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The population o f the West B a ltic  Greylag Goose A nse r anse r  is m igratory, 
breeding in southw est Scania, sou thernm ost Sweden and w in te ring  in the 
Guadalquivir M arism as, southw est Spain, o r in the Dutch Delta. This popu­
lation has been the sub ject o f a long -te rm  study o f a sam ple o f neck cottared  
individuals, and observations o f m arked  indiv iduals were used to assess 
ra tes o f mate fid e lity  in th is supposedly long -te rm  m onogam ous species. 

The annual divorce ra te  during the years 1985-2000 was 10.5% [n-415], w ith  
29.7% o f a lt pa irs  ending in a divorce [n=158¡. A fte r divorce o r death o f the 
partner, b irds re -pa ired  assorta tive ly  w ith ind iv iduals from  th e ir  own breed­
ing area, using the sam e w in te ring  area. New p a ir bonds fo rm ed on the 
breeding area, during  one o f three periods; ju s t a fte r re tu rn  in spring, ju s t  
a fte r m o u lt and ju s t before departure in autum n. Divorce o r  p a rtn e r death 
during the pe riod  15 October - 28 February, when breeders were away from  

the breeding grounds, resu lted  in a s ign ifican tly  tow er reproductive success 
during the fo llow ing breeding season, com pared to mate losses during the 
period  1 June - 14 October.
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True geese (genera A nse r and 
B ran ta ) are genera l ly  considered to be 

lo n g - te rm  monogam ous. Our know l­
edge abou t m ate  f id e l i ty  and its 
evo lu tionary s ignif icance in northern

nesting geese is, however, meagre. 
Mate change may come about as a 

resu lt  of e i ther the death of pa r tne r  or 
divorce, where  divorce is defined as a 
"pa ir  b reak-up at any t im e  of the year
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when both partne rs  are s t i l l  alive and 

w here  the  s u b se q u e n t b reeding 
attempt, if any, of at least one bird is 
w ith  a n o th e r  p a r tn e r "  (C houdhury
1995). A m ong m os t s tudied species 
exh ib it ing  lo n g - te rm  pa ir  bonds, a 
change of mate resu lts  in a tem pora ry  
reduction in reproductive perfo rm ance 
(Coulson 1972; Ollason & Dunnet 1988; 
B radley et at. 1990; B lack et at. 1996; 
Rees et at. 1996). The tem po ra ry  nature 
of th is  reduction suggests  tha t some 
t im e  fac to r  is involved in the develop­
m ent of a new pair bond. If th is  is so, 

and the t im e  required to compensate 
fo r  the costs associated w ith  change of 
mate is s h o r te r  than one year, it would  

be predicted tha t the point in the an n u ­
al cycle at wh ich  divorce or pa r tne r  
death occurs w i l l  a ffect breeding s u c ­
cess in the fo l low ing year.

To test fo r  the effects on rep roduc­
tive success of the t im ing  of divorce and 
pa rtne r death, data were used from  a 
lo n g - te rm  study of neck collared West 
B a lt ic  Greylag Geese A nse r anser, 
breeding in sou thw est Scania, s o u th ­
e rnm os t Sweden (Nilsson 1998). This 
popula t ion is fu l ly  m igra tory , using two 
main w in te r ing  areas. When the study 
s tarted in 1985 about 90% of the breed­
ers  w in te re d  in the  G uada lqu iv ir  

M a r ism as , s o u th w e s t  Spain. 
Throughou t the study period the Dutch 
Delta gained in im portance, and today 
less than 20% of the breeders are found 
in Spain in w inter. D eparture from  the 
breeding area in au tum n and re turn  in 

spring varies m arked ly  among years 
and indiv iduals, but during the study

period, breeders were present on the 

breeding area, on average from  the 
beginning of March unti l  the midd le  of 
October (Nilsson & Persson 1992, 1994, 
1998 and unpub lished data).

Methods

Greylag Goose fam il ies  have been 
captured and neck collared annua lly  in 
a study area in sou thw este rn  Scania, 
s o u th e rn m o s t  Sweden s ince 1985 
(N ilsson  & P ersson 1992; Persson 
1994). A to ta l  of 575 adu lts  and 1,700 

gosl ings were neck collared up to 2000 
(Persson 2000).

B e tw een 1985-2000, re g u la r  
searches fo r  neck collared geese were 
undertaken from  th e ir  spring arr iva l 
un ti l  th e ir  au tum n departure . In spring, 
the study area was visited several t im es 
a w eek in o rde r to establish the re turn  
of m arked birds and th e ir  breeding pe r­
formance. From late May un ti l  the last 
young were fledged, the breeding area 
was visited a lm os t  daily to establish the 
n u m b e r of f ledg l ings  in each family. In 
s u m m e r  and au tum n, weekly searches 

were extended to inc lude ne ighbouring 
staging areas, especially  the Foteviken 
area at the coast, where  a large p ropo r­
tion of the Greylag Geese from  the 
study area ga the r  at th is  t im e  of year 

[ef. N ilsson & Persson 1992).
R e-s igh t ings from  o the r parts  of the 

flyway were obtained from  a ne tw ork  of 
vo lunteers. These data were supp le ­
m ented by intensive field w o rk  by HP on 
the staging and w in te r ing  areas, m a in ­
ly in the Guadalqu iv ir  M ar ism as and at 
V il lafáfi la, but occasionally also in o ther
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areas in Spain, as w e l l  as in a l l  m a jo r  
haunts  in the N e ther lands, Be lg ium  
and France.

Due to a very high re -s igh t ing  f re ­
quency  a l l  year round (N ilsson  & 

Persson 1993) it was possible to es tab­
lish in a l l  but a few cases during which 
part of the annua l cycle a death of p a r t ­
ner or divorce had taken place. In most 
cases, th is  in terval couLd be narrowed 
down to less than a month, som et im es  
to a specific day. Exact t im ing  of divorce 
and death of pa r tne r  was often im p o s ­
sible to establish during nesting, as the 
nest s ites were rarely visited. The same 

applied to fa i l-b reeders  during th e ir  
annua l w ing moult, as it usually took 
place in inaccessible places (Nilsson et 
al. 2001). The re -s igh t ing  frequency 
was lower when the geese were away 
f rom  the breeding grounds compared 
to w hen  p resen t (Andersson  et al. 

2001). In some cases, there  were no re ­
s igh tings available from  the period the 
pairs were away from  Scania.

D e te rm inat ion  of pa ir bonds was 

fac il ita ted by a l l  ind iv iduals being neck 
collared. Two adu lt  ind iv idua ls of oppo­
site sex were considered as a pa ir if 

they were closely associated, when not 
being alone. Greylag Goose mates stay 
close to each o the r a l l  year round, but 
the distance increases dur ing  incuba­
tion, w hen  m a les  s o m e t im e s  feed 
alone.

Divorce rate was ca lcu la ted as the 

n u m b e r of divorce events divided by 
to ta l  n u m b e r  of pair-years, where  a 
pa ir-year was when both pa ir  m em bers  
in year f survived to year t+1.

Reproductive success was defined 
as the percentage of breeding a ttem p ts  
(real and potentia l) that resulted in at 
least one f le d g l in g  [ef. N i lsson  & 
Persson 1996). When a fo rm e r  breeder 

was unmated during a breeding season 
it was counted as a po tent ia l breeding 
a ttem pt. In cases when death of a p a r t ­
ner was preceded by a divorce in the 
sam e year, the surv iv ing mate was 
counted as divorced.

The annua l cycle was divided into 
two main parts  depending on w he th e r  
the breeders were present or absent 
f ro m  the b reed ing  g rounds, w ith  1 

March and 15 October as approximate 
dividing dates. The period when birds 
were present on the  breeding grounds 

was fu r th e r  divided into: breeding un ti l  
w ing moult, w ing m ou lt,  post- f ledg ing 
and au tum n. The w in g -m o u l t  period 
las ted abou t one m on th  and c o m ­
menced during the last days of May or 
the f i rs t  two weeks of June among 
b reeders , s o m e w h a t  e a r l ie r  am ong 
fa i l-b reeders . The post- f ledg ing  period, 
when fam il ies  stayed close to the ir  
b rood-rear ing  areas, lasted un t i l  the 
end of July. Even though the exact t im ­

ing of the d ifferent parts  of the annua l 
cycle varied am ong years, fixed t im e  
periods were used in the main analy­
ses.
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Results

Death of partner

The average ann u a l  m o r ta l i ty  
among breeders in the study popu la ­
tion was estimated to be 16.1 % ±1.4- 
(Nilsson & Persson 1996). Marked va r i­
a t ion  am ong geese using d i f fe ren t  
w in te r ing  areas and am ong years were 
related to d ifferences in hunting p res ­
sure (Nilsson & Persson 1996; Persson 
1996, 1999); the annua l m o r ta l i ty  was 
a lm o s t  th ree  t im e s  as high am ong 
birds w in te r in g  in so u th w e s t  Spain 
compared to those w in te r ing  in the 
so u th w e s t  N e th e r la n d s .  (22.0%± 1.5 
and 7.8%±1.9 respect ive ly ].  Overall, 
81.7%±3.5 of a l l  deaths of partners  
occurred during the open season fo r 
th is  spec ies  (Table 1). Most o th e r  
deaths occurred du r ing  the nesting

period, main ly  fem ales killed by preda­

to rs  o r  dying of o the r causes while  
incubating.

Divorce

The divorce rate during the years 
1985-2000 was 10.5%± 1.5 (n=419 pair- 

years), w ith  29.7%+3.6 of a l l  pa irs  
(n=158) ending in a divorce. Divorce rate 
was m arked ly  h igher among pairs w in ­
ter ing  in the Guadalquiv ir  M ar ism as 
compared to those w in te r ing  in the 
N e ther lands, 12.2%±2.4 (n=188 pa ir- 
years) vs 7.6%±1.9 (n=185 pair-years), 
but the d ifference was not s ign if icant 
(χ2=2.27, n.s.). For most divorced birds 
it is not known w he th e r  they chose to 
divorce or were  the v ictim. The d is t r ib ­
ution of divorces over the annua l cycle 
largely resem bles  tha t of deaths of 
pa rtners  (Table 1 ).

Table 1 N um ber of deaths of pa rtne rs  and divorces recorded during d iffe ren t parts  of the annua l cycle, 
in a breeding Greylag Goose population in Scania, 1985-2000.

Part of annua l cycle Death of P artner Divorce

Breeding u n til w ing m ou lt 15 13

Wing m ou lt 3 3

Post-fledg ing 3 3

A utum n 24- 14

M igration + w in te ring 74 32

Total 120 65
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Timing of pair formation

The fo rm a tion  of new pa ir  bonds fo l ­
lowing the death of a pa r tne r  o r divorce 
was recorded in 86 cases. A l l  pairs 
fo rm ed in the breeding area, during one 
of three periods: 6 February - 20 March 
(n =37], 26 June - 21 July (n=34) and 28 
A ugust - 14 October (n=15). We have no 
indicat ion that new pairs were fo rm ed 
during o the r t im es  of the year.

Reproductive success

In pairs w ith  unbroken pa ir bonds, 
the reproductive success (the percen t­
age of breeding a ttem p ts  resu lt ing in at 
least one fledged young) was, on aver­
age, s ign if icantly  h igher in year t than in 
year t+1 (64% vs 53%, n=418 pair-years, 
(%: =9.98, P<0.01). One reason fo r th is  is 
that catching fo r  neck co l la r ing  takes 
p lace w hen  gos l ings  are abou t six 
weeks old (Persson 1994). As a conse­
quence, a large proport ion  of the adults

en te r the study popula t ion as success­
fu l  breeders.

The reproductive success was s ig ­
n if ican tly  lower in the season a fte r 

change of pa r tne r  compared to the pre­
ceding season, both fo l low ing the death 
of pa r tne r  (Table 2) and divorce (Table 
3). The reduction in success was most 

m arked fo r  deaths and divorces o ccu r­
r ing  du r ing  the per iod  w hen  m os t 
geese were away from  the breeding 
grounds. There was a s l igh t reduction 
in rep roduc t ive  success  also a f te r  
deaths and divorces occurr ing  during 
the rest of the year, but these were not 

s ignif icant. A male losing its mate d u r ­
ing nes ting  canno t obta in  a w o rse  
reproductive success during the fo l lo w ­

ing breeding season and the sam e 
m igh t be true  fo r  females. Only fa i l-  
breeders divorced during the early part 
of the breeding season (Table 3).

Birds losing th e ir  pa r tne r  during the 
period 1 June - 14 October had a s ign if­

Table 2 Reproductive success (percentage of breeding a ttem pts  resu lting  in at least one fledg ling) in the 
season im m edia te ly  preceding and succeeding death of partner, in re la tion  to when the death occurred.

Tim e of year n Before A fte r χ P

1 M arch - 31 May 15 20% 20% 0.00 n.s.

1 June - 14 October 31 61% 52% 0.59 n.s.

15 O ctober - 28 February 74 72% 31% 24.34 <0.001

1 June - 28 February 110 67% 37% 19.84 <0.001
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Table 3. Reproductive success (percentage of breeding a ttem pts  re su lting  in at least one fledg ling) in the 
season im m edia te ly  preceding and succeeding a divorce, in re la tion  to when the divorce took place.

Tim e of year n Before A fte r f P

1 M arch - 31 May 11 0% 36% 4.89 <0.05

1 June - 14 October 39 46% 36% 0.85 n.s.

15 O ctober - 28 February 49 61% 16% 20.80 <0.001

1 June - 28 February 88 55% 25% 16.03 <0.001

ican tly  h ig h e r  rep roduc t ive  success  
during the fo l low ing breeding season 
compared to those losing th e ir  pa r tner  
du r ing  the period 15 October - 28 
February, independent if it was due to 
death (Table 2, χ 2=3.94, P<0.05) o r 
divorce (Table 3, χ 2=4.43, P<0.05).

Discussion

The divorce rate found in th is  study 
is s im i la r  to tha t reported fo r  a seden­
ta ry  Greylag Goose popu la t ion  in 
Austr ia , but m arked ly  h igher than rates 

found in m os t o th e r  goose species 
(sum m arised  by B lack et al. 1996), as 
w e l l  as in swans (Rees ef al. 1996). The 

divorce rate was s ign i f ican t ly  low er 
during the f i rs t  ten years of the study 
(Leif N ilsson in B lack et al. 1996) c o m ­
pared to the fo l low ing five years (5.1%, 
n=292 vs 22.8%, n -127 , (χ2=29.49, 
P <0.001), during w h ich  period the n u m ­
ber of breeding pairs increased from  
120 in 1985 to 525 in 1995 and 720 in 
2000 (Nilsson & Persson unpublished

data). Mean reproductive success has 
dec l ined  as the  popu la t ion  has 
increased (N ilsson & Persson unpub­
l ished data), w h ich  ough t to have 
fac i l i ta ted  inc reased  f requency  of 
d ivorce, by low e r ing  the  lo n g - te rm  
costs associated w ith  divorce.

Divorce was more frequent during 
periods and am ongs t those sub -popu- 
lations experiencing h igher m or ta l i ty  
rates. The reason m igh t be tha t h igher 
frequency of death of pa r tne r  makes fo r 
a la rg e r  poo l of una ttached  b irds, 
potent ia l ly  of be tte r qual ity  than an 
existing partner. In the Barnacle  Goose 
Branta leucopsis, divorce increased w ith  
the n u m b e r of experienced breeders 

becoming available due to death of 

p a r tne r  (Black et al. 1996). Such a re la ­
t ionsh ip  is in accordance w ith  the be tte r 
option hypothesis, in w h ich  d ivorce 
occurs when one m e m b e r  of a pa ir is 
able to improve its reproductive s u c ­
cess by obta in ing a be tte r qual ity  mate 
(Ens et al. 1993). However, th is  was not
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the soLe reason fo r  divorce in our study 
area, as we observed forced divorce 
(Choudhury 1995) as w e l l  as ( tem po­
rary) divorce a fte r accidenta i toss (Owen 
et a/. 1988). In two cases, an old male 
displaced a male of unknown age and 
took over its mate, as w e l l  as the brood 
of new ly-f ledged young. In both cases, 
the usu rp e r  had lost its fo rm e r  mate 
during nesting about three m on ths  e a r ­
lier, and displaced the s itt ing male as 

soon as the usu rp e r  had re tu rned  to his 
fo rm e r  breeding lake, having m oulted 
elsewhere. In ano the r case, a male 

in jured by a lead pe lle t w h ile  w in te r ing  
in Spain, re turned to the breeding lake 
about a m onth  a fte r the fo rm e r  pa rtne r 
had s tarted to breed w ith  a new mate. 
But, when the fem ale cam e w ith  young 
ten days later, the fo rm e r  pa ir bond 
was re-estab l ished.

Reproductive success of indiv iduals 
was, as found in m ost studies, lower in 
the year a f te r  divorce or p a r tn e r  death 
than the  year before. However, caution 
is needed when in te rp re t ing  these va l­
ues, as the resu lts  are in fla ted by m ost 
birds being neck collared as successfu l 
breeders. In pairs where  at least one of 
the mates had breeding experience, 
excluding the f i rs t  breeding of a bird 
neck collared as gosling, as w e l l  as the 
year of neck co l la r ing  fo r  those m arked 
as breeders , 48.5% (n= 1,335) of a l l  
breeding a ttem p ts  resu lted in at least 
one fledg l ing during the years 1986- 
2000. S u b s t i tu t in g  the  va lues  fo r  
"B e fo re ” in Tables 2 and 3 with  a value 
of 48.5% does not change the outcom e 
of the  s ta t is t ica l  tes ts  fo r  the  periods 1

June - 14 October and 15 October - 28 
February, even if the s ignif icance level 
is lowered in one case (to P<0.05 fo r 
death of p a r tn e r  15 O c tobe r - 28 
February). Thus, there  are good rea­
sons to accept the obtained resu lts  as 
representative of the true  effects of 
pa r tne r  change on reproductive s u c ­
cess.

At the m o m e n t there  is no exp lana­
tion to the low reproductive success of 
b irds whose fo rm e r  mate had died d u r ­
ing the preceding breeding season. It 
m igh t be tha t m ate loss during th is  part 

of the annua l cycle m arked ly  affects the 
l ike lihood of the surv ivor to establish a 
re la t io n sh ip  lead ing  to s u cce ss fu l  
breeding.

There is s trong evidence tha t birds 
f ro m  the  s tudy  popu la t ion  re -p a ir  
assortative ly  w ith  indiv iduals from  the ir  

own breeding area, using the same 
w in te r ing  area. First, a l l  breeding d is ­
pe rsa l  in th is  popu la t ion  occu rred  
w ith in  the  s tudy  area, in no case 
exceeding 6 km. Only 1.5% of the males 
and 0.5% of the  fe m a le s  changed 
breed ing  s ite  be tw een success ive  
years. Secondly, breeders were found in 
the same w in te r ing  area (Guadalquiv ir 
M arismas, V il la fá f i 1a or Dutch Delta) as 
in the preceding w in te r  in as m uch as 
99.2% of the cases (Nilsson & Persson
1996). Moreover, there  is a s tr ik ing ly  
c lose  m a tch  of m o r ta l i t y  ra te  and 
divorce rate fo r  b irds w in te r ing  in the 
Dutch Delta (7.8% vs 7.6%), less so fo r 

those w in te r in g  in the  Guada lqu iv ir  
M ar ism as  (22.0% vs 12.2%). However, if 
surviva l rates were corrected fo r  cases
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when both mates were shot at the 

sam e t im e  (extremely rare among birds 
w in te r ing  in the N e the r lands  but fairty 
co m m on  am ong those  m ig ra t ing  to 
sou thw est Spain, ef. Persson 1996), a 
corresponding match  wou ld  m ost l ikely 
be found fo r  birds w in te r ing  in the 
Guadalquiv ir  M arismas.

New pair bonds fo rm ed, in contrast 
to w ha t is genera l ly  believed to be the 
rule in geese, on the breeding area 
during one of three periods: jus t a fte r 
re turn  in spring, ju s t  a f te r  m ou l t  and 
jus t before departu re  in au tum n. It can ­
not fu l ly  be ruled out that new pair 
bonds were also fo rm ed during the 
prenup t ia l  m igra t ion , as some new pair 
bonds were estab l ished when observed 
fo r  the f i rs t  t im e  a fte r  a rr iva l  on the 
breeding area. However, tak ing  into 
account tha t the breeding area was not 
checked daily and how fast pair bonds 
can fo rm  in spring, it also seems likely 
that these pa ir bonds were established 
on the breeding area. This is even more 

l ikely when it is considered tha t new 
pair bonds have never been recorded 
on p renup t ia l  s top -over sites, not even 
at Foteviken Bay, s i tuated only 20 km 
from  the breeding area.

The existence of three annua l pe r i­
ods during wh ich  re -pa ir ing  takes place 

gives a bird much m ore  t im e  to find a 
new mate when losing its fo rm e r  p a r t ­
ner in spring, s u m m e r  or early au tum n 
compared to in late au tum n o r winter. 
Most ind iv idua ls  fo rm e d  new pa ir  
bonds during the f i rs t  re -pa ir ing  period 
occu rr ing  a f te r  p a r tn e r  loss, s o m e ­
t im es  w ith in  days of a divorce, while

som e birds rem ained unpaired from  

one spring to the beginning of next 
b reed ing  season. Less than  20% 
rem ained unpaired fo u r  m on ths  a fte r 
d ivorce/loss of partner, and hardly any 
a f te r  eleven m on ths . The t im e  to 
replace a lost mate varies considerably 
w ith in  species, as w e l l  as am ong c lose­
ly related species. It is reported to take 
between three  and nine m on ths  in the 
Barnac le  Goose (B lack et al. 1996). 
Mute Swans Cygnus o lo r are though t to 
re -pa ir  w ith in  weeks fo l low ing loss of 
mate, wh ile  the mean t im e  to re -pa ir  
w as 2.6 years  in B ew ick 's  Swans 
Cygnus colum bianus bew ickii and 1.9 
years in W hooper Swans Cygnus Cygnus 
(Rees et al. 1996).

While a divorce o r pa r tne r  death 
a fte r  m id -O c tobe r  resulted in a m arked 
reduction in reproductive success, that 
was not the case if it occurred before 
m id-O ctober. Thus, a period of five 
m on ths  seem s to be su ff ic ien t fo r pair 
pa rtners  to estab l ish a re la t ionsh ip  for 
success fu l  breeding, wh ile  the t im e  
available a fte r  re turn to the breeding 
area in spring in m ost cases was evi­
den t ly  too s h o r t  to fa c i l i ta te  a 

success fu l breeding a ttem pt.
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