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jLDispersai from  the centre o f the breeding range o f the B a ltic  
Greylag Goose A n se r  anse r was stud ied  using observa­
tions o f indiv iduals w ith neck collars. The m edian 

nata l d ispersa l d istance was 0 km  in fem ales and 25 
km  in mates, respectively. A ll o f the fem ales recru ited  to w ith ­
in 7 km  o f where they had been reared, 87% to the nata l lake and 11% to 
ne ighbouring w a te r bodies. Of the mates, only 11% rec ru ited  to the nata l 

lake, w hile one ind iv idua l was found m ore than 1,000 km  from  its place o f 
b irth . Even though the m ales d ispersed to a g rea te r distance w ith in  the pop­
u la tion 's breeding range, th e ir d is tribu tion  was s til l h igh ly skewed towards 

th e ir po in t o f orig in. Two th irds o f a ll mates recru ited  w ith in  30 km  o f the site  
where they had been reared. Once recru ited, both sexes exhib ited an 
extrem ely strong p h ilopa try  to th e ir breeding area. Only 1.5% o f the m ales 
and 0.5% o f the fem ales changed breeding site  between successive years. 
A lt breeding d ispersa l occurred  w ith in  the local population, and in no case 
exceeded 6 km.

K eyW ords : B reeding d ispersa l,  nata l d ispersa l, Greylag Goose, Sweden

“The question of the re turn  of birds 
to th e i r  hom es is one of perenn ia l 
interest. How fa ith fu lly  do adu lt  birds, 
males and females, re tu rn  to th e ir  te r ­
r i tor ies? How fa r  f rom  th e i r  b irth place 

do young birds sett le? Over how much 
ground does one fam ily  sca tte r? "  (Nice 
1937). These questions rem ain  highly 
relevant today, though now phrased in
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m o d e rn  b e h av iou ra l  te rm ino logy .  
Movement from  the site of b irth to that 
of f i rs t reproduct ion or potent ia l rep ro ­
duction is te rm ed nata l d ispersal, wh ile  
subsequent m ovem ent between sites is 

te rm ed  breeding d ispersa l (Greenwood 
1980).

D ispersa l pa tte rn  is of fundam en ta l  

im portance  to several aspects of popu-
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lation biology, being an essentia l c o m ­

ponen t of m e ta -p o p u la t io n  and 
s o u rc e -s in k  dynam ics , gene flow, 
gene t ic  s t ru c tu re  and evo lu t iona ry  
change. However, la rge-sca le  studies 
addressing these issues are rare (for a 
s u m m a ry ,  see C la rke  et at. 1997). 
Detailed field s tud ies are appropria te  
fo r  investigating sm a l l-s ca le  dispersal, 
but they are usual ly  unable to fo l low  
indiv iduals that leave the study area. 

S m a l l-s ca le  s tud ies  are va luable  in 
evaluating the prox imate causes of d is ­
persal, but d ispersa l outside such local 
areas can only be studied w ith  a m a rk ­
ing schem e operat ing over a much 
la rge r scale.

N eck co l la r ing  of both breeding 
adu lt and gosling Greylag Geese A nser 
anser, has been undertaken annually  in 
sou thw este rn  Scania, in sou the rnm os t 
Sweden since 1985 (N ilsson & Persson 
1994, N ilsson  et at. 1997). Besides 
detailed studies in the breeding area, 
these birds have also been fo llowed 

outside the study area by a ne tw ork  of 
vo lunteers. Thus, we are now able to 
analyse natal and breeding d ispersa l 
th ro u g h o u t  the  B a lt ic  popu la t ions  
breeding range.

Methods

A to ta l  of 1,014 goslings, 552 males 
and 462 fem ales were  neck collared in 
Lakes K los te rv iken , B ö rr in g e s jö n ,  
F jä l l fo tas jön and Yddingesjön during 
the years 1985-1994 (Persson 1994, 
2000; F igure D.The f i rs t  generat ion of 
neck co l la rs  used in the project was of

an in fe r io r  qua l ity , re su l t in g  in an 

exceptionally high rate of co l la r  loss 
among males. For tha t reason, a l l  ind i­
v iduals m arked  w ith  such co l la rs  were 

excluded from  the analysis.
During the years 1985-1999, regu la r  

checks fo r  the occurrence of neck co l­
lared geese were  undertaken from  the 
t im e  of th e ir  a rr iva l  in spring un t i l  the ir  
departu re  in au tum n. In spring, the 
study area was visited several t im es  a 
week in order to establish the re turn  of 
m arked birds and th e ir  breeding pe r­
fo rm ance. From the end of May unti l  
the last young fledged, the breeding 

area was visited a lm os t daily to es tab­
lish the fate of each neck collared 
gosling. Goslings were neck collared 
from  the age of about six weeks un ti l  
they were fly ing and im p ra c t ic a l  to 
catch. In s u m m e r  and au tum n, f ie ld ­
w o rk  w as extended to cover 
ne ighbouring staging areas, especially 
the Foteviken area on the coast where  a 
large proport ion  of the Greylag Geese 

from  the study area ga ther at th is  t im e 
of year (ef. N ilsson & Persson 1992).

K now ledge  of b irds re c ru i te d  to 
o ther parts of the species' breeding 
range is based main ly on reports f rom  a 
ne tw ork  of more than 1,000 volunteers. 
Observers are located across much of 

the potentia l d is tr ibution area of the 

m a rked  geese, a l though  the re  is a 
m arked bias towards the Netherlands. 
Fie ldwork outside the study area was 
l im ited to i r regu la r  visits, main ly  in late 
s u m m e r  and au tum n, to lakes situated 
w ith in  30 km of our  study area.

A bird defined as having eggs or
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Figure 1. The study area. Lakes are indicated by shaded areas, and the feeding areas of the geese, reg­
u la rly  surveyed during the study, are bordered by solid lines. W oodland is stipp led, fa rm land  is open.

unfledged  young w as coun ted  as 
breeding in tha t site. The same applied 
to a bird w ith  newly fledged young, as 
fam il ies  are were rare ly  seen more 
than fou r  k i lom e tres  from  the brood 
rearing area during the f i rs t  two weeks 
a fte r  fledging, and m ost remained in 
the vic in ity of the breeding site un ti l  the 
s ta r t  of au tum n  m ig ra t ion  (Nilsson & 
Persson unpubl.). In the l ight of this, a 
bird seen w ith  a fam ily  in late s u m m e r  
o r early au tum n was counted as breed­
ing in tha t site providing there were 
o the r s igh t ings support ing  such a con­

clusion. Most indiv iduals had recru ited

to the breeding popula t ion when five 
years old, a l though new parents were 
often unsuccessfu l compared to expe­
rienced birds. Therefore, a paired bird 
in its f i fth ca lendar year, o r o lder, was 
counted as recru ited  if it rem ained 
fa i th fu l  to a pa r t icu la r  breeding site (ef. 
N ilsson & Persson 1994). In the la t te r  
case, few er s igh tings  were required 
outside the study area than w ith in  it.

The resu lts  obtained may be biased 
in three main ways: (1) an uneven sex 
ratio among the neck collared f ledg ­
lings, (2) s i te -dependent varia tions in 

the l ike l ihood of a recru ited  bird being
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recorded and (3) loss of neck collar. A 

consequence of males having larger 

heads than fem ales is that at a certain 
age male gosl ings can be neck collared 
but not females. In th is way, a biased 
sex ratio can arise in the neck collared 
cohorts  as in som e fam il ies  only the 
young males caught can be neck co l­
lared and often there  w i l l  not be a 
second chance to catch the same fa m ­
ily. Due to d ifferences in the feeding 
habitats of fam il ies  and pairs at the d i f­
ferent breeding lakes, there w i l l  be 
d ifferences in the chances of f inding 
recru ited birds. On account of the f re ­

quent v isits w ith in  the study area there 
was confidence tha t a l l  recru its  were 
recorded, assum ing  the bird did not 
lose its neck co l la r  before recru itm ent.  
Outside the study area, the l ikelihood 
th a t  a re c ru i t  w as  recorded, was 
assum ed to be the sam e everywhere. 

Visits to lakes in the v ic in ity of the study 
area compensated fo r  an appreciably 
lower report ing rate among vo lun teers  
in th is  area. Based on re -captures, the 
annua l neck co l la r  loss in th is  popu la ­
tion was est imated to be 5.5%±1.5 in 
m a les  and 1.4%+0.6 in fem a les  
(Persson 2000b).

The te rm  breeding site needs to be 
defined, as breeding d ispe rsa l  is a 

m ovem ent between sites. As breeding 
geese use one nesting site and one or 
more  brood rear ing  areas fo r  each 
breeding a t tem p t,  the  breeding site 
m us t com pr ise  a l l  these sites. In the 
course of the present study, several 
birds changed nesting site, from  one of 
the lakes to a pond close to the lake,

but continued to use the same brood 

rear ing area. Accordingly, a bird was 
counted as having dispersed, when it 
had changed its nesting site in such a 
way tha t it could no longer could use 
the sam e brood rearing area(s) as used 
the preceding season.

Lakes K los te rv iken  and 
B örr inges jön  are s ituated very close to 
each o the r and connected w ith  a short  
canal, th ro u g h  w h ich  a n u m b e r  of 
broods change site a fte r  hatch ing each 
year. For th is  reason, in te r m s  of 
breeding d ispersa l,  these two lakes are 
counted as one breeding site.

Results

Natal dispersal

A m ong the neck collared goslings, 
433 males and 354 fem ales fledged 
during the years 1985-1994. Up to 1999, 
82 of these males and 114 fem ales 
were found breeding. A l l  of the fem ales 
were found w ith in  the study area, 99 on 
the nata l lake and 15 on a ne ighbouring 
w a te r  body 2-7 km from  where  they 
were reared. Only 15 of the males were 
found on th e i r  nata l lake, ano the r 29 
found w ith in  the study area (T a b le l ). 
The o the r 38 had d ispersed fu r th e r  
afield w ith  50% at about 20-30 km, 8% 

at about 50 km, 24% at about 75-95 km 
and 10% at about 300 km, wh ile  s ingle 
b i rd s  w e re  fo u n d  at d is ta n c e s  of 
rough ly  115, 230 and 1,050 km, the la t ­
te r  being in ano the r flyway (Figure 2).

There  w a s  a s trong  co rre la t io n  
between food supp lies  during the brood
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Table 1. N ata l d ispe rsa l of m a les from  the fo u r lakes in the study area. N um b er of re c ru its  assigned to 
distance classes based on distance between brood rearing area and breeding lake. Lakes are ranked 
based on food supplies during the brood rearing period, from  the best to  the w o rs t (N ilsson e is /.  1997).

N ata l
Lake

0-1 km 1-10 km >10 km Total Percentage in 
na ta l lake

1. Yddingesjön 10 6 12 28 36

2. B örringesjön 4 6 7 17 24

3. K losterviken 1 11 15 27 4

4. F jä llfo tasjön 0 6 4 10 0

Total 15 29 38 82 18

rear ing period and the proportion of in Lake Yddingesjön, the lake offering
males subsequently  recru it ing  to th e i r  the best feeding condit ions. On the
nata l lake [Table 1, Spearm an r=0.73, o the r hand there  w as no such tendency
P<0.001). Two th irds  of a l l  males that a m o n g  the  m in o r i t y  of fe m a le s
recru ited to the ir  nata l lake were found re c ru i t in g  to ano the r lake in the study

Figure 2. P ositions of a ll m ale re c ru its  recorded m ore than 50 km from  the study area (s ta ri. La rge r dots 
denote tw o re c ru its  in the sam e area.
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area than th e ir  nata l Lake. The p ropo r­

t ion of Loca L re c ru i ts  to Lake 
Yddingesjön was s ign if ican t ly  h igher 
than fo r th e  o th e r th re e  Lakes combined 
(χ2=8.63, df=1, P<0.01 ).

Providing tha t no fem ales recru ited 
to outside of the study area, the n u m ­
ber of recru ited fem a les  tha t lost the ir  
neck co l la rs  up to the age of fou r  is 
est imated to be six (ef. Persson 2000b). 
Two of these were recaptured, giving 
the to ta l  n u m b e r  of recru ited females 
to be 118. Accordingly, 33.3% of the 
f ledged  fe m a le s  w e re  su bsequen t ly  
recruited.

A ssu m in g  the sam e re c ru i tm e n t  
rate fo r  both sexes, the to ta l  n u m b e r  of 
re c ru i te d  m a le s  f r o m  the  m a rk e d

s a m p le  w as es t im a te d  to be 144. 

Compensating fo r  neck coLlar losses, 

the to ta l  n u m b e r  of locally recru ited 
males was 51. Accordingly, 35% of a l l  
male recru its  were  LocaL. Accepting th is 
percentage, median distance of natal 
d isp e rsa l  in fe m a le s  and m a les  
am ounted to 0 and 25 km respectively 
[Figure 3).

The e s t im a te d  n u m b e r  of m a le  
re c ru i ts  ou ts ide  the s tudy  area s t i l l  
w ea r ing  a neck c o l la r  a f te r  fo u r  years 
is 74, as a to ta l  of 19 is es t im a ted  to 
have lost the irs .  Accord ing ly , rough ly  
ha lf  of a l l  m a les  rec ru ited  outs ide  the 
s tudy  area w ere  found and reported .
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Figure 3. D is tribu tion  of na ta l d ispe rsa l d istances am ong fem ale and m ale Scanian Greylag Geese, up to 
100 km  from  the po in t o f o rig in . It is based on the assum ption  tha t a ll re c ru its  (s till w earing th e ir  neck 
co lla rs ) w ere recorded in the  study area and tha t the like lihood th a t a re c ru it should  be recorded outside 
the study area was the sam e everywhere.
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Table 2. Rate of breeding d ispe rsa l of m ales and fem ales from  the fou r lakes in the study area, given as 
p roportion of ind iv idua ls  tha t changed breeding site between successive years. Lakes are ranked based 
on food supp lies during the brood rearing period, from  the best to the w orse (N ilsson et al. 1997).

Lake Males Females
Change (%) n Change |%] n

1. Yddingen 0.3 293 0.0 263

2. B örringesjön  0.8 124 0.0 211

3. K losterviken 2.7 149 1.3 219

4. F jä llfo tas jön  5.3 76 0.9 109 

Total 1.6 642 0.5 802

Breeding dispersal

Once recru ited to a breeding area, 
the geese showed a very high degree of 

site tenacity. The rate of d ispersa l was 
three t im es  h igher among males than 
fem ales , but ex trem e ly  low in both 
sexes (Table 2). Among the dispersing 
ind iv idua ls , e igh t m a les  and fo u r  
fem a les  changed to a ne ighbour ing  
lake (2-3 km  away), w h ile  two males 
changed to a lake s ituated 6 km  away. 
No breeder dispersed fu r th e r  than 6 
km.

Apparently  the food supp lies  in the 
breeding lakes in fluenced the change 
of breeding site of es tablished breeders 
(Table 2). A m ong the  few  breeders  

changing lakes, fou r  ma les changed 
from  Lake Fjä llfo tasjön to ano the r lake, 
Lake Fjä l lfo tasjön having in fe r io r  re a r­
ing areas compared to the o ther lakes. 
In the two lakes offering the best feed­
ing cond i t ions  du r ing  th a t  period, 
Yddingesjön and B ö rr in g e s jö n ,  no 
fem ale and only one male in each lake 
changed site in the course of the study.

Discussion

In th is  study, there  is no reason to 
assum e that the true  d ispersa l pattern 
of fem ales d iffers from  that presented 
here. A la rge r sam ple  size could, how ­
ever, reveal cases of d isp e rsa l  

d istances exceeding seven k i lom ete rs  
(see below). For males, the resu lt  is 
associated w ith  th ree  potent ia l biases. 
First of all, it m igh t be questioned if the 
sexes really  are recru ited in identica l 
proportions, but there  is nothing ind i­
cating tha t it should  not be the case. 
Second, if an annua l neck co l la r  loss 
rate calcu la ted fo r  males m arked as 
gosl ings (8.4%) is used, the proportion 
of recru its  recru it ing  locally increases 
f rom  35% to 40%. That loss rate was 
not used, however, as it was based on 
only 15 re t raps  (Persson 2000b). 
Instead, one based on a l l  neck collared 
males was used, independent of age at 
m ark ing . A th ird  c ruc ia l  question is 

w he th e r  reports from  vo lun teers  give a 

skewed picture. Based on the large 
n u m b e r  of re s ig h t in g s  of the  only
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known male tha t recru ited  in Brita in 

(Insley 1997) it can safely be stated that 
no o the r bird was recru ited to tha t f ly ­
way. In the A t lan t ic  flyway, however, 
there is cu rren t ly  no way of invalidating 
the assum pt ion  tha t the l ike l ihood of a 
re c ru i t  being recorded  ou ts ide  the 
study area was the same everywhere. 
But, the d is tr ibu tion  obtained seems to 
be fa ir ly  robust, as m ore  than half of a l l  
po ten t ia l  re c ru i ts  ou ts ide  the study 
area were recorded. For instance, even 
in the extreme case tha t the outcom e of 
the visits to the lakes w ith in  30 km  of 
the study area was tha t a l l  recru its  in 
tha t area were recorded, the median 
d ispersa l distance changes only from 
25 to 26 km.

Most goose fam il ies  congregate in 
brood rearing areas, som e t im es  s i tu a t ­
ed up to 30 km  from  nesting areas 
(Cooke et al. 1995), adding a com p l ica t­
ing fa c to r  w hen  de fin ing  na ta l  
d ispersal. In the present study, d ispe r­
sal distance was m easured from  the 
brood rearing area, where  the gosling 
was neck collared. In m ost cases, the 
place of hatching w as unknown. For 
that reason a zero d is tance was applied 
when a bird recru ited to the sam e lake 
in wh ich  it was reared. More correct, 
however, is to define a na ta l area. 
Greylag Goose fam il ies  can w a lk  a few 

k i lom e te rs  over land, f rom  a nesting 
w a te r  body to a rear ing area (Nilsson & 
Persson 1994). Moreover, fam il ies  reg­
u lar ly  move from  Lake K losterviken to 
Lake B örr inges jön  dur ing  the la t te r  
p a r t  of the brood rea r ing  period. 
Accordingly, it seem s reasonable tha t a

nata l area inc ludes both the natal lake 
and su rround ing  nesting w a te rs  lack ­
ing rearing areas, as w e l l  as that Lakes 
K los te rv iken  and B ö rr in g e s jö n  are 
treated as one nata l area. In such case, 
98% of a l l  fem a les  recru ited in the ir  
natal area.

For males, on the o the r hand, it 
seem s appropr ia te  to extend the natal 
area to com pr ise  the entire study area. 
Such an extension is supported by the 
fact tha t fo r  th ree  of the lakes, the p ro ­

port ion of known recru its  found in the 
study area fa l ls  w ith in  an extremely 
narrow  range, 57-60%. In the natal 
area, the re c ru i tm e n t is governed by 
where  the male can find a mate, inde­
pendent of w h ich  lake he was born or 
reared on.

A consequence of the fa i th fu lness  of 
fem ales to th e i r  nata l area is that the 
Greylag Goose spreads to new breeding 
areas very slowly, especially  when the 
bird is forced to d isperse more than a 
few k i lom ete rs .  Local breeding popu la ­
t ions can increase to sizeable numbers, 
wh ile  ne ighbour ing  potent ia l sites, s i t ­
uated more than ten k i lom e te rs  away, 
rem a in  unoccup ied  (Persson 1990). 
However, the fac t that these sites also 

f ina l ly  become occupied dem onstra tes  
tha t a fem ale can d isperse a longer d is ­
tance than shown in th is  study.

A strong patte rn  of nata l female 
ph i lopatry and male d ispersa l is the 

usual pattern in Anatidae, having been 
reported fo r  Mute Swan Cygnus o lo r 
(Coleman & Minton 1979), Lesser Snow 
Goose A nser caerulescens caerulescens 
(Cooke et at. 1975) and Canada Goose
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Branta  canadensis  (Lesse ls 1985) in 
addition to the present study. In the 
Le sse r  Snow  Goose, som e  of the 
fem ales also dispersed, w h ile  very few 
males were  re -encoun te red  in th e ir  
nata l colony. But as the f ie ldw o rk  was 

more o r less restr ic ted to one colony, 
the  w e l l - s tu d ie d  La Pérouse  Bay 
colony, hardly anything is known of how 
fa r  the males d ispersed (Cooke et at. 
1975, 1995).

Even though the m a les  in th is  study 
d ispersed over large parts  of the breed­

ing range of the Balt ic  Greylag Goose, 
but none to the pe r iphe ra l  parts, the ir  
d is tr ibu t ion  was highly skewed towards 
the point of origin. Two th irds  of al l  
ma les were recru ited w ith in  30 km of 
the site where  they had been reared. A 
fac to r  fac i l i ta t ing th is  d ispersa l pattern 

m igh t be tha t the point of orig in was 
s ituated in the centre of the popu la ­
tion's breeding range.

This study also gives an example of 
a bird estab l ish ing itse lf  in ano the r f ly ­
way. The main populat ion in the Brit ish 
Isles is feral, being the resu lt  of a n u m ­
ber of re - in t roduct ion  projects, wh ich  
made use of founding ind iv idua ls of a 
mixed orig in (Callaghan 1996).

In th is  study, both sexes exhibited 
an extrem ely  strong ph i lopatry  to th e ir  
breeding area once they w ere  recru ited. 
This was also the case fo r  males a fte r 

re -m a ting , wh ich  con tras ts  to ea r l ie r  
f ind ings. In the Lesser Snow Goose, re ­
pairing a fte r loss of mate takes place in 

w in te r  o r  du r ing  s p r in g  m ig ra t io n ,  
w he re a f te r  the male fo l low s the fem ale 
to her natal colony (Cooke et at. 1995).

In the Balt ic Greylag Goose, on the 
o the r hand, pa ir fo rm a tion  a fte r divorce 
o r death of a p a r tn e r  norm a lly  takes 
place in the breeding area, jus t  a f te r 
a rr iva l  in spring, o r  before the onset of 

au tum n m ig ra t ion  (Nilsson & Persson 
unpubl. ]. Apparently, the Greylag Goose 
re -p a ir  w ith  a fa m i l ia r  indiv idual, while  
the Lesser Snow Goose does not.
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