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Small home ranges and high site fidelity in 
red knots (Calidris c. canutus) wintering on 
the Banc d’Arguin, Mauritania

Jutta Leyrer, Bernard Spaans, Mohamed Camara & Theunis Piersma

Using automated and manual radio-telemetry and resightings of indi-
vidual colour-ringed birds, we assessed the daily use of space of red 
knots Calidris canutus canutus at a tropical wintering area along the Sa-
hara coast, the Banc d’Arguin in Mauritania. Confirming earlier sugges-
tions, we found that birds were very faithful to their roosts and that the 
daily foraging range was small; in the course of several winter months 
birds used an area only of 2 – 16 km2 of intertidal area. We found no dif-
ferences between their movements in daylight and at night. Addition-
ally, individuals seem to return to exactly the same locations in subse-
quent winters. This pattern is very different from red knots wintering 
in the temperate Wadden Sea. Here they readily change roost sites and 
easily cover areas of about 800 km2 in the course of weeks, but just as 
in Mauritania, no differences between day and night are apparent. In 
northern Patagonia and north-western Australia red knots have range 
sizes closer to those on the Banc d’Arguin, but here they do show differ-
ences in space use between day and night. Ecological explanations for 
these contrasting patterns require further comparative data based on 
in-depth studies on the predictability of the food base and the presence 
of diurnal and nocturnal predators.
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Introduction

The way individual birds adjust their spatial relationships to conspecifics, competitors, preda-
tors, food and other features of their environment is fundamental to an animal’s ecology. Spac-
ing behaviour comprises a broad class of behavioural variability across spatial scales as small as 
individual distances within a flock, to the global scales embodied by annual migrations (Myers 
1984). Shorebirds are a particularly interesting group of birds on which to study space use as 
they are highly visible in the open habitats that they usually live in. Myers (1984) started to 
develop a comparative approach to spacing behaviour in nonbreeding shorebirds. He stated that 
spacing behaviour represents predictable responses to ecological and evolutionary processes. 
Traditionally, studies on spacing behaviour have focused on individuals at the local level, show-
ing how behavioural traits such as territoriality, flocking behaviour, aggressiveness, and roost 
dispersion are adjusted to foraging opportunities, levels of raptorial predation, and other envi-
ronmental conditions (c.f. Myers et al. 1979, Piersma et al. 1993b, Cresswell 1994, Whitfield 
2003, Bednekoff & Lima 2004).

This study is inspired by Myers’ (1984) comparative approach aimed at an evolutionary 
understanding of inter- and intraspecific variation of time- and space-use in nonbreeding shore-
birds. In this paper we limit ourselves to a study of contrasting space use patterns in a single 
species, the red knot Calidris canutus. Red knots are a suitable study species, as they always 
occur in coastal habitats, almost always use bivalves as their staple food, yet winter at a wide 
range of latitudes on all continents except Antarctica (Piersma & Davidson 1992, Piersma et al. 
2005). Additionally, although separate flyways are inhabited by morphologically distinct sub-
species, their genetic variability suggests that these subspecies are very closely related and have 
a very recent, post-Pleistocene, origin (Baker et al. 1994, Buehler & Baker 2005, Buehler et al. 
2006). This would mean that comparisons between subspecies and flyways are not hampered 
by deeply rooted genetic differences.

Extensive earlier work in the Dutch Wadden Sea and preliminary colour-ringing studies on 
the Banc d’Arguin, Mauritania, two major wintering sites on the East Atlantic Flyway, have 
provided evidence that spacing behaviour of red knots during the non-breeding season shows 
considerable differences between the two sites (Piersma et al. 1993b; figure 2.1). Home ranges 
of red knots in the temperate Wadden Sea cover an area of around 800 km² in several weeks 
(van Gils & Piersma 1999, van Gils et al. 2000, 2005b), whereas home ranges of red knots 
wintering on the tropical Banc d’Arguin were suspected to be as small as 10 – 15 km² (Piersma 
et al. 1993b). Interestingly, there are also strong differences in the fuelling rates of birds during 
northward migration, with red knots in tropical areas, including the Banc d’Arguin, consistently 
fuelling at lower rates than birds further south or north (Piersma et al. 2005). All these differ-
ences suggest the importance of specific ecological conditions in otherwise quite similar coastal 
intertidal areas shaping the movements and performance of shorebirds in space and time. Using 
telemetry and colour-ringing we here document home range size and site fidelity within and 
among years of red knots on the Banc d’Arguin, Mauritania.

Methods

Study site
Twenty birds were captured at night with mist nets at two main roost sites near Iwik, Banc 
d’Arguin, Mauritania, West Africa, on 17 December 2003 (see figure 2.2a). Four of them (#1- 
#4) were caught at a high tide roost in the north-western part of Baie d’Aouatif (19°54’N 
16°17’W), whereas 16 individuals (#5-#20) were caught at the high tide roost at Abelgh Eiz-
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naya (19°54’N 16°19’W). All birds were released at the beach in the southwest of the Baie 
d’Aouatif but returned to their original roost site at the latest two days after the catch (figure 
2.3). For the analyses, the timing of the tides at Iwik were calculated on the basis of predicted 
times for high and low tide for Dakar, Senegal (Admiralty Tide Tables (ATT), Vol. 2 Europe 
(excl. UK and Ireland), Mediterranean Sea and Atlantic Ocean), with both high and low tide 
on average five hours later in Iwik than in Dakar (Smit et al. 1989, Wolff & Smit 1990). Day 
and night were separated by morning and evening civil twilight, and time of civil twilight was 
calculated after Burnett (1999).
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Figure 2.1  Comparison between the foraging range of 
nonbreeding red knots (Calidris canutus) in the Dutch 
Wadden Sea (islandica subspecies) and on the Banc 
d’Arguin, Mauritania (canutus subspecies). Adapted from 
Piersma et al. (1993b)

Biometric data and radio-telemetry
All birds were ringed with a metal ring from the Dutch ringing scheme and an individual combi-
nation of four colour-rings and a red leg flag (see Piersma & Spaans 2004). Birds were aged ac-
cording to Prater et al. (1977), distinguishing hatch-year old birds (1st calendar year or cy), born 
the year before (2nd cy) and older birds (adults). Standard biometric data were collected. Addi-
tionally, a drop of blood was collected from the brachial vein and stored in 95% ethanol. Using 
a standard molecular assay verified for red knots (Baker et al. 1999), we determined sex of all 
transmittered birds. Using superglue, small 1.8 g transmitters (BD2; 173 Mhz, guaranteed life-
time of 6 weeks; Holohil Systems Ltd., Carp, Ontario, Canada) were attached to trimmed back 



feathers and the underlying skin (Warnock & Warnock 1993, Nebel et al. 2000). Radio signals 
were collected by two 24h operating automated radio tracking stations (ARTS), supplemented 
by regular checks with mobile antennae and receivers. The ARTS (Telemetrics, Arnhem, The 
Netherlands; see Green et al. 2002, Battley et al. 2004) were erected at Abelgh Eiznaya and 
Baie d’Aouatif (figure 2.2a) and were operating constantly from 18 to 27 and 28 December 
2003, respectively. Each bird was scanned every 6.6 min. This receiver set-up recorded signals 
within a 1-km radius (van Gils et al. 2000, 2005b, Battley et al. 2004). 

During the time that the automatic stations were operating signals were received from 14 in-
dividuals. For day and night time calculations only days with full 24h recordings were included. 
Tide related patterns of roost use were calculated by dividing all signals received by the ARTS 
per hour by all signals that could possibly be received from the three (Baie d’Aouatif) and 11 
(Abelgh Eiznaya) tagged individuals at Baie d’Aouatif and Abelgh Eiznaya, respectively, in the 
given hour.

Figure 2.2 a Map of the study area in the north of the 
Parc National du Banc d’Arguin, Mauritania. Squares 
indicate the position of the two automatic radio tracking 
stations (ARTS) at the main high tide roosts at Abelgh 
Eiznaya and Baie d’Aouatif. Signals could be received 
by the ARTS within a range of a 1-km radius (circles). 
The dotted line indicates the area scanned regularly with 
portable receivers from December 2003 to April 2004. 
b Close-up of the intertidal areas around the village of 
Iwik (number 2a) in which previously colour-ringed 
individual red knots were intensively searched for in 
December 2004. Areas in light grey represent mudflats, 
areas in dark grey show water.
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Parallel to the automated recordings, scans were made with portable receivers (IC – R10, 
ICOM) connected to a three-element Yagi antenna. From 18 to 28 December 2003 all individu-
als were scanned daily along the beaches surrounding Baie d’Aouatif and Abelgh Eiznaya (fig-
ure 2.2a). On 27 and 28 December a sailing trip was made to the islands of Niroumi and Nair 
to check for the transmittered birds (figure 2.2a). There, we regularly checked during different 
times of the day and all phases of the tide, but no signals were received. Additional scans using 
portable receivers were made in the periods 11-16 January, 27-30 January, 13-15 February, 17 
March, 27 March and 20 April, all in 2004. There were no discrepancies between the automatic 
receiving stations and the portable receivers. In total we received signals from 17 birds until the 
last successful check on 15 February 2004 (figure 2.5). Thus, only three radio-tagged birds were 
‘lost’.  Two individuals, one from each catching site, both of which were first year males with 
rather low body masses at capture, probably left the area and were never observed subsequent 
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to the day of their release. The third individual that went missing was an adult female from 
Abelgh Eiznaya that was released after several days of nursing for leg cramp (see Rogers et al. 
2004); her signals were only received for two subsequent days. However, this bird was seen 
back in the following year when it eventually returned to the area.

Calculating site fidelity by analysing resightings of individually colour-marked birds
During December 2004 intensive ring reading was carried out at nine different areas inside the 
study area around Iwik (figure 2.2b). With the help of a telescope (magnification 20x – 60x) 
we identified individual red knots by their colour-ring combination which could be read up to 
a distance of about 300m. Close to the high tide roosts flocks were scanned either when they 
had just left the roost or when they were about to come back. Then high numbers of birds are 
concentrated on a comparatively small area, yet the individuals are widespread enough to be 
able to check most of the birds’ legs. During low tide we followed the birds to their foraging 
areas, either by boat or on foot. Red knots are easy to observe on their foraging grounds as it is 
possible to approach a flock quite close without disturbing them. Site fidelity was analysed by 
calculating the probability of which either an Abelgh Eiznaya or a Baie d’Aouatif ringed bird 
was to be seen in one of the nine areas observed. For all calculations only red knots ringed at 
the Banc d’Arguin before 2004 were taken into account. In Baie d’Aouatif 31 and 9 individuals 
and at Abelgh Eiznaya 224 and 197 red knots were ringed in 2002 and 2003, respectively. Of 
these ringed birds 70% were expected to be alive and return the following winters (estimated 
adult survival of the canutus knots is 0.7, B. Spaans and T. Piersma, unpubl. data). This results 
in a total of 21 Baie d’Aouatif captured individuals and 248 birds captured at Abelgh Eiznaya to 
be expected to be present in the study area in early December 2004, assuming that all birds are 
site faithful. Note that of the initially 20 radio-tagged birds three individuals were seen again in 
December 2004. Supposing an annual adult survival of 0.7 and a resighting probability of 0.4 
[calculated with MARK (White & Burnham 1999), B. Spaans and T. Piersma, unpubl. data], 
the observation of three individuals may be a bit less than the expected five or six individuals, 
but does not differ significantly. And additionally, in April and May 2005 another three of these 
formerly radio-tagged birds were seen back in the area (B. Spaans, unpubl. data).
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Results
The 17 focal birds included one 1st cy female, one 2nd cy female and two 2nd cy males, and four 
female and nine male adults. The mean body mass of the three focal transmitter birds from Baie 
d’Aouatif was 121 g (±11 SD), mean body mass of the 14 focal transmitter birds from Abelgh 
Eiznaya was 125 g ± 7 g (no difference between the two sites: Mann-Whitney-U-Test p > 0.05; 
Z = - 0.51, n = 17). All individuals had full winter plumage and wing moult was fully com-
pleted. The three birds (two 2nd cy and one adult) of Baie d’Aouatif were all males. At Abelgh 
Eiznaya, there were six females (one 1st cy, one 2nd cy, four adults) and eight males (one 2nd cy, 
seven adults). 

All but one of the 14 birds that were monitored constantly by the ARTS remained faithful to 
the roost site where they were caught (figure 2.3). The one exception (#19, a 2nd cy male caught 
at Abelgh Eiznaya) switched roosts twice between Abelgh Eiznaya and Baie d’Aouatif. After its 
return to Abelgh Eiznaya four days after catching, its signal was received two days later at Baie 
d’Aouatif for two days before it eventually returned to Abelgh Eiznaya. Results from the hand-
held scans in January and February revealed further switching between the two sites as the bird 
was detected at Abelgh Eiznaya in mid January and back in Baie d’Aouatif in late January. At 
the last successful scan in mid February it was back at Abelgh Eiznaya. Most birds showed no



All 17 focal birds were detected during manual radio scans up to 15 February 2004 (figure 
2.5) at their normal locations. This is already a few weeks longer than the guaranteed transmit-
ter lifetime of six weeks. It is quite likely that birds remained in the area much longer. 

In December 2004 a total of 119 individuals colour-ringed locally in late 2002 and 2003 
were observed in different parts of the study area (see figure 2.2b). Of the 102 colour-ringed 
individuals that were seen at Abelgh Eiznaya and the adjacent mudflats (areas 1, 8, and 9 in fig-
ure 2.2b), two were originally caught and ringed at Baie d’Aouatif and 100 at Abelgh Eiznaya, 
representing respectively 10% (2 out of 21) and 40% (100 out of 248) of the birds ringed at 
the respective roost. Thus, at Abelgh Eiznaya the resighting probability of a bird caught at the 
Abelgh Eiznaya roost was four times higher than the probability of seeing a bird caught at Baie 
d’Aouatif. In the areas along the western and northern fringes of Baie d’Aouatif (areas 2, 2a, 
3, and 4) the observed fraction of birds both caught at Abelgh Eiznaya and Baie d’Aouatif was

changes in the use of roosts between day and night in either Baie d’Aouatif or Abelgh Eiznaya 
Eiznaya, except for two birds. One 2nd cy female (#5) used the roost at Abelgh Eiznaya more 
during the daylight than at the night-time high tides (Wilcoxon-Test p < 0.05, Z = -2.52, n = 8) 
and a 1st cy female (#6) used to roost more at Abelgh Eiznaya at night than during daytime high 
tides (Wilcoxon-Test p < 0.05, Z = -2.52, n = 8). We did not discover where these individuals 
were when out of reach of the ARTS at the roosts.
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Figure 2.3 Signals received from red knots at the Banc d’Arguin from the automatic radio tracking stations in De-
cember 2003 at the two high tide roosts at Baie d’Aouatif and Abelgh Eiznaya. The dot size gives the number of 
signals received per hour. Knot #2, #3, and #4 were caught at Baie d’Aouatif, all others at Abelgh Eiznaya.  
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about the same, with 5% of the birds originally captured at Baie d’Aouatif (1 of 21) and also 5% 
from Abelgh Eiznaya (13 of 248). In the Baie d’Aouatif (areas 6 and 7) the fraction of birds re-
sighted was ten times higher for Baie d’Aouatif birds (2 of 21, = 10%) than for Abelgh Eiznaya 
birds (2 of 248, = 1%). As most of the resightings of individually marked birds were made close 
to their original catching site both in the course of one winter and between years, this suggests 
that red knots wintering on the Banc d’Arguin tend to return to the familiar roosts and feeding 
areas that they have been faithful to in previous years. 

Radio-tagged red knots at Baie d’Aouatif could be detected throughout the tidal cycle, sug-
gesting that the birds remained within a 1-km radius of the ARTS during high and low tide 
(figure 2.4). We thus calculated that red knots roosting at Baie d’Aouatif use an intertidal area of 
1.6 km², as only half of the area inside the listening array consisted of mudflats (figure 2.2a). At 
Abelgh Eiznaya the birds intensively used the area inside the listening array of the ARTS dur-
ing the outgoing tide, but left the 1-km radius one hour after low tide, to return to the area only 
one hour before high tide (figure 2.4). Although these birds left the Abelgh Eiznaya coastline, 
they apparently did not go as far as the mudflats surrounding the islands of Niroumi, Nair, and 
Northern Tidra, up to 9 - 11 km away (figure 2.2a). The observations of colour-ringed individu-
als in December 2004, confirmed that red knots roosting at Abelgh Eiznaya foraged on mudflats 
west of the roost (minimum distance to coast approx. 700 m), just outside the receiving area of 
the ARTS at the roost (figure 2.2b). We derived that these birds use a home range covering ap-
proximately 16 km2 (comprising areas 1, 8, and 9, figure 2.2b). 
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Figure 2.5 Percentages of signals received during 
the tidal cycle at Baie d’Aouatif (upper graph) and 
Abelgh Eiznaya (lower graph) as received by the 
given automatic radio tracking station. Percentages 
were calculated by dividing all signals received by 
the ARTS per hour by all signals that could possi-
bly be received from the 13 (Baie d’Aouatif) and 
11 (Abelgh Eiznaya) tagged individuals at Baie 
d’Aouatif and Ablegh Eiznaya, respectively, in the 
given hour.
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Discussion
Red knots of the nominate canutus subspecies wintering at the Banc d’Arguin show a high 
degree of site fidelity within and between years. Moreover, as the regular detection of the birds 
in the area over a period of more than two months suggests, this high degree of site fidelity is 
sustained throughout the whole winter. In contrast to this, islandica red knots wintering in tem-
perate British estuaries have shown no or only very little site fidelity between years or within 
wintering seasons (Symonds et al. 1984, Rehfisch et al. 2003). 

The size of the area used by red knots wintering at the tropical Banc d’Arguin was 16 km² 
or less, much smaller than the home ranges of wintering red knots elsewhere in the world (table 
2.1). For example, red knots of the islandica subspecies wintering in temperate areas like the 
Wadden Sea covered an area as large as 800 km² in the course of some weeks (Piersma et al. 
1993b, van Gils & Piersma 1999, van Gils et al. 2000, 2005b). At other temperate European 
wintering areas in British estuaries such as Morecambe Bay (Prater 1972) and the Firth of 
Forth (Symonds et al. 1984), individual islandica red knots also roam over areas of several tens 
of square kilometres in the course of the winter (see also Rehfisch et al. 2003). Furthermore, 
they even move quite often between estuaries (Evans 1981, 1984), extending the area used to 
several hundreds of kilometres. The rufa subspecies wintering in the southern hemisphere in 
temperate Patagonia, Argentina, likewise covers areas of 100 – 200 km² (Sitters et al. 2001). 
Consequently, both temperate wintering subspecies cover areas up to 50 times larger than the 
wintering red knots at the tropical Banc d’Arguin. Home ranges of the piersmai subspecies at 
tropical Roebuck Bay, north-west Australia, are as large as 20 km² (Rogers et al. 2006), which 
is in the same order of magnitude, although still slightly larger than at the Banc d’Arguin. Our 
comparison thus confirms the idea that home ranges of temperate wintering red knots are much 
larger than of those wintering in the tropics (Piersma et al. 1993b). 

One of the main factors influencing habitat use by shorebirds is the availability of their prey 
(van de Kam et al. 2004). For shorebirds wintering in the Wadden Sea the food supply may 
be characterized as unpredictable. Erratic large drops in temperature make benthic food either 
unavailable to birds, therefore causing them to leave the site in search of warmer areas (e.g. the 
British estuaries; Evans 1976). Contrarily, benthic food may suddenly be highly available at 
some spots when e.g. after periods of frost moribund shellfish with gaping valves provide a rich 
food resource (Zwarts & Wanink 1993). In other years, prey harvestable by red knots may be 
highly variable due to unpredictable spat fall (Zwarts et al. 1992, Beukema et al. 1993). Con-
sequently, temperate wintering birds have to keep track with ever changing feeding conditions 
(Evans et al. 1980, Evans 1981). Tropical wetlands lack climatic extremes such as cold spells,

Table 2.1 A worldwide comparison of home ranges and differences in the use of foraging areas and roost sites 
between day and night in wintering red knots.

Study area Subspecies Time of year
Approx.          

home range Source

foraging 
area roost site

Banc d'Arguin  
Mauritania

canutus
Nov. - Dec. 

March
2-16 km² no no this study                    

Piersma et al. 1993b

Roebuck Bay 
Australia

piersmai Feb. - April 20 km² no yes Rogers et al. 2006

Patagonia 
Argen�na

rufa March - April 100 - 200 km² yes yes? Si�ers et al. 2001

Wadden Sea      
The Netherlands

islandica Sep. - Oct. > 800 km² no no van Gils & Piersma 1999

Day/Night differences



and no cyclones occur off the West African coast. Moreover, they appear to lack the seasonal 
synchronization of the reproductive cycle of the invertebrate prey (Wolff 1991, Piersma et al. 
1993a, Dittmann 2002, de Goeij et al. 2003). Thus, prey lives close to the surface, and without 
peaked seasonal occurrences, provides more or less constant feeding conditions throughout 
the year (Piersma 1982, Piersma et al. 1993b). Additionally, in contrast to temperate wintering 
islandica knots canutus knots lack a mass peak (Piersma 1994) and have lower BMRs in winter 
(Piersma et al. 1996). We propose that this allows birds to confine themselves to very well-
known small areas. This even seems to be the case during the period of fuelling for northward 
migration (P.J. van den Hout & L. van Kooten, pers. comm.), a season when feeding time is 
stretched to the maximum at Banc d´Arguin (Zwarts et al. 1990b), but rates of mass increase are 
relatively low (Piersma et al. 2005). 

In our comparison of winter spacing behaviour at different wintering sites we came across 
differences in diurnal and nocturnal habitat choice at some sites. Such differences are often 
reported in shorebird studies (Mouritsen 1994, Burton & Armitage 2005) and are frequently 
related to differences in predation risk as the birds are exposed to a different group of predators 
at night than during the day. Rogers et al. (2006) showed that roosting behaviour of wintering 
red knots in north-west Australia differed considerably between day and night because of an 
increased predation risk at the favourite daytime roosts during the night. To decrease predation 
risk, the birds appeared to accept the extra costs of time and energy expenditure by choosing 
roost sites further away from the feeding habitats. In wintering red knots in Patagonia, Argen-
tina, predator avoidance has been suggested to lead to the complete avoidance of profitable 
foraging sites at night (Sitters et al. 2001). These two examples suggest that sites may be so dan-
gerous that increased costs of commuting between foraging areas and roost sites and even the 
avoidance of good feeding sites may be accepted (Cresswell 1994, Hilton et al. 1999, van Gils 
et al. 2000). If the lack of differences between the day and night time use of roosts and feeding 
areas is anything to go by, red knots wintering on the Banc d’Arguin did not seem to encounter 
differences in predation pressure on the roosts between day and night. Note that daytime pre-
dation by raptors is well documented (Bijlsma 1990), just as in the Wadden Sea (van Gils &  
Piersma 1999, van Gils et al. 2000, 2005b). However, from our results, we cannot exclude small 
scale differences in feeding site choice between day and night.

In conclusion, we suggest that the combination of food predictability and the absence of day/
night differences in predation pressure both at high tide roosts and at foraging areas, allow ca-
nutus red knots wintering at the Banc d’Arguin to have very small and predictable home ranges 
compared with red knots wintering in other areas. True to Myers’ (1984) research agenda we 
must now assemble further comparative data based on in-depth studies on the predictability of 
the food base and the presence of diurnal and nocturnal predators to fully exploit the compara-
tive potential provided by red knots world-wide.

21Small home ranges and high site fidelity
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