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Abstract 

Ecological barriers such as oceans, mountain ranges or glaciers can have a substantial influence on the 

evolution of animal migration. Along the migration flyway connecting breeding sites in the North American 

Arctic and wintering grounds in Europe or Africa, Nearctic species are confronted with significant barriers 

such as the Atlantic Ocean and the Greenland icecap. Using geolocation devices, we identified wintering 

areas used by Ringed Plovers nesting in the Canadian High-Arctic and investigated migration strategies used 

by these Nearctic migrants along the transatlantic route. The main wintering area of the Ringed Plovers (n = 

20) was located in Western Africa. We found contrasting seasonal migration patterns, with Ringed Plovers 

minimizing continuous flight distances over the ocean in spring by making a detour to stop in Iceland. In 

autumn, however, most individuals crossed the ocean in one direct flight from Southern Greenland to Western 

Europe, as far as Southern Spain. This likely resulted from prevailing anti-clockwise winds associated with 

the Icelandic low-pressure system. Moreover, the plovers we tracked largely circumvented the Greenland 

icecap in autumn, but in spring, some plovers apparently crossed the icecap above the 65°N. Our study 

highlighted the importance of Iceland as a stepping-stone during the spring migration and showed that small 

Nearctic migrants can perform non-stop transatlantic flights from Greenland to Southern Europe. 

Keywords: Ecological barriers, Transatlantic migration, Migration detour, Geolocator, Shorebirds, 

Charadrius hiaticula 
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Introduction 

Ecological barriers such as mountain ranges, oceans, desert or glaciers can have a substantial influence 

on the evolution of animal migration routes (Moreau 1972, Berthold 2001, Alerstam et al. 2003). Among 

birds, crossing large ecological barriers can involve highly demanding non-stop flights, as refuelling along the 

way is not possible (Alerstam 2001). Although long-distance migrants can display a high level of metabolic 

efficiency during continuous flights (Kvist et al. 2001), such flights can involve extreme physiological efforts 

(Piersma 2011) and increase mortality risk due to unpredictable weather encountered en route (Newton 2008). 

Moreover, migrants need additional energy to carry the extra fuel reserves required for long non-stop flights 

(Pennycuick 1975, Alerstam 2001). Migrants appear to minimize such costs by often making significant 

detours to reduce distances over ecological barriers (Alerstam 2001), unless wind patterns are favourable for a 

direct barrier crossing (Erni et al. 2005, Liechti 2006, Alerstam 2011). Such detours are often undertaken even 

though crossing the barriers is within the migrants’ potential flight range capacities (Alerstam 2001).  

Although the ability to cross or circumvent barriers requires complex adaptations (Henningsson and 

Alerstam 2005, Corman et al. 2014), some migration routes evolved despite the presence of major barriers 

along the way (e.g. Gill et al. 2009, Johnson et al. 2011, Klaassen et al. 2011, DeLuca et al. 2015). The 

migration flyway between breeding grounds in the North American Arctic and wintering quarters in Europe 

and Africa is indicative of the capacity of some species to cross extensive barriers during migration. Species 

using this flyway are typically confronted with the Greenland ice cap, which can be circumvented (Wilson 

1981), and the North Atlantic Ocean, which cannot be avoided. Although this impressive transatlantic 

migration has been the subject of investigation for decades (e.g. Snow 1953, Salomonsen 1967, Alerstam 

1996, Thorup et al. 2006), the migration strategies of most migrants using this route remain poorly known. At 

least nine nearctic species breeding in Eastern Canada and/or Western Greenland are known to use the 

transatlantic flyway, including two goose species (Brent Goose Branta bernicla hrota and Greater White-

fronted Goose Anser albifrons flavirostris; Gudmundsson et al. 1995, Fox et al. 2013), one passerine 

(Northern Wheatear Oenanthe oenanthe leucorhoa, Bairlein et al. 2012), and six shorebird species (Cramp 

and Simmons 1983, Delany et al. 2009): Red Knot (Calidris canutus islandica), Sanderling (Calidris alba), 

Dunlin (Calidris alpine arctica), Purple Sandpiper (Calidris maritima), Ruddy Turnstone (Arenaria interpres 

interpres) and Ringed Plover (Charadrius hiaticula psammodromus). 
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When confronted with major barriers where alternative routes over suitable habitats are not possible, 

migrants usually cross where the barrier extent is reduced, thus minimizing long-distance flights (Alerstam 

2001). Along the Nearctic-European flyway, Iceland is known to be an important stepping-stone for migrants, 

significantly reducing the non-stop transatlantic flight (Wilson 1981, Alerstam 1996). In late spring, high 

numbers of migrants gather in Western Iceland (Wilson 1981, Gudmundsson and Gardarsson 1993), and large 

flocks have been reported to depart from the West coast towards the Greenland ice cap (Alerstam et al. 1990). 

Although it has been assumed that nearctic migrants can also stop in Iceland during the autumn migration 

(Wilson 1981, Dietz et al. 2010), a non-stop transatlantic flight could have evolved as an adaptation to 

prevailing winds over the North Atlantic Ocean (Salomonsen 1967, Alerstam 1996). South of Iceland, a low-

pressure system is regularly moving eastwards, forming anticlockwise prevailing winds (Serreze et al. 1997, 

Summers et al. 2014). In autumn, migrants could thus be able to use favourable winds along the south flank of 

the depression to cross the ocean in one non-stop flight. For instance, all Nearctic Purple Sandpipers, followed 

during one year, skipped Iceland during their autumn migration and flew directly from Eastern Canada or 

Southern Greenland to their wintering grounds in Ireland or Scotland (Summers et al. 2014), a distance of 

over 2500 km. For nearctic species wintering further south (e.g. in Africa), stopping in Iceland would 

represent a much greater detour compared to a direct flight (Alerstam 1996). Aerodynamic models suggested 

that wind-assisted Nearctic Northern Wheatears would be able to cross the Atlantic Ocean in a direct flight 

from Southern Greenland or Eastern Canada to West Africa, which represents a 4200 km non-stop journey 

(Thorup et al. 2006, Delingat et al. 2008).  

Along with the Wheatear, the Ringed Plover breeding in the Canadian Arctic migrates along the 

transatlantic route and thus represents a good model to examine migration strategies used to cross major 

ecological barriers. Nearctic Ringed Plover populations are suspected to migrate to the main wintering sites of 

the species along the eastern Atlantic coasts (i.e. Africa), but empirical evidence is lacking (Delany et al. 

2009, Dunn et al. 2010). Using geolocation devices deployed over three years, we investigated the wintering 

areas and seasonal variation in migration strategies of Ringed Plovers nesting on Bylot Island in the Canadian 

High-Arctic. We identified stopover sites and migration routes used by Ringed Plovers to cross the Atlantic 

Ocean during both autumn and spring migrations. We expected plovers to take a northerly route in spring and 

use Iceland as a stepping-stone, therefore reducing continuous long-distance flights over the ocean before 
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reaching their breeding grounds in the Canadian High-Arctic. However, because of prevailing anticlockwise 

winds associated with the Icelandic low-pressure system (Alerstam 1996, Summers et al. 2014), we expected 

that birds would take a more southerly route in autumn and perform direct transatlantic flights. 

Material and methods 

Our study site was located on Bylot Island (73°08’N, 80°00’W), Nunavut (Canada), near the northwest 

limit of the breeding distribution of the Ringed Plover (Cramp and Simmons 1983). Incubating birds were 

captured on their nest using bownet traps and were marked using unique colour-band combinations. From 

2014 to 2016, 72 adult Ringed Plovers were fitted with geolocators (38 males and 34 females). We used 

Intigeo-W65A9 geolocators (MigrateTechnology, Ltd.) attached on a leg flag to track individuals. The 

geolocators with the flag weighted 0.93 ± 0.03 g, which represented on average 1.5 ± 0.1% of an individual’s 

body mass (males = 63.5 ± 4.0 g, females = 62.4 ± 4.8 g).  

Geographic locations of marked birds were calculated using the threshold method (Hill and Braun 

2001). Sunset and sunrise were determined with IntiProc software (Migrate Technology Ltd, v1.03) and then 

processed with R package GeoLight 2.0.0 (Lisovski et al. 2015). Prior to deployment, geolocators were 

calibrated on a rooftop in Mont-Joli (Québec, Canada), resulting in a sun elevation angle ranging from -6.7° 

to -7.4° (-7.0° ± 0.18, n = 18). Twilight events were identified using a threshold of 3 lux. Stationary periods 

were separated from movement periods using the ChangeLight function (probability of change = 0.9 quantile) 

with a minimum staging period set at 2 days (Lisovski and Hahn 2012). The Hill-Ekstrom calibration method 

was used to refine the location estimate by calculating the sun elevation angle for each stationary period (Hill 

and Braun 2001, Ekstrom 2004). Discrimination between stationary and movement locations was verified 

visually using maps and graphs of longitude and latitude against date to identify clear shifts indicating bird 

movements. Sunrise and sunset data were filtered using the LoessFilter function with two interquartile ranges 

as thresholds to remove extreme outliers. The precision of locations was calculated using calibration data only 

and resulted in a mean error of 163 ± 75 km (n = 20), which is comparable to other studies (see Lisovski et al. 

2012 and references therein). 

Around the equinoxes, day length is similar around the globe; therefore, the estimation of latitudes is 

inherently imprecise. However, longitudes can still be reliably known (Lisovski et al. 2012) and can be used 

to identify stopover sites during predominately east-west migration movements (Porter and Smith 2013). 
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Following visual inspection of data, asymmetric periods associated with the equinoxes (Ekstrom 2004) were 

defined as 5 days prior to the autumnal equinox to 20 days after, as well as 20 days prior to the vernal equinox 

to 5 days after. However, equinoxes had very little effects on the estimation of travel routes and only affected 

the last autumnal migration bouts of 7 individuals (out of 20). We used longitudes and geographic features 

(e.g. coastlines) to estimate timing of the last migration bouts. This was not possible for two individuals for 

which arrival date at the wintering site could not be estimated properly. One staging site was used only during 

the autumnal equinox, so we also used longitudes and geographic features to estimate the site location. For the 

northernmost part of the migration tracks, we repeated the analysis described above using a light threshold of 

50 units to account for extensive daylight during polar summer (Porter and Smith 2013). This approach 

allowed us to detect additional staging sites or to better estimate the migration timeline in these northern 

regions. We ran a sensitivity analysis using higher light thresholds (up to 200 units), but no other staging sites 

were detected. We smoothed movement periods by calculating average position over a 3-position moving 

window. We use this 3-position average to get more realistic movement tracks (i.e. to include movements 

away from the shortest route) while excluding erroneous movements caused by noise in light data. Averaging 

over longer periods, however, can result in the exclusion of real detours taken by birds. For each stationary 

period, longitude and latitude estimates were averaged to illustrate the stopover site. During stationary periods 

with predominantly east-west coastlines, locations over open waters more than 150 km offshore were 

relocated on the coast using longitude only (Porter and Smith 2013). We considered that an individual had 

reached the wintering site when we could not detect clear shifts in locations for >60 days. Migration tracks 

were mapped on Azimuthal Orthographic Projection in QGIS 2.10.1. 

Exact arrival and departure dates at the breeding site were unknown because of extensive daylight 

during Arctic summer. Hence, we calculated migration rates (km/day for the overall migration) using the first 

(in autumn) and last (in spring) date when a bird was located, which typically occurred in Greenland (< 1800 

km away from the breeding site). Individuals that did not stop in Greenland during the spring migration (5 out 

of 17) were excluded from statistical comparison of their migration rates. Distances between two subsequent 

staging sites were calculated using orthodromic (great circle route) distances and the ellipsoid method 

(“distVicentyEllipsoid” in R package Geosphere 3.4.3). Reported values are therefore the minimum potential 

distances and detours travelled by individuals between two staging sites (i.e. excluding locations during 
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movement periods). Because geolocation gives only two locations per day, we estimated flight duration using 

departure and arrival times determined as follows: the departure time was set at half of the time interval 

between the last stationary location and the first subsequent movement location, and the arrival time was set 

at half of the time interval between the last known movement location and the first subsequent stationary 

location. Means for all variables  are reported along with their standard deviations. 

Results 

From 2015 to 2017, we recaptured 29% of the individuals previously equipped with a geolocator on 

Bylot Island (n = 7 breeding individuals per year; total of 11 males and 10 females). Overall, we acquired 17 

annual migration tracks (from 9 males and 8 females) and 3 incomplete tracks (full autumn migration and 

wintering grounds only, for 1 male and 2 females). We also obtained one additional incomplete annual track 

(full autumn migration) from a geolocator that recorded 1.5 years of migration data for one individual. We 

illustrated this additional migration path in our results (Figure 1) but did not use it in our statistical analyses to 

avoid pseudoreplication.  

Ringed Plovers travelled a total round-trip migration distance of 17059 ± 1004 km (n = 17) between 

their breeding site in the Canadian Arctic and their wintering grounds in Africa (Figure 1). All but one 

individual spent the winter in Western Africa (southernmost Western Sahara, Mauritania, Senegal, Gambia 

and Guinea-Bissau) between 12°27’N and 22°39’N of latitude (mean latitude 16°23’ ± 2°36’ N in Southern 

Mauritania, n = 19). The remaining individual wintered in Northern Morocco (32°00’ N), with possible site 

itinerancy between Morocco and Southern Spain. After leaving the breeding site in autumn, individuals were 

detected for the first time on Baffin Island (Canada) or Greenland (<1500 km from the breeding site) between 

August 1 and August 11 (mean date: August 5, n=20). They reached their wintering sites between August 25 

and October 28 (mean: September 11, n=18) and left their wintering sites between February 24 and May 8 

(mean: April 15, n=17). For details on migration schedule of each individual, see supplementary material 

Appendix 1 Table A1. 

 

Autumn migration strategies 

All individuals stopped along the southwest coast of Greenland (Figure 1), which represented the first 

extended stopover detected during the autumn migration (stopover duration: 10.0 ± 4.5 days, range = 3.5-24.0 
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days, n = 20). All but one individual circumvented Greenland by the South and avoided the ice cap or crossed 

it near the southern tip, where its extent is substantially reduced. Among the 20 individuals, 7 individuals 

stopped for two days or more near the southernmost tip of Greenland, avoiding the ice cap entirely. 

Individuals used different strategies to cross the Atlantic Ocean, with 16 plovers (out of 20) skipping Iceland 

and migrating directly to Western Europe. Among them, 5 individuals flew directly from Southern Greenland 

to Spain, which represented a 3840 ± 363 km non-stop flight over water performed in 2.5 ± 0.5 days (range: 

2.0 to 3.0 days). In contrast, 4 individuals used Iceland as a stepping-stone before reaching Western Europe 

and crossed the ocean in two shorter bouts of 1530 ± 267 km and 1798 ± 126 km over water. The detour by 

Iceland significantly increased the distance travelled between Greenland and Spain compared with individuals 

that skipped Iceland and flew directly to Spain (25.4 ± 13.1% longer; 4816 ± 503 km vs. 3840 ± 363 km; 

t(5.3)= -3.3, p=0.02).  

Spring migration strategies 

During the spring migration, all individuals (n = 17) followed the Atlantic coast of Western Europe 

and all but one stopped in the northern part of the British Isles (Figure 1; stopover duration: 11 ± 6.5 days, 

range = 4-29 days). A much higher proportion of individuals stopped in Iceland in spring than in autumn (15 

out of 17 individuals spent ≥ 2 days in Iceland vs. 4 out of 20 individuals, respectively; Fisher’s exact test, 

odds ratio=26.2, p<0.0001). One individual probably made a very short stopover in Iceland (<2 days), while 

the other likely skipped Iceland by following a more southerly route, far from the Icelandic coast, before 

reaching the southernmost tip of Greenland in 2.5 days (Figure 1, top-right panel, in grey). Plovers that 

stopped in Iceland (n = 15) departed from this stopover site between May 15 and June 3, and among them, 10 

individuals made a stopover in Southern Greenland between May 17 and June 8. It was not possible to locate 

birds above 65° of latitude North because of the extensive daylight. As we were not able to get a single 

position for 5 individuals following their departure from Iceland, it suggests that they crossed the Greenland 

ice cap at relatively high latitudes (i.e. above 65°N). The 10 individuals that partly avoided the ice cap and 

made a stopover in Southern Greenland travelled a distance of at least 3033 ± 238 km between Iceland and 

their breeding site. This represented an average detour of 633 ± 238 km (20.4 ± 6.2% longer) compared with a 

direct flight of 2400 km across the Greenland ice cap from Iceland to the breeding site. For details about 

individual schedule of the transatlantic crossing, see supplementary material Appendix 1 Table A2. 
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Overall, Ringed Plovers travelled a total distance of 8508 ± 530 km in autumn (n=20) and of 8645 ± 

529 km in spring (n=17). When compared to a hypothetical direct flight of 6890 ± 428 km between the 

breeding and wintering sites of individuals (n = 17), it represented a total detour of 1088 ± 316 (range 582 to 

1641; 12.9 ± 3.4% longer) in autumn and 1320 ± 302 km (range 779 to 1778 km; 15.2 ± 3.0% longer) in 

spring. The total detour flown by individuals in spring was longer than the one flown during the autumn 

migration (paired t-test, t(16)=-3.2, p=0.003, mean difference = 232 km). Migration rates between the 

Greenland stopover and the wintering site averaged 226 ± 67 km per day during fall migration (range 61-339 

km/day, n = 18), which was faster than the spring migration for the same part of the migration route (169 ± 40 

km per day, range 60-214 km/day, n=12; LMER, p<0.001, estimate=48.1, SE=14.3 with “individual” as 

random effect). This pattern was similar in all years (χ
2
(1) = 2.8, p = 0.01) and for both sexes (χ

2
(1) = 0.5, p = 

0.5). Spring migration rate for the 5 individuals not detected in Greenland in spring (and therefore excluded 

for the seasonal comparison) averaged 167 ± 69 km per day (range 107-271 km/day) between the winter site 

and the last stopover detected (i.e. Iceland). 

Discussion 

Our study revealed that Ringed Plovers nesting in the Canadian High-Arctic overwinter mainly in 

Western Africa and use contrasting seasonal migration strategies along the Nearctic-European Flyway. As 

expected, individuals followed a more northerly route in spring, largely using the British Isles and Iceland as 

stepping-stones and minimizing long-distance flights over the ocean. In autumn, however, we found higher 

intra-population variability in migration routes, with most individuals skipping Iceland. Our results showed 

that nearctic migrants can perform a direct transatlantic flight from Greenland to Southwestern Europe and 

confirmed that the Ringed Plover is one of the Nearctic species with the longest migration along the 

transatlantic route. Nearctic birds likely use wind assistance for their transatlantic flights (Summers et al. 

2014) and we suggest that seasonal variation in migration strategies observed in Ringed Plovers partly result 

from prevailing anticlockwise winds associated with the Icelandic low-pressure system (see below). 

Wintering areas of Ringed Plovers 

Our data indicate that the main wintering area use by Ringed Plovers nesting on Bylot Island is located south 

of the wintering grounds used by the southern breeding populations, including the British Isles, the coastal 

Baltic Sea, North Sea and Southern Scandinavia and the Icelandic breeding populations (Taylor 1980, 
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Wernham 2002, Delany et al. 2009, Thorisson et al. 2012). The Ringed Plover is a well-known example of 

species migrating according to a “leap-frog pattern” where populations breeding in the North typically 

migrate to wintering grounds located further south compared to the southern breeding populations 

(Salomonsen 1955). Our results are consistent with this general pattern and indicate that Canadian Ringed 

Plovers spend the winter at similar latitudes to the few Northern Scandinavian breeding plovers tracked so far 

(see Lislevand et al. 2016). Interestingly, individuals from the easternmost breeding population (Chukotka, 

Russia) and tracked with geolocators spent winter in the Arabian Peninsula and Northeast Africa (Tomkovich 

et al. 2017). This suggests an east-west divide in the species wintering distribution with western breeding 

birds wintering in West Africa and Europe and eastern breeding birds wintering in East Africa and Middle 

East. Integrating migration data of several Ringed Plover populations, including those breeding at the 

northern limit of the species distribution, would likely give new insights into the evolutionary processes 

behind the leap-frog migration pattern. 

Barriers, wind and migration strategies of Nearctic birds 

Most Ringed Plovers we tracked made a stopover in South Greenland, thereby largely avoiding the ice 

cap in autumn. In spring, however, one third of the individuals that stopped in Iceland could not be located 

after their departure, suggesting that they crossed the ice cap above 65°N, where extensive daylight did not 

allow us to obtain a position using geolocators. Direct crossing in spring has previously been supported by 

visual observations of knots, turnstones and Brent Geese departing from Iceland and heading towards the 

Greenland ice cap (Alerstam et al. 1990) and confirmed by radar and visual observations of migrants over the 

ice cap (Alerstam et al. 1986). Moreover, Salomonsen (1950) reported that Ringed Plovers, turnstones and 

knots, although common passing migrants in West Greenland, were absent in Southwest Greenland in spring, 

suggesting they cross the ice cap further north. Satellite telemetry also confirmed that White-fronted Geese 

(Fox et al. 2003) and Brent Geese (Gudmundsson et al. 1995) departing from Iceland cross the Greenland ice 

cap near or above 65°N during spring migration, where the ice cap rises >2500m in height. 

The seasonal variation in ocean crossing strategies observed in Ringed Plovers may be common in 

other transatlantic birds. Nearctic Purple Sandpipers wintering in the British Isles make a detour in spring, 

with a majority of tracked individuals stopping in Iceland before reaching Greenland or Canada (Summers et 

al. 2014). Moreover, passages of nearctic shorebirds in Iceland are typically marked by high peaks in 
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abundance of Red Knots, Ruddy Turnstones and Sanderlings in spring that are much less pronounced in 

autumn (Wilson 1981), suggesting that some birds use a more northerly route in spring. Based on visual 

observations (Snow 1953, Williamson 1958), leg-ring recoveries (Alerstam 1996) or departure fuel load at 

stopover sites (Dierschke et al. 2005), Nearctic Wheatears also appear to take a more northerly route in spring 

and a more direct transatlantic flight to Western Europe in the autumn. Whimbrels (Numenius phaeopus) 

breeding in Iceland undertake a fast and direct transoceanic flight in autumn to reach their wintering site in 

West Africa, while most individuals make a stopover in Europe during spring migration (Carneiro et al. 

2019). Such transatlantic flight could be facilitated by better wind condition with individuals experiencing 

more wind support in autumn than in spring (Alves et al. 2016, Carneiro et al. 2019).Contrasting seasonal 

migration strategies, with migrants largely avoiding the ocean in spring but making long transoceanic flights 

in autumn, have been associated with favourable wind patterns in other migration flyways. For instance, 

selection of favourable winds can greatly facilitate the migration of Bar-tailed Godwits (Limosa lapponica 

baueri), which use distinct seasonal routes with an impressive transoceanic flight in autumn between Alaska 

and New Zealand, but largely limit their crossing of the Pacific Ocean in spring with a detour in East Asia 

(Gill et al. 2009, 2014). Similarly, many passerine and shorebird species breeding in eastern North America 

follow the landmass in spring but undertake a transoceanic flight over the Western Atlantic in autumn to reach 

the Caribbean or South America (Williams et al. 1977, Richardson 1979, Alerstam 1993). Such a transoceanic 

flight is also partly attributed to favourable wind patterns in autumn, with migrants taking advantage of 

northwest winds following strong cold fronts (Richardson 1979).  

Seasonal and geographic consistency in prevailing wind patterns can create optimal flyways along 

which migrants can benefit from wind assistance (Kemp et al. 2010, Kranstauber et al. 2015), acting as a 

selective factor in the evolution of migration routes (Alerstam 1979, Gauthreaux et al. 2005). Some migratory 

flyways coincide with general airflows, which appear particularly important in the evolution of migration 

routes across extensive barriers such as the Sahara (Erni et al. 2005, Schmaljohann et al. 2009), the Western 

Atlantic Ocean (Richardson 1979) and the Pacific Ocean (Gill et al. 2009, 2014). Unless birds can benefit 

from wind assistance, migration routes that minimize continuous flight distances over ecological barriers 

should be favoured by natural selection (Alerstam 2001, Henningsson and Alerstam 2005). 
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Seasonal variation in migration routes and the use of stopover sites along the transatlantic migration 

could also be influenced by the final destination (breeding location), food availability and predation risk 

(Bauer et al. 2010). Higher food intake rates at stopover sites located closer to the breeding grounds could be 

an important factor shaping spring migration routes in shorebirds (Piersma et al. 2005), notably by providing 

favourable pre-breeding foraging conditions required to nest in the Arctic (Henningsson and Alerstam 2005). 

The use of a more northerly route in spring could allow transatlantic migrants to appraise conditions on the 

breeding areas (Carneiro et al. 2019) and to access good stopover sites allowing them to bring extra body 

reserves needed upon arrival on the breeding sites (Morrison et al. 2005, Gill et al. 2009). Transoceanic flights 

could be selected because open oceans provide routes with reduced risk of predation, particularly in autumn 

when adult avian raptors are joined by juveniles, increasing predator density (Lank et al. 2003) 

Overall, it is likely that prevailing wind patterns over the North Atlantic Ocean partly explain the 

seasonal variation in migration strategies used by nearctic birds (Salomonsen 1967, Alerstam 1996). The 

Iceland stopover may be of a greater importance in spring by reducing continuous flight distance over the 

ocean when migrants would face unfavourable winds altering their ability to make a direct ocean crossing. In 

autumn, however, nearctic birds may benefit from the atmospheric pressure system over the North Atlantic 

Ocean (Serreze et al. 1997, Summers et al. 2014). Therefore, the Atlantic Ocean may act as a major barrier for 

nearctic migrants in spring because of headwinds, but not necessarily in autumn if they can use wind 

assistance. To our knowledge, no studies have yet fully described the consistency of favourable wind patterns 

over the North Atlantic Ocean and related these patterns to multi-year transatlantic migration datasets. This 

would be needed to rigorously investigate the effect of wind assistance on migration strategies of nearctic 

species.  
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Figure Legend 

Figure 1 
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