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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 Bar-tailed 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.

D u rin g  the non-breeding seasons, coastal waders (or 
shorebirds) have the h e lp fu l h a b it o f congregating at a 
re la tive ly  small num ber o f sites where they can be 
counted. T he  summ ations o f such counts are then 
taken to  represent estimates o f the p opu la tion  size o f 
th a t subspecies or species. O n  th is  basis, W etlands 
In te rn a tio n a l and the In te rn a tio n a l W ader S tudy 
G roup have issued a series o f summary reports on  the 
status o f m any o f the w o rld ’s w aterb ird  popula tions 
(D e lany et al. 2009, W etlands In te rn a tio n a l 2002, 
2006, S troud et al. 2004). However, such estimates o f 
p opu la tion  size s t i l l  suffer from  systematic coun ting  
errors (R appo ld t et al. 1985, Rogers et al. 2006), as w e ll 
as gaps in  coverage th a t may (o r may n o t) p a rtly  be
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taken care o f by sta tis tica l ‘ im p u tin g ’ techniques 
(U n d e rh ill &  Prys-Jones 1994, A tk in s o n  et al. 2006).

A n  a lte rna tive  to  the de te rm ina tion  o f to ta l popu la­
tio n  sizes by large-scale cou n tin g  efforts w ou ld  be the 
m ark ing  o f samples o f birds, and the subsequent mea­
surement o f the densities o f m arked birds, i.e. the 
m ark -res igh ting  m ethod (Krebs 1989, G ante r &  
Madsen 2001, Gunnarsson et al. 2005, Lourenço et al. 
2010). I f  the num ber o f su rv iv ing  m arked birds can be 
estimated, to ta l popu la tion  size cou ld  actua lly  be 
approxim ated from  th a t num ber m u ltip lie d  by the mea­
sured d ilu t io n  (ra tio  unm arked to  m arked), inc lud ing  
confidence in te rva ls around the estimate (Krebs 1989, 
W h ite  1996). T h is  is a ll va lid  i f  one im p o rta n t assump­
tio n  is m et: the m arked birds random ly disperse w ith in  
the popu la tion . T h is  is u n lik e ly  to  be the case in  the
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loca tion  where birds are m arked (W arnock  &  Takekawa 
1996, B u rton  &  Evans 1997, Leyrer et al. 2006). 
However, m ig ran t waterbirds move between locations, 
and i f  the p opu la tion  structure is n o t m a in ta ined  dur­
ing such moves (i.e. th a t birds are d is tribu ted  random ly 
among conspecifics away from  the m ark ing  site), then  
th is  assumption cou ld  be met.

Here we present popu la tion  estimates based on the 
m ark -res igh ting  technique fo r three wader popula tions 
in  the East A t la n t ic  Flyway: (1) the A fro -S ib e ria n  Red 
K n o t Calidris canutus canutus, (2) the N e a rc tic  Red 
K n o t Calidris c. islandica and (3) the A fro -S ib e ria n  
Bar-tailed G odw it Limosa lapponica taymyrensis (Engelmoer 
&  Roselaar 1998). Canutus K nots were in d iv id u a lly  
m arked in  th e ir  w in te rin g  area on the Banc d ’A rg u in  
in  M auritan ia , islandica K nots du ring  autum n, w in te r 
and spring in  the D u tch  W adden Sea and ind iv idua ls 
o f the taymyrensis B ar-ta iled G o d w it p opu la tion  during  
spring stopover in  The N etherlands and in  Germany. 
O ve r the course o f 6 -9  years, su ffic ien t numbers o f 
ind iv idua ls  o f each popu la tion  were resighted to  get an 
accurate estimate o f annual survival. These surviva l 
rates a llow  us to  estimate the to ta l num ber o f co lour- 
m arked birds present in  the p opu la tion  at any m om ent 
th a t we determ ined rin g  densities. To avoid effects o f 
site-fa ithfulness resu lting  in  a re la tive ly  h igh  ring- 
density in  the ring ing  loca tion  (Leyrer et al. 2006, Spaans 
et al. 2009), densities o f marked ind iv idua ls  were deter­
m ined  in  locations far away (2000-4300  km ) from  the 
r in g in g  sites. To some ex ten t we were able to  ve rify  the 
assumption o f a random  d is tr ib u tio n  o f m arked in d i­
viduals among conspecifics.

METHODS

Colour-ringing the populations

Calidris c. canutus

The A fro -S ib e ria n  K nots were a ll caught and marked 
near the v illage o f Iw ik  on  the Banc d ’A rg u in  in  
M au rita n ia  (1 9 °5 3 'N , 1 6 °1 8 'W ) (Fig. 1, lo ca tion  2) 
(Leyrer et al. 2006). T hey are, by d e fin itio n , o f the 
canutus subspecies, because islandica does n o t occur 
there (Piersma et al. 1992).

Calidris c. islandica

Islandica Knots were caught in  the D u tch  W adden Sea 
(5 3 °1 5 'N , 5 °15 'E ) (Fig. 1, loca tion  1). The m axim um  
distance between the 10 d iffe ren t catch sites was less

than  90 km . W h e n  caught between O ctober and M arch  
these birds are, per d e fin itio n , islandica (D avidson &  
W ilso n  1992). However, from  the end o f July u n t i l  the 
end o f September and in  May, canutus K nots use the 
same lo ca tion  as a stopover site, and we canno t d is tin ­
guish these tw o  subspecies on  the basis o f plumage 
(N ebe l et al. 2000). W e d id  n o t catch birds in  May, bu t 
in  July, A ugust and September we did. A t  th is  tim e, 
the m a jo rity  o f adults are m o u ltin g  the prim aries. As 
canutus K nots do n o t start w in g -m o u lt u n t i l  they have 
reached the w in te rin g  area (Piersma et al. 1992), we 
assumed th a t the adults in  w in g -m o u lt are islandica. 
M ore  prob lem atic  are the second calendar year birds 
recognizable by th e ir basic plumage and advanced 
w in g -m o u lt w hen captured in  Ju ly -A ugust, and the 
no n -w in g -m o u ltin g  adults caught during  th is  tim e. 
W h e n  birds o f the la tte r category were heavier than  
155 g, in d ica tin g  th a t they were preparing fo r long ­
distance m ig ra tion , we assumed th a t they were canutus 
(N ebe l et al. 2000); note  th a t we never caught adults 
in  w in g -m o u lt (=  islandica) th a t were th a t heavy. A l l  
marked Red K nots o f w h ich  i t  was unce rta in  w hether 
they were islandica (29%  o f the ca tch ) were le ft o u t o f 
considera tion  here.

Limosa I. taymyrensis

B ar-ta iled G odw its  o f the taymyrensis subspecies were 
a ll caught in  The N etherlands and G erm any (Fig. 1, 
locations 1 and 3) between 20 A p r i l  and late May. The 
m axim um  distance between catch sites was 335 km . 
From  late A p r i l  onwards, the birds arrive from  th e ir 
W est A fr ic a n  w in te rin g  areas and use the W adden Sea 
as th e ir m a in  spring fa tten ing  area (Piersma &  Jukema 
1990, D u ijns  et al. 2009). In  July and A ugust these 
birds use the W adden Sea again as a stopover during 
th e ir  re tu rn  m ig ra tion  to  W est A fr ic a  (D re n t &  Piersma 
1990, Engelm oer 2008). Resightings show th a t some 
ind iv idua ls  caught between 20 A p r i l  and the end o f 
M ay and some more birds caught in  July and A ugust 
were actua lly  w in te rin g  in  Europe. W e assume th a t 
these birds belong to  the lapponica subspecies (see 
Engelm oer 2008, D u ijns  et al. 2009). From extensive 
ring-read ing  du ring  the w in te r m onths in  the western 
pa rt o f the D u tch  W adden Sea, we estimated th a t 6.7% 
o f the birds caught between 20 A p r i l  and late M ay were 
lapponica (B. Spaans et al. unpub 1. data). However, fo r 
July and A ugust th is  fra c tio n  was 41% . Here we have 
le ft o u t birds caught in  late July and August.

A l l  birds were in d iv id u a lly  m arked w ith  fou r co lour- 
rings (tw o  on each tarsus, fou r d iffe ren t p rim ary
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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 
Wadden Sea, and 4, Iceland. See also Table 3.

colours) and a flag (co lou r-ring  w ith  an extension) on 
e igh t d iffe ren t positions (B rochard et al. 2002, Piersma 
&  Spaans 2004, see also w w w .n ioz.n l: and then  n a v i­
gate the site v ia  research, sc ien tific  departments, 
m arine ecology and projects to  C o lo u r R ings). In  th is

way, we are able to  make 2048 d iffe ren t com binations 
per flag colour. The numbers o f in d iv id u a lly  marked 
birds per year on  w h ich  our analysis is based are listed 
in  Table 1 (years run  from  1 July to  30 June). The to ta l 
num ber o f accum ulated resightings, the to ta l num ber
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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. 1. taymyrensis

9 8 /9 9 0 158 0
9 9 /0 0 0 405 0
0 0 /01 0 287 128
0 1 /0 2 0 356 170
0 2 /0 3 244 93 374
0 3 /0 4 196 244 295
0 4 /0 5 201 201 189
0 5 /0 6 164 360 434
0 6 /0 7 178 361 313
0 7 /0 8 107 k k

o f resighted ind iv idua ls  and the fra c tio n  observed in  
the m a in  area o f observation are lis ted per popu la tion  
in  Table 2. The observations also y ie lded in fo rm a tio n  
on  the d is tr ib u tio n  o f the m arked birds over the w in ­
te ring  and/or staging areas and some re levan t results 
are presented here to  ve rify  the assumption o f random  
m ix in g  o f marked birds away from  the rin g in g  sites.

Determining densities of m arked birds

R ing  densities were m a in ly  de term ined at the foraging 
areas ( in te r tid a l m udflats) by scanning a ll ind iv idua ls  
fo r w h ich  b o th  legs cou ld  be seen. W h e n  a colour- 
ringed in d iv id u a l was found, the num ber o f scanned 
ind iv idua ls  counted up u n t i l  th a t p o in t was noted and 
the com b ina tion  was read. W e always tr ied  to  check as 
m any d iffe ren t ind iv idua ls  as possible. W h e n  we found 
large concentra tions o f Red K nots o f w h ich  the legs o f 
a large fra c tio n  cou ld  n o t be seen du ring  one scan, fo r 
instance w hen feeding on m udflats w ith  a va ria tio n  o f 
dry parts and shallow  pools o f water, we had to  make 
m u ltip le  scans th rough  the flock. In  those situations 
every new  scan consists o f new ly  co n tro lle d  birds and 
birds th a t were already co n tro lled  during  the previous 
scans. So the f in a l num ber o f co n tro lle d  birds is n o t the 
sum o f the numbers co n tro lled  du ring  each scan, but 
had to  be estimated. By co u n tin g  the to ta l num ber o f

birds in  the flock , the f in a l num ber o f co n tro lle d  birds 
(X ) was estimated w ith  the fo llo w in g  form ula, repre­
senting the p ro b a b ility  o f being co n tro lled  m u ltip lie d  
by the to ta l num ber in  the flock . Here we assume th a t 
the p ro b a b ility  o f seeing pa rticu la r ind iv idua ls  w ith in  
the flo ck  is random .

X =  {1 -  ( ( T - C j l / T ) *  ( ( T - C 2) /T ) *  ( ( T - C 3) / T ) * . . . *  

( ( T  -  C ;) /T ) } *  T

where T  = the to ta l num ber in  the flock, and C. = the
'  I

num ber co n tro lled  at scan i.
A lth o u g h  h igh -tide  roosts have the advantage th a t 

m any birds are concentrated, i t  appeared th a t scanning 
fo r co lour-rings o f birds on  h igh -tide  roosts was usually 
impossible because birds were standing too  close 
together, o r on  one leg, o r in  sha llow  water. O n ly  in  a 
few situations where we gained a clear v iew  could  we 
get re liab le  r in g  density estimates at h igh -tide  roosts.

The locations w here  ring densities w ere  
determined

Calidris c. canutus

R ing  densities o f canutus K nots caught on  the Banc 
d ’A rg u in , M au rita n ia  were de term ined from  21 to  28 
M ay 2006, from  22 M ay to  3 June 2007 and from  22 
M ay to  4 June 2008 in  the S ch lesw ig-H olste in  pa rt o f 
the G erm an W adden Sea, between the rive r Elbe in  
the south (53°52'N , 08°52'E) to  the tow n o f Husum in  the 
n o rth  (5 4 °2 9 'N , 09°03 'E ) (Fig. 1, lo ca tio n  3 ). The 
Schleswig H o ls te in  area is know n  as the single most 
im p o rta n t spring staging area fo r th is  popu la tion  
(Prokosch 1988, Piersma et al. 1992). A lth o u g h  islandica 
Knots do occur in  th is  area, adults o f th is  popu la tion  
w ou ld  have le ft the G erm an W adden Sea before 20 
M ay (Prokosch 1988, D ic k  et al. 1987). O n ly  juven ile  
islandica Knots stay there but, in  spring, they are easily 
recognizable by th e ir  w in te r plumage w h ile  adults are 
in  summer plumage then. Juvenile canutus K nots do 
n o t come to  these staging areas in  M ay 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 
marked

Number of individual 
resightings

Number of individuals 
resighted

Fraction (%) in main 
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. 1. taymyrensis 1903 5064  (7) 1040 88% in Dutch Wadden Sea
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m a jo rity  remains in  the w in te rin g  areas in  W est A fr ic a  
(van D ijk  et al. 1990). Thus, r in g  density estimates 
here were o n ly  made among Red Knots in  summer 
plumage.

Calidris c. islandica

The  rin g  densities o f the N e a rc tic  islandica K nots were 
determ ined from  9 to  28 M ay 2007 at a num ber o f coastal 
areas in  Iceland (65°N , 22°W ) (Fig. 1, loca tion  4). 
These areas are know n  to  be an im p o rta n t spring stag­
ing  area fo r islandica K nots (Gudm undsson &  
Gardarsson 1993). Canutus K nots do n o t occur at a ll 
there (Piersma et al. 1992). A s juven ile  K nots tend to  
rem ain on the w in te r grounds du ring  th e ir firs t sum­
mer, very few, i f  any, ju ven ile  islandica K nots w il l  occur 
in  Ice land at th is  tim e.

Limosa I. taymyrensis

To determ ine rin g  densities o f B ar-ta iled G odw its  
marked during  stopover in  the N etherlands and 
Germany, we w en t to  th e ir m a in  w in te rin g  areas in  
W est A fr ic a , the Banc d ’A rg u in  in  M au ritan ia  
(19 °50 'N , 1 6 °23 'W ) (Fig. 1, lo ca tion  2), m aking  obser­
vations from  6 to  13 December 2007. T h is  area is 
know n  to  be the most im p o rta n t w in te rin g  area fo r th is 
p opu la tion  (A lte n b u rg  et al. 1993, Engelm oer et al. 
1984, H agem eijer et al. 2004).

For comparison, r in g  densities were also determ ined 
in  the areas o f r in g in g  fo r a ll three popula tions. The 
locations o f r in g in g  and rin g  density d e te rm ina tion  are 
summarized per popu la tion  in  Table 3, in c lu d in g  the 
(great c irc le ) distance between them .

Numbers of m arked birds and the estimation 
of population size

To be able to  estimate the to ta l num ber o f m arked birds 
present in  the popu la tion  at the m om ent we deter­
m ined  the rin g  density, we need an estimate o f 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.

Population
Ringing
location

Location where 
ring-densities 

were determined

Great circle distance 
(km) between ringing 
and sighting locations

C. c. canutus 2 3 4400
C. c. islandica 1 4 2000
L. 1. taymyrensis 1 (3) 2 4150

annual survival. O u r surv iva l analysis is based on the 
resightings o f the m arked birds (Tables 1 &  2). W e ca l­
culated annua l surv iva l by using the C orm ack-Jo lly  
Seher m ode l in  the m a r k  software package and use the 
estimates o f the m ost parsim onious m ode l (W h ite  &  
B urnham  1999). For a ll three popula tions, the m odel 
w ith  a year-dependent surv iva l in  the firs t year after 
catch and a (h igher) constant surv iva l in  the fo llo w in g  
years, and a year-dependent res igh ting  p ro b a b ility  
appeared to  be the best m odel. F ind ing  low er surviva l 
in  the firs t year after catch than  afterwards is com m on 
in  wader studies (Sandercock 2003), and has been 
a ttribu ted  to  a frac tion  o f birds being ‘trans ien t’ 
(i.e. acc identa lly  passing th rough  the ca tch ing  and 
m o n ito r in g  loca tions) and enhanced m o rta lity  just 
after catch. Thus, we used the variable ®  , to  esti-

1 y ea r I

mate the num ber o f su rv iv ing  ind iv idua ls  during  the 
firs t year after catch and the constant ®  ,v , fo r the

‘  a lte r  y ea r I
fo llo w in g  years. The average ove ra ll estimate o f ‘I* 3
was 0.79 fo r canutus Knots, 0.80 fo r islandica Knots, and 
0.57 fo r taymyrensis G odw its. The estimate o f ®  ,v ,

J  J  a lte r  y e a r  I
(±se) fo r canutus Knots was 0.85 ± 0.03, fo r islandica 
K nots 0.87 ± 0.01 and fo r taymyrensis G odw its  i t  was 
0.81 ± 0.02. W e calculated the num ber o f m arked birds 
in  the popu la tion  in  year (T  + 1) by m u ltip ly in g  the 
co ho rt from  year T  (Table 1) by the annual surv iva l as 
g iven above. By repeating th is  u n t i l  the season in  
w h ich  we determ ined rin g  densities, we end up w ith  
the estim ated num ber su rv iv ing  in  th a t season.

F inally, the la tte r num ber was corrected by inter-sea­
sonal m o rta lity  rates. A s the period  between m id w in te r 
and M ay is about h a lf a year, we assumed the m o rta lity  
between m id w in te r and M ay to  be h a lf (50% ) o f the 
annual m o rta lity  fo r canutus K nots as w e ll as the tay­
myrensis G odw its . For the islandica Knots, the tim e 
between the period  o f observation (ring-read ing) on 
the w in te rin g  grounds (m a in ly  W adden Sea) and 
sp ring-fa tten ing  on  Ice land in  M ay is shorter than  h a lf 
a year. T h a t is w hy we assumed the m o rta lity  between 
w in te rin g  and spring -fa tten ing  in  2007 to  be 25% o f 
the annual m orta lity . The Red Knots caught as ju ve ­
niles are supposed n o t to  m igrate to  the spring-staging 
sites in  th e ir firs t year and are therefore n o t taken in to  
account.

The estimates o f the num ber o f m arked birds alive 
ob ta ined as described above are lis ted in  Table 4. For 
the B ar-ta iled G o d w it the numbers o rig in a lly  caught 
(Table 1) were corrected fo r the small fra c tio n  (6.7% ) 
o f Limosa I. lapponica in  the catches. To give an idea o f 
the va ria tio n  associated w ith  the estimated numbers 
a live, we calculated the lower and upper l im it  o f the
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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 <t>

C. c. canutus in M ay 2006 533 4 4 5 -6 0 5
C. c. canutus in M ay 2007 598 4 8 1 -6 9 9
C. c. canutus in M ay 2008 617 4 7 7 -7 4 4
C. c. islandica in M ay 2007 1296 1025-1550
L. 1. taymyrensis in Dec. 2007 779 6 5 6 -9 1 2

num ber o f m arked birds alive using the upper and lower 
lim its  o f the 95%  confidence in te rva ls o f the surv iva l 
estimates (Table 4).

W ith  the rin g  densities determ ined at independent 
resighting occasions as inpu t, we used the n o r e m a r k  

freeware package to  com pute the p opu la tion  sizes and 
its 95% confidence lim its , using the jo in t  hypergeomet- 
ric  m axim um  lik e lih o o d  estim ator (JHE) o f popu la tion  
size (W h ite  1996).

For b o th  Red K n o t populations, the estimates apply 
fo r the adu lt popu la tion  o n ly  (because rin g  density is 
determ ined in  areas rarely, i f  ever, used by juveniles in  
M ay). For com parison w ith  the p opu la tion  estimates 
based on counts, our estimates need to  be corrected fo r 
the frac tion  o f juveniles. W e assumed th a t the average 
p ro p o rtion  o f juveniles is comparable to  the annual 
m o rta lity  and therefore used 15% juven iles in  canutus 
and 13% juven iles in  islandica K nots fo r th is  correction . 
P opu la tion  estimates were rounded o ff to  the nearest 
1000.

RESULTS

Evidence for random distribution of the marked 
birds

In  case our m arked birds w ou ld  concentra te  in  the 
locations where we de term ined rin g  densities (Fig. 1), 
the assumption o f random  d is tr ib u tio n  is n o t met. 
S how ing th a t our m arked birds use m any sites along 
th e ir m ig ra tion  routes is at least an in d ica tio n  th a t 
these birds are more w ide ly  d istributed.

For canutus Knots no  o the r im p o rta n t spring staging 
area besides the W adden Sea in  S ch lesw ig-H olste in  is 
know n  (D ic k  et aí. 1987). However, ind iv idua ls  marked 
on the Banc d ’A rg u in  were resighted in  M ay in  the 
N etherlands (th ree ), France (five ) and Spain (tw o ).

Besides Ice land, the  o the r w e ll-kn o w n  spring stag­
ing  area fo r islandica K no ts  is situated in  n o rth e rn

Table 5 . The origin (site of ringing) of all marked Bar-tailed 
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 Chi2 analysis.

Catching site
Distance to 

Castricum (km)
Observed 

on BdA
Expected 
number Chi2

Castricum (NL) 0 27 27
Texel (NL) 60 32 27
Terschelling (NL) 104 34 41
Frisian coast (NL) 114 2 2
Schiermonnikooq

(NL)
150 2 1

Westerhever (D) 335 3 2

Total 100 100 3 .27  (ns)

N orw ay, m a in ly  around the Porsanger F jord, about 
2200 km  away from  the D u tc h  W adden Sea (D avidson 
et al. 1986, W ils o n  et al. 2007). In  th is  loca tion , at 
least 77 d iffe re n t ind iv idua ls  o f islandica K nots, marked 
in  the W adden Sea, were observed (W ilso n  et al. 
2007).

Taymyrensis G odw its  m arked du ring  no rthw ard  
m ig ra tio n  in  the N etherlands and G erm any were 
resighted on the Banc d ’A rg u in  (100 d iffe ren t in d iv id ­
uals), and elsewhere in  W est A fr ic a : one in  Senegal, 
one in  the G am bia, one in  South A fr ic a  and five  in  
N am ib ia . In  N am ib ia , three o f our ringed Bar-ta iled 
G odw its  were found  among 1190 ind iv idua ls  in  January 
2009 (B. Spaans, unpub 1. data). W h e n  we compare the 
d is tr ib u tio n  over the ca tch ing  sites o f a ll m arked Bar­
ta iled  G odw its  observed on the Banc d ’A rg u in  during  6 
years (100 ind iv idua ls ) w ith  the expected d is tr ib u tio n  
on  the basis o f random  d is trib u tio n , there appeared to  
be no  s ign ifican t difference (Table 5).

Ring densities and population estimates

Table 6 lists by p opu la tion  the num ber o f birds th a t 
were checked fo r m arkings in  and far away from  the 
r in g in g  locations, the num ber o f m arked birds found, 
the ratios o f unm arked to  m arked and the d ilu t io n  fac­
tor. The d ilu t io n  factor D  indicates how  m uch lower 
the rin g  densities were in  the far-away locations than  
in  the r in g in g  locations, the ra tio  being h ighest (1 4 -1 8 ) 
in  canutus K nots and lowest (2) in  islandica Knots 
(Table 6).

T he  popu la tion  estimates, in c lu d in g  the 95% c o n fi­
dence in tervals, are listed in  Table 7. These estimates 
apply fo r b o th  the Red K n o t subspecies fo r the adult 
p opu la tion  only.

©  2011 British Trust for Ornithology, Bird Study; 58, 1 30-140
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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 
(N c/M ) in the far-away and in the ringing locations. D, the dilution factor = (N c /M  in far-away loca tion )/(N c /M  in ringing location). 
See Fig. 1 and Table 3 for the ringing and far-away locations per population.

Population

Ringing location Far-away location

Nc M N c /M Nc M N c /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 1 2 ,664 22 576 14.0
C. c. islandica 12,917 107 121 1 3 ,475 57 236 2.00
L. 1. taymyrensis 2,831 52 54 11,699 38 308 5.7

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 2 51 -4 4 3 3 1 8 -4 3 2
C. c. canutus (2007) 373 2 5 7 -4 3 5 3 0 0 -4 3 6
C. c. canutus (2008) 355 2 4 1 -4 1 7 2 7 4 -4 2 8
C. c. islandica (2007) 306 2 3 9 -3 6 8 2 4 2 -3 6 6
L. 1. taymyrensis (2007) 240 177-302 202-281

O u r estimates, now  corrected fo r the fra c tio n  o f 
juven iles fo r b o th  the K n o t popula tions, are presented 
together w ith  the most recent estimates based on 
counts (D e lany et al. 2009) in  Fig. 2.

DISCUSSION

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

O u r m arked Bar-ta iled G odw its  were resighted a ll along 
the western shores o f A fr ic a  as far as S outh A frica , 
show ing th a t these birds do n o t exclusive ly go to  a cer­
ta in  pa rt o f the w in te rin g  area b u t d is tribu te  themselves 
more w idely. The observation o f three o f our m arked 
birds among 1190 B ar-ta iled G odw its  in  N am ib ia  
(N c /M  = 397) is an in d ica tio n  th a t ring -dens ity  in  th is 
very southern pa rt o f th e ir  w in te rin g  range is n o t very 
d iffe ren t from  the rin g  density o f N c /M  = 308 on the 
Banc d ’A rg u in , suggesting random  d is trib u tio n  over 
the w hole w in te rin g  range.

M any o f our m arked islandica Knots were seen in  
n o rth e rn  N orw ay (W ilson  et al. 2007), show ing th a t 
islandica K nots caught in  the D u tch  W adden Sea use 
the Ice land ic as w e ll as the N orw eg ian  spring staging 
sites.

The  fac t th a t we see d ilu t io n  in  the  far away loca­
tions  (Table 3) shows th a t r in g  densities ob ta ined  at 
the  ca tch ing  lo ca tio n  canno t be used to  estim ate pop ­
u la tio n  size. T he  differences in  d i lu t io n  fac to r between 
the  species re fle c t th e ir  degree o f s ite -fa ith fu lness to  
the catch ing  location, varying from  a factor o f 18 
fo r the extrem e s ite -fa ith fu l canutus K no ts  in  th e ir  
w in te r in g  area on the  Banc d ’A rg u in  (Leyrer et al. 
2006) to  a fac to r 2 fo r the  islandica K no ts  in  the  D u tch  
W adden Sea w ith  th e ir  very large home-ranges 
(Piersma et al. 1993, van  G ils  et al. 2005). H owever, 
d i lu t io n  o n ly  shows tha t, away from  the  lo ca tio n  o f 
rin g in g , there is at least a ce rta in  degree o f m ix in g  
am ong conspecifics. T he  best evidence fo r random  
m ix in g  is the com parison o f  the  ca tch ing -s ite  o rig in  
o f a ll the  B ar-ta iled  G odw its  ever resighted on the Banc 
d ’A rg u in  (Table 5), where ca tch in g  o r ig in  d id  n o t d if ­
fe r from  the  p red ic ted  o rig in  based on randomness. 
Thus, we have no  in d ic a tio n  th a t away from  th e ir  
r ing ing -s ite  the  m arked birds are n o t random ly  d is­
tr ib u te d , a lthough  i t  is clear th a t the assum ption o f 
randomness needs m ore in ve s tig a tio n  in  the  near 
fu ture.

Population size estimates

Calidris c. canutus

The  m ost recent p opu la tion  estimate fo r the canutus 
Knots based on counts made in  2001 is 400000 (D elany 
et al. 2009), w h ich  is h igher than  the 340000 in  the 
1990s b u t dow n from  earlier estimates o f up to  550000 
in  the 1980s (S troud et al. 2004, W etlands In te rn a tio n a l 
2002, S m it &  Piersma 1989). O u r estimate inc lud ing  
the fra c tio n  o f juveniles w i l l  be around 435 000 (three 
years averaged) w ith  a 95%  C l o f  2 9 4 0 0 0 -5 0 8 0 0 0  
(Fig. 2). A s  the m ost recent estimate based on counts 
lies w e ll w ith in  th is  range, our results are in  accordance 
w ith  it.
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Red Knots Bar-tailed
Godwits

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 m ost recent estimate o f the size o f 
the islandica K n o t popu la tion  is 450000 (D e lany et al. 
2009, S troud et al. 2004), w h ich  represents a h igher 
num ber than  the 345 000 in  the early 1980s (S m it &  
Piersma 1989). C o rrec ting  our estimate fo r the frac tion  
o f juveniles, we end up w ith  to ta l p opu la tion  352000 
and a 95%  C l o f 276000-423  000. The m ost recent 
estimate based on counts is about 28% h igher than  our 
estimate and lies just outside the C L  Taking  the varia ­
tio n  around the surv iva l estimates used in to  account 
(Table 4 ), the upper l im it  o f the num ber o f marked 
birds a live  is 1550. T h is  is alm ost 20% h igher than  the 
1296 m arked ind iv idua ls  used here to  estimate the pop­
u la tio n  size. U sing  th is  upper l im it  o f 1550 marked 
ind iv idua ls  w ou ld  y ie ld  a p opu la tion  o f 420000 (juve ­
niles inc luded), very close to  the 450000 based on 
counts. Summarizing, we can say th a t our results 
s ligh tly  ind ica te  a somewhat smaller popu la tion  than

assumed. A  real recent popu la tion  decline w ou ld  n o t 
be u n lik e ly  as a consequence o f she llfish  dredging- 
re lated declines in  the food stocks fo r Red K nots in  the 
D u tch  W adden Sea th a t have been shown to  nega­
tiv e ly  affect the popu la tion  (van G ils  et al. 2006, Kraan 
et al. 2009).

Limosa I. taymyrensis

T he  size o f the taymyrensis Bar-ta iled G o d w it popu la­
tio n , based on counts, is estimated to  be 600000 
(D e lany et al. 2009), a rise from  an earlier estimate o f 
520000 (W etlands In te rn a tio n a l 2002, S troud et al. 
2004). B o th  figures are m uch h igher than  our estimate 
o f 240000 and are far outside the 95% C l lim its  (Fig. 1). 
Even i f  we take the possible va ria tio n  around our sur­
v iv a l estimates in to  account (Table 4) and use the 
upper l im it  as the num ber o f 912 m arked birds alive, 
we w ou ld  end up w ith  a popu la tion  size o f 281000
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(Table 6), s ti l l  far beyond the estimate based on 
counts.

Has there been a real decline of the Bar-tailed  
G odw it taymyrensis population?

W h e n  B ar-ta iled G odw its  w h ich  spring-stage in  the 
N etherlands concentrate on  the Banc d ’A rg u in  in  w in ­
ter, we w ou ld  measure a h igh  rin g  density there and 
fin d  therefore a low  popu la tion  estimate. T he  fact th a t 
we received resightings from  our m arked birds from  
Senegal, The G am bia, N a m ib ia  and as far south as 
S outh A fr ic a  indicates th a t taymyrensis G odw its  m arked 
in  the N etherlands and G erm any u tilize  the w hole 
W est A fr ic a n  coastline as a w in te rin g  area, n o t just the 
Banc d ’A rg u in .

I t  is w e ll established th a t the vast m a jo rity  o f the 
taymyrensis popu la tion  uses the in te rn a tio n a l W adden 
Sea in  M ay as a fu e llin g  area where birds stage there at 
least three weeks to  accumulate su ffic ien t energy stores 
(S che iffa rth  et al. 2002, Piersma &  Jukema 1990). 
C ons is tent w ith  our low  popu la tion  size estimate o f 
240000, the numbers counted there are also consider­
ably lower than  the to ta l popu la tion  estimate o f 600 000 
based on counts in  the w in te rin g  areas (D e lany et al. 
2009). Between 1993 and 2000 M ay numbers in  the 
en tire  W adden Sea ranged between 100000 and 
150000. O n ly  in  M ay 1995 was a to ta l o f 348000 birds 
counted there (B lew  &  Stidbeck 2005). Assum ing a 
p opu la tion  o f about 600 000, o n ly  a h igh  tu rnove r rate 
cou ld  exp la in  these low  actual counted numbers in  
M ay in  the W adden Sea. However, as the birds need to  
increase body mass by alm ost 200 g in  M ay at a rate o f 
6.5 g per day (Piersma &  Jukema 1990), they w il l  need 
the fu l l  m o n th  to  do so. Therefore a h igh  tu rnove r rate 
seems un like ly . I f  the cu rren t p opu la tion  size is indeed 
smaller than  h ith e rto  assumed, e ithe r the birds were 
over-estim ated du ring  the counts in  W est A fr ic a  or the 
p opu la tion  has declined recently.

W ith  respect to  ove r-counting  we can say the fo llo w ­
ing. A t  the num erica lly  m ost im p o rta n t w in te rin g  area 
o f taymyrensis G odw its , the Banc d ’A rg u in , the to ta l 
num ber is de term ined to  a large ex ten t by a few very 
large concentra tions. A lte n b u rg  et al. (1983) counted 
364000 G odw its  (=  67% o f th e ir to ta l) in  o n ly  four 
c o n c e n tra tio n s  ra n g in g  fro m  56 000 to  170 000 and 
H agem eijer et al. (2004) counted 245 000 G odw its  ( = 
61% o f th e ir to ta l) in  fou r concentra tions ranging from  
41000 to  104000 B ar-ta iled G odw its . M oreover, these 
large flocks are m ixtures o f Bar-ta iled G odw its  and Red 
K nots and a num ber o f smaller species and counters are

o ften  time-stressed because they have to  coun t a large 
area du ring  the same h igh  tide  (A lte n b u rg  et al. 1983). 
G ive n  these circumstances large b u t unknow n  mistakes 
may be possible.

C oncern ing  a possible recent popu la tion  decline, th is 
is in  fact measured in  M ay on the spring staging sites in  
the W adden Sea (B lew  &  Stidbeck 2005). M oreover, 
the average annual surv iva l o f 0.81 found by us 
over the period 2001-2007 is rem arkably low  fo r a 
wader o f th is  size. In  Ice land ic B lack-ta iled  G odw its 
Limosa limosa islandica, fo r instance, surviva l values o f 
0.87 and 0.94 were found (Gunnarsson et al. 2005). 
The low  surv iva l found by us in  the taymyrensis G odw its  
cou ld  thus ind icate a period o f h igher than  norm a l m or­
ta lity  and th is cou ld  result in  a popu la tion  decline i f  the 
reproduction  d id  n o t compensate the increased m o rta l­
ity  (Boyd &  Piersma 2001). U n fo rtu n a te ly  we do n o t 
have any re liab le measurements o f the reproductive 
success in  the taymyrensis G o d w it popu la tion . However, 
even i f  we w ould  use the h igh  surv iva l values as found 
in  the Ice land ic B lack-ta iled  G odw its  (also du ring  the 
firs t year after ca tch), our estimated populations sizes 
w ou ld  be 371000 (using O  = 0.87) and 456000 (using 
®  = 0.94), values s ti l l  far away from  the 600000 esti­
mate based on counts. Thus we th in k  th a t our data 
ind icate  th a t the recent popu la tion  size o f taymyrensis 
cou ld  w e ll be rem arkably smaller than assumed.

CONCLUSIONS

The  m ark -res igh ting  approach to  estimate to ta l popu­
la tio n  size used previously  by Gunnarsson et al. (2005) 
and Lourenço et al. (2010) in  tw o  subspecies o f B lack­
ta iled  G odw its  is n o t o n ly  a very useful a d d ition  to  the 
tra d it io n a l counts, bu t p o te n tia lly  a superior way to 
estimate popu la tion  size because o f the a b ility  to  derive 
confidence lim its  and the fact th a t n o t a ll locations 
have to  be v is ited  and counted. The la tte r is an o b v i­
ous advantage and holds even more fo r species th a t 
occur more widespread than  those described in  th is 
paper, Ruffs Philomachus pugnax, fo r example (S troud 
et al. 2004). Nevertheless, the approach warrants con ­
siderable investm ent because a co lour-m ark ing  program 
needs to  be established. O nce th is  is done and resight­
ing  efforts are m a in ta ined, estim ations can be repeated 
each year w ith  m uch less e ffo rt compared to  the orga­
n iza tion  o f com prehensive counts. Indeed, the m a rk - 
res igh ting  approached is now  applied on  a w orldw ide 
scale to  m o n ito r the fate o f the m any cu rren tly  endan­
gered long-distance m ig ra ting  wader popula tions 
(Piersma 2007).
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