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INTRODUCTION

Understanding the biology, constraints of migration, and the 
yearly movement patterns of birds is essential to conserv-
ing them, particularly in the case of long-distant migrant 
shorebirds that rely heavily on a limited number of stopover 
locations (Piersma & Baker 2000). For decades, biologists 
and conservationists have examined terrestrial habitat use, 
behavior, and the prey base of shorebirds (van de Kam et al. 
2004). However, there is now a pressing need to understand 
the pattern and timing of movements as well as their spatial 
use of inshore and offshore migratory pathways that may 
intersect both coastal and offshore development, including 
oil drilling and wind facilities. Remarkably little information 
is available on the offshore movements of most birds, and of 
the potential risk they face during the migratory periods when 
they fly along coastal margins or cross oceans. 

Band recoveries and sightings of color-marked shorebirds 
have been the main methods of determining their migration 

routes, stopover sites, breeding and wintering locations. Satel-
lite transmitters used on larger shorebirds have encountered 
problems due to their weight (26 g) and method of attachment 
(Driscoll & Ueta 2002, Gill et al. 2005). These problems 
have been reduced with the use of lighter transmitters (<10 g, 
Watts et al. 2008) and surgical implantation (Gill et al. 2009). 
Light-level geolocators were originally designed for use on 
elephant seals (DeLong et al. 1992) and later the British Ant-
arctic Survey developed 9 g geolocators for use on seabirds 
(Afanasyev 2004). Recent advances in their technology and 
miniaturization have made it possible to use them to track the 
movements of 50 g terrestrial birds (Stutchbury et al. 2009) 
and shorebirds (Conklin & Battley 2010, Minton et al. 2010). 
These instruments record time-stamped, periodic, ambient 
light-levels that can be used to determine the geographical 
location of birds (Conklin & Battley 2010, Minton et al. 2010, 
Stutchbury et al. 2009). Their advantage is that they can be 
used on the legs of medium-sized shorebirds; their main 
disadvantage is that the birds must be recaptured to access 
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Geolocators affixed to Darvic leg flags were attached to the tibia of 47 Red Knots Calidris canutus rufa during 
the 2009 spring migratory stopover in Delaware Bay, New Jersey, United States. We found no difference between 
the behavior of birds with and without geolocators in the weeks after release and saw a greater proportion 
of birds with geolocators than those with inscribed leg-flags a year after release. There were no significant 
differences in the resighting rate in Delaware Bay in the year of attachment or in places other than Delaware 
Bay during the ensuing twelve months. Three individuals were re-captured in May 2010 in Delaware Bay. All 
three birds flew to the Arctic, only one apparently bred, and all three wintered in South America. The longest 
roundtrip flight was 26,700 km, which included an 8,000 km, 6-day flight from southern Brazil to the coast of 
North Carolina. All three wintered away from the main sites thought to be used by the subspecies. Two birds 
appeared to detour around weather systems. These results suggest that geolocators are likely to afford valuable 
new insights to our understanding of Red Knot migration strategies as well as their breeding and wintering 
locations, and underpin their conservation. 



124 Wader Study Group Bulletin 117 (2) 2010

the data. Although geolocators record data for only about a 
year, the data are still retrievable for up to twenty years if 
birds are recaptured.

Red Knots Calidris canutus are one of the better studied 
migrants in the world, and a species where fundamental 
knowledge has often been put to good use in conservation 
cases (e.g. Baker et al. 2004, Buehler & Piersma 2008, 
Piersma 2007). In the Western Hemisphere, Red Knots of 
the subspecies rufa are of conservation concern because of a 
major population decline over the past 25 years (Baker et al. 
2004, Morrison et al. 2004, Niles et al. 2008). It is therefore 
vital that conservation prescriptions are underpinned by a 
thorough knowledge of the birds’ annual cycle, migration 
strategies and the sites they use. This is particularly impor-
tant in the light of recent proposals for offshore drilling and 
the location of wind facilities on the outer continental shelf, 
where they might pose a danger to migrant shorebirds.

We present preliminary findings on the migratory path-
ways of three Red Knots fitted with geolocators in 2009 
and recovered a year later in 2010. Our objectives were to 
determine: 1) whether the technology would work with Red 
Knots, 2) to test whether knots would suffer any immediate 
or long-term detrimental effects from the geolocators, and 
3) the annual movement patterns of Red Knots. We detail 
our method of geolocator attachment, immediate behavioral 
responses of birds fitted with geolocators, re-sighting data 
on those birds with and without geolocators (but banded and 
flagged in the same year), and on the movements of three 
instrumented Red Knots.

METHODS

Overall protocol

Our experimental design was to place light-level geolocators 
on Red Knots during their migratory stopover in Delaware 
Bay in May 2009, and recapture them on their return to 
Delaware Bay and at other locations during migration and 
on the wintering grounds. The geolocators (Mk 10 design 
supplied by the British Antarctic Survey, Cambridge, UK) 
weighed 1.7 g including attachment materials. As part of our 
overall protocol working with shorebirds in Delaware Bay, 
we captured 622 Red Knots in 2009; each was provided with 
a uniquely coded flag (Clark et al. 2005) and we placed geo-
locators on 47. We relied on a network of observers to report 
sightings of geolocators during migration, on the wintering 
grounds, and again in Delaware Bay the following year. The 
protocol for this research with Red Knots, including attaching 
geolocators to birds, was approved by the Rutgers University 
Animal Review Board. 

Red Knots were captured with cannon nets, removed im-
mediately from the net, and placed in holding cages shaded 
from the sun. Processing occurred shortly after, and birds 
were then released. Geolocators were fitted (see below) on 
48 birds that weighed over 125 g (Fig. 1). A sample of birds 
fitted with geolocators was observed in a 3 m × 5 m enclosure 
made of dark material for 1–2 hours after attachment of the 
geolocators, and behavioral data were recorded to ascertain 
any immediate effects. One bird seemed disturbed by the 
geolocator, as evidenced by continuous pecking at its leg, 
and this geolocator was removed. The bird walked and flew 
normally, and was later observed feeding with other Red 
Knots. Controls with flags (those without geolocators) were 
also observed. Behavior recorded included time spent walk-
ing, running, sitting, pecking at eggs on the sand, and peck-

ing at their leg. An extensive network of volunteer observers 
searched for Red Knots with leg flags, and especially noted 
the behavior of birds with geolocators. 

Geolocator attachment

Although we used essentially the same method of attaching 
geolocators to leg bands as Minton et al. (2010), we made 
two changes: we clipped the terminal pins of the instrument 
to reduce the likelihood that they would cause injury to the 
bird by chaffing and we placed a spacer ring beneath the 
geolocator band to prevent rubbing against the tibio–tarsal 
joint. All geolocators were applied with the sensor on the side 
facing outward away from the body when the flag is rotated 
forward of the leg, which is the natural position during most 
activities (Fig. 2). 

RESULTS

Geolocator attachment 

We examined whether birds were adversely affected imme-
diately upon attachment of geolocators by observing them in 
pens for an hour before release and then observing them in 
the field before they left Delaware Bay in 2009. In the pens 
immediately following attachment, we could discern no be-
havioral differences between knots with geolocators and flags 
and those with flags but without geolocators. After deploying 
geolocators on 25 knots, efforts were made to observe all 
those birds in the field. It was then noticed that a few appeared 
to walk with a very slight limp. Further deployments were 
stopped to allow time to evaluate the issue. It was then found 
that some recently flagged birds without geolocators as well 
as some unmarked birds also appeared to walk with a slight 
limp. Later we observed two birds with geolocators that had 
previously appeared to limp that were no longer doing so. We 
therefore concluded that slight limping in a small minority of 
birds was probably a not uncommon but previously unnoticed 
short-term phenomenon; therefore geolocators were deployed 
on a further 22 birds. Twenty-three of the 47 knots fitted with 
geolocators in May 2009 were resighted in Delaware Bay a 
year later when none were seen to walk with a limp. 

We also evaluated the effects of the geolocators by com-
paring resightings in 2009 and 2010 of knots with geolocators 
and individually-inscribed leg flags with those fitted with leg 
flags alone. There were no differences between the proportion 
of resighted birds with and without geolocators either during 
the May 2009 Delaware Bay stopover or during the winter 
elsewhere in the flyway (Table 1). However, in 2010 a greater 
proportion of geolocator knots (23/47, 49%) were resighted in 
Delaware Bay than those with only leg flags (203/622, 33%; 
c2 = 5.19, P = 0.023). 

Of the 47 Red Knots fitted with geolocators in Delaware 
Bay in 2009, three were recaptured in May 2010. The Red 
Knot with flag code “Y0U” was first captured on 11 May 
2009 weighing 121 g and recaptured on 12 May 2010 weigh-
ing 107 g and recaptured again on 14 May 2010 at 128 g. 
The date on which this bird arrived on the Bay is unknown 
because the geolocator stopped working on 12 Feb 2010. The 
Red Knot with flag code “Y0Y” was first captured on 11 May 
2009 weighing 121 g. In 2010, it arrived on the Bay on 20 
May and was recaptured on 23 May 2010 weighing 158 g. 
The Red Knot with flag code “1VL” was originally captured 
on 26 May 2009 weighing 171 g. In 2010 it arrived on the 
Bay on 24 May and was recaptured on 25 May at 134 g. The 
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Table 1.  Numbers of Red Knots with individually inscribed leg flags that were marked in May 2009 and later resighted with and without 
geolocators on the New Jersey side of Delaware Bay and elsewhere during May 2009 to May 2010.

Geolocators and leg flags Leg flags only c2 (p)

Number of birds marked 47 622

Resighted May 2009 in Delaware Bay 29 (62%) 342 (55%) 0.80 (ns)

Resighted elsewhere May 2009 to May 2010 4 (9%) 46 (7%) 0.06 (ns)

Resighted in Delaware Bay in 2010 23 (49%) 203 (33%) 5.19 (p = 0.023)

Fig. 1.  Red Knot Y0Y with geolocator and lime flag, Delaware Bay, 
United States, May 2010. (Photo: Jan van de Kam.)

Fig. 2.  Close-up of geolocator fitted to the tibia of a Red Knot in San 
Antonio Oeste, Argentina, 2009. (Photo: Jan van de Kam.)

Location key:
1. Delaware Bay, United States
2. James Bay, Canada
3. Southampton Island, Canada
4. Lesser Antilles
5. Maranhão-Pará border region, Brazil

Fig. 3.  Geolocator output for Red 
Knot Y0U: periods when the bird 
remained in the same location are 
shown in white; the great circle 
distance of movements are shown 
in yellow; when the bird deviated 
far from the great circle route, 
the estimated distance flown is 
shown in green.
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Fig. 4.  Geolocator output for Red 
Knot Y0Y: periods when the bird 
remained in the same location are 
shown in white; the great circle dis-
tances of movements are shown 
in yellow.

Location key:
 1. Delaware Bay, United States
 2. James Bay, Canada
 3. Western Hudson Bay, Canada
 4. Baker Lake, Canada
 5. Churchill, Canada
 6. Lesser Antilles
 7. Maranhão, Brazil
 8. Lagoa do Peixe, Brazil
 9. San Antonio Oeste, Argentina
 10. Uruguay–Brazil border
 11. Ocracoke, North Carolina, United States 

Fig. 5.  Geolocator output for Red Knot 1VL: 
periods when the bird remained in the 
same location are shown in white; the 
great circle distances of movements 
are shown in yellow; when the bird 
deviated far from the great circle 
route, the estimated distance flown 
is shown in green.

Location key:
1. Delaware Bay, United States
2. James Bay, Canada
3. Southampton Island, Canada
4. Pelly Bay (Kugaaruk), Canada
5. Cape Cod, United States
6. Maranhão, Brazil
7. Rio Grande do Norte, Brazil
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geolocators were removed from all three birds shortly after 
recapture and new geolocators were attached. The legs of all 
three birds showed no abnormal wear or evidence of irrita-
tion suggesting that the geolocators had no adverse impact 
on leg morphology. 

Geolocator data

Geolocator data were processed using a fixed light threshold 
value and edited using BASTrak TransEdit software to reject 
false and noisy locations caused by shading. The output was 
then plotted on Google Earth maps which showed consider-
able noise around each site at which the birds stopped. These 
were then simplified to a single point representing the average 
location, but assuming in the case of stopover and wintering 
sites that it was on the coast (Figs 3, 4 & 5). In most cases 
when a bird was migrating, the series of locations was within 
the expected average error of ±150 km (according to the Brit-
ish Antarctic Survey) from the great circle route, and in these 
the great circle route and distance are shown in the maps. 
However, in respect of three flights (one relating to Y0U and 
two to 1VL) it was evident that the bird deviated far from 
the great circle. In these three cases, the routes shown by the 
geolocator output are presented in the maps along with both 
the great circle distance between the points of departure and 
arrival and our estimate of the actual distance flown. 

The geolocator output for each bird is summarized as fol-
lows and in the maps (Figs 3, 4 & 5). 

Y0U: After geolocator attachment on 11 May 2009, Red 
Knot Y0U stayed in Delaware Bay until 27 May, and then 
flew in one day to James Bay, Ontario, where it stopped for 
12 days (Fig. 3). After flying a further two days it arrived at 
Southampton Island, Nunavut, Canada, on 11 Jun, where it 
stayed for 63 days, presumably to nest. Y0U left Southampton 
Island on 13 Aug and flew in one day to James Bay, staying 
for 12 days. On 27 Aug, it flew to the Atlantic Coast of New 
Jersey, USA, in one day (possibly Stone Harbor, a known Red 
Knot stopover site) and stayed for two days. After leaving 
New Jersey, it flew north along the US east coast to Cape Cod 
where it flew east out into the Atlantic, then south to  arrive 
in the Lesser Antilles on 3 Sep. On 10 Sep, the bird flew for 
three days to the north coast of Brazil close to the border 
between the states of Maranhão and Pará, where it wintered. 
The geolocator on Y0U recorded location for 152 days before 
failing from saltwater intrusion, but it flew back to Delaware 
Bay where it was recaptured on14 May 2010.

Y0Y: The Red Knot with inscribed flag Y0Y departed 
Delaware Bay on 28 May 2009 and flew for one day to 
James Bay, Ontario, where it stayed for 7 days (Fig. 4). On 
6 Jun 2009, it flew to an inland area ~300 km south-west of 
Churchill, Manitoba, on Hudson Bay and stopped for 4 days. 
Y0Y then wandered across an area east of Victoria Island, 
south of King William Island, west of Southampton Island, 
and north of Baker Lake for 69 days, apparently not nesting 
because of its continuing movement. On 20 Aug, it left this 
area and stopped for 11 days just south of Churchill on Hud-
son Bay. Y0Y left Hudson Bay on 1 Sep and, like Y0U, flew 
to the Lesser Antilles, crossing Cape Cod, Massachusetts, in a 
non-stop, 8-day flight of 5,100 km. After 7 days in the Lesser 
Antilles, it flew to the eastern coast of the state of Maranhão, 
Brazil, arriving on 19 Sep and staying for 11 days. On 30 
Sep, it left Maranhão, flew for 3 days, and stopped around 
the southern end of Lagoa dos Patos, Rio Grande do Sul, 
S Brazil, for 6 days. On 9 Oct, Y0Y moved to its wintering 
site probably on the shores near the mouth of the Río Negro 
estuary in northern Patagonia, Argentina, arriving on 10 Oct. 

It stayed in approximately the same area for 173 days, though 
it was observed at San Antonio Oeste, 100 km west, on 13 
Mar 2010 by PMG and AJB. It left the area on 1 Apr 2010; 
flew for just one day to the shore close to the border between 
Uruguay and Brazil. It was seen by Joaquín Aldabe and Pablo 
Rocca on 10 Apr 2010 at Barra del Chui in Uruguay, and on 
11 and 12 Apr on the Brazilian side of Barra del Chui. Y0Y 
remained around the Uruguay–Brazil border for 36 days. On 
8 May, Y0Y flew 8,000 km in 6 days to the United States 
east coast, stopping for 6 days at Ocracoke, North Carolina; 
then it flew in one day to Delaware Bay, arriving on 20 May. 

1VL: The Red Knot with inscribed flag 1VL left Delaware 
Bay on 29 May and stopped in James Bay, Ontario, where 
it stayed for 9 days; on 8 Jun it flew on to Southampton 
Island, arriving on 10 June (Fig. 5). On 30 Jun it moved to 
an area NNW of Southampton Island, centered near Pelly 
Bay, Nunavut, north of the Arctic Circle, where the lack of 
nighttime signals made location uncertain. It arrived again on 
Southampton Island on 14 Aug, stayed for 6 days; then it flew 
3 days to Cape Cod, Massachusetts, where it stayed for 18 
days. On 8 Sep, 1VL made a direct flight of 6 days and 5,400 
km to an area 80 km northwest of Sao Luis, Maranhão, Brazil. 
On the way, it apparently encountered a weather system that 
caused it to detour nearly 1,000 km to the north-east. It stayed 
in Maranhão for 7 days, left on 22 Sep, and flew one day to 
winter in an area just north of Natal, Rio Grande do Norte, 
Brazil, close to the north-easternmost point of South America, 
where it stayed for 8 months. It left Brazil on 18 May 2010, 
flying 6 days and 6,700 km, crossing the Lesser Antilles and 
the Virginia coastal islands, and arriving in Delaware Bay on 
24 May. 1VL was recaptured the next day at 134 g, one day 
short of a year after it was first caught.

Flight range

For each flight, we measured the great circle distance between 
departure and arrival sites and these data are presented on 
the maps (Figs 3, 4 & 5) in yellow. However, we emphasize 
that these represent the absolute minimum distances flown, 
if the birds deviated from the great circle route at all (which 
is very likely) the distances flown will be greater. In those 
cases in which the geolocator output makes it clear that the 
route flown was substantially different from the great circle, 
we have added our estimate of the actual distance flown to 
the maps (in pale green).

Y0Y, which wintered in Argentina, flew the longest 
 aggregate distance, based on the great circle route between 
each stop, of 26,700 km and also made the longest single 
flight of 8,000 km. 1VL, which wintered in NE Brazil, flew 
an aggregate of 21,150 km on migration including two 
flights when it clearly deviated from the great circle. Y0U 
was recorded as having travelled about 12,200 km before its 
geolocator failed when it was on its wintering grounds in N 
Brazil. If it is assumed that it flew direct from there to Dela-
ware Bay, it would have covered about 17,500 km in the year. 

DISCUSSION

Hitherto, everything we have discovered about the migra-
tion of Red Knots in the Western Hemisphere, including the 
location of their wintering, stopover and breeding sites has 
been based on direct observations of birds, and the absence 
of birds. These data are inextricably bound to our choice of 
survey location and their value is hampered by our inability to 
make observations simultaneously everywhere in the flyway. 
Thus they provide us with only a limited understanding. But 
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now, with their ability to track birds throughout their annual 
cycle, it seems that geolocators are poised to greatly improve 
our comprehension of shorebird migration. However, until the 
impact of these instruments on the birds has been fully evalu-
ated, the interpretation of results should always take account 
of the possibility that they were influenced by the method.

Our results substantiate some of what we already knew or 
suspected about Red Knots in the West Atlantic Flyway, but 
also reveal new aspects that had not been expected.

Effect of geolocators on Red Knots

The geolocators mounted on Darvic flags did not appear to 
have any effect on the behavior, survival or leg morphology 
of Red Knots in this study. The devices weigh only 1.7 g 
(1.3% of the birds’ average fat-free mass (Atkinson et al. 
2007)), but as with most location devices, the method of 
 attachment presents the greater problem. In a similar project 
on Ruddy Turnstones Arenaria interpres in Australia, eight 
birds were fitted with geolocators and four recaptured after 
round-trips of up to 27,000 km to the Arctic and back (Minton 
et al. 2010), which also suggests that geolocators attached to 
flags are virtually no impediment to medium-size shorebirds. 
The fact that proportionately more knots with geolocators 
were resighted in May 2010, compared with knots with only 
flags appears to be evidence that geolocators have little or 
no effect on annual survival, but this should be treated with 
caution because there are clear reasons for this result that do 
not relate to survival. The high resighting rate of geolocator 
birds probably arises partly because a bird with a geolocator is 
more conspicuous to an observer and partly because an effort 
was being made to find birds with geolocators for recapture. 
Therefore if a geolocator bird was seen, an observer would 
persist in following it until the flag could be read, but flagged 
birds without geolocators might be ignored if they proved too 
difficult to observe. In principle the high resighting rate could 
arise because the geolocator birds had a longer residence time 
in Delaware Bay, but we have no reason to believe that this 
is the case.

A potential impact of geolocators that we have not been 
able evaluate is that they could cause damage to eggs during 
incubation. We are aware of current breeding-ground based 
studies of Red Knots, Dunlins Calidris alpina and Hudsonian 
Godwits Limosa haemastica using geolocators, so whether 
this is a matter of concern should soon become clear.

Migration routes

All three birds wintered in South America, providing us with 
the first direct evidence of the pathways Red Knots take 
between their arctic breeding grounds and South America. 
Three is a small sample from which to generalize, but there 
was some commonality among the birds in the routes they 
took that might be applicable to a substantial proportion of 
the knot population. 

First, all three departed from Delaware Bay heading inland 
in a NNW direction, which is consistent with all observed de-
partures of knots from the Bay (Harrington & Flowers 1996, 
authors’ unpublished observations). They then flew to James 
Bay and on to Southampton Island and other breeding areas.

Second, flying south after the breeding season, they all 
either stopped at, or crossed, the US mid-Atlantic Coast, and 
all stopped on or crossed the Lesser Antilles before reaching 
Brazil. 

Y0U wintered on the north coast of Brazil on the border 

between Maranhão and Pará, 1VL made landfall in Maran-
hão but then wintered about 1,100 km to the east, while Y0Y 
stopped in Maranhão for 12 days before moving on to winter 
in Argentina. Only Y0Y went to southern South America and 
flew overland going both south and north. Its northbound path 
took it across the Pantanal region of Brazil, where 10 knots 
were seen in Sep 1989 (Niles et al. 2008 citing CEMAVE 
unpub. data). Therefore, although the evidence is sparse, it 
would seem quite likely that the Red Knots that winter in 
Patagonia can traverse the Brazilian interior in both spring 
and fall.

Stopovers and wintering sites

After leaving Delaware Bay, all three birds stopped at James 
Bay before moving on to the Arctic. This is surprising because 
James Bay was not thought to be a major spring stopover 
though large numbers have been seen over-flying the area, 
presumably en route between Delaware Bay and the breed-
ing grounds (Niles et al. 2008). James Bay is only 1,500 km 
from Delaware Bay, which is a relatively short distance for 
the birds that leave Delaware Bay heavily laden with fuel. 
We do not think it likely that the three birds stopped in James 
Bay because they were hampered by the geolocators as they 
all made much longer non-stop flights later in the year. Prob-
ably the number of knots stopping in James Bay in 2009 was 
greater than usual because of a large area of persistent low 
temperatures and spring snow that forced the birds to delay 
their flight to the breeding areas (Paul Smith, pers. comm.). 
Therefore although James Bay may not be a key stopover 
under normal spring conditions, in 2009 and in similar years 
it may support a substantial proportion of the population.

Two birds, Y0U and Y0Y, stopped in the Lesser Antilles 
arriving on 3 and 8 Sep respectively. The geolocator locations 
suggest that both were in the area of Guadeloupe, Martinique 
and Barbados. However, so far as we know there are no previ-
ous observations of substantial numbers of knots stopping in 
this area, though small numbers occur during both north and 
south migration (Anthony Levesque, pers. comm., Holland 
& Williams 1978, Steadman et al. 1997). Two tropical storms 
were active in the region at the time (Erika, 1–3 Sep and Fred, 
7–12 Sep), so it may be that the birds stopped in the Lesser 
Antilles on account of the weather conditions. 

Y0Y stopped at the southern end of Lagoa dos Patos, Rio 
Grande do Sul, Brazil, on its southbound flight but in an area 
about 250 km to the south on the Brazil–Uruguay border 
for 36 days on its way north. This is at the southern end of 
the Rio Grande do Sul coast where in the 1980s research-
ers concluded that Red Knots move in short flights during 
April from south to north while feeding on the clam Donax 
haleyanus and the mole crab Emerita brasiliensis (Harrington 
et al. 1986, Vooren & Chiaradia 1990) coincident with the 
late summer peak of abundance of juveniles of these spe-
cies (Gianuca 1983). Thus the fact that Y0Y stayed in the 
same area around the Brazil–Uruguay border from which it 
launched on an 8,000 km flight suggests that the local food 
supply is currently good enough to support major refueling 
for Red Knots, but was passed through continuously by the 
larger population that existed in the 1980s.

The main rufa wintering sites are thought to be the south-
east United States coast (mainly Florida), the coast of Maran-
hão, N Brazil, between São Luís and Baía de Turiaçu and Isla 
Grande, and Tierra del Fuego (Niles et al. 2008). However, 
all of the geolocator birds wintered elsewhere. This is not 
particularly surprising because counts of knots stopping over 
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on the US east coast are sometimes greater than numbers 
estimated to be wintering in the main sites (A.D. Dey, unpub. 
information). Nevertheless this result highlights the need for 
more extensive surveys before we can claim to have a thor-
ough knowledge of the winter distribution of rufa. 

Non-stop flight range

South American wintering knots have long been thought 
to make very long non-stop flights during their northbound 
migration. In May 1984, for example, individually-marked 
knots were last seen at Lagoa do Peixe, S Brazil, and first 
seen in Delaware Bay 13 days apart, a great circle distance 
of 8,170 km (Harrington & Flowers 1996). At the time it was 
thought that the birds might have stopped en route; and there 
would have been time to do so because total flying time was 
estimated at about 6 days. However, subsequent discovery 
that long-distance migrants ingest much of their digestive 
apparatus before departure, and this has to re-grow before 
they can feed efficiently again (Piersma & Gill 1998) means 
that a refueling stop would be unlikely. Two similar instances 
of probable long non-stop flights occurred in 2010 when one 
individually marked knot was last seen at San Antonio Oeste, 
Argentina, and next seen in NE Florida 9 days later, a great 
circle distance of 8,050 km (PMG & P. Leary), while another 
was last seen at San Antonio Oeste and next seen in Delaware 
Bay 11 days later, a great circle distance of 8,900 km (PMG & 
AJB). The 8,000 km flight of Y0Y from the Brazil–Uruguay 
border to North Carolina provides the final proof that such 
long flights do indeed take place. 

Although Y0Y and probably the other birds mentioned 
above flew from at least southern Brazil to the United States 
without stopping on the north coast of South America, count 
data and band resightings show that many other Patagonia-
wintering knots do make a stopover there (Antas & Nasci-
mento 1996, González et al. 2006, Morrison & Harrington 
1992, Piersma et al. 2005, Rodrigues 2000, Wilson et al. 
1998). We do not know why some knots overfly the north 
coast while others stop, but it would seem to be an analogous 
situation to that of the canutus knots that winter on Banc 
d’Arguin, W Africa, and fly direct to the Wadden Sea in NW 
Europe if the weather is favorable, but stop in W France if 
they encounter adverse wind conditions (Leyrer et al. 2009). 
Although there are several reasons why migrant shorebirds 
may choose to stop in one place and not in another (van de 
Kam et al. 2004), a reason why at least some knots may 
avoid stopping on the north coast of South America is the 
prevalence of ectoparasites in that area (D’Amico et al. 2008). 

In a review of the northward migration of Red Knots 
worldwide, Piersma et al. (2005) assumed that all Patagonian 
rufa stop on the north coast of Brazil and that their longest 
non-stop flight is the 5,200 km from there to Delaware Bay. 
Among other knot subspecies, the longest flight they describe 
is that of canutus, some of which fly 6,900 km from South 
Africa to Mauritania. Possibly therefore those rufa that winter 
in southern South America and fly from at least S Brazil to 
the United States make the longest non-stop flights of any 
population of Red Knots worldwide, but that remains to be 
confirmed.

1VL arrived in Delaware Bay on 24 May having just flown 
6,700 km from NE Brazil. It was caught the next day at what 
seems, in the circumstances, the relatively high mass of 134 
g, just above the average fat-free mass of rufa knots (Atkinson 
et al. 2007). It is unlikely that it had gained significant mass 
between arrival and capture in view of its need to re-grow 

its digestive apparatus (Piersma & Gill 1998). Though many 
low mass knots are caught in Delaware Bay at the beginning 
of the stopover, it is normally impossible to know how long 
the birds have been present. Therefore more observations like 
this will give a useful insight into actual arrival mass.

Influence of adverse weather 

Adverse weather probably influenced the track of two birds, 
IVL and Y0U. When Y0U departed from New Jersey on 
southward migration, it first flew north to Cape Cod, then 
east out into the Atlantic, and ultimately south to the Lesser 
Antilles (Fig. 3). The initial northward flight may have been a 
response to strong southerly winds during the dying phase of 
tropical storm Danny and the landfall on the Lesser Antilles 
may have been caused by storm Erika which was travers-
ing that area at the time (Fig. 3). We estimate the distance 
flown by Y0U to be around 4,000 km compared with the 
great circle distance between departure and arrival sites of 
2,970 km. Similarly 1VL made a detour over the sea during 
its southward migration from Cape Cod to Brazil, probably in 
response to strong adverse winds recorded by weather buoys 
in the area at the time (www.buoyweather.com), flying at least 
6,800 km as opposed to the great circle distance of 5,400 km. 
That two of the three birds encountered stormy weather in the 
early hurricane season in the Atlantic is not surprising, but the 
birds’ responses to such weather events was not previously 
known. The extra flying represents substantial additional 
energy expenditure, which on some occasions might lead to 
mortality. 

Risk of collision with wind turbines

One focus of this work was to assess the potential risk to 
Red Knots of wind turbines that may be sited 3–20 miles 
(5–32 km) off the US Atlantic coast. The Bureau of Ocean 
Energy Management Regulation and Enforcement has iden-
tified three primary questions that need to be addressed to 
characterize the risk to knots from offshore wind development 
on the Atlantic Outer Continental Shelf (AOCS): 1) do knots 
fly within the 3–20 mile area?, 2) do they fly 40–150 m above 
sea level, the span of turbine rotors?, and 3) can they avoid 
the rotors if they do fly within this zone? Geolocator data can 
only answer the first of these questions, but there are concerns 
over the low resolution of the locations. Currently, the resolu-
tion for their geolocators is estimated by the British Antarctic 
Survey at around 150 km, but this is greatly affected by local 
factors, especially shading and weather. Minton et al. (2010) 
found errors as high as 250–300 km when comparing several 
known resightings to geolocator derived locations. However, 
both newer software and further interpretation of locations, 
based partly on weather information and repeated locations 
in the same place, can narrow this error in geospatial position 
calculation. Nevertheless, with current analytical techniques, 
resolution was sufficient for the three birds to indicate that the 
area of the AOCS from North Carolina to Cape Cod, Mas-
sachusetts, and particularly the vicinity of Delaware Bay may 
be critical for migrant Red Knots. 

Future research directions

In addition to the 47 geolocators attached to Red Knots in 
Delaware Bay discussed in this paper, we have since deployed 
a further 200 on Red Knots trapped between May 2009 and 
May 2010 on the Mingan Archipelago, Canada, the Atlantic 
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coast of New Jersey and Massachusetts, the Gulf coast of 
Florida and Texas and at San Antonio Oeste, Argentina. We 
plan to continue efforts to recapture the knots already carrying 
geolocators and, subject to sufficient funding, intend to attach 
more geolocators to enable us to build up a comprehensive 
understanding of the birds’ migration strategies, wintering 
and breeding locations. Such data will underpin conserva-
tion prescriptions for this vulnerable population and help 
assess the implications of coastal developments, including the 
placement of offshore wind facilities and drilling operations. 
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