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The Eastern Wacock MigrationResearch Cooperative isallaborativegrouppartneedto
understand the phenolodyiplogy, and migratory ecologyf Americanwoodcockin eastern
North America. This project wouldot have been possible without thgport frommultiple
state, federainternational nonprofit agenciesand universitiesThis document contains draft
information that has not yet been subjecpeer review As suclany resultor information
reported herein should be cited as unpublistiath, and we anticipate interpretation may
change as additional years of data are collected
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EXECUTIVE SUMMARY

Declining populatios of migrant animals worldwide has prompted a renewed interested
in understanding migration ecology. Migrating birds are particularly vulnerable as hadstat
anthropogenic structures, and novel predaoesvidely believedto contribute to population
declines. The American Woodcockdolopax mingris a migratory forest bird that has
experienced population declineslol percent per year for the pastd decades Migration
remains a period of limited information for woodcpsk we initiated the Eastern Woodcock
Migration Research Cooperative in 2ab7describemigrationphenology stopoverecology and
determine survival duringigraion of woodcock in the Eastern Management Regierom
October 2017 March202Q we deployed 30&P Stransmittes on woalcock captured in 12
states and 8anadian provinces throughaastern North Americ&Ve collected data from 279
migration attempts, anabtained at least enfull migration path from 21Birds Mean
migration distance between capture locations and residencgusiigering or breeding areajas
1,458km in fall, and1,471km in spring and mean single nighight distance wag57 km in
fall and188km in spring. For fall migration, he mean initiation and terminatiolates were7
Novemberand5 Decembem 2018, and 11 November and 30 November in 209 averageti
took woodcock25 daysin 2018 and 18.7 days in 20i®completédall migration usng an
average ofl.4, and 3.%topover sitesespectively.During springmigration, the meamitiation
and termination dates wet® Marchand7 April in 2019, and 6 March and 5 April in 2020n
average, it tooR9.3daysin 2019 aud 29.4 days in 202 completespringmigration, with
woodcock using 8.and 5.7stopover sitesespectively.In generalspring migration was longer
in duration and woodcock stppdoveratsites fora greater length of timan during fall

migration. We observedvoodcock captured and marked in the Eastern Management Region



migrating into the Central Management Regi8b% and 29% of fall migrating woodcock in
2018 and 2019, and 20% and 5% of spring migrating woodcocKLi& &@d 2020terminated
theirmigration in the Central Management RegidMe will continue marking birds during fall
and winter 2020/21, and our future objectives center around understéatorg contributing

to variation inmigration phenology, the thats faced by woodcock during migration, habitat use
and distribution during migratory stopover, and further evaluating connectivity among the

eastern and central woodcock management regions.

INTRODUCTION

Across temperate regions of North America, animals must contend with seasonally
influenced thermal extremes, changing food abundance, and stochastic weather events. Some
species cope with theggnamicconditions by traveling between seasonally suitablgthts in
predictive cyclical movements termed migrati¢Dgngle 2014) Migratory ecology remainsa
understudied portion of the annual lifecycle for many spgEi@aborg et al. 2010Migrating
individuals mustontinually locate suitablareas, termd stopover location$) restand rebuild
energy reservaseeded to continue migratigRodewald and Brittingham 200%aylor et al.
201]). At the same timganimals musalsocontend withhazards such anthropogenic
structures (e.gmobile communicabn towers, buildingswind turbines;Loss et al. 2014Graff
et al. 2016, Zimmerling and Francis 2088)d unpredictable weath@ewton 2007) For some
speciesnortality peaks during migratio(Sillett and Holmes 20QXlassen et al. 2014and
navigatingthis risky periodnay contribute téhe observed declines of migratory species and

possiblylimit population viability (Frick et al. 2017).

The American WoodcockScolopax mingrwoodcock hereafter) is a migratory forest

bird that has expenmeedlong-term declines of 1% per year over the pa50 years (Seamans
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and Rau 2018 Woodcock are distributed throughout eastéonth America;primarily breeihg

in the northern United States asalithern Canada, and overwintgyin the southern United
States.The species is managed as two discrete populations associated with the Central and the
Eastern Management Regions, which loosely correspond with the portions of woodcock range
that occur west and east of the Appalachian Mains, respectively (Figure AWoodcock

migrate south between OctoH@ecember and north between Januapyil. Previousstudies
(e.g.Krementz et al. 1998utler 2003 Myatt and Krementz 200R)eunier et al. 2008)ere
principally derived fronobservéions of local changes in woodcock abundance (e.g. arrival of
spring migrants)band returns, ardio-tracking studies direeding, wintering, anstopover

sites. While this information is useful,istinherentlylimited in scope and cannot be applied

broadly across the spect@ange. Thisnigratory knowledge gap prompted The Association of
Fish and Wi ldlife Agencies to identify migrat

research needs (Case and Associates 2010).

Trackingwoodcockthroughout nigration represents numerous challenges, as individuals
must be continually relocated over vast distanakspst alwayspanninghumerous states and
oftentwo countries Myatt and Krementz 200Klassen et al. 2014)Recent advances in
transmittertracking technologies allow for woodcock to be tracked using satellite transmitters
(Moore 2016 Moore et al. 2019 Satellite transmittersan nowsimultaneously collect global
positioningsystem(GPS)location data and remotely transraitationsto a @ntral databasea
satellite or cellular networksBetween 2014 and 201Blooreet al. (2019 used satellite
transmitters tdrack migraing woodcock in theCentralManagemenRegion but wereunableto
trackmore than a fewoodcockthat migrated intéhe eastern hatif the range.To that end, &

created the Eastern Woodcock Migration Research Cooperative wgbathef descriting the



migratoryphenology angurvivalof thewoodcock in the eastern extegftits range Our
specificobjectives areat 1) describe departure and arriypdlenologyfor migrating woodcock, 2)
describe stopover ecology including distance between stopover sites, number of stopover events,
and location of stopover even8),evaluate migratory connectivity for woodcock, including
movements between the Central and Eastern Management Regions via mignatdn,

guantifythe survival ofmigratingwoodcock. This report documents results obtained during the

p r o j festthrae®egears of data collectiorand will focus on what we have learned so far with

respect to objectives 1, 2, and 3, with future work to focus on objective 4

METHODS

Study Aea

The Eastern Woodcock Migrah Research Cooperatiwtudy areas primarily
comprisé of the EasternWoodcockManagement Regioihe spatial unit at which the United
States Fish and Wildlife Serviesmd Environment and Climate Change Canadaage
woodcak populationgFigure 1) We completed a pilot field season during 2@028(Fish et
al. 2018) that was focused on marking birds in Maine, and initiated our firscal# field
season in Fall 201@ish et al. 2019) For this report we will include data from all years of the
project 20172020 Duringthe fall (SeptembeOctober)we focusedcapture efforts iME, NY,
PA, RI, VA and WV, as well afNova ScotiaOntarig and Quebec. During winter (December
February) we focusethptures irAL, FL, GA, MD, NC, NJ, SC, and VAWe generally relied
on knowledge of local biologists identify areas suitable for woodcock captwithin states
and provincesand we deployeddnsmittes on a wide variety of land ownership types,
includingstate, federahongovernmental organizatioandprivate As woodcock depagtifor

spring andall migration theyleft capture locatiosand migratd either north or south,



respectivelyfraversing multiple statesnd provinceshroughout the eastern United States and
CanadaWe anticipated aubset of woodcocwould leave the Eastern Managemerigitn and
enter the Central Managemergd®nduring both spring and fall migratidiMoore 2016; Figure

1).

SURVEY
COVERAGE

BREEDING
RANGE

Figure 1i American Woodcock Central and Eastern ManagemegtdRs, with distribution of
breedilg season survey coveradgre fromSeamans angau 2013.

Capture Methods



Woodcockwerecapturedusing mist netsluring crepuscular flights (Sheldd®960) and
by spotlighting roostingbirds (Rienffenberger and Kletgl1967, McAuley et al. 1993). W=t
mist net arrays near roosting fields, trav@fridors, and forested wetlands to capture birds as
they keft diurnal use areas and fléa/night roosts Additionally, weusedspotlight and thermal
imaging scope® locatewoodcock roosting ifallow or agriculturalfields and captutthem
using hadheld nets. Once captureude agel woodcock to two ages classexl(lt [after hatch
year or after second year 1 year olflor young[hatch year or second year 1 year olg)), using
wing plumage characteristics, and egimale or female), using a combination of wing plumage
and bill length Mendell and Aldous 1943artin 1964).Woodcockwerefitted with a Lotek
PinPoint75, 120,or 150ARGOScompatible satellite transmitteattachedvith a legloop style
harness (Moor2016) TheGPScollectedlocationsat preprogrammed dates and timesd
transmiteddatato a central database ugithe ARGOS satellite systeriWe stoppedeceiving
locationswhen birds either droppeteir transmitteor the bird diedtherebycausing the
transmitter to rest on the ground and attenuate thesignar i f t he transmitter
the transmitteotherwise failed We areworking on methods to differentiatagsloss/failure
from mortality in order to estimate survival inothe GPS location dathut thosenethodsare

still under development

Transmittersveremanually programmed using LOTHEKinPoint Host softward OTEK
Wireless Inc., Newmarket, Ontario, G;Avhich allowedus tospecify the exact date and time
locationswerecolleced Transmitters had limited battery life awere expected toollecta
maximum of75, 100,and 1230ocationsfor the PinPoint 75120,and 150 tag respectively
before losing powr. Wecreated thee location collectioschedulesfrequent (one location per

day), infrequent (one location every few days), and hybrid (combinations of frequent and



infrequent periodsjo maximize the amount of datse collecedfor each woodcock. Hybrid
schedules contiaeda frequent collection period (~30 days) during the peak of migratrah
infrequent collection periods before and after the frequent period. Frequent and infrequent
schedulesvere used on both sexes during both fall and spring migration, with hgddreblules
used during spring migration as thetentialmigraion periods exceeztithe expected number of
GPS locationpossible under iequentschedule Frequenschedulesreusefulto evaluate fine
scale movemerdgndprovide the finest resolutiofie., 1-day)to document stopover (resting
periods during migration) ecologynfrequentschedulesllow for woodcock to be tracked for
longer periods of timghus possibly providing data d@oth spring and fall migratiofor an
individual bird Infrequentscheduleslso increasithe probability of receivinfuture data
transmissions when individualsedstopoversiteswith poor satellite signadnd failed to upload
locations(e.g., mountainous areas with a steep slopég¢randomly assigeda transmitter
schedule to each captured woodcock, waitempting to contrdior equal sexand ageatios
between programming treatments and capture locatiomsation data wretransmitted to a
remote databasesing the ARGOS satellite systeafter eery third GPS location was collected
We manuallydownloaded woodcock locations every 1 to 5 dagsilusedMovebank

(Movebank Project, accessed 6 June 204 $tore all locatiowlata

Preliminary Data Summary

In program Rwe usedheunique date antime signature foeach locatiorio determine
when woodcochknitiatedand terminatedhigration and todeterminehow many stopover
locationswere usegdthe number ofdays they spent at each stopover site,taachinimum
number oftotal daysspentmigrating (duration; days between migration initiation and

termination) We conducted this separately for both spring and fall migration, with some small



differences (described below) to accommodate the unique nature of each migratory direction.
Migration initiation was determined by using the first known day a bird traveled greater than 16
kilometers fromts pre-migratory capture locatiqror wintering range for birds marked prior to
fall migration and followed north duringpe followingspring. Termiration was assumed when
birds became stationary for more than 7 days in the wintering range following fall migeoation
when a woodcock benge stationary for greater than 20 days following spring migration. We
used ggreatemumber of days fotrermination ofspring migratiorbecause woodcock have been
documented breedirtgroughout eastern North Amerj@ndcold springweathemaycause
extended stopover everiteaat may mimic breeding residencyhereforejn the springve

wanted tancreaseour certairty that we were correctly identifyinipe termination of migration
rather than a prolonged stopover evadbwever, some transmittedid not collect locations for
afull 20-day periodpostmigrationto triggerthe trandion to atermination sate. This was

likely due to a combination of transmitter battery failwuegygingmovement(s) on the breeding
grounds, or continued migratory movements ilateMay resulting in <20 days occurring
betweerthe termination omigration and data processifag this report It is also possible that
woodcock established relatively shtetm residency to breed, and then made additional long
distance posbreeding movements, which creates some ambiguity in the distinction between
breeding and migration. Fexample, if a female initiated a nest, failed during early incubation,
and then continued to migrate northwaFebr individual woodcock that flew between breeding
and wintering areas iasingle flight, thedate of first identified migratory movement and
termination datevere the sameFor these birds we classifiddration of migration, number of

stopover sites, and number s oinApgpbandisA spent at

10



We censoreevoodcock marked ilNew JerseyluringDecembefrom our asessment of
fall migration initiation and a subset of birdspturedn Virginia from our assessment spring
initiation, as these birds weli&ely marked during stopovéravingalreadyinitiated migration
We calculated theumber of daysndividuals spent at each stopover locationduptractinghe
of first known departureatefrom the first known arrival datat the siteand we used a
minimum distance of 16 km to delineate migratiora subsequent stopoviesm local
movemengt a single stopoveWe additionally determined thmimulativedistance migrated by
summing the distance from pnaigraion locationgo each stopover sitéVhenbirds
transmitted data for a full migration, we calculated the total distance migrated betweamdpre
postmigration locations In each case, the total distance represented the sum of individual
migratory pathgstraight line[Euclidear distance between stopover locatiorejorded for each
individual bird.We also recorded trstate or province where woodcock established-post

migration residency.

Because not all transmitters provided daily locations for every bird, it is possible that we
overestimated stopover duration atte total duration of migrationHowever, we weresa
likely to over-estimatethe dateof arrivalas we were tonderestimatehe date of departureo
this limitation shouldesult in random noise with respect to estimates of migration tjmatiger
than biager se It is alsocertainthat we missed soe stopovelocationscompletely which
introducel a positivebiasinto themean and maximum distarsoge observed betweercorded
stopovers, and thus ovestimate the distance woodcock traeelduring a single migratory
flight. Thus our estimates ohese valuetor the total dataseshould be viewed conservatively
and we provide information amean ananaximum flight distances for birds known to make a

flight during a singlenight (i.e., 1 day between departure and arrival daéssy secondary
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assesment of flight distancesFinally, we qualitativelyevaluated connectivity between breeding
and wintering areas, and migratory movements between the Eastern and Central Management

Regionspy visually inspecting maps of all woodcock migration paths.

PRELIMINARY RESULTSAND DISCUSSION

Tag deploymentWe havecaptured and attached satellite transmitte@0twoodcock
since fall 20176 woodcockn October 201760 woodcockfrom September to October 2015
woodcockfrom December 2018 tlarch2019 93 woodcock from September to October 2019,
and 90 woodcock from November 2019 to March 2020the 304woodcock marked witlkePS
tags,69 woodcock were adult male®4 wereyoungmales,72 wereadult females, and9 were
youngfemaleg(Table 1) Capture occurred irAlabama(n = 7), Georgia(n = 12) Maine(n =
13), Maryland(n = 19) New Jerseyn = 30) New York(n = 39) North Carolingn = 21) Nova
Scotia(n = 7), Ontario(n = 5), Pennsylvanidn = 24) Quebedn = 15) Rhode Islandn = 30)

SouthCarolina(n = 17) Virginia (n = 61) and West Virginign = 4;Table 1).

Migration phenology: Six woodcock in fall 2017, 52 in fall 2018nd 79 in fall 2019,
initiated migrationand 3 woodcock in fall 2017, 38 in fall 20E8)d 74 in fall 2019¢completed
migration (Table 2 Fifty-five woodcock in spring 2019, and 87 in spring 2020 initiated
migration, and 42 in spring 2019, and 55 in spring 2020 completed migration (Jal#le 2
menti oned above, the propor tigration wasfanuwdeo dcoc k 0
estimate of the true number because of uncertainties surrounding spring termination dates
Sixty-seven woodcock lacked complete migration tracks because of signal loss before

establishing postigration residency, likely due to a cbmation of mortality, dropped
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transmitters, or transmitter malfunction. We were unable to determine exact cause of signal loss
for most transmitters. However, five woodcock were harvest by huime2818, one bird was
harvested in Rhode Island and am&lew Jersey, and in 2018ree birds were harvested
Pennsylvanig2) and in New York(1). In all casesvoodcock were harvested near the capture

site prior to initiating migration, antlansmitters stopped transmitting pbsirvest and were

returned ¢ local cooperatorsin combination with recaptures of previousharked birds (4) we

have recovered 9 woodcock after marking, and so far all have retained their GPS tags.

The woodcockmean migrationnitiation for both spring and fall was similar betwee
years. In fall 2018 mean migration initiation was 7 November and in fall 2019 it was 11
November. Similarly, in spring 2019 mean migration initiation was 10 March and in spring
2020 it was 6 March. In general, the range of dates in which migratiomivaied was within
1 to 2 weeks between yediiable3). Themeandate of migration termination was also similar
between years, witmean fall migration terminatingn 5 December in 2018 and 30 November
2019. Mean termination of spring migration wa&pfil in 2019 and 5 April 2020as mentioned
above, these likely reflect undestimates due to the relatively ambiguous nature of the end of
spring migration Similar mean timingoetween yearsayindicaterelativeconsistency in
migration timing as ahole, but we also obsemsubstantial/ariation in timing among
individuals Future analyses will focus on evaluating how age, sex, condition, and other

environmental factors influence migratory movements.

Theaveragenumber of daygach birdspentat astopover locatiothroughout migration
ranged from 1.%0 15 for fall migrant§mean = 5.4 daysh fall 2018 0 to 21 (mean = 4.3) in
fall 2019,2 to 36.5for spring2019(mean = 7.4 and 0 to 34 (mean = 5.6) for spring 2020

migration Appendix A). Here, values of 0 represent birds that did not use a stop®ker.
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number of stopover locationsed by individualvoodcockrangedirom 0 to 10(mean = 4.4)
duringfall 2018,0 to 13 (mean = 3.9) during fall 201Bfo 11(mean = 4.8) duringpring2019,
and 0 to 16 (mean = 5.7) during spring 20Z0e total duration of migration for individual birds
was highly variable, ranging from 4 to ddys(mean = 25)n fall 2018 1 to 67days(mean =
18.7) in fall 20192 to 73days(mean = 29.3) ispring2019, andL to 66days(mean = 29.4) in
spring 2020 Spring duration of migration estimates are likehdeestimatedas not all
woodcock established a-2lay residencyrior totransmitter failure and therefor did not

transition to a migratiotermination state.

Migration length The dstancesvoodcock travelethetweerrecordedstopover sites was
highly variable ranging from 16 to B79km; howeverbecause of mulday gaps in location
data for some tag#his maximum distance almost certainhcludesmissedstopover locatios
and does not reflect maximum flight distané¢®r flights of known distance (i,estarting and
ending points obtained 1 day apattle maximum singlélight distance we recorded wa@97
km, and the meafiight distan@ was257km in the fall and 18&m in the springThe majority
of birds traveled distancésss thard00 km between successis®poversapproximatel 73.6%
of fall and82.3% of springpointto-point distancesvere less thadO0km (Table 4. Most
stopover siteseparated blonger distances likelpccurred when multiple days of uncertainty
existed on either the arrival or departure date at the stopover site. Gehadslgxhibited
more shordistance (<100 km) movements durgying migraion, while long-distance
migratory flights( O 1 0wereknor®@ common durirfgll migration, although both were
highly variable(Table 4. Total distance traveled during migration was also variable, ranging

from 19to 3,237km for fall migrants (mean =458km) and118to 3,361km (mean = $71

14



km) for spring migrants. In Appendix A we provide a Bigtbird summary of all metrics

mentioned above.

The longest migration tradl8,361 km)we documentedvas a woodcock marked in
central Alabamaluring winterthatmigrated towvestcentral Manitobdor the breeding period
(Figure 37) This distance migrated includescursivemovement southiard from Manitoba into
Minnesota presumably in responsedspringcold front depositing extensive snow cavéhe
shortest migratory distan¢&9 km)observedvasa woodcock that spent the summer in Rhode
Island and ovewinteredalong the coast in Rhode Islanih fall 2019, four woodcock attempted
to overwinter in Rhode Island and 2 woodcock attempted tovavier in both northwest and
northeast Pennsylvania, however transmitter battery failure prevented us from monitoring past
January for most of these birds. Hence the fate andumiigr movements of these woodcock
are unknown With additional data and me formal analysiswve plan to explore mechanisms

for variationin migration behaviorg the future

Migratory connectivityMaps of woodcock migration paths fiadl andspring in aggregate,
as well as for individual states/provinces, are provided in Figutte®ugh47. Based on the 83
individuals withcomplete migration patrduring fall 2018andspring 2019we found that 35%
of fall-migrating woodcock and0% of springmigrating woodcock crossed management region
boundariesluring migration Using 129 complete track®llected forfall 2019andspring 2020,
we observed 29% of fatlutonly 5% of spring eastern marked woodcock migrating into the
Central Management Regio Of 5 woodcock marked in the Central Management Region
(Alabama; fig37) with complete migration trackso birdsterminatedmigraton inthe Eastern
Management Regigibut one transmitter failed in southern West Virginidne proportion of fall

migrating woodcock to crossover was similar between years, but there was congiterabl
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variationduringspringmigration For example, dring spring2019(Fig. 22), we observed 4 of

9 woodcock marked isoutheastern South Carolina migrating into tlenttal Management

Region but in 2020, all South Carolimaarked woodcock terminated migration in the Eastern
Management Region (Figé¥t While crossregional movements by woodcock have been
previously documented (e.g. Moaetal. 2019, the informatiorwe collected during the spring

2019 migration documenting movements from eastern wintering ardas deritral breeding
rangewas relativelyunprecedentedand illustrates at least some population connectivity between
wintering areas in the midtlantic and southeastern U.S. and breeding areas in the western
Great Lakes However,variation among yearsuggests this pattern may not be repeataivld

further years of data collection will be necessary to arrive at general conclusions with respect to

connetivity among the management regions.

FUTURE DIRECTIONS

We anticipate that as the project contimteegrow and additional tags are deployed
throughout the eastern United States @adadayve will refine theinformationpresented in this
report increase ouability to estimatemigrationvariablesand further test mechanisms for
migratorypatterns We have been incredibly impressed with the data collsctéar,andare
continually working taadoptrobust methods tmore formallyanalyze woodcock movement
datg interpret the resultsand translate our findings into conclusions that are relevant to
woodcock managemengpecifically, we plan talevelop a moréormal approactho classify
migrationcorridorsand to identify regionajtimportant stopover areas usisgatial analyses,
and tomoresystematically differentiate migratobehaviorausing animal movement models.
We are currently working on development of the later to distinguish migration flegbpsves,

andlocal movenents during breeding and winterjdgased on the underlying distribution of data
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rather than an arbitrary rule séthis will enable us tbetterclassify woodcock movements

describe aspects of woodcock migration in greater datadl provide a more rogous

framework for dealing with information gaps and missing .d&fare broadly, the movement

modek will help us tdbetterunderstandhe dynamics o$hortdistant migration and investigate

how environmental and biological covaes influence these dgmics. We have identified a
number of the uncertainties in this report,
spring migration, which & view as opportunities to developed a more nuanced understanding of

the migratory processs we continue texplore novel aspects of woodcoe&ology.

Our project has continued to gather support froneegrgrowing networkof partners.
We are unsure how theG¥/ID-19 pandemic will affect transmitter deployment efforts in fall
2020and winter2021, but we remain optimistic. We are currently planning to add sites in
Vermont and New Brunswiclor fall 202Q We anticipate having a similar eff@s in the past
across the southeastern d@&ingwinter 2021, and are looking forward to capturimgpodcock
in Florida A subset of cooperators have met their current commitments and are unlikely to
continue transmitter deploymenisless additional funding in secured. We thank our partners for

their involvement thus far, and we are already looking fadvarfall 2020.
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PRQIECT WEBSITE

Check outvww.woodcockmigration.orfor weekly updatesluringmigration and for more

information on the Eastern Woodcock Migration Research Cooperative.
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TABLES AND FIGURES

Table 1. Capture summary for American woodcock marked with GPS transmitters as part of the
Eastern Woodcock Migratory Research Caoapiee.

Male Female GPS
Young Adult Young Adult TOTALS
Alabama 2020 1 2 2 2 7
Georgia 2020 3 3 1 5 12
Maine 2017 4 2 6
Maine 2018 1 1 3 2 7
Maryland 2019 3 5 2 10
Maryland 2020 1 3 4 1 9
New Jersey 2018 7 8 15
New Jersey 2019 7 8 15
New York 2018 4 1 1 3 9
New York 2019 4 6 11 9 30
North Carolina 2019 2 2 2 6
North Carolina 2020 7 1 4 3 15
Nova Scotia 2019 3 4 7
Ontario 2018 1 1 2
Ontario 2019 1 1 1 3
Pennsylvania 2018 2 4 2 4 12
Pennsylvania 2019 3 1 1 7 12
Quebec 2018 2 2 1 5
Quebec 2019 5 2 3 10
Rhode Island 2018 12 3 15
Rhode Island 2019 12 3 15
South Carolina 2019 2 1 4 2 9
South Carolina 2020 2 3 2 1 8
Virginia 2018 6 3 1 10
Virginia 2019 15 5 10 12 42
Virginia 2020 6 1 2 9
West Virginia 2019 2 1 1 4
TOTAL 84 69 79 72 304
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Table 2 Totalnet migrationdistancefor GPSmarked woodcock durinfgll and spring migratory periodeat completed one full
migration We only included woodcock markedgarto migraion, and censored woodcock marked in New Jersey during fall
migrationand some woodcock marked in Virginia during spring migrdbecause we assumed these were captured after the onset of
migration New Jerseycaptured woodcock were included in spring mignatssessments.

Total Migration Percent of Total Sum Percent
Bin? Fall® Spring® Fall Spring Fall Spring
0-200 3 1 2.61% 1.03% 2.61% 1.03%
200400 1 1 0.87% 1.03% 3.48% 2.06%
400600 5 4 4.35% 4.12% 7.83% 6.19%
600-800 8 8 6.96% 8.25% 14.78% 14.43%
800-1000 9 11 7.83% 11.34% 22.61% 25.77%
10061200 14 7 12.17% 7.22% 34.78% 32.99%
12001400 15 10 13.04% 10.31% 47.83% 43.30%
14001600 13 14 11.30% 14.43% 59.13% 57.73%
16001800 17 13 14.78% 13.40% 73.91% 71.13%
18002000 6 11 5.22% 11.34% 79.13% 82.47%
20002200 9 8 7.83% 8.25% 86.96% 90.72%
22002400 5 4 4.35% 4.12% 91.30% 94.85%
24002600 5 2 4.35% 2.06% 95.65% 96.91%
26002800 0 2 0.00% 2.06% 95.65% 98.97%
28003000 3 0 2.61% 0.00% 98.26% 98.97%
30003200 1 0 0.87% 0.00% 99.13% 98.97%
32003400 1 1 0.87% 1.03% 100.00%  100.00%
34003600 0 0 0.00% 0.00% 100.00%  100.00%
Total 115 97 100.00%  100.00% - -

ddistances in kilometers
b1 October 20170 31 January 2018, September 2018 to 31 January 2019, and 1 September 2019 to 31 De26ffher
“1 February2019to 30 May 2019, and 1 February 2020 to 31 May 2020
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Table 3. The range and mean dates of migratory initiation and termination for woodcock completed migration as parterithe Eas
Woodcock Migratory Research Cooperative. Inibiatwas determined with a woodcock preformed a greater than 16 km movement
and termination was calculated when an individual arrived on the wintering or breeding range and remained in the s&nuagse for
during the fall and 20 days during spring.

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 12/5/2018  10/28/2018 2/3/2019
2019 74 11/11/2019 10/12/2019 12/13/2019 11/30/2019  11/8/2019 1/15/2019
Spring
2019 42 3/10/2019  1/26/2019  3/29/2019 4/7/2019 2/6/2019 5/15/2019
2020 55 3/6/2020 2/3/2020 5/4/2020 4/5/2020 2/11/2020 5/15/2020
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Table 4 Distribution ofall migratory movemenjstep]distancedetween successive pnagration, stopover, and pestigration
locationsfor spring and fall migrating woodcock. For some individuals, locations are greater than one day apart, resulting in some
stopover locations not being recorded ateg £vents likely overestimating single day migratory movesnent

Step Events Percent of Total Sum Percent
Bin2 Fall> Spring® Fall Spring Fall Spring
0-100 194 281 29.94% 33.10% 29.94% 33.10%
100-200 120 191 18.52% 22.50% 48.46% 55.59%
200-300 85 138 13.12% 16.25% 61.57% 71.85%

300400 78 89 12.04% 10.48% 73.61% 82.33%
400-500 52 60 8.02% 7.07% 81.64% 89.40%
500-600 41 41 6.33% 4.83% 87.96% 94.23%
600-700 31 19 4.78% 2.24% 92.75% 96.47%
700-800 21 18 3.24% 2.12% 95.99% 98.59%
800-900 16 4 2.47% 0.47% 98.46% 99.06%
900-1000 4 4 0.62% 0.47% 99.07% 99.53%
10061100 1 1 0.15% 0.12% 99.23% 99.65%
11061200 3 3 0.46% 0.35% 99.69% 100.00%
12061300 1 0 0.15% 0.00% 99.85% 100.00%
13061400 1 0 0.15% 0.00% 100.00%  100.00%
Total 647 849 100.00%  100.00% - -

distances in kilometers
b1 October 20170 31 January 2018, September 2018 to 31 January 2019, and 1 September 2019 to 31 January 2020
€1 February2019to 30 May 2019, and 1 February 2020 to 31 May 2020
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Figure3. Fall 2017migration routes for 6 American woodcockdplopax mingrmarked with
satellite tansmitters in central arehstern Maine, October 2017.
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Figure4. Fall 2018migration routes for American woodcocBdolopax mingrmarked with
satellitetransmitters in Eastern North America, October 2DE8ember 2018. Generally,
Woodcock marked further east were more likely to remain in the Eastern Management Region,
and woodcock marked further west were more likely to migrate into the Central Managemen
Region.
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Figure5. Fall 2018migration routes of American Woodcock marked in Maine during October
2018.
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Figure6. Fall 2018migration routes of American Woodcock marked on Cape May in New
Jersey during migration December 2018. A subset of the woodcock remained in New Jersey
throughout the winter, but a second subset of woodcock continued migrating south before
establishing wirgr residencies.
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Figure7. Fall 2018migration routes of American Woodcock marked in New York during
September October 2018. New York likely represents a spatial partitiomhichwoodcock

can either migrate east or west of the Appalachian Msta the Atlantic Coast or to states
boarding the Gulf of Mexico. However, there is high amount of variation, as noted by the highly
variable migratory routes woodcock used.
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Figure8. Fall 2018migration route of American Woodcock marked in Ontahiming
September October 2018. Only one of two woodcadarked in Ontariénitiated migration
and established a winter residency in southeastern Arkansas.
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Figure9. Fall 2018migration routes of American Woodcock marked in Pennsylvania during
September 2018. All but one woodcock migrated into the Central Management Region to
establish winter residegcwith the remaining bird migrating to South Carolina
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Figure10. Fall 2018migration routes of American Woodcock marked in Quebec during
September 2018. Woodcock primarily funneled between the Great Lakes through Ontario, but
one brd likely crossed Laké&luron All but one woodcock migrated into the Central
Management Region to establish winter resigenc
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Figurell. Fall 2018migration routes of American Woodcock marked in Rhode Island during
September to October 2018. The majority of woodcock remained in the Eastern Management
Region, however one woodcock migrated into the Central Management Region.
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Figure 2. Fall 2018migration routes of American Woodcock marked in Virginia during April
October 2018. Woodcock primarily completed migration in one long distance flight, then ranged
around local area before settling into a winter residency.

37



50°N

45°N

40°N

Tagging location

35°N

30°N
@

-90°E -80°E -70°E -60°E

Figure B. Spring2019migration routes for American woodcock marked with satellite
transmitters in Eastern North America, October 28p&I 2019, and followed during spring
migration We observed 8 woodcock marked in the southeastern United Statesngpigrat
northwest into th€entral Management Regio\ subset of woodcock marked fall 2018
continued to uploadhigratory locations for part @il of spring migration. Woodcock marked
fall 2018 are identified by their initial capture location.
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Figure ¥. Spring2019migration routes of American Woodcock marked in Maryland during
February 2019. The majority of woodcock remained in the Eastern management Region,
however one woodcock migrated into thpperPeninsulaof Michigan.
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Figure B. Spring2019migration rodes of American Woodcock marked in Maine during
October 2018. Three woodcock continued to transmit locations throughout spring mignation
established breedingsidencyin northeastern New Engla@ehd maritime Canada
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Figure B. Spring2019migration routes of American Woodcock marked in North Carolina
during February 2019. Four woodcock initiated migration and two of the woodcock egt@blish
breedingesidency20 km apart in Quebec.
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Figurel7. Spring2019migration routes of American Woodcock marked in New Jersey during
December 2018. Woodcock marked in New Jersey primarily remained in the Eastern
Management Region, but one woodcock migrated into the Central Managementdehion
established breeding resid®y in Ontario.
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Figurel8. Spring2019migration routes of American Woodcock marked in New York during
Sepember- October 2018. G:mwoodcock completed migratiowhereasve stoppedeceiving
locations from the other woodcock prior to establishibgeeding territory. NY201807
actually stoppeaver on the exact same locations it was captured last fall, before nggrdatn
the Adirondack Mountains New York.
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Figurel9. Spring2019migration routes of American Woodcock markedP@nnsylvania during
September 2018. Three woodcock returnettiécsame capture location and the forth woodcock
stopped transmitting data during spring migration.
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Figure20. Spring2019migration routes of American Woodcock marked in Quebec during
Sepember 2018. We received one full migration, one partial migration, and one transmitter
stopped transmitting data prior to migration. QREL802 set gorojectrecordfor number of
locations received from singletransmitter and returned to the same gaptocation from the
previous fall.
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Figure21. Spring2019migration routes of American Woodcock marked in Rhode Island during
September October 2018. One woodcock was recaptuah@ihgspring 2019 for a concurrent
breeding season study.
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Figure 2. Spring2019migration routes of American Woodcock marked in South Carolina
during February 2019Approximately onehalf of the woodcock marked in South Carolina

during 2018mnigrated into the Central Management Region to breed. nbnikwestern

migration has been infrequently documented and as the Easter Woodcock Migration Research
Cooperative continues to mark bird in the southeastern United States, we hope to quantify the
proportion of woodcock that exhibit this migration path.
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Figure B. Spring 2019Migration routes of American Woodcock marked in Virginia during
September 2018 April 2019. Woodcock were captured on witmgrareasn eastern Virginia
and during spring migration in western Virginia. A small number of woodcock markedyduri
fall migration2018continued tdransmit locations for part of spring migratioBoth wintering
and woodcock migrating through Virginia migrated into the Central Management Region.
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Figure 21. Fall 2019migration routes for American woodcocRdolopax mingrmarked with
satellite transmitters in Eastern North America, SeptembEd-Recember 2019. Generally,
woodcock marked further east were more likely to remain in the Eastern Management Region,
and woodcock marked further west were mordyike migrate into the Central Management
Region. Four woodcock marked Spring 2019 in Virginia, provided fall migratiortitathegan

in Kentucky, Michigan, Quebec, and Vermont.
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Figure 5. Fall 2019migration routes of American Woodcock markedGape May in New

Jersey during migration December 2019. Woodcock were marked during migration with most
individuals remaining on Cape May throughout the winter, however a subset continued to
migrate south postapture.
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Figure B. Fall 2019migrationroutes of American Woodcock marked in Nova Scotia during
October 2019. In general, woodcock migrated to the southern Nova Scotia, then either migrated
aaoss theBay of Fundyinto Maine and New Brunswiglor across the Gulf of Maine to
Massachusett@and Long Island To reach Massachusetts, woodcock would have performed an
approximately 370 km ovewater flight at minimum.
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Figure27. Fall 2019migration routes of American Woodcock marked in New Yduwking
September to October 2019. Mesiodcock remained ithe Eastern Management Unit during
migration, but many flew west once they arrived in the southeastern US. In general, woodcock
marked in western New York were more likely to migrate into the Central Management Unit
compared to thosmarked in central New York.
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Figure28. Fall 2019migration routes of American Woodcock marked in central New York
during September to October 2019. Woodcock marked in central New York migrated south in
the Eastern Management Unit, with some woodcuitiating west once they reached the
southeastern US. One woodcock flew west into eastern Texas to overwinter.
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Figure29. Fall 2019migration routes of American Woodcock marked in western New York
duringSeptember to October 2019. Approximatelg-balf of woodcock remained in the
Eastern Management Unit and the other half migrated into the Central Management Unit.
Interestingly, three woodcock migrated west into southern Ontario and Michigaimg

westward along theorthshoreof Lake Erie, pior to migrating south.

54



50°N

45°N

40°N

35°N

Bird
B ONT-2019-03
ONT-2019-04
ONT-2019-05

30°N

-90°E -80°E -70°E -60°E

Figure 3. Fall 2019migration routes of American Woodcock marked in Ontdtiang
September 2019. Two of three woodcock successfully completed migration, with one
overwintering in the Eastern Management Region and one i@¢htral Management Region.
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Figure 3. Fall 2019migration routes of American Woodcock marked in Pennsylv@unigng
September to October 2019. One woodcock remained in northwestern Pennsylvania until the
battery died in January 2020. This woodcock likely attempted to overwinter in Pennsylvania, but

it is unknown if it ever initiated migration.
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Figure 2. Fall 2019 migration routes of American Woodcock marked in Quehemng
September 2019. In general, woodcock marked further west were more likely to migrate into the

CentralManagement Region, but one woodcock from eastern Quebec overwintered in Louisiana.
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Figure 3. Fall 2019migration routes of American Woodcock marked in Rhode Istiamihg
September to November 201Bour woodcock remained in Rhode Island for the winter moving

closer to the coast during cold weather evemt®reaghe remainder inieited migration.
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Figure 31. Fall 2019migration routes of American Woodcock marked in Virgidiaing spring

2019 and October to December 2019. Woodcock marked spring 2019 initiated migration from
Kentucky, Michigan, Quebec, and Vermont. Thegeing2019markedwoodcockstopped
transmitting datgrior to migration inMichigan,New York, and Quebec. All other woodcock
were marked in western, central or eastern Virginia October to December 2019. Woodcock
marked in central and easterirdginia werelikely migrants oroverwintering birds, whereas
woodcock marked in western Virginia wgreesumed to beesidents.
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Figure 3. Fall 2019migration routes of American Woodcock marked in West Virgihigeng
October 2019. Two of four woodcock initiatedgration with one wintering in South Carolina

and the other in Louisiana.
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Figure &. Spring2020migration routes for American woodcoc&dolopax mingrmarked with
satellite transmitters in Eastern North America, January to March 2020. A subsetsaiitters

from fall 2019 remained active and spring migration routes were either partially or fully
documented. In general, fewer woodcock migrated west into the Central Management Region
compared with spring 2019Voodcock marked further west in Alama were more likely to

remain inthe Central Management Region to breed.
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Figure37. Spring2020migration routes of American Woodcock marked in Alabama February
2020. Two woodcock spend extended stopovers in Michigan and Wisconsin prior to terminating
migration in Ontario. One woodcock migrated into the western Manitoba, almosttestesn

extert of thebreeding range.
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Figure38. Spring2020migration routes of American Woodcock marked in Gegrtaauary to
February 2020 All woodcock terminated migration in the Eastern Management Region, but one
woodcock had an extended stopover for mrmath in southern Michigan prior to terminating

migration in southern Quebec.
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Figure39. Spring2020migration routes of American Woodcock marked in Maryland 2020. All

woodcock remained in the Eastern Management Region for migration.
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Figure 4. Spring2020migration routes of American Woodcock marked in North Carolina
duringFebruary 2020. One woodcock migratetbithe Central Management Region to breed,
the rest stayed in the Eastern Management Region.
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Figure 4.. Spring2020migrationroutes of American Woodcock marked in New Jersey
December 2019. One woodcock migrated in to the Central Management Region (Qutieio)
the rest remained in the Eastern Management Region. One male woodcock marked in New
Jersey migrated to Newfoundlandhis was a province firsand Newfoundland is the eastern
extent of the woodcock breeding range.
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Figure £. Spring2020migration routes of American Woodcock marked in New York fall of
2019. Four woodcock returned to the same area they wdrgadpand two woodcock
transmitters likely died and only partial migrations were recorded. Five todimsmitters
uploaded locations throughout the winter, but stopped transmitting locations prior to initiating
spring migrationOf interest is N¥201912, a young female, which made an extended spring
migration through the Central Management Region including ame€k stopover in central
lllinois, before returning to northern NY.
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Figure 8. Spring2020migration routes of American Woodcock markedPennsylvania fall of
2019. One woodcock returned roughly to its capture locations, while the woodcock in western
Pennsylvania never initiated migration and attempted to overwinter in northwestern
Pennsylvania. The transmitter stopped transmittingesan& not certain if the individual

remained for the winter or initiated migration post transmitter failure.
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Figure 4. Spring2020migration routes of American Woodcockarked in Quebec fall of 2019.
Two woodcock returned to thesapture locatiopresumably to breed, while the otheot
woodcoclsdtransmitter batteries likely stopped during migration and only partial routes were
recovered.
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Figure &. Spring2020migration routes of American Woodcock marked in Rhode Island fall of
2019. Twowoodcock completed spring migration and return to the initial capture site. Two
other woodcock stopped transmittikogations prior to completing or initiating spring migration
and one woodcock thatas captured in Rhode Island during fall 2019, ewelwintered in

Rhode Island, migrated into southwestern Pennsylypréegaumably to breed.
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Figure 4. Spring2020migration routes of American Woodcock marked in South Carolina
during February to March 2020Mostwoodcock remained in the Eastern Marmagat Region,
although one migratetthroughthe Central Management Regibeforereturning to the Eastern

Management Region.
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Figure 4. Spring2020migration routes of American Woodcock marked in Virgidiaingfall
of 2019 and winter of 2020. Mostoodcock remained in the Eastern Management Region,
however some overwintered in the Central Management Region and one woitb@ddtaeis
likely marked during the prior fall migration made their spring migrationorthern lllinois,
presumably to breed.
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APPENDIX A. Summary of phenology and biological data collected fanohwoodcock marked with PinPoint GPS satelbteabled transmitters
between October 20lahdFebruary2020, as part of the Eastern Woodcock Migratory Research Coopenaioacock migration studyootnotes as
follows: 2male or female’adult oryoung “number of GPS locations collected for each Biedrliest date migration wasitiated 9latest date that
migrationwas completedminimumnumber of days between migration initiation and migration termingmmmber of stopover sitescordeduring
migration "average number of days spent at each stopovelssite or provincefdnitial capturelstate or province where either wintertweeding
residency was establishémlowing migration distancetraveled in kilometerto last know location for birds that established residency this reflects
total migratory distance

Bird ID Sex Age No. Initiation Termination Dgys No. DaysPer Site of. Si'Fe of . D_istance
Loc® Date! Date? Migrf  Stop Stop" Capturé Residency Migrated*
Fall 2017
Maine
ME2017-01 M Y 39  11/27/2017 NA 3 2 15 ME NA 553
ME-2017-02 F A 93  11/04/2017 11/11/2017 6 5 1.2 ME NC 1829
ME-2017-03 F A 14 11/04/2017 11/09/2017 5 1 5 ME MD 965
ME-2017-04 M Y 15  11/24/2017 NA 1 1 NA ME NA 846
ME-2017-05 M Y 27  11/05/2017 NA 7 3 3.5 ME NA 1780
ME-2017-06 M Y 19  11/09/2017 12/09/2019 30 2 15 ME AL 2446
Fall 2018
Maine
ME-201807 M Y 88  11/09/2018 12/11/2018 32 4 8 ME NC 1601
ME-201808 M A 101 11/12/2018 11/27/2018 44 4 3.75 ME VA 1290
ME-201809 F Y 73 11/10/2018 12/12/2018 32 7 4.6 ME NC 1747
ME-201810 F A 58  10/24/2018 12/10/2018 47 6 7.8 ME SC 1636
ME201811 F Y 12 NA NA NA NA NA ME NA NA
ME-201812 F Y 70 11/05/2018 11/24/2018 19 7 2.7 ME GA 2151
ME-201813 F A 72 11/15/2018 11/28/2018 13 6 2.2 ME VA 1347
New Jersey
NJ201801 M Y 22 NA NA NA NA NA NJ NJ NA
NJ201802 M Y 22 NA NA NA NA NA NJ NJ NA
NJ201803 M Y 23  01/17/2019 01/23/2019 6 1 6 NJ NJ 87
N3201804 M Y 25 12/09/2018 12/09/2018 NA NA NA NJ NC 518
NJ2018-05 M Y 22 12/07/2018 12/07/2018 NA NA NA NJ NJ 22
NJ2018-06 M Y 16 NA NA NA NA NA NJ NJ NA
N3201807 M Y 19 12/23/2018 12/23/2018 NA NA NA NJ VA 206
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Bird ID Sex Age No. Initiation Termination Dgys No. DaysPer Site of. Si‘Fe of . Distance
Loc® Date” Date? Migr  Stop Stop’ Capturé  Residency Migrated®
New Jersey
NJ3201808 F Y 30 01/12/2019 01/12/2019 NA NA NA NJ NC 522
NJ201809 F Y 26  12/25/2018 01/08/2019 15 2 7.5 NJ NC 423
NJ201810 F Y 28 01/02/2019 01/02/2019 NA NA NA NJ VA 313
NJ201811 F Y 9 NA NA NA NA NA NJ NA NA
NJ201812 F Y 28 NA NA NA NA NA NJ NJ NA
NJ201813 F Y 28  02/02/2019 02/03/2019 1 1 1 NJ MD 115
NJ201814 F Y 26  12/19/2018 12/23/2018 4 1 4 NJ NC 650
NJ201815 F Y 22 12/21/2018 01/14/2019 24 1 24 NJ MD 348
New York
NY-201801 F Y 93  11/11/2018 11/22/2018 11 3 3.7 NY NC 1016
NY-201802 F A 24  10/31/2018 11/22/2018 22 2 11 NY NC 825
NY-201803 M Y 45  10/12/2018 12/23/2018 72 8 9 NY AL 2100
NY-201804 M Y 78  10/30/2018 11/24/2018 25 5 5 NY NJ 897
NY-201805 M Y 68  11/04/2018 11/12/2018 8 3 2.7 NY AL 1655
NY-201806 F A 70  10/24/2018 10/28/2018 4 2 2 NY NC 1059
NY-201807 F A 71  11/15/2018 11/21/2018 6 4 15 NY GA 1302
NY-201808 M Y 18  10/30/2018 NA 1 1 NA NY NA 348
NY-201809 M A 80  11/14/2018 11/29/2018 15 6 2.5 NY MS 2210
Ontario
ONTF201801 M A 3 NA NA NA NA NA ONT NA NA
ONTF201802 F A 24 10/27/2018 11/10/2018 14 4 3.5 ONT AR 1908
Pennsylvania
PA201801 M Y 78  11/14/2018 11/21/2018 7 3 2.3 PA AL 1417
PA201802 F A 76  11/12/2018 11/28/2018 16 3 5.3 PA LA 1702
PA201803 F A 22 11/14/2018 NA 2 1 2 PA NA 221
PA201804 F Y 67  11/03/2018 11/27/2018 24 7 3.4 PA MS 1660
PA201805 M A 60  10/28/2018 12/19/2018 52 4 13 PA LA 1641
PA201806 F A 10 NA NA NA NA NA PA NA NA
PA201807 M A 90 10/21/2018 11/25/2018 35 5 7 PA FL 1561
PA201808 M A 37  10/25/2018 11/28/2018 34 5 6.8 PA SC 1100
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