratory habitat distribution models. The Wildlife Society Annual Conference, 2021.

Fish, A. Lower than expected migratory connectivity of American woodcock (Scolopax minor) in

Eastern North America. The Wildlife Society Annual Conference, 2019

Fish, A. Migratory ecology of American Woodcock (Scolopax minor) in eastern North America.

American Ornithological Society Annual Conference, June 2019.

Blomberg, E. American woodcock migration ecology in the Eastern Region: a large-scale
collaborative effort. Eastern Bird Banding Association Annual Conference. Winter
Harbor, ME, June 2018.

Blomberg, E. American woodcock migration ecology in the Eastern Region: a large-scale
collaborative effort. 11th American Woodcock Symposium. Roscommon, MI, October
2017.

Blomberg, E. American woodcock migration ecology in the Eastern Region: a collaborative
approach. Northeastern Upland Gamebird Technical Committee Meeting. Winter Harbor,
ME, September 2017.

Blomberg, E. American woodcock migration ecology in the Eastern Region: a collaborative

approach. Atlantic Flyway Council Fall Meeting. Annapolis, MD, August 2017.
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Outreach presentations:

South Carolina Chapter of the Ruffed Grouse Society (virtual presentation). August
2024. Presentation by R. Darling.

Penaobscot Valley Chapter of the Audubon Society meeting. Orland, ME. June 2024.
Presented by R. Darling.

Berkshire Natural Resources Council (virtual presentation). April 2024. Presented by K.
Filkins.

Downeast Maine Audubon. Blue Hill, ME. April 2023. Presented by L. Berigan.

Harris Center for Conservation Education. Hancock, NH. May 2022. Presented by L.
Berigan.

Friends of Missisquoi National Wildlife Refuge & Green Mountain Audubon Saociety.
Swanton, VT. April 2022. Presented by L. Berigan.

Central Maine Chapter of the Ruffed Grouse Society. Brewer, ME, November 2019,
2022, 2023. Presented by E. Blomberg.

Maine Audubon Fields Pond Nature Center. Orland, ME, April 2023, 2024. Presented by
E. Blomberg.

Ruffed Grouse Society National Organization (virtual presentation), August 2022.
Presented by E. Blomberg.

North American Versatile Hunting Dog Association National Meeting. Portland, ME,

January 2020. Presented by E. Blomberg.

Press coverage

E. Blomberg, A. Roth, K. Brunette and R. Darling were interviewed and the EWMRC was
featured in a UMaine research article, also picked up by Phys.org. Nov. 2024.

A. Roth & E. Blomberg contributed the article “Notes from the Field: American Woodcock
Migration.” USGS Bird Banding Lab. Available Online. May 2024.

E. Blomberg wrote an article for the Ruffed Grouse Society’s Covers Magazine, “Satellite

Tracking and the Science of Woodcock Migration”. Available Online. May 2024.

C. Slezak and S. McWilliams were interviewed and EWMRC itinerant breeding chapter
was featured in Audubon Magazine, April 2024 issue.

Project Upland magazine profiled our research as part of a profile article on American
Woodcock Migration. Available Online. October 2023.
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E. Blomberg was interviewed and EWMRC was featured in Project Upland Magazine,

Spring 2023 issue.

e Project Upland magazine profiled EWMRC research as part of a species’ profile article.

https://projectupland.com/woodcock-hunting/unusual-facts-about-american-woodcock/.

August 2022.

e E. Blomberg was interviewed for the web podcast Her Upland to discuss EWMRC
research. https://projectupland.com. July 2021.

e The Canadian Broadcast Company (CBC) featured our woodcock migration research.
September 2020.

e E Blomberg was interviewed for the web podcast Project Upland to discuss EWMRC

research. https://projectupland.com. January 2019.

Awards

e \Wildlife Restoration Award — The Wildlife Society. This award was presented to the
Eastern Woodcock Migration Research Cooperative for significant contributions to
wildlife conservation stemming from use of Federal Aid in Wildlife Restoration funds.
November 2021.
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Project Partners

Alabama Department of Conservation and
Natural Resources

American Woodcock Society

Association des Savaginiers du Saguenay-Lac-
St-Jean

Atlantic Flyway Council

Audubon Vermont

Canaan Valley National Wildlife Refuge
Club des Becassiers du Quebec
Environment and Climate Change Canada

Florida Fish and Wildlife Conservation
Commission

Friends of the 500th
Friends of Missisquoi National Wildlife Refuge
Georgia Department of Natural Resources

Louisiana Department of Wildlife and
Fisheries

Maine Department of Inland Fisheries and
Wildlife

Maine Outdoor Heritage Fund

Maryland Department of Natural Resources

Missisquoi National Wildlife Refuge

Moosehorn National Wildlife Refuge

The Nature Conservancy in Vermont

New Jersey Department of Environmental
Protection

New York Department of Environmental
Conservation

North Carolina Wildlife Resources Commission

Old Hemlock Foundation

Pennsylvania Game Commission

Penobscot Valley Chapter of the Maine
Audubon Society

Rhode Island Department of Environmental
Management

Ruffed Grouse Society

Silvio O. Conte National Wildlife Refuge
State University of New York - Brockport
State University of New York - Cobleskill

South Carolina Department of Natural
Resources

Timberdoodle Habitat Society
USFWS National Wildlife Refuge System
USFWS Office of Migratory Birds

USFWS Webless Migratory Game Bird
Research Program

US Forest Service

USGS - Patuxent Wildlife Research Center
University of Maine

University of Rhode Island

Vermont Fish & Wildlife Department
Virginia Department of Wildlife Resources
West Virginia Division of Natural Resources

West Virginia Highlands Conservancy

Wildlife Management Institute

Wildlife and Sport Fish Restoration Program
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Appendices

Additional Tables

Table Al. American Woodcock captured and tagged with satellite GPS transmitters in each
state/province collaborating in the Eastern Woodcock Migration Research Cooperative,

summarized by year, age, and sex.

Male Female Unknown Total
State Year Young Adult Unk Young Adult Unk Unk
Alabama 2020 1 2 2 2 7
2021 2 2 2 6
2022 5 2 1 1 1 10
Florida 2021 1 3 1 5
2022 2 4 6
Georgia 2020 3 3 1 5 12
2021 1 3 2 5 11
Louisiana 2022 4 4 3 5 16
2023 4 11 1 1 17
2024 14 8 9 5 25 61
Maine 2017 4 2 6
2018 1 1 3 2 7
2020 1 2 3 6
Maryland 2018 1 3 4
2019 3 5 2 10
2020 1 3 4 1 9
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Male Female Unknown Total
State Year Young Adult Unk Young Adult Unk Unk
Maryland 2021 3 3 1 1 8
New Jersey 2018 7 8 15
2019 8 9 17
New York 2018 4 1 1 3 9
2019 4 6 11 9 30
2022 5 5 10
2023 2 3 2 3 10
North Carolina 2019 2 2 2 6
2020 7 1 4 3 15
2021 6 1 1 2 10
2022 5 2 1 7 15
Nova Scotia 2019 3 4 7
2022 4 1 5
2023 4 1 5
Ontario 2018 1 1 2
2019 1 1 1 3
Pennsylvania 2018 1 4 3 4 12
2019 3 1 1 7 12
2020 3 2 1 7 13
2021 5 2 2 3 12
Quebec 2018 2 2 1 5
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Male Female Unknown Total

State Year Young Adult Unk Young Adult Unk Unk

Quebec 2019 5 2 3 10
2020 2 1 1 3 7
2021 2 2 4
2022 2 1 3

Rhode Island 2018 12 3 15
2019 12 3 15
2020 7 7 3 17
2021 3 12 15

South Carolina 2019 2 1 4 2 9
2020 2 3 2 1 8
2021 2 4 1 7
2022 1 1
2023 1 1

Virginia 2018 6 2 1 9
2019 10 10 11 13 3 47
2020 15 5 1 7 16 44
2021 1 1 2 1 4 9
2022 2 2

Vermont 2020 8 5 3 2 18
2021 3 1 2 4 10
2022 2 1 3 1 7
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Male Female Unknown Total
State Year Young Adult Unk Young Adult Unk Unk
Vermont 2023 1 1
West Virginia 2019 2 1 1 4
2020 1 1
2023 5 13 1 2 21
2024 24 10 1 35
Wisconsin 2023 1 1 2
2024 1 1
Total 198 172 2 149 175 8 32 737
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Table A2. Number of attempted and complete migratory movements by GPS-tagged American

Woodcock by season from Fall 2017 through Spring 2024. Complete migratory movements are

a result of actual migratory completion and tag battery failure.

Migratory movements

Season Attempted Complete
Fall 2017 6 2
Fall 2018 47 41
Spring 2019 55 4
Fall 2019 83 63
Spring 2020 84 61
Fall 2020 64 46
Spring 2021 83 53
Summer 2021 2 2
Fall 2021 37 30
Spring 2022 76 38
Fall 2022 21 20
Spring 2023 16 14
Fall 2023 5 2
Spring 2024 31 24
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Table A3. Migration initiation and termination dates for American Woodcock tagged with satellite GPS transmitters in the Eastern

Management Region from Fall 2018 through Spring 2024. Fall 2023 birds’ migration terminations were not recorded.

n Mean Mig. First Mig. Last Mig. Mean Mig. First Mig. Last Mig.
Initiation Initiation Initiation Termination Termination Termination
Fall
2018 38 11/7/2018 10/12/2018 1/1/2019 12/3/2018 10/28/2018 2/3/2019
2019 74 11/11/2019 10/12/2019 12/13/2019 12/2/2019 10/20/2019 1/29/2020
2020 59 10/28/2020 8/3/2020 12/15/2020 11/30/2020 10/30/2020 1/12/2021
2021 17 10/31/2021 8/31/2021 1/12/2022 11/16/2021 10/25/2021 12/10/2021
2022 22 11/3/2022 10/2/2022 11/23/2022 11/26/2022 11/4/2022 12/12/2022
2023 5 11/12/2023 10/04/2023 11/30/2023 -- -- --
Spring
2019 42  3/10/2019 1/26/2019 3/29/2019 4/19/2019 2/8/2019 7/14/2019
2020 55 3/6/2020 2/3/2020 5/4/2020 4/14/2020 2/11/2020 7/28/2020
2021 76 2/28/2021 1/14/2021 4/23/2021 4/2/2021 3/2/2021 5/18/2021
2022 53 2/26/2022 1/19/2022 4/26/2022 4/18/2022 2/21/2022 6/7/2022
2023 16  2/22/2023 2/1/2023 4/5/2023 4/15/2023 3/20/2023 5/9/2023
2024 31 2/14/2024 1/29/2024 2/28/2024 4/16/2024 2/21/2024 6/8/2024
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Table A4. Migration records of GPS-tagged American Woodcock from the migratory seasons of
Fall 2023 (September 1%, 2023 — January 31%, 2024) and Spring 2024 (February 1%, 2024 - May

31, 2024).
Capture Age at No. Location of
Bird ID Date Sex  Capture? LocP Capture®
Fall 2023
New York
NY-2023-49 4/20/2023 F ASY 4 Happy Valley
Nova Scotia
NS-2023-12 10/18/2023 M HY 29 Cookswood
NS-2023-13 10/19/2023 M HY 44 Cookswood
NS-2023-14 10/19/2023 M HY 49 Cookswood
NS-2023-15 10/19/2023 M AHY 47 Alton
NS-2023-16 10/20/2023 M HY 92 Alton
South Carolina
SC-2023-26 3/31/2023 F AHY 6 Draper
Wisconsin
WI-2023-01 4/15/2023 F SY 17 Buenavis
Spring 2024
Louisiana
LA-2024-34 1/9/2024 F SY 51 Cypress
LA-2024-35 1/9/2024 F SY 45 Cypress
LA-2024-36 1/9/2024 F SY 9 Cypress
LA-2024-37 1/10/2024 F ASY 38 USACE
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Capture Age at No. Location of

Bird ID Date Sex  Capture? LocP Capture®
LA-2024-38 1/10/2024 F SY 33 USACE
LA-2024-39 1/10/2024 F SY 40 USACE
LA-2024-40 1/11/2024 F SY 4 Cypress
LA-2024-41 1/11/2024 F ASY 4 Cypress
LA-2024-42 1/11/2024 M ASY 6 Cypress
LA-2024-43 1/11/2024 M SY 39 Cypress
LA-2024-44 1/10/2024 M ASY 43 USACE
LA-2024-45 1/9/2024 M SY 39 Cypress
LA-2024-46 1/9/2024 M ASY 43 Cypress
LA-2024-47 1/9/2024 F SY 20 Cypress
LA-2024-48 1/9/2024 M SY 15 Cypress
LA-2024-49 1/9/2024 M SY 39 Cypress
LA-2024-50 1/9/2024 M SY 22 Cypress
LA-2024-51 1/10/2024 M SY 39 USACE
LA-2024-52 1/9/2024 M ASY 20 Cypress
LA-2024-53 1/10/2024 M SY 42 USACE
LA-2024-54 1/10/2024 M SY 40 USACE
LA-2024-55 1/10/2024 M SY 38 USACE
LA-2024-56 1/10/2024 M ASY 38 USACE
LA-2024-57 1/10/2024 M SY 23 USACE
LA-2024-58 1/10/2024 M SY 39 USACE
LA-2024-59 1/10/2024 M ASY 26 USACE
LA-2024-60 1/10/2024 F ASY 26 USACE
LA-2024-61 1/10/2024 M SY 41 USACE
LA-2024-62 1/10/2024 Unk SY 37 USACE
LA-2024-63 1/11/2024 M SY 14 Cypress
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Capture Age at No. Location of
Bird ID Date Sex  Capture? LocP Capture®

LA-2024-64 1/11/2024 M ASY 32 Cypress
LA-2024-65 1/11/2024 F ASY 31 Cypress
LA-2024-66 1/11/2024 F SY 43 Cypress
LA-2024-67 1/11/2024 F ASY 8 Cypress
LA-2024-68 1/11/2024 M SY 7 Cypress
LA-2024-69 1/5/2024 96 Tensas NWR
LA-2024-70 1/5/2024 68 Tensas NWR
LA-2024-71 1/5/2024 14 Tensas NWR
LA-2024-72 1/5/2024 8 Tensas NWR
LA-2024-73 1/5/2024 0 Tensas NWR
LA-2024-74 1/5/2024 54 Tensas NWR
LA-2024-75 1/5/2024 100 Tensas NWR
LA-2024-76 1/5/2024 82 Tensas NWR
LA-2024-77 1/17/2024 74 Tensas NWR
LA-2024-78 1/16/2024 74 Tensas NWR
LA-2024-79 1/11/2024 26 Tensas NWR
LA-2024-80 1/17/2024 72 Tensas NWR
LA-2024-81 1/16/2024 106 Tensas NWR
LA-2024-82 1/5/2024 0 Tensas NWR
LA-2024-83 1/17/2024 98 Tensas NWR
LA-2024-84 1/16/2024 66 Tensas NWR
LA-2024-85 1/5/2024 12 Tensas NWR
LA-2024-86 12/21/2023 40 Tensas NWR
LA-2024-87 1/17/2024 96 Tensas NWR
LA-2024-88 1/5/2024 118 Tensas NWR
LA-2024-89 1/16/2024 84 Tensas NWR
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Capture Age at No. Location of
Bird ID Date Sex  Capture? LocP Capture®

LA-2024-90 1/16/2024 109 Tensas NWR

LA-2024-91 1/16/2024 86 Tensas NWR

LA-2024-92 1/16/2024 103 Tensas NWR

LA-2024-93 1/9/2024 F SY 8 Cypress
New York

NY-2023-52

NY-2023-53 5/18/2023 M AHY 4 Finger Lakes NF

NY-2023-57 6/6/2023 M SY 4 Ashland
South Carolina

SC-2023-26 3/31/2023 F AHY 2 Draper
West Virginia

WV-2023-11** 4/26/2023, M ASY 36 Canaan

4/25/2024
WV-2023-16** 4/27/2023, M ASY 0 Little Indian Creek
4/25/2024

WV-2023-20 4/28/2023 F ASY 56 Little Indian Creek

WV-2023-23 5/17/2023 F ASY 45 Canaan

WV-2024-26 4/22/2024 M SY 36 Ryan Family Farm

WV-2024-27 4/22/2024 M ASY 35 Ryan Family Farm

WV-2024-28 4/22/2024 M SY 34 Ryan Family Farm

WV-2024-29 4/22/2024 M SY 38 SLWMA

WV-2024-30 4/22/2024 M SY 40 SLWMA

WV-2024-31 4/22/2024 M SY 16 SLWMA

WV-2024-32 4/23/2024 M SY 38 SLWMA
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Capture Age at No. Location of
Bird ID Date Sex  Capture? LocP Capture®
WV-2024-33 4/24/2024 F SY 1 Little Indian Creek
WV-2024-34 4/24/2024 M SY 38 Canaan
WV-2024-35 4/24/2024 M SY 36 Canaan
WV-2024-36 4/24/2024 M ASY 34 Canaan
WV-2024-37 4/24/2024 M ASY 36 Little Indian Creek
WV-2024-38 4/24/2024 M SY 36 Little Indian Creek
WV-2024-39 4/24/2024 M ASY 28 Little Indian Creek
WV-2024-40 4/24/2024 M SY 42 Little Indian Creek
WV-2024-41 4/24/2024 M SY 37 Little Indian Creek
WV-2024-42 4/24/2024 M SY 40 Little Indian Creek
WV-2024-43 4/24/2024 M SY 34 Little Indian Creek
WV-2024-44 4/25/2024 M SY 37 Canaan
WV-2024-45 4/25/2024 M ASY 42 Canaan
WV-2024-46 4/25/2024 M SY 40 Little Indian Creek
WV-2024-47 4/25/2024 M ASY 0 Little Indian Creek
WV-2024-48 4/25/2024 M SY 36 Little Indian Creek
WV-2024-49 4/26/2024 M SY 36 Canaan
WV-2024-50 4/26/2024 M SY 37 Canaan
WV-2024-51 5/2/2024 M SY 30 Canaan
WV-2024-52 5/2/2024 M ASY 36 Canaan
WV-2024-53 5/8/2024 M SY 38 Little Indian Creek
WV-2024-54 5/8/2024 M ASY 37 Little Indian Creek
WV-2024-55 5/8/2024 M SY 38 Little Indian Creek
WV-2024-56 5/15/2024 M SY 2 Little Indian Creek
WV-2024-57 5/15/2024 M SY 4 Little Indian Creek
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Capture Age at No. Location of
Bird ID Date Sex  Capture? LocP Capture®
WV-2024-58 5/15/2024 M SY 36 Little Indian Creek
Wisconsin
WI-2023-01 4/15/2023 F SY 8 Buenavis
WI-2024-03 5/15/2024 M AHY 24 Buenavis

aAge at capture reflects whether the bird was in its first molt cycle (HY or SY) or had adult

plumage (AHY or ASY). "The number of GPS locations that each bird recorded during that

migratory season. Certain birds may record less or more points than others, depending on

the programmed duty cycle, size of the GPS battery, and occasional mortality during GPS

tracking. Bolded bird IDs successfully transmitted locations in more than one season. Two

West Virginia birds were captured in both spring 2023 and 2024, and given a new

transmitter upon recapture. Unfortunately, WV-2023-16’s unit never sent any data. °Further

capture location details can be found in EWMRC shared google drive, “American Woodcock

Migration Project Resources” > folder American Woodcock Data > Excel file

Master AMWO _database, sheet Deployment_Site_Inventory.
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Additional Figures: GPS locations by deployment state

Figures Al — A7. Maps showing American Woodcock movements in Fall 2023 and Spring 2024,
as well all movements through the end of August 2024 by the state or province in which each
bird was originally captured. White points represent GPS locations and each colored path

represents an individual bird.
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Figure Al. Fall 2023 migratory movements from all tagged woodcock.
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Figure A2. Spring 2024 migratory movements from all tagged woodcock.
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Figure A3. All movements of ‘Lazarus’ schedule birds tagged in Spring/Summer 2023. This map

includes Spring 2023 and locations in December 2023 (Wisconsin bird) or February 2024 (New
York, West Virginia birds).
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Figure A4. All movements of woodcock tagged in Nova Scotia in Fall 2023.
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Figure A5. All movements of woodcock tagged in Louisiana in Spring 2024, many equipped with
a ‘Lazarus’ schedule. A little woodcock told me that 13 of these birds checked in again in

December 2024, and most of them had returned to Louisiana!
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Figure A6. All movements of woodcock tagged in Wisconsin in Spring 2023 and 2024.
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Figure A7. All movements of woodcock tagged in West Virginia in Spring 2024, This map
includes movements from WV-2023-11, a male who returned to the same capture site and
received a shiny new tag! Similar to last year, these birds were tagged during the breeding
season and most did not move from their tagging locations. Their tags were programmed with a
Lazarus schedule again, and hopefully will come online again briefly in February 2025, and then

again in mid-April 2025.
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