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Migration Timing, Routes, and Connectivity of Eurasian 
Woodcock Wintering in Britain and Ireland

ANDREW N. HOODLESS,1 Game & Wildlife Conservation Trust,  Burgate Manor, Fordingbridge, Hampshire SP6 1EF, UK

CHRISTOPHER J. HEWARD, Game & Wildlife Conservation Trust,  Burgate Manor, Fordingbridge, 
Hampshire SP6 1EF, UK

ABSTRACT Migration represents a critical time in the annual cycle of Eurasian woodcock (Scolopax rusticola), with poten-
tial consequences for individual fitness and survival. In October–December, Eurasian woodcock migrate from breeding 
grounds in northern Eurasia over thousands of kilometres to western Europe, returning in March–May. The species is 
widely hunted in Europe, with 2.3–3.5 million individuals shot per year; hence, an understanding of the timing of migra-
tion and routes taken is an essential part of developing sustainable flyway management. Our aims were to determine the 
timing and migration routes of Eurasian woodcock wintering in Britain and Ireland, and to assess the degree of connec-
tivity between breeding and wintering sites. We present data from 52 Eurasian woodcock fitted with satellite tags in late 
winter 2012–2016, which indicate that the timing of spring departure varied annually and was positively correlated with 
temperature, with a mean departure date of 26 March (± 1.4 days SE). Spring migration distances averaged 2,851 ± 165 km 
(SE), with individuals typically making 5 stopovers. The majority of our sample of tagged Eurasian woodcock migrated to 
breeding sites in northwestern Russia (54%), with smaller proportions breeding in Denmark, Scandinavia, and Finland 
(29%); Poland, Latvia, and Belarus (9.5%); and central Russia (7.5%). The accumulated migration routes of tagged individ-
uals suggest a main flyway for Eurasian woodcock wintering in Britain and Ireland through Belgium, the Netherlands, and 
Germany, and then dividing to pass through the countries immediately north and south of the Baltic Sea. We found a weak 
positive relationship between breeding site longitude and wintering site latitude, suggesting broadly parallel migration 
routes from distinct breeding areas but some mixing of individuals from different breeding areas at the same wintering site.
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An understanding of annual migrations is important for 
the conservation of many birds, especially for species that 
are hunted. There is increasing evidence that habitat qual-
ity and environmental conditions at wintering and breed-
ing sites used by migratory species may profoundly influ-
ence the fitness and survival of individuals (Marra et al. 
1998, Webster et al. 2002, Møller and Hobson 2003, Nor-
ris et al. 2003). For migratory birds that overwinter thou-
sands of kilometers from their summer breeding grounds, 
any deterioration in quality or loss of suitable stopover 
sites and wintering areas is of conservation concern. For 
hunted species, such as the Eurasian woodcock (Scolopax 

rusticola), the cumulative level of harvest along the migra-
tory route also affects survival rate and population viability. 
Evaluating the importance of pressures at stopover sites or 
wintering areas at the population scale requires detailed 
knowledge of migratory routes and linkages between 
breeding and wintering sites.

The European population of the Eurasian woodcock is 
estimated at 13.8–17.4 million birds, approximately 96% of 
which breed in Scandinavia, Finland, the Baltic states, and 
Russia (Birdlife International 2015). In winter (Decem-
ber–mid-March), the population is concentrated prin-
cipally in Britain, Ireland, France, the Iberian Peninsula, 
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Italy, and Greece, with migrants starting to arrive from 
late September to mid-October (Gonçalves and Rodrigues 
2017). The Eurasian woodcock is a prized quarry species 
in all of these countries in winter. It is also hunted in most 
central European countries during fall migration, and in 
Russia, Belarus, Romania, and Austria when males are 
roding (performing their courtship flights; Ferrand and 
Gossmann 2009a). Because of this widespread hunting, 
an understanding of migration routes, stopover sites, and 
timing is of conservation relevance for the species. Such 
knowledge is also important in evaluating the effects of 
changes in habitat and climate at stopover sites and win-
tering areas. To better inform management and hunting 
policies across Europe, reliable information is currently 
needed on the status of Eurasian woodcock in different 
countries and details of their migrations. Based on avail-
able information, which is of variable quality among coun-
tries, the European population of the Eurasian woodcock 
appears to be stable (Ferrand and Gossmann 2009a, Fokin 
and Blokhin 2013, Lindström et al. 2015), but the numbers 
breeding in Britain and Switzerland are believed to be 
declining (Estoppey 2001, Mulhauser 2001, Heward et al. 
2015). There is some evidence from France and Spain that 
high shooting pressure is depressing adult survival in cer-
tain wintering regions (Tavecchia et al. 2002, Péron et al. 
2011, Péron et al. 2012, Guzmán et al. 2017).

Until the last decade, knowledge of the movements of 
Eurasian woodcock has been based solely on recoveries 
of banded individuals. Band recoveries have been used 
to estimate the main breeding areas of Eurasian wood-
cock wintering in Britain, France, and Spain (Hoodless 
and Coulson 1994, Wernham et al. 2002, Bauthian et al. 
2007, Guzmán et al. 2011). However, because the majority 
of recoveries are through hunting (e.g., 94% of all recov-
eries of known cause of Eurasian woodcock banded or 
recovered in Britain [Wernham et al. 2002]), analyses are 
subject to regional biases in recovery probability. With 
the exception of France, analyses have also been based 
on small numbers of recoveries (<400) accumulated 
over approximately 100 years. They are subject to tem-
poral biases in banding effort and in recovery probability, 
resulting from changes in hunting seasons. Recent studies 
employing stable hydrogen isotope analysis of feathers 
have provided a contemporary insight into the breeding 
origins of Eurasian woodcock wintering in Britain, France, 
and Spain at a meta-population scale, but they have still 
relied on band recoveries as priors in Bayesian assignment 
of isotope-ratio values (Van Wilgenburg and Hobson 2011; 
Hobson et al. 2013a,b; Hoodless et al. 2013).

Details of connections between particular breeding, 
stopover, and wintering sites and accurate timing of move-
ments are still lacking for Eurasian woodcock and have 
proved extremely difficult to establish for most migratory 
birds on the basis of band recoveries. However, recent 

advances in tracking technologies and, in particular, the 
miniaturization of devices have enabled a rapid expan-
sion in understanding of various aspects of bird migration. 
Geolocators, which log time-stamped daylight levels at 
regular intervals and enable crude determination of lati-
tude and longitude at midday and midnight from sunrise 
and sunset times (Hill 1994), have been used to document 
complete migratory tracks for many bird species over long 
distances, including waders (e.g., Stutchbury et al. 2009, 
Egevang et al. 2010, Niles et al. 2010, Klaassen et al. 2011). 
For Eurasian woodcock, geolocators provide valuable 
data on the timing of migratory movements but are not 
sufficiently accurate for determining stopover locations 
(Hoodless et al. 2013). GPS tags have been increasingly 
deployed on larger birds in the last 5 years, yielding very 
accurate movement data (Guilford et al. 2008, Bouten et al. 
2013), but until very recently have been too large and costly 
for deployment on Eurasian woodcock.

Satellite telemetry provides reasonably accurate loca-
tions and permits the tracking of animals in near real-
time. A solar-powered 9.5-g PTT, suitable for use on 
birds ≥317 g based on the 3% of body mass rule, has been 
available since 2006, and 5.0-g and 3.0-g PTTs are now 
available. These have yielded crucial information on the 

Figure 1. Regions where Eurasian woodcock were 
fitted with satellite tags, with sample sizes during 
2012–2016.
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relationship between migration route and survival rate 
for declining species (e.g., Hewson et al. 2016). Tracking 
studies of Eurasian woodcock using satellite telemetry are 
currently underway in Britain, France, Spain, and Italy. 
Results from individuals tagged in late winter in northern 
Spain indicate a mean spring departure date of 20 March 
and breeding locations mainly in European Russia, along 
with the unexpected discovery of a breeding site in central 
Russia (Arizaga et al. 2014).

Our objectives were to determine migration timing, prin-
cipal migration routes, and degree of connectivity between 
breeding and wintering grounds of Eurasian woodcock 
using wintering sites in Britain and Ireland. We discuss 
our findings in the context of working towards better fly-
way-level management of Eurasian woodcock in Europe.

Study Area
We worked in 7 geographically distinct regions in England 
(n = 4), Wales (n = 1), Scotland (n = 1), and Ireland (n = 1) 
to improve the likelihood of obtaining data representative 
of the range of migration routes used by Eurasian wood-
cock visiting Britain and Ireland (Fig. 1). We captured 
individuals at upland (>300 m asl, northern England, Mid-
Wales, Scotland) and lowland sites. Most of our study sites 
comprised grazed pastures and deciduous woodland, but 
in southern England there was a mixture of crop fields and 
pastures, and in eastern England mainly crop fields.

Methods
SATElliTE TRACKing
During late February – early March 2012–2016, we fit-
ted 60 Eurasian woodcock with Argos satellite tags (9.5-g 
solar PTT, Microwave Telemetry, Inc., Columbia, MD). 
We captured individuals mainly on fields at night with 
a spot-lamp (30 W) and a landing net with a 3-m handle 
or during the day by walking through suitable patches of 
habitat to flush individuals into mist-nets across wood-
land rides. We aged Eurasian woodcock as first-year birds 
(<1 year old) or adults (>1 year old) on the basis of plum-
age (Ferrand and Gossmann 2009b). We mounted tags 
on the lower back using a Rappole-Tipton (1991) style leg-
loop harness made from 1.6-mm diameter, UV-resistant, 
marine-grade rubber cord (EPDM cord, Polymax Ltd, 
UK) passed through biomedical silicone tubing (Silastic 
tubing, Cole Parmer, UK). The mean mass of individu-
als at tagging was 338 ± 3 g, such that the tag and harness 
(combined mass 11.1 g) represented 3.29 ± 0.03% of body 
mass. The fitting of satellite tags was licensed by the British 
Trust for Ornithology’s Special Methods Technical Panel 
and approved by the Game and Wildlife Conservation 
Trust’s Animal Welfare and Ethical Review Body.

The tag schedule alternated between a 10-hour ‘on’ 
period, during which the tag transmitted messages to 
Argos satellites, and a 48-hour ‘off ’ period devoted to 

recharging the battery via the solar panel. We obtained 
PTT locations via the Argos system (Argos 2016), and all 
data were Kalman filtered before downloading (Lopez and 
Malardé 2011). The accuracy of position fixes delivered 
by satellite tags varied according to the number of satel-
lite passes on which a tag was detected. Three or 4 passes 
resulted in accuracy of 150 m–1.5 km (location classes 0–3), 
but fewer passes provided position estimates of unknown 
accuracy (location classes A and B). Our evaluation of 
datasets containing fixes of variable accuracy indicated 
that class A locations were often of comparable accuracy to 
class 1 locations (Hays et al. 2001). For Eurasian woodcock, 
class A and B locations have been estimated to be accurate 
to within 6 km and 10 km, respectively (www.euskonews.
com/0484zbk/gaia48404en.html). To make best use of 
our data, we initially included location classes 0–3, A, and 
B and plotted all locations on Google Earth (Google LLC, 
Mountain View, CA) to help identify and remove spurious 
locations. These were typically the first transmissions after 
the PTT had not transmitted for a period of more than a 
month, and mirror locations sometimes occurred after 
an individual had moved a long distance from its previ-
ous location.

MigRATiOn PARAMETERS
We determined migration timing and stopover attributes 
using all transmissions for each individual until transmis-
sions stopped. We classified all data rows according to the 
distance moved between consecutive locations, conserva-
tively assuming no migration if the distance moved was 
≤50 km but a migration flight if locations were >50 km 
apart (Britten et al. 1999, Hewson et al. 2016). We defined 
stopovers as periods when locations from ≥2 consecutive 
transmission periods fell within 50 km of each other. The 
minimum duration of stopovers we considered was 2 days. 
We estimated time of departure from the wintering site 
as the mid-point between the last location at the winter-
ing site and the first location ≥50 km away. Similarly, we 
assumed time of arrival at the breeding site to be the mid-
point between the last transmission at the final stopover 
location and the first transmission at the breeding site 
(always the maximum longitude and/or latitude reached 
before 1 June). Because locations were not received for 
every transmission cycle, we restricted departure and 
arrival time estimates to cases where the relevant consec-
utive transmissions occurred within 10 days. We defined 
duration of migration as the time between the estimated 
dates of spring departure from the wintering site and 
arrival at the breeding site. We processed data in the same 
way for fall migrations, with the exception that we calcu-
lated estimates of arrival time in Britain where relevant 
consecutive transmissions occurred within a 14-day period.

We calculated stopover locations as the median latitude 
and longitude of all locations within each period when 
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individuals were considered not to be migrating. We cal-
culated flight stage distances as the great-circle distance 
between stopover locations and migration distance as the 
sum of all stage distances. Migration speed was the total 
migration distance divided by the duration. We calculated 
flight speed according to the time and distance between 
consecutive locations where the distance moved exceeded 
50 km and the time elapsed was at least 30 minutes. We 
used the mean values per stage flight per individual.

Calculation of the number of stopovers was compli-
cated by the fact that sometimes, particularly in the sec-
ond or subsequent springs when tag batteries had been 
depleted in winter, we received the first location for a 
month or more when an individual had commenced 
spring migration and had possibly already made >1 stage 
flight. In these cases, we estimated the number of stop-
overs as the number of known stopover locations plus 1, or 
occasionally 2, inferred stopovers based on information 
about the timing and speed of flights. Examination of data 
received during Argos transmission windows that spanned 
dawn and dusk indicated that migration flights were typi-
cally made at night, which in western Europe in late March 

— early April lasts 10–11 hours. Flight speed rarely exceeded 
100 km/h; where a stage distance exceeded 1,000 km, 
we thus added a stopover to the count and excluded the 
stage distance from the calculation of the mean. In fall, 
we used 1,200 km as the cutoff for the maximum stage 
flight distance.

Data Analysis
We based analyses of migration timing on Julian date and 
included data for all individuals in all years, including 
identity of each individual as a random factor to control 
for individual effects. We based other analyses and sum-
mary statistics on mean values per individual for those 
tracked in >1 year. We calculated statistics in Genstat 
v18.1. We present all mean values with standard deviations 
except where otherwise indicated.

We analysed variation in onset of spring migration 
using a generalized linear mixed model (GLMM) with 
departure date as the dependent variable, individual age 
and year as factors, latitude and longitude of the winter 
and breeding sites as covariates, and identity of an indi-
vidual as a random factor. We specified a normal error 
term and an identity link function, and included the inter-
actions age × year, winter site latitude × longitude, and 
breeding site latitude × longitude. We then examined the 
influence of temperature on departure date with a GLMM, 
with departure date as the dependent variable, individual 
age as a factor, and mean March temperature as a covari-
ate, including the interaction temperature × individual 
age. We specified the random effect as region/individual 
identity/year because each region had >1 tagged individ-
ual, and years were repeated measures for some individu-

als. We obtained annual mean March temperature values 
for all regions where we tagged Eurasian woodcock from 
the Met Office (www.metoffice.gov.uk/climate/uk/sum-
maries/2013/march/regional-values) and MET éireann 
(http://archive.met.ie/climate-request/).

We examined duration of spring migration with a 
GLMM using normal errors and an identity link func-
tion. We specified individual age and year as factors, and 
included departure date and migration distance as covari-
ates, and identity of individuals as a random factor. Owing 
to smaller sample sizes in fall, we restricted comparisons 
of total migration distance, number of stopovers, and 
flight stage distance between spring and fall to individu-
als tracked in both seasons within the same year and con-
ducted paired t-tests.

We examined connectivity between breeding and win-
tering sites with linear regression of latitudes and lon-
gitudes, using the coordinates for each individual once, 
in the first year that they were tracked. We crudely com-
pared similarity of fall to spring migration routes by mea-
suring the perpendicular distance, in Google Earth, from 
fall stopover locations to the spring track ≤3 points for 
each individual where complete or partial fall tracks were 
obtained. We averaged values per individual before calcu-
lating an overall mean.

Results
Seven tags did not deliver useful data because 4 individuals 
were resident breeders in Britain and 3 individuals were 
presumed predated prior to migration. We lost contact 
with 1 individual during its first spring migration, leaving 
52 individuals that completed ≥1 spring migration and 
18 individuals for which we tracked multiple migrations.

TiMing Of MigRATiOn
Peak spring departure of Eurasian woodcock from Brit-
ain and Ireland was during the third week of March, but 
departure times spanned a 5-week window from 3 March 
to 13 April (Table 1). Spring departure date varied among 
years and differed between age classes (GLMM year F4,34.0 
= 17.36, P < 0.001, bird age F1,43.9 = 4.24, P = 0.046), with 
winter and breeding site latitude and longitude, and model 
interactions, having no significant effects. The onset of 
migration was appreciably later in spring 2013, when mean 
temperature in Britain in March was 3.3°C below the 
1981–2010 average (mean departure dates 21 March 2012, 
9 April 2013, 22 March 2014, 24 March 2015, 26 March 
2016). Adult Eurasian woodcock departed, on average, 
4.5 ± 2.2 days (± SE) before first-year individuals. Depar-
ture date was correlated with mean March temperature, 
explaining the variation among years (GLMM March 
temperature F1,45.2 = 56.79, P < 0.001, individual age F1,48.8 
= 6.12, P = 0.017, March temperature × individual age F1,43.4 
= 0.57, P = 0.456). Eurasian woodcock commenced migra-
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tion 3.9 ± 0.5 days (± SE) earlier for every 1°C increase in 
March temperature.

Eurasian woodcock migration in spring consisted of a 
series of flights averaging 413 ± 248 km, with individuals 
typically making 5 stopovers before reaching their breed-
ing sites. Spring migration was completed in an average of 
6 nocturnal flights, with mean flight speed estimated at 70 
± 39 km/h. Peak arrival at breeding sites was in mid-April, 
with individuals taking an average of 23 days to complete 
migration (Table 1). Duration of spring migration was 
negatively related to departure date and positively related 
to total migration distance, such that migrations were 
reduced by 0.60 ± 0.13 day (± SE) for every day that depar-
ture was delayed and increased by 0.69 ± 0.13 day (± SE) 
for every extra 100 km travelled (GLMM departure date 
F1,37.4 = 21.70, P < 0.001, migration distance F1,39.6 = 30.25, P 
< 0.001, individual age and year effects not significant).

Our data on fall migrations were relatively sparse, but 
indicated that Eurasian woodcock typically left their 
breeding sites around 10 October and arrived in Brit-
ain or Ireland on 10 November (Table 1). Total migration 
distance was 182 ± 328 km shorter in fall than in spring 
(paired t-test t20 = -2.55, P = 0.019). On average, Eurasian 
woodcock made 2 fewer stopovers on fall migration than 
in spring (paired t-test t13 = -4.09, P = 0.001), and mean 
flight stage distance was 114 ± 317 km greater in fall than in 
spring, although the difference was not statistically signifi-
cant (paired t-test t26 = 1.87, P = 0.073). Sample sizes in fall 
were too small for comparison of the duration of spring 
and fall migrations.

BREEDing lOCATiOnS AnD 
MigRATORY COnnECTiviTY
Eurasian woodcock tagged in Britain and Ireland migrated 
to breeding sites in 8 countries: Denmark (n = 1, 1.9%), 
Norway (n = 4, 7.7%), Sweden (n = 7, 13.5%), Finland (n = 
3, 5.8%), Poland (n = 1, 1.9%), Latvia (n = 3, 5.8%), Belarus 
(n = 1, 1.9%), and Russia (n = 32, 61.6%). Of those breed-

ing in Russia, 28 settled in northwestern Russia, 1 in Sverd-
lovsk province, just east of the Ural Mountains (57°26’N, 
59°51’E), and 3 used sites in Krasnoyarsk province, central 
Russia (mean 59°28’N, 91°52’E). Three of the individuals 
breeding in Norway were tagged in Scotland, with the 
fourth tagged in Ireland. The 3 that migrated to central 
Russia were tagged in southwestern England (n = 2) and 
eastern England (n = 1). Mean migration distance was 2,851 
± 1,168 km, but the 3 individuals breeding in central Rus-
sia undertook migrations of 6,274 ± 288 km and arrived on 
10 May ± 12.1 days.

We found a weak relationship between breeding site 
longitude and winter latitude (r52 = -0.314, P = 0.023), 
which remained significant with the exclusion of the 
3 individuals that bred in central Russia (r49 = -0.284, P = 
0.048). We found no relationships between breeding site 
longitude and winter longitude (r52 = 0.060, P = 0.673) nor 
between breeding site latitude and winter latitude (r52 = 
0.004, P = 0.975) or winter longitude (r52 = 0.135, P = 0.341) 
for individuals wintering in Britain and Ireland. However, 
individuals tracked in multiple years were largely faith-
ful to the same breeding and wintering sites. Of 43 winter 
locations, relating to 30 individuals, in winters follow-
ing the season of tagging, 39 (91%) were the same as the 
original tagging location. Three individuals changed win-
ter site (1 of them twice). Two individuals were tagged in 
the relatively cold spring of 2013, and all 3 subsequently 
used winter sites to the east of where they were tagged. Of 
28 breeding locations relating to 18 individuals, 27 (96%) 
were the same as those used in the first summer. The indi-
vidual that changed breeding sites flew to northwestern 
Russia in 2015 and southwestern Sweden in 2016.

MigRATiOn ROuTES
With the exception of individuals breeding in Norway, 
most minimized the distance flown across the North Sea 
on spring migration by passing through France, Belgium, 
or the Netherlands, and then Germany, before crossing 

Table 1. Timing, duration, and distance of spring and fall migrations of Eurasian woodcock tracked by satellite telemetry 
in western Europe during 2012—2016.

Spring migration Fall migration
Parameter n Mean ± SD Range n Mean ± SD Range
Onset of migration 52 26 Mar ± 10.3 d 3 Mar–13 Apr 13 10 Oct ± 32.3 d 13 Jul–18 Nov

Arrival at breeding/winter site 65 19 Apr ± 13.7 d 21 Mar–25 May 4 10 Nov ± 10.6 d 3–23 Nov

Duration of migration (days) 46 23.3 ± 13.2 3–50 4 19.5 ± 7.4 10–27

Total migration distance (km) 50 2,851 ± 1,168 988-6,605 18 3,018 ± 1360 1,287–6,365

Number of stopovers 73 4.7 ± 2.7 0–14 14 3.4 ± 2.1 1–9

Flight stage distance (km) 337 413 ± 248 53–992 55 515 ± 306 84–1,109
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Denmark and north of the Baltic Sea to reach Sweden or 
Finland or heading south of the Baltic Sea to reach Finland, 
Belarus, or northwestern Russia (Fig. 2). Consequently, 
Germany, Poland, Lithuania, Latvia, and Belarus con-
stitute an important spring migration corridor support-
ing a large proportion of the stopovers by migrant Eur-
asian woodcock wintering in Britain and Ireland (Fig. 3). 
Migration routes of individuals tracked in fall were largely 
similar to those taken in spring, with a mean divergence 
between routes of 124 ± 59 km.

Discussion
Timing of migration in many species of birds has been 
shown to be dependent on weather, especially temperature 
(Sokolov 2001, Marra et al. 2005). It is not surprising that 
the timing of spring migration in Eurasian woodcock var-
ied annually and was related to March temperature, given 
the species’ dependence on soil invertebrates, particu-
larly earthworms, and the influence of temperature on the 
accessibility of this food. Birds that undertake migration 
as a series of long flights, and typically most waders, need 
to store sufficient energy as fat before departure. Rates of 
food intake and energy storage in Eurasian woodcock are 
poorly understood, but when conditions are relatively 
cool in spring, it is likely to take individuals longer to 
attain their minimum departure mass, owing to increased 
thermoregulatory demand and reduced accessibility of 
food. By departing too soon, Eurasian woodcock also risk 
encountering frozen ground, or at least difficult feeding 
conditions, on the migration route when they have already 
exhausted a large proportion of their energy reserves, the 
consequences of which have been documented in other 
species (Whitmore et al. 1977, Marcström and Mascher 
1979, Tryjanowski et al. 2004).

The fact that adult Eurasian woodcock set off on spring 
migration earlier than first-year individuals might be 
related to adults being better able to judge the appropri-
ate time, based on experience. The earlier departure gives 
adults the advantage of reaching the breeding grounds first 
and potentially occupying the best habitat or, in the case of 
males, mating with a female before first-year males arrive. 
There is good evidence within migratory passerines that the 
males that arrive earliest on the breeding grounds typically 
occupy the best territories and have the highest reproduc-
tive success (Aebischer et al. 1996, Lozano et al. 1996, Kokko 
1999, Currie et al. 2000). Competition for early arrival tends 
to be most intense in species with polygynous mating sys-
tems (Hasselquist 1998). Our data indicate that Eurasian 
woodcock have the capacity to partially compensate for a 
late spring departure by reducing the overall duration of 
their migrations, suggesting that in typical years they do not 
fully exhaust their energy reserves before each stopover.

The Argos PTTs yielded relatively poor data on fall 
migration, owing to reduced efficiency of solar charging 

between August and March. The complete datasets 
obtained for fall migrations suggest that migration is com-
pleted more quickly in fall than in spring, which is plau-
sible if individuals wait on the breeding grounds until the 
onset of freezing weather and then need to keep moving 
ahead of it. However, a larger dataset is required to con-
firm that this is the case. Archival GPS loggers could pro-
vide more reliable data on fall migration, as current small 
models are capable of collecting accurate data for up to a 
year without the need for solar charging. GPS-GSM tags 
are also likely to be small enough for deployment on Eur-
asian woodcock within the next 1–2 years.

Our sample of tracked Eurasian woodcock indicates 
that northwestern Russia is a key breeding area for individ-
uals wintering in the British Isles, with a major flyway for 
these individuals running through the countries immedi-
ately south of the Baltic Sea to Finland and northwestern 
Russia, along with a route through Denmark and south-
ern Sweden up into Sweden and across to Finland. More 
accurately quantifying the relative contributions of these 
breeding areas to the British and Irish wintering Eurasian 
woodcock population, and the relative importance of the 
different flyways, will require further information. Specifi-
cally, data are needed on mid-winter densities of Eurasian 
woodcock in the regions where individuals were tagged, 
the number of individuals tagged at each location needs to 
be taken into account, and, ideally, a larger sample of indi-
viduals should be tracked to confirm the findings to date 

Figure 2. Examples of spring migration journeys 
by Eurasian woodcock from winter sites (W) in 
southern England to breeding sites (B) in central 
Sweden and southern Finland, illustrating the 
avoidance of long sea crossings. Dots indicate 
stopover locations.
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and fill gaps for migration routes that we may not have 
detected with our small sample of tagged individuals.

Eurasian woodcock breeding in Norway flew directly 
across the North Sea. This is the shortest route, but it can 
be more perilous than migrating over land. Fishermen 
have reported hundreds of Eurasian woodcock drowned 
in the North Sea following storms, and they have been 
recorded settling on oil rigs (McKelvie 1990:94, m.face-
book .com/stor y.php?stor y_f bid=2151841638159652
&id=177523075591528). One of the individuals we tagged 
in Scotland and which spent the summer in Norway was 
caught in a storm on its fall migration in October 2012, 
turned back, and failed to make it to the Norwegian coast. 
Our data indicated that the majority of Eurasian woodcock 
breeding in other countries followed routes that largely 
avoided sea crossings.

The 3 individuals that travelled to breeding sites in cen-
tral Russia flew approximately twice as far east as the fur-
thest banded Eurasian woodcock recovered in Russia. One 
of 12 individuals fitted with satellite tags in Spain during 
2006–2013 and completing journeys to their breeding sites 
travelled to a very similar area (Arizaga et al. 2014), as 
did one of 24 birds tagged in France in 2015–2016 (www.
becassesmigration.fr/). This was previously unrecognized 
as a breeding area for Eurasian woodcock wintering in 
western Europe and, owing to the low density of human 
habitation, is unlikely to have ever been detected through 
band recoveries.

We found no evidence of high connectivity between 
particular breeding areas and wintering areas in Eurasian 
woodcock. The weak correlation between breeding longi-

tude and winter latitude indicates broadly parallel direc-
tions of departure from the breeding grounds but consid-
erable mixing of individuals from quite separate breeding 
sites at the same wintering site. This pattern could be bet-
ter confirmed by pooling data from Eurasian woodcock 
tagged at winter sites in several countries and re-examin-
ing the relationship. Eurasian woodcock tagged in Spain 
typically bred further east than the individuals tagged in 
our study: of 12 that reached breeding sites, 1 settled in Fin-
land, 3 in northwestern Russia, 6 were between Moscow 
and the Ural Mountains, 1 was near the Ukraine-Russia 
border, and 1 was in central Russia (Arizaga et al. 2014). It 
seems likely that first-winter Eurasian woodcock leave the 
breeding grounds in a roughly southwesterly direction in 
their first fall, and that the site at which they end up spend-
ing the winter is to some extent determined by the weather 
encountered during their first migration. In subsequent 
years, having found a suitable site at which they were able 
to survive the winter, they then appear faithful to the same 
wintering site, unless displaced by spells of cold weather, 
as suggested by Wilson (1983). High winter-site fidelity has 
been documented in most of the species within the fam-
ily Scolopacidae in which it has been examined (Smith et 
al. 1992, Burton and Evans 1997, Burton 2000, Lourenço et 
al. 2016).

Satellite tags have now been deployed in 4 distinct win-
tering areas for Eurasian woodcock in Europe, and have 
significantly advanced our understanding of the species’ 
spring migration strategy, migration routes, and breeding 
areas. The smaller models, however, as deployed on Eur-
asian woodcock, rely on solar charging of the battery and 

Figure 3. Map showing winter (blue), stopover (gray), and breeding (orange) sites of all tracked European woodcock 
that completed a spring migration. For individuals tracked in >1 year, only the locations during the first spring in 
which that individual was tracked are shown.
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only transmit for 10 hours in every 58 hours to conserve 
power. This inevitably means that some information con-
cerning an individual’s trajectory and timing of move-
ments is missed. This is compounded by the fact that the 
tags do not always charge sufficiently to transmit during 
every duty cycle, especially in fall and winter, which 
means that satellite tags provide incomplete data. Further 
work using GPS tags, delivering more accurate and fre-
quent locations, seems to be the way forward to complete 
our understanding of Eurasian woodcock flyways and 
fall migrations. Ideally, this should involve collaboration 
between researchers in different parts of the European 
wintering range, along with the tagging of individuals on 
breeding grounds.

Management Implications
Our study provides some of the first data for informing 
hunting policies on Eurasian woodcock and identifies 
potential issues for which further data collection would be 
valuable. Accurate arrival dates in Britain were obtained 
only for a very small number of individuals, but all were 
in November. This has implications for hunting manage-
ment, as the European woodcock shooting season in Scot-
land opens on 1 September and in England, Wales, and 
Ireland on 1 October. The majority of Eurasian woodcock 
shot before November are, therefore, highly likely to be 
resident breeders. There is currently concern about a long-
term decline in the British breeding Eurasian woodcock 
population (Heward et al. 2015), the reasons for which are 
currently unclear. Hence, hunters could reduce shooting 
mortality on this population by refraining from shooting 
Eurasian woodcock before November. The high fidelity of 
migrant Eurasian woodcock to particular wintering sites is 
also important: high shooting pressure in localized areas 
will likely impact adult Eurasian woodcock and break the 
migratory links with these sites.

Eurasian woodcock hunting is permitted in most Euro-
pean countries with the exception of Slovenia, parts of 
Switzerland, the Netherlands, and the Flanders region of 
Belgium (Ferrand and Gossmann 2009a). Along with har-
vesting in Britain and Ireland, Eurasian woodcock follow-
ing most migration routes will also be susceptible to shoot-
ing at stopover sites during fall. A better understanding of 
this cumulative pressure along different migration routes 
is clearly an important step towards ensuring sustainable 
flyway management. Relative to the annual bag in the UK, 
estimated at 160,000 (PACEC 2014), bags taken mainly 
during periods of passage through the Baltic States, Fin-
land, Scandinavia, and Germany between October and 
December are small (1,300–6,000 per country, Lutz and 
Jensen 2005). However, our study highlights the impor-
tance of northern Germany, Denmark, and southern Swe-
den as a passage area for Eurasian woodcock travelling 
between Finland, Sweden, and the British Isles. The Eur-

asian woodcock season in Denmark runs from 1 October 
to 31 December, and the annual bag estimate (25,000) is 
relatively high compared to that of neighbouring countries 
(Lutz and Jensen 2005). Little information is available con-
cerning European woodcock bags in Poland and Belarus, 
and more accurate determinations for these countries are 
desirable. An attempt to quantify the relative impact of 
hunting on Eurasian woodcock originating from different 
breeding zones would be valuable, but the fundamental 
issue is whether the bags, in aggregate, are affecting the 
number of breeding Eurasian woodcock in Europe. Moni-
toring data from Scandinavia and Russia suggest that num-
bers there are currently stable (Fokin and Blokhin 2013, 
Lindström et al. 2015).
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