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Densities of individually marked migrants away
from the marking site to estimate population sizes:
a test with three wader populations

BERNARD SPAANS'*, LAURENS VAN KOOTEN', JENNY CREMER', JUTTA LEYRER' and
THEUNIS PIERSMA!2

'Department of Marine Ecology, Royal Netherlands Institute for Sea Research (NIOZ), PO Box 59, 1790 AB
Den Burg, Texel, The Netherlands and 2Animal Ecology Group, Centre for Ecological and Evolutionary
Studies (CEES), University of Groningen, PO Box 11103, 9700 CC Groningen, The Netherlands

Capsule Population estimates based on the mark-resighting method can be a useful alternative to
population-wide counts.

Aims To investigate whether the mark-resighting method can be used as an alternative to counts to
estimate the size of wader populations.

Methods Individual colour-marking and subsequent resightings allowed accurate estimates of annual
survival for three populations of waders, on which basis we could estimate the actual number of marked
birds alive. Densities of marked birds were determined on sites away (2000-4300 km) from the ringing
locations expecting marked birds to be randomly distributed among non-marked conspecifics. Population
sizes are estimated by combining these densities with the number of marked birds alive.

Results We found indications that the distribution of marked birds was indeed random in the locations
away from the site of marking. The estimated population size of Red Knot Calidris canutus canutus was
in accordance with the most recent estimates based on counts. Our estimate of the Calidris c. islandica
population was somewhat lower, and that of the Bartailed Godwit Limosa lapponica taymyrensis
population was considerably lower than the latest estimates based on counts.

Conclusion Population estimates based on the mark-resighting method can be a useful alternative for,
or addition to, population-wide counts, as long as the assumption of random distribution of marked birds
at the reading sites is taken into account. We conclude that the Afro-Siberian Bar-tailed Godwit population

has recently decreased in size or has been substantially overestimated during the counts.

During the non-breeding seasons, coastal waders (or
shorebirds) have the helpful habit of congregating at a
relatively small number of sites where they can be
counted. The summations of such counts are then
taken to represent estimates of the population size of
that subspecies or species. On this basis, Wetlands
International and the International Wader Study
Group have issued a series of summary reports on the
status of many of the world’s waterbird populations
(Delany et al. 2009, Wetlands International 2002,
2006, Stroud et al. 2004). However, such estimates of
population size still suffer from systematic counting
errors (Rappoldt et al. 1985, Rogers et al. 2006), as well

as gaps in coverage that may (or may not) partly be
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taken care of by statistical ‘imputing’ techniques
(Underhill & Prys-Jones 1994, Atkinson et al. 2006).
An alternative to the determination of total popula-
tion sizes by large-scale counting efforts would be the
marking of samples of birds, and the subsequent mea-
surement of the densities of marked birds, i.e. the
mark-resighting method (Krebs 1989, Ganter &
Madsen 2001, Gunnarsson et al. 2005, Lourenco et al.
2010). If the number of surviving marked birds can be
estimated, total population size could actually be
approximated from that number multiplied by the mea-
sured dilution (ratio unmarked to marked), including
confidence intervals around the estimate (Krebs 1989,
White 1996). This is all valid if one important assump-
tion is met: the marked birds randomly disperse within
the population. This is unlikely to be the case in the
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location where birds are marked (Warnock & Takekawa
1996, Burton & Evans 1997, Leyrer et al. 2000).
However, migrant waterbirds move between locations,
and if the population structure is not maintained dur-
ing such moves (i.e. that birds are distributed randomly
among conspecifics away from the marking site), then
this assumption could be met.

Here we present population estimates based on the
mark—resighting technique for three wader populations
in the East Atlantic Flyway: (1) the Afro-Siberian Red
Knot Calidris canutus canutus, (2) the Nearctic Red
Knot Calidris c. islandica and (3) the Afro-Siberian
Bar-tailed Godwit Limosa lapponica taymyrensis (Engelmoer
& Roselaar 1998). Canutus Knots were individually
marked in their wintering area on the Banc d’Arguin
in Mauritania, islandica Knots during autumn, winter
and spring in the Dutch Wadden Sea and individuals
of the taymyrensis Bar-tailed Godwit population during
spring stopover in The Netherlands and in Germany.
Over the course of 6-9 years, sufficient numbers of
individuals of each population were resighted to get an
accurate estimate of annual survival. These survival
rates allow us to estimate the total number of colour-
marked birds present in the population at any moment
that we determined ring densities. To avoid effects of
site-faithfulness resulting in a relatively high ring-
density in the ringing location (Leyrer et al. 2006, Spaans
et al. 2009), densities of marked individuals were deter-
mined in locations far away (2000-4300 km) from the
ringing sites. To some extent we were able to verify the
assumption of a random distribution of marked indi-
viduals among conspecifics.

METHODS
Colour-ringing the populations

Calidris c. canutus

The Afro-Siberian Knots were all caught and marked
near the village of Iwik on the Banc d’Arguin in
Mauritania (19°53’N, 16°18"W) (Fig. 1, location 2)
(Leyrer et al. 2006). They are, by definition, of the
canutus subspecies, because islandica does not occur
there (Piersma et al. 1992).

Calidris c. islandica

Islandica Knots were caught in the Dutch Wadden Sea
(53°15’N, 5°15’E) (Fig. 1, location 1). The maximum
distance between the 10 different catch sites was less
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than 90 km. When caught between October and March
these birds are, per definition, islandica (Davidson &
Wilson 1992). However, from the end of July until the
end of September and in May, canutus Knots use the
same location as a stopover site, and we cannot distin-
guish these two subspecies on the basis of plumage
(Nebel et al. 2000). We did not catch birds in May, but
in July, August and September we did. At this time,
the majority of adults are moulting the primaries. As
canutus Knots do not start wing-moult until they have
reached the wintering area (Piersma et al. 1992), we
assumed that the adults in wing-moult are islandica.
More problematic are the second calendar year birds
recognizable by their basic plumage and advanced
wing-moult when captured in July—August, and the
non-wing-moulting adults caught during this time.
When birds of the latter category were heavier than
155 g, indicating that they were preparing for long-
distance migration, we assumed that they were canutus
(Nebel et al. 2000); note that we never caught adults
in wing-moult (= islandica) that were that heavy. All
marked Red Knots of which it was uncertain whether
they were islandica (29% of the catch) were left out of
consideration here.

Limosa I. taymyrensis

Bar-tailed Godwits of the taymyrensis subspecies were
all caught in The Netherlands and Germany (Fig. 1,
locations 1 and 3) between 20 April and late May. The
maximum distance between catch sites was 335 km.
From late April onwards, the birds arrive from their
West African wintering areas and use the Wadden Sea
as their main spring fattening area (Piersma & Jukema
1990, Duijns et al. 2009). In July and August these
birds use the Wadden Sea again as a stopover during
their return migration to West Africa (Drent & Piersma
1990, Engelmoer 2008). Resightings show that some
individuals caught between 20 April and the end of
May and some more birds caught in July and August
were actually wintering in Europe. We assume that
these birds belong to the lapponica subspecies (see
Engelmoer 2008, Duijns et al. 2009). From extensive
ring-reading during the winter months in the western
part of the Dutch Wadden Sea, we estimated that 6.7%
of the birds caught between 20 April and late May were
lapponica (B. Spaans et al. unpubl. data). However, for
July and August this fraction was 41%. Here we have
left out birds caught in late July and August.

All birds were individually marked with four colour-
rings (two on each tarsus, four different primary

© 2011 British Trust for Ornithology, Bird Study, 58, 130-140
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Figure 1. The position of the various ringing and ring-reading locations. 1, Dutch Wadden Sea; 2, Banc d’Arguin, Mauritania; 3, German

Woadden Sea, and 4, Iceland. See also Table 3.

colours) and a flag (colour-ring with an extension) on
eight different positions (Brochard et al. 2002, Piersma
& Spaans 2004, see also www.nioz.nl: and then navi-
gate the site via research, scientific departments,
marine ecology and projects to Colour Rings). In this

© 2011 British Trust for Ornithology, Bird Study, 58, 130-140

way, we are able to make 2048 different combinations
per flag colour. The numbers of individually marked
birds per year on which our analysis is based are listed
in Table 1 (years run from 1 July to 30 June). The total
number of accumulated resightings, the total number
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Table 1. The number of individually marked birds of the three
wader populations per year. * Number not relevant here.

Year C. c. canutus  C. c. islandica L. I. taymyrensis
98/99 0] 158 0
99/00 0 405 0
00/01 0 287 128
01/02 0] 356 170
02/03 244 93 374
03/04 196 244 295
04/05 201 201 189
05/06 164 360 434
06/07 178 361 313
07/08 107 * *

of resighted individuals and the fraction observed in
the main area of observation are listed per population
in Table 2. The observations also yielded information
on the distribution of the marked birds over the win-
tering and/or staging areas and some relevant results
are presented here to verify the assumption of random
mixing of marked birds away from the ringing sites.

Determining densities of marked birds

Ring densities were mainly determined at the foraging
areas (intertidal mudflats) by scanning all individuals
for which both legs could be seen. When a colour-
ringed individual was found, the number of scanned
individuals counted up until that point was noted and
the combination was read. We always tried to check as
many different individuals as possible. When we found
large concentrations of Red Knots of which the legs of
a large fraction could not be seen during one scan, for
instance when feeding on mudflats with a variation of
dry parts and shallow pools of water, we had to make
multiple scans through the flock. In those situations
every new scan consists of newly controlled birds and
birds that were already controlled during the previous
scans. So the final number of controlled birds is not the
sum of the numbers controlled during each scan, but
had to be estimated. By counting the total number of
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birds in the flock, the final number of controlled birds
(X) was estimated with the following formula, repre-
senting the probability of being controlled multiplied
by the total number in the flock. Here we assume that
the probability of seeing particular individuals within
the flock is random.

X= {1 = (T = C)/T)* (T = C)/T)* ((T - C,)/T)*..*
(T-C)D¥ T

where T = the total number in the flock, and C, = the
number controlled at scan i.

Although high-tide roosts have the advantage that
many birds are concentrated, it appeared that scanning
for colour-rings of birds on high-tide roosts was usually
impossible because birds were standing too close
together, or on one leg, or in shallow water. Only in a
few situations where we gained a clear view could we
get reliable ring density estimates at high-tide roosts.

The locations where ring densities were
determined

Calidris c. canutus

Ring densities of canutus Knots caught on the Banc
d’Arguin, Mauritania were determined from 21 to 28
May 2006, from 22 May to 3 June 2007 and from 22
May to 4 June 2008 in the Schleswig-Holstein part of
the German Wadden Sea, between the river Elbe in
the south (53°52’N, 08°52’E) to the town of Husum in the
north (54°29’N, 09°03’E) (Fig. 1, location 3). The
Schleswig Holstein area is known as the single most
important spring staging area for this population
(Prokosch 1988, Piersma et al. 1992). Although islandica
Knots do occur in this area, adults of this population
would have left the German Wadden Sea before 20
May (Prokosch 1988, Dick et al. 1987). Only juvenile
islandica Knots stay there but, in spring, they are easily
recognizable by their winter plumage while adults are
in summer plumage then. Juvenile canutus Knots do
not come to these staging areas in May and the

Table 2. The number of resightings of the three wader populations (between brackets: during x years) and number of resighted individuals
on which the survival analysis is based, including the fraction that was observed in the main location of observation.

Total number

Number of individual

Number of individuals Fraction (%) in main

marked resightings resighted resighting location
C. c. canutus 1090 3746 (6) 713 95% on Banc d’Arguin
C. c. islandica 2465 3723 (9) 1385 72% in Dutch Wadden Sea
L. I taymyrensis 1903 5064 (7) 1040 88% in Dutch Wadden Sea

© 2011 British Trust for Ornithology, Bird Study, 58, 130-140
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majority remains in the wintering areas in West Africa
(van Dijk et al. 1990). Thus, ring density estimates
here were only made among Red Knots in summer
plumage.

Calidris c. islandica

The ring densities of the Nearctic islandica Knots were
determined from 9 to 28 May 2007 at a number of coastal
areas in Iceland (65°N, 22°W) (Fig. 1, location 4).
These areas are known to be an important spring stag-
ing area for islandica Knots (Gudmundsson &
Gardarsson 1993). Canutus Knots do not occur at all
there (Piersma et al. 1992). As juvenile Knots tend to
remain on the winter grounds during their first sum-
mer, very few, if any, juvenile islandica Knots will occur
in Iceland at this time.

Limosa I. taymyrensis

To determine ring densities of Bar-tailed Godwits
marked during stopover in the Netherlands and
Germany, we went to their main wintering areas in
West Africa, the Banc d’Arguin in Mauritania
(19°50'N, 16°23"W) (Fig. 1, location 2), making obser-
vations from 6 to 13 December 2007. This area is
known to be the most important wintering area for this
population (Altenburg et al. 1993, Engelmoer et al.
1984, Hagemeijer et al. 2004).

For comparison, ring densities were also determined
in the areas of ringing for all three populations. The
locations of ringing and ring density determination are
summarized per population in Table 3, including the
(great circle) distance between them.

Numbers of marked birds and the estimation
of population size

To be able to estimate the total number of marked birds
present in the population at the moment we deter-
mined the ring density, we need an estimate of the

Table 3. Locations where birds were ringed and where ring-densi-
ties were determined per population. See Fig. 1 for the global posi-
tion of the numbered locations.

Location where ~ Great circle distance
Ringing  ring-densities  (km) between ringing

Population location were determined and sighting locations
C. c. canutus 2 3 4400
C. c. islandica 1 4 2000
L. I taymyrensis 1 (3) 2 4150

© 2011 British Trust for Ornithology, Bird Study, 58, 130-140

annual survival. Our survival analysis is based on the
resightings of the marked birds (Tables 1 & 2). We cal-
culated annual survival by using the Cormack-Jolly
Seber model in the MARK software package and use the
estimates of the most parsimonious model (White &
Burnham 1999). For all three populations, the model
with a year-dependent survival in the first year after
catch and a (higher) constant survival in the following
years, and a year-dependent resighting probability
appeared to be the best model. Finding lower survival
in the first year after catch than afterwards is common
in wader studies (Sandercock 2003), and has been
attributed to a fraction of birds being ‘transient’
(i.e. accidentally passing through the catching and
monitoring locations) and enhanced mortality just
after catch. Thus, we used the variable (I)yearl to esti-
mate the number of surviving individuals during the
first year after catch and the constant ® Jear 1 for the
following years. The average overall estimate of D
was 0.79 for canutus Knots, 0.80 for islandica Knots, and
0.57 for taymyrensis Godwits. The estimate of ® . gear 1
(xse) for canutus Knots was 0.85 = 0.03, for islandica
Knots 0.87 + 0.01 and for taymyrensis Godwits it was
0.81 + 0.02. We calculated the number of marked birds
in the population in year (T + 1) by multiplying the
cohort from year T (Table 1) by the annual survival as
given above. By repeating this until the season in
which we determined ring densities, we end up with
the estimated number surviving in that season.

Finally, the latter number was corrected by inter-sea-
sonal mortality rates. As the period between midwinter
and May is about half a year, we assumed the mortality
between midwinter and May to be half (50%) of the
annual mortality for canutus Knots as well as the tay-
myrensis Godwits. For the islandica Knots, the time
between the period of observation (ring-reading) on
the wintering grounds (mainly Wadden Sea) and
spring-fattening on Iceland in May is shorter than half
a year. That is why we assumed the mortality between
wintering and spring-fattening in 2007 to be 25% of
the annual mortality. The Red Knots caught as juve-
niles are supposed not to migrate to the spring-staging
sites in their first year and are therefore not taken into
account.

The estimates of the number of marked birds alive
obtained as described above are listed in Table 4. For
the Bar-tailed Godwit the numbers originally caught
(Table 1) were corrected for the small fraction (6.7%)
of Limosa l. lapponica in the catches. To give an idea of
the variation associated with the estimated numbers
alive, we calculated the lower and upper limit of the



Downloaded by [University of Groningen] at 03:01 17 June 2013

Table 4. The estimated numbers of marked individuals in the pop-
ulation at a particular point in time. In the third column these esti-
mates are given using the lower and upper limits of the 95%
confidence intervals of the survival estimates.

Number of  Lower — Upper
marked birds  with 95% Cl

alive of ®
C. c. canutus in May 2006 533 445-605
C. c. canutus in May 2007 598 481-699
C. c. canutus in May 2008 617 A477-744
C. c. islandica in May 2007 1296 1025-1550
L. I. taymyrensis in Dec. 2007 779 656-912

number of marked birds alive using the upper and lower
limits of the 95% confidence intervals of the survival
estimates (Table 4).

With the ring densities determined at independent
resighting occasions as input, we used the NOREMARK
freeware package to compute the population sizes and
its 95% confidence limits, using the joint hypergeomet-
ric maximum likelihood estimator (JHE) of population
size (White 1996).

For both Red Knot populations, the estimates apply
for the adult population only (because ring density is
determined in areas rarely, if ever, used by juveniles in
May). For comparison with the population estimates
based on counts, our estimates need to be corrected for
the fraction of juveniles. We assumed that the average
proportion of juveniles is comparable to the annual
mortality and therefore used 15% juveniles in canutus
and 13% juveniles in islandica Knots for this correction.
Population estimates were rounded off to the nearest

1000.

RESULTS

Evidence for random distribution of the marked

birds

In case our marked birds would concentrate in the
locations where we determined ring densities (Fig. 1),
the assumption of random distribution is not met.
Showing that our marked birds use many sites along
their migration routes is at least an indication that
these birds are more widely distributed.

For canutus Knots no other important spring staging
area besides the Wadden Sea in Schleswig-Holstein is
known (Dick et al. 1987). However, individuals marked
on the Banc d’Arguin were resighted in May in the
Netherlands (three), France (five) and Spain (two).

Besides Iceland, the other well-known spring stag-
ing area for islandica Knots is situated in northern
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Table 5. The origin (site of ringing) of all marked Bartailed
Godwits that were seen on the Banc d’Arguin (BdA) between 2002
and 2007. The expected number was calculated as: (number of
birds caught per site/total number caught) x 100. The distance to
the first site (Castricum, furthest southwest) is also given. The latter
three sites are pooled for the Chi? analysis.

Distance to  Observed Expected

Catching site Castricum (km) on BdA  number  Chi?

Castricum (NL) 0 27 27
Texel (NL) 60 32 27
Terschelling (NL) 104 34 41
Frisian coast (NL) 114 2 2
Schiermonnikoog 150 2 1
(NU)
Westerhever (D) 335 3 2
Total 100 100 3.27 (ns)

Norway, mainly around the Porsanger Fjord, about
2200 km away from the Dutch Wadden Sea (Davidson
et al. 1986, Wilson et al. 2007). In this location, at
least 77 different individuals of islandica Knots, marked
in the Wadden Sea, were observed (Wilson et al.
2007).

Taymyrensis Godwits marked during northward
migration in the Netherlands and Germany were
resighted on the Banc d’Arguin (100 different individ-
uals), and elsewhere in West Africa: one in Senegal,
one in the Gambia, one in South Africa and five in
Namibia. In Namibia, three of our ringed Bar-tailed
Godwits were found among 1190 individuals in January
2009 (B. Spaans, unpubl. data). When we compare the
distribution over the catching sites of all marked Bar-
tailed Godwits observed on the Banc d’Arguin during 6
years (100 individuals) with the expected distribution
on the basis of random distribution, there appeared to
be no significant difference (Table 5).

Ring densities and population estimates

Table 6 lists by population the number of birds that
were checked for markings in and far away from the
ringing locations, the number of marked birds found,
the ratios of unmarked to marked and the dilution fac-
tor. The dilution factor D indicates how much lower
the ring densities were in the far-away locations than
in the ringing locations, the ratio being highest (14-18)
in canutus Knots and lowest (2) in islandica Knots
(Table 6).

The population estimates, including the 95% confi-
dence intervals, are listed in Table 7. These estimates
apply for both the Red Knot subspecies for the adult
population only.

© 2011 British Trust for Ornithology, Bird Study, 58, 130-140
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Table 6. The number of individuals controlled for colour-rings (Nc), the number of marked individuals (M) and the ratio unmarked to marked
(Nc/M) in the far-away and in the ringing locations. D, the dilution factor = (Nc¢/M in far-away location)/(Nc/M in ringing location).
See Fig. 1 and Table 3 for the ringing and far-away locations per population.

Ringing location

Far-away location

Population Nc M Nc/M Nc M Nc/M D

C. c. canutus 2006 23,413 587 40 13,589 19 715 17.9
C. c. canutus 2007 28,757 725 40 14,965 24 624 15.6
C. c. canutus 2008 22,008 539 41 12,664 22 576 14.0
C. c. islandica 12,917 107 121 13,475 57 236 2.00
L. I. taymyrensis 2,831 52 54 11,699 38 308 57

Table 7. Population estimates and 95% confidence interval (in
thousands) based on the mark-resighting technique. For the Red
Knots, these estimates refer to the adult population only. The num-
bers in the third column are the population estimates based on the
lower and upper estimates of the number of marked birds alive from
Table 4.

Population

estimate 95% Cl  Lower — Upper
C. c. canutus (2006) 381 251-443  318-432
C. c. canutus (2007) 373 257-435  300-436
C. c. canutus (2008) 355 241-417  274-428
C. c. islandica (2007) 306 239-368  242-366
L. I taymyrensis (2007) 240 177-302  202-281

Our estimates, now corrected for the fraction of
juveniles for both the Knot populations, are presented
together with the most recent estimates based on
counts (Delany et al. 2009) in Fig. 2.

DISCUSSION

Do the marked birds distribute randomly away
from the marking site?

Our marked Bar-tailed Godwits were resighted all along
the western shores of Africa as far as South Africa,
showing that these birds do not exclusively go to a cer-
tain part of the wintering area but distribute themselves
more widely. The observation of three of our marked
birds among 1190 Bar-tailed Godwits in Namibia
(Nc/M = 397) is an indication that ring-density in this
very southern part of their wintering range is not very
different from the ring density of Nc¢/M = 308 on the
Banc d’Arguin, suggesting random distribution over
the whole wintering range.

Many of our marked islandica Knots were seen in
northern Norway (Wilson et al. 2007), showing that
islandica Knots caught in the Dutch Wadden Sea use
the Icelandic as well as the Norwegian spring staging
sites.

© 2011 British Trust for Ornithology, Bird Study, 58, 130-140

The fact that we see dilution in the far away loca-
tions (Table 3) shows that ring densities obtained at
the catching location cannot be used to estimate pop-
ulation size. The differences in dilution factor between
the species reflect their degree of site-faithfulness to
the catching location, varying from a factor of 18
for the extreme site-faithful canutus Knots in their
wintering area on the Banc d’Arguin (Leyrer et al.
2006) to a factor 2 for the islandica Knots in the Dutch
Wadden Sea with their very large home-ranges
(Piersma et al. 1993, van Gils et al. 2005). However,
dilution only shows that, away from the location of
ringing, there is at least a certain degree of mixing
among conspecifics. The best evidence for random
mixing is the comparison of the catching-site origin
of all the Bar-tailed Godwits ever resighted on the Banc
d’Arguin (Table 5), where catching origin did not dif-
fer from the predicted origin based on randomness.
Thus, we have no indication that away from their
ringing-site the marked birds are not randomly dis-
tributed, although it is clear that the assumption of
randomness needs more investigation in the near
future.

Population size estimates

Calidris c. canutus

The most recent population estimate for the canutus
Knots based on counts made in 2001 is 400000 (Delany
et al. 2009), which is higher than the 340000 in the
1990s but down from earlier estimates of up to 550000
in the 1980s (Stroud et al. 2004, Wetlands International
2002, Smit & Piersma 1989). Our estimate including
the fraction of juveniles will be around 435000 (three
years averaged) with a 95% CI of 294000-508 000
(Fig. 2). As the most recent estimate based on counts
lies well within this range, our results are in accordance
with it.
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Figure 2. The total population sizes of Red Knots (canutus and islandica populations) and Bar-tailed Godwits (taymyrensis population) based
on counts (black bars) according to Wetlands International (2006) followed by the total population estimates and 95% confidence intervals

(error bars) based on the mark-resighting technique (white bars).

Calidris c. islandica

Based on counts, the most recent estimate of the size of
the islandica Knot population is 450000 (Delany et al.
2009, Stroud et al. 2004), which represents a higher
number than the 345000 in the early 1980s (Smit &
Piersma 1989). Correcting our estimate for the fraction
of juveniles, we end up with total population 352000
and a 95% CI of 276000-423000. The most recent
estimate based on counts is about 28% higher than our
estimate and lies just outside the CI. Taking the varia-
tion around the survival estimates used into account
(Table 4), the upper limit of the number of marked
birds alive is 1550. This is almost 20% higher than the
1296 marked individuals used here to estimate the pop-
ulation size. Using this upper limit of 1550 marked
individuals would yield a population of 420000 (juve-
niles included), very close to the 450000 based on
counts. Summarizing, we can say that our results
slightly indicate a somewhat smaller population than

assumed. A real recent population decline would not
be unlikely as a consequence of shellfish dredging-
related declines in the food stocks for Red Knots in the
Dutch Wadden Sea that have been shown to nega-
tively affect the population (van Gils et al. 2006, Kraan
et al. 2009).

Limosa I. taymyrensis

The size of the taymyrensis Bar-tailed Godwit popula-
tion, based on counts, is estimated to be 600000
(Delany et al. 2009), a rise from an earlier estimate of
520000 (Wetlands International 2002, Stroud et al.
2004). Both figures are much higher than our estimate
of 240000 and are far outside the 95% CI limits (Fig. 1).
Even if we take the possible variation around our sur-
vival estimates into account (Table 4) and use the
upper limit as the number of 912 marked birds alive,
we would end up with a population size of 281000
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(Table 6), still far beyond the estimate based on
counts.

Has there been a real decline of the Bar-tailed
Godwit taymyrensis population?

When Bar-tailed Godwits which spring-stage in the
Netherlands concentrate on the Banc d’Arguin in win-
ter, we would measure a high ring density there and
find therefore a low population estimate. The fact that
we received resightings from our marked birds from
Senegal, The Gambia, Namibia and as far south as
South Africa indicates that taymyrensis Godwits marked
in the Netherlands and Germany utilize the whole
West African coastline as a wintering area, not just the
Banc d’Arguin.

It is well established that the vast majority of the
taymyrensis population uses the international Wadden
Sea in May as a fuelling area where birds stage there at
least three weeks to accumulate sufficient energy stores
(Scheiffarth et al. 2002, Piersma & Jukema 1990).
Consistent with our low population size estimate of
240000, the numbers counted there are also consider-
ably lower than the total population estimate of 600 000
based on counts in the wintering areas (Delany et al.
2009). Between 1993 and 2000 May numbers in the
entire Wadden Sea ranged between 100000 and
150000. Only in May 1995 was a total of 348 000 birds
counted there (Blew & Siidbeck 2005). Assuming a
population of about 600000, only a high turnover rate
could explain these low actual counted numbers in
May in the Wadden Sea. However, as the birds need to
increase body mass by almost 200 g in May at a rate of
6.5 g per day (Piersma & Jukema 1990), they will need
the full month to do so. Therefore a high turnover rate
seems unlikely. If the current population size is indeed
smaller than hitherto assumed, either the birds were
over-estimated during the counts in West Africa or the
population has declined recently.

With respect to over-counting we can say the follow-
ing. At the numerically most important wintering area
of taymyrensis Godwits, the Banc d’Arguin, the total
number is determined to a large extent by a few very
large concentrations. Altenburg et al. (1983) counted
364000 Godwits (= 67% of their total) in only four
concentrations ranging from 56 000 to 170000 and
Hagemeijer et al. (2004) counted 245000 Godwits (=
61% of their total) in four concentrations ranging from
41000 to 104000 Bar-tailed Godwits. Moreover, these
large flocks are mixtures of Bar-tailed Godwits and Red
Knots and a number of smaller species and counters are
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often time-stressed because they have to count a large
area during the same high tide (Altenburg et al. 1983).
Given these circumstances large but unknown mistakes
may be possible.

Concerning a possible recent population decline, this
is in fact measured in May on the spring staging sites in
the Wadden Sea (Blew & Siidbeck 2005). Moreover,
the average annual survival of 0.81 found by us
over the period 2001-2007 is remarkably low for a
wader of this size. In Icelandic Black-tailed Godwits
Limosa limosa islandica, for instance, survival values of
0.87 and 0.94 were found (Gunnarsson et al. 2005).
The low survival found by us in the taymyrensis Godwits
could thus indicate a period of higher than normal mor-
tality and this could result in a population decline if the
reproduction did not compensate the increased mortal-
ity (Boyd & Piersma 2001). Unfortunately we do not
have any reliable measurements of the reproductive
success in the taymyrensis Godwit population. However,
even if we would use the high survival values as found
in the Icelandic Black-tailed Godwits (also during the
first year after catch), our estimated populations sizes
would be 371000 (using ® = 0.87) and 456000 (using
@ = 0.94), values still far away from the 600000 esti-
mate based on counts. Thus we think that our data
indicate that the recent population size of taymyrensis
could well be remarkably smaller than assumed.

CONCLUSIONS

The mark-resighting approach to estimate total popu-
lation size used previously by Gunnarsson et al. (2005)
and Lourenco et al. (2010) in two subspecies of Black-
tailed Godwits is not only a very useful addition to the
traditional counts, but potentially a superior way to
estimate population size because of the ability to derive
confidence limits and the fact that not all locations
have to be visited and counted. The latter is an obvi-
ous advantage and holds even more for species that
occur more widespread than those described in this
paper, Ruffs Philomachus pugnax, for example (Stroud
et al. 2004). Nevertheless, the approach warrants con-
siderable investment because a colour-marking program
needs to be established. Once this is done and resight-
ing efforts are maintained, estimations can be repeated
each year with much less effort compared to the orga-
nization of comprehensive counts. Indeed, the mark—
resighting approached is now applied on a worldwide
scale to monitor the fate of the many currently endan-
gered long-distance migrating wader populations

(Piersma 2007).
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