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Preface 


The  current  volume  consists  of 26 peer-reviewed  papers  on  Svalbard  geese  that  were  presented  at  the 
 Svalbard  Goose  Symposium held  in  Oslo,  Norway, 23-26 September 1997. The  Symposium was  hosted 
 by  the  Norwegian Polar  Institute  and  was  a follow-up of  a similar symposium held  in  Oslo in 1983. The 
 proceedings of the successful meeting in 1983 were published in a separate volume of Norsk Polarinstitutt 
 Skrifter,  Nr. 181, in 1984. That  volume  stimulated  new  and  exciting  research  initiatives  on  the  barnacle, 
 pink-footed and  light-bellied brent  goose populations  that  breed  in  Svalbard. 


The  current  publication  presents  many  of  the highlights  from  recent  years,  and it is  our  hope  that  this 
 volume  will  also  be  of  great  value  both  for  conservation  managers  and  s ientists  when  identifying 
 priori ties  in  fu ture  management  and  research. A total  of 39 participants  from  six  countries  attended  the 
 symposium,  and 30 papers were presented. Not all  the  papers presented at  the symposium were submitted 
 for  publication  in  the  proceedings.  To  broaden  the  scope  of  the  proceedings,  the  editorial  committee 
 encouraged participants to submit  a few  additional papers  not  presented at the  symposium. 


We are proud to present this collection of papers which encompasses a wide range of topics dealing with 
 the  Svalbard  breeding  goose  populations  at  their  breeding  sites,  at  their  wintering  haunts,  and  during 
 migration.  We would like to thank  the authors  who  contributed to  this symposium volume,  and we would 
 also  like  to  thank  the  colleagues  who  assisted  with  reviewing  the  manuscripts. A special  thanks  to  the 
 managing  editor  of Norsk  Polarinstitutt  Skrifter, Mary  Hustad,  who  did  most  of  the  technical  editorial 
 work. 


Oslo,  December 1998 


Fridtjof  Mehlum  Jeff  Black  Jesper  Madsen 


Participants of the  Svalbard Goose Symposium,  Oslo,  Norway, 23-26 September 1997. (Photo:  T.G. Solvang) 
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Status  of  the  three  Svalbard  goose  populations 


JESPER  MADSEN,  JEFFREY  M.  BLACK  and  PREBEN  CLAUSEN 


Madsen,  J.,  Black,  J.  M. & Clausen,  P. 1998: Status  of  the  three  Svalbard  goose  populations.  Pp. 7-17 in 
 Mehlum,  F.,  Black, J. M. & Madsen,  J.  (eds.):  Research  on  Arctic  Geese.  Proceedings  of  the  Svalbard 
 Goose  Symposium,  Oslo,  Norway, 23-26 September 1997. Norsk  Polarinst.  Skr.  200. 


During the last decades,  the Svalbard breeding populations of the pink-footed goose,  the barnacle goose and 
 the light-bellied  brent  goose have been  successful  in  tenns  of increased population  size  and  the  adoption  of 
 new  staging and  wintering  areas. They have  also successfully adapted  new  feeding habits  in response to the 
 deterioration  of  traditional  habitats,  in  addition  to  taking  advantage  of  new  opportunities  available  in  the 
 agricultural  landscape.  The  population  inereases  have  been  brought  about  by  improved  survival,  more  a 
 result  of  reduced  hunting  pressures  than  of  improved  breeding  success.  Conflicts  with  farmers  have  been 
 exacerbated  in  wintering and staging areas,  but in  most  situations,  local  or regional  management  plans have 
 been  implemented  to  alleviate  the  potential  damage.  The  populations  provide  good  examples  of  how 
 management  problems  and  solutions  ought  lo  be  addressed  at  the  international  flyway  leve!. 


J.  Madsen  and  P.  Clausen,  National  Environmental  Research  Institute,  Department  of  Coastal  Zone 
 Ecology,  Kalø,  DK-8410  RØnde,  Denmark; 1. M.  Black,  The  Wildfowl & Wetlands  Trust,  Slimbridge, 
 Gloucestershire,  GL2  7BT,  UK.,  Department  of  Zoology,  University  of  Cambridge,  Downing  Street, 
 Cambridge  CB2  3EJ,  UK.  Current  address:  Department  of  Wildlife,  Humboldt  State  University,  Areata, 
 California  95521,  US.A. 


Introduction 


Three  species/subspecies  of  geese  breed  in  Sval


bard:  the  pink-footed  goose  Anser  brachyr


hynchus,  the  barnacle  goose  Branta  leucopsis 
 and  the  light-bellied  brent  goose Branta  bernicla 
 hrota. Their  population  sizes  are  small  compared 
 to  other  populations  of  geese  in  the  western 
 Palearctic  (Madsen  et  al.  1996a).  Although  none 
 of  them  are  critically  endangered  at  present,  they 
 all  face  specific  conservation  and  management 
 problems  related  to  either  their  breeding,  staging 
 or  wintering  grounds. 


During  the  last 2-3 decades  these  three  popula


tions have been the  subject of intensive population 
 monitoring,  ringing  and  studies  of  population 
 dynamics,  ecology,  migration  and  behaviour.  This 
 rapid  expansion  in  goose  research  activity  is  well 
 reflected  in  the  proceedings  from  two  Svalbard 
 goose  symposia  (Mehlum  &  Ogilvie  1984; 


Mehlum  et  al.  1998,  this  volume), 


In  this  paper  we  gi ve  a  brief  overview  of  the 
 present  status  of  the  three  Svalbard  goose  popula


tions,  with  special  emphasis  on  the  developments 
 since  the  early  1980s,  when  the  first  Svalbard 
 goose  symposium  was  held.  We  do  not  describe 
 breeding  distribution  (see  Mehlum  1998,  this 


volume).  A  more  thorough  review  of  the  status  is 
 presented  by  Madsen et  al.  (1999), Black  (1998a, 
 b,  this  volume),  Owen  &  Black  (1999)  and 
 Clausen  et  al.  (1999). 


Pink-footed  goose 
 Distribution 


The  pink-footed  geese  migrate  from  Svalbard 
 southwards  via  Norway  to  autumn  staging  areas 
 in  Denmark  and  the  Netherlands.  The  wintering 
 grounds  include  Flanders in Belgium,  Friesland in 
 the  Netherlands  and  west  Jutland  in  Denmark.  In 
 spring,  the  population  is  concentrated  in  western 
 Denmark  before  migrating  to  stopover  sites  in 
 Trøndelag  in  central  Norway  and  Vesterålen/ 


Lofoten  in  northern  Norway  and  from  there  on


wards  to  the  breeding  grounds.  In  severe  winters, 
 some geese move to northwestern France  (Hoiger


sen  1960;  J.  Madsen unpubl.).  The  use  of Trønde


lag  as  a stopover  area has developed  since  the  late 
1980s;  it is estimated  that  in  the  1990s  almost  the 
entire  population  stopped  over  there  and  subse
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quently  in Vesterålen  (Madsen  et  al.  1997).  Geese 
 have  started  to  use  Trøndelag  as  an  autumn 
 stopover  as  weU.  Furthermore,  during  the  last 
 decade  the  autumn  staging  period  in  western 
 Jutland  has  been  reduced  from  1-2  months  to 
 1-3 weeks, primarily  due  to  food depletion  by  an 
 increasing  number  of  greylag  geese Anser  anser, 
 which  utilise  the  same  areas  except for  one month 
 prior to the  arrival  of the  pinkfeet  (Madsen  1999). 


Consequently,  the  arrival  of  pink-footed  geese  in 
 Friesland  in  the  Netherlands  has  advanced. 


The Svalbard breeding population  is geographi


cally  separated from  the IcelandiGreenland  breed


ing  population  which  winters  in  the  British  Isles 
 (MitcheU  et  al.  1999).  On  the  basis  of  ring 
 recoveries,  it was estimated that in the 1970s there 
 was  an  exchange  between  the  two  populations 
 of  a  few hundred individuals  per year  (Ebbinge  et 
 al. 1984). In the 1990s, intensive neck-banding and 
 resighting  have  been  carried  out  in  both  popula


tions.  In  the  Svalbard  population,  a  total  of  645 
 geese  have  been  ringed  by  the  National  Environ


mental  Research  Institute  (NERI),  Denmark, 
 during  1990-1995.  The  average  annual  exchange 
 of  individuals  is  calculated  at  0.7%.  At  the 
 population  levet,  this  represents  246  individuals 
 out  of  an  average  total  population  of  32,000 
 individuals.  The  majority  of  the  exchange  seems 
 to  take  place  in  severe  winters  (Madsen  et  al. 


1999). 


Population  size  and  trends 


Coordinated  population  and  age  counts  have  been 
 carried out since 1980. Annual population  and age 
 counts  have  been  organised  since  1991  by  NERI 
 together  with  Dutch  collaborators  in  Octoberl 
 November  with  synchronised  counts  in  Denmark 
 and  the  Netherlands.  In  an  attempt  to  reconstruct 
 the  population  development  in  the  20th  century, 
 Madsen  (1982) used  the  annual  maximum  figures 
 recorded  in  Denmark  in  spring  and  autumn.  With 
 some  reservations  these  figures  are  believed  to 
 reflect  overall  population  trends.  The  population 
 seems  to  havl  :tlcreased  in  three  steps  during  the 
 twentieth century:  (1) from approximately 10,000


12,000  individuals  in  the  1930s-1950s to 15,000


18,000  in  the  1960s-mid 1970s,  (2)  from  15,000


18,000  to  25,000-30,000  individuals  in  the  1980s 
 and,  (3)  from  25,000-30,000  to  32,000-34,000  in 


J.  MADSEN et al. 


the  1990s,  with  an unprecedented  peak  number  of 
 37,000  in  the  autumn  of 1997  (Fig.  1). 


Breeding  success/survival 


The proportion of juveniles recorded in the autumn 
 population  since 1980  has  varied  between 6% and 
 30%  annually  without  any  significant  trend,  with 
 an  average  of  16.8%  (Fig.  1,  Table  1).  Average 
 brood  size  (recorded during 1980-1983  and  from 
 1991 onwards) was 2.03  (Madsen  et  al.  in  press). 


Based on an analysis of ring recoveries,  Ebbinge 
 et  al.  (1984)  calculated  that  the  annual  adult 
 survival  rate  increased  from  0.71  during  1955


1974  to 0.85 during 1975-1983. Based on capturel 
 resightings of neck-banded  individuals, Madsen & 


Noer (1996) estimated annual adult survival rate  at 
 0.84  during  1990-1996.  The  two  methods  applied 
 are  not  directly  comparable,  but  the  suggestion  is 
 that survival rate has improved during the last four 
 decades. 


The pink-footed goose is the only quarry species 
 of  the  three  Svalbard  populations,  with  an  open 
 season  in  Svalbard,  mainland  Norway  and 
 Denmark.  Spring  shooting  was  banned  in 
 Denmark  in  1955  and  in  Svalbard  in  1975.  In 
 Belgium, the species has been  fully protected since 
 1981,  but  most  of the  pinkfoot  wintering  area  has 
 been  protected  from  hunting  already  since  1958 
 (Kuijken & Meire  1987;  Meire & Kuijken  1991). 


In the  Netherlands,  the  species has  been  protected 
 since 1976 and in Germany since 1977. The annual 
 hunting  bag  (early  1990s)  is  estimated  at  ca.  3000 
 individuals,  with  the  majority  killed  in  Denmark 
 (Madsen  et  al.  1996b).  Thus,  shooting  is  a  major 
 contributor  to  annual  mortality.  The  data  suggest 
 that  the  stepwise  increase  in  population  size  is 
 most  likely  related  to  reduced  hunting  mortality 
 due  to  the  gradually  increasing  protection. 


A  total  of  344  pink-footed  geese  caught  and 
 neck-banded  in  Denmark  during  the  springs  of 
 1990-1992  were  X-rayed  before  release  to  study 
 the frequency  with which shotgun pellets  occurred 
 in  body  tissue  (outside  the  gizzard)  and  the 
 possible  effects  on  subsequent  survival.  In  first


winter  birds,  which  had  experienced  one  hunting 
season,  25%  of individuals  were  carrying  shotgun 
pellets,  whereas  in  older birds,  36% were  carrying 
pellets  (Noer & Madsen  1996).  An  analysis  of 
survival  of  'carriers'  of  shotgun  pellets  versus 
'non-carriers'  showed  that  'carriers'  had  a  signi
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Fig.  l. Trends  in  population  size  and  annual  breeding  success  of  the  three  Svalbard  breeding  populations  of  geese, 1980-1997, as 
 assessed on  the  wintering grounds. Sources:  pink-footed goose and light-bellied brent goose: NERI; barnacle goose:  WWT. 
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ficantly  lower  survival  rate  (0.77)  than  'non


carriers' (0.87) (Madsen & Noer 1996). At present, 
 however, it is not possible to  conclude whether this 


Table  l. Mean  annual  breeding  success  (%  juveniles)  of  the 
 three  Svalbard breeding  populations  of geese, 1980--1997. CV: 


coefficient  of  variation.  Sources:  pink-footed  goose  and  light


bellied  brent  goose: NERI; barnacle  goose:  WWT. 


Mean  Range 


(% juvs.)  CV (%)  (% juvs.) 
 Pink-footed goose  16.8  41.6  6.2-30.2 
 Bamacle goose  12.8  47.6  2.3-26.2 
 Light-bellied brent  15.2  64.8  1.5-33.9 
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is  an  effect  of  the  pellets  (injuries  or  lead 
 poisoning)  or  because  some  individuals  in  the 
 population  for unknown reasons are more exposed 
 to  hunting  than  others. 


Conservation  and  management  concems 


Reporting  of  the  high  rate  of  shotgun  pellets  in 
 body  tissues  of  pinkfeet  geese,  for  which  Danish 
 (and  Norwegian)  hunters  are  responsible,  has 
 given  rise  to  a  national  Action  Plan  to  improve 
 the situation  in Denmark  (also for  Danish  game  in 
 general). 


Presently,  outside  Svalbard,  pinkfeet  geese  rely 
almost  entirely  on  farmland  for  feeding.  This 
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causes  agricultural  conflicts  throughout  the range, 
 except for Belgium where the geese primarily feed 
 on extensive  grassland out side  the  growing season 
 (Madsen  et  al.  1999). 


The earlier  departure of  pinkfeet  from Denmark 
 to  the  Netherlands  in  autumn  has  caused  an 
 increase  in  crop  damage  in  the  Netherlands. 


Likewise,  earlier  departure  from  Denmark  in 
 spring  has  given  rise  to  increased  damage  in 
 central  Norway,  while  giving  a  relief  to  the 
 problems  in  Denmark.  This  is  an  example  of 
 how  national  management  policies  and  naturai 
 phen omena  in  one  country  may  affect  other  range 
 states  (Madsen & Jepsen  1992). 


In  Vesterålen in northern  Norway, farmers  have 
 complained  about  damage  caused  by  pinkfeet 
 geese  to  early  grass  in  spring,  especially  in  fields 
 where  sheep  and  lambs  are  released  at  the  same 
 time  as  the  geese  are  present  in  the  area.  In 
 Trondheimsfjorden,  farmers  complain  about 
 damage  to  grass  and  newly  sown  cereal  fields. 


Due  to  the  authorities'  lack  of  response  to  these 
 complaints,  the  farmers  in  Vesterålen  organised  a 
 campaign  in  1993-1994  (and  have  continued  in 
 some  areas  since)  to  scare  the  geese  from  the 
 fields.  Consequently,  the  geese  staging  in  these 
 areas stayed for a shorter period than geese in are as 
 where  no  efforts  were  being  made  to  scare  them 
 off  (based on  studies  of  neck-banded  individuals). 


The  geese  remaining  in  disturbed  areas  did  not 
 accumulate  fat  and  nutrient  stores  for  subsequent 
 reproduction  as well as those in undisturbed areas. 


Subsequently,  geese  from  disturbed  areas  did  not 
 breed  as  successfully  as  geese  from  undisturbed 
 are as  (revealed  in  the  subsequent  autumn  when 
 they  returned  to  Denmark  and  the  Netherlands) 
 (Madsen  1994,  unpubl.). 


In  Norway,  a  national  management  plan  to 
 reduce  damage  conflict  caused  by  geese  is  now 
 being  implemented  (Norwegian  Directorate  for 
 Nature  Management  1996;  Bø  et  al.  1998,  this 
 volurne).  At  the  time of  writing,  a plan for solving 
 the  conflicts  in  Vesterålen  is  being  implemented. 


There  is,  however,  increasing  conflict  in  central 
 Norway  which  has  still  to  be addressed. 


In  spring,  pinkfeet  in  Denmark  feed  on  newly 
 sown  cereal  and  pea  seeds.  By  feeding  on  these 
 seeds,  the  geese  are  exposed  to  pesticides  used  as 
 seed  dressings.  Pea  seeds  are  of ten  treated  with 
 Thiram  which  can  easily be  inge sted by  the  geese 
 in  an  amount  which  could  have  sub-Iethal  effects 
 on  reproductive  parameters  (Madsen  1996).  The 
 potential  poisoning  of  pinkfeet  through  intake  of 
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Thiram-treated  pea  seeds  has  been  addressed. 


Because  of  its  negative  environmental  impacts 
 (not  only  to  geese),  the  use  of  Thiram  has  now 
 been  banned  in  Denmark. 


Bamacle  goose 
 Distribution 


In  late  August  or  early  September,  bamacle  geese 
 start  their  fall  migration  from  Svalbard  to  the 
 southernmost  island,  BjØrnøya,  some  250 km 
 south  of  the  main  gro up  of  islands.  They  stay 
 there  for  up  to  three  weeks  until favourable  winds 
 trigger  migration  south  (Butler & Woakes  1998, 
 this  volurne).  Some  birds  probably  migrate 
 directly from Spitsbergen to the wintering grounds 
 on  the  Solway  Firth  in  northern  Britain  (Owen & 


Gullestad  1984). 


The  wintering  range  is  small,  the  birds  staying 
 within  ca.  5 km of  the  Solway  coast  and  ranging 
 along  it  to  sites  no  more than  50 km apart.  In  late 
 April or  early  May,  the  birds begin  the  first  stage 
 of  their  spring migration by moving to Helgeland, 
 an area  with a num ber of archipelagos  up  to 50 km 
 off  the  western  coast  of  mainland  Norway 
 (Gullestad  et  al.  1984).  The  second  leg  of  the 
 spring migration is made in the second half of May 
 with  the  geese  staying  in  the  southern  part  of 
 Spitsbergen  before  reaching  the  nesting  areas  at 
 the  end  of  May. 


More  than  8000  birds  have  been  individually 
 marked  in  studies  by  the  Wildfowl & Wetlands 
 Trust  (WWT)  and  this  ringing  has  confirmed 
 earlier  findings  by Boyd (1961)  that  the  Svalbard 
 population is discrete from the East Greenland and 
 Russian  populations,  with  only  O.l % emi grat ion 
 and  no  recorded  immigration  (Owen  &  Black 


199 I a). 


Population size  and trends 


The  numbers  of  geese  in  the  population  between 
1980  and  1997  are  shown  in  Fig.  1.  In  the  mid-
1940s  there  was  considerable  disturbance  on  the 
wintering  grounds  from  wartime  activities  and 
heavy shooting; the lowest ever count was in 1948, 
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when  only  300  geese  were  found  on  the  Solway 
 (Owen  &  Norderhaug  1977).  The  geese  were 
 protected  from  shooting  in  Britain  in  1954  and  in 
 Svalbard  in 1955  and  this,  with  the  establishment 
 of  the  National  Nature  Reserve  (NNR)  at  Caerla


verock  in  1957,  led  to  a  recovery  in  numbers,  to 
 3000-4000 birds in the 1960s. Further increases, to 
 the  level  of  around  14,000  in  1995,  followed  the 
 establishment of WWTs reserve at Caerlaverock in 
 1970,  and  the  declaration  of  breeding  sanctuaries 
 on  the  main  island  sites  in  Svalbard  in  1973.  The 
 population  appeared  to  have  experienced  six  brief 
 phases  of  stability  (ranging  from  2-7  years)  or 
 steps  prior to  further  expansion  (Black 1998a,  b). 


In  the  autumn  of  1996,  a  total  of  19,200  were 
 counted  and  a  further  census  in  spring  1997 
 yielded  23,000  birds.  These  high  numbers  were 
 confirmed  in  the  auturnn  of  1997,  when  23,500 
 geese  were  counted.  Few  birds  carried  rings  from 
 the  Greenland  or  Russian  populations,  so  it  was 
 likely that the birds represented the Svalbard stock. 


One  explanation  for  the  increase  could  be  that  the 
 birds  have  been  increasingly  lagging  behind  on 
 migration (there is increasing evidence of this) and 
 that  the  traditional  October  count  in  recent  years 
 was  carried  out  before  the  whole  population  had 
 arrived  on  the  Solway. 


Breeding  success/survival 


Age  counts  have  been  perforrned  annually  since 
 1958  by  WWT  (see  Pettifor  et  al.  1998,  this 
 volume).  Breeding  success  is  variable  in  the 
 population,  dependent  on the lateness of the spring 
 in  Svalbard  (Owen & Norderhaug  1977).  As  the 
 number  of  birds  in  the  population  has  increased, 
 breeding  success has become  generally lower and, 
 in  recent  years,  less  variable.  During  1958-1969, 
 the  average  annual  proportion  of  juveniles  was 
 23.7%,  during  1972-1982  18.6%,  and  during 
 1983-1995  12.4%  (Owen & Black  in press).  This 
 decline  is  caused  by  competition  for  resources  in 
 the  breeding  area.  This  affects  the  age  of  first 
 breeding,  brood  size,  survival  to  fledging  and 
 success of migration. Hatching success varies with 
 the  availability  of  food  resources  on  nesting 
 islands.  Food  availability  also  influences  the  time 
 the  female  is absent  from  the  nest;  the  number  of 
 young  reared  on  different  breeding  areas  varies 
 with the  availability  and  quality of  food  resources 
 on the rearing areas (Prop et al. 1984; Owen 1987). 


In some years, losses of up to  35% of young can be 
 sustained  on  auturnn  migration  because  some 
 young  are  unable  to  lay  up  sufficient  reserves  for 
 the joumey.  This is related to the  hatch date of the 
 young, limited food resources in the breeding areas 
 and  competition  among  families  for  limited  food 
 resources  (Owen & Black  1989a). 


In  the  1960s,  the  population  was  relatively 
 stable  with  an  annual  rate  of  recruitment  and 
 mortality  averaging  about  25%  (Owen & Norder


haug  1977).  After  1970,  mortality  declined  again 
 to  between  10  and  15%,  allowing  numbers  to 
 increase  further  (Owen  1982).  These  changes  in 
 population  size  have  been  caused  by  a  change  in 
 the  underlying  mortality  rate  rather  than  variation 
 in  breeding  success  (Pettifor  et  al.  1998,  this 
 volume; Tombre et  al. 1998, this volume). Indeed, 
 in  the  1980s  and  early  1990s,  the  population 
 continued  to  increase  despite  declining  productiv


ity.  There  are  indications  in  recent  years  that  the 
 increases  in  numbers  on the  breeding  grounds  and 
 the  implied  increased  competition  for  food  have 
 affected  the  mortality  rate  of  adults  as  well  as 
 young  during  the  auturnn  migration.  Whereas 
 mortality  from  shooting  on  the  Solway  has  seen 
 a  relative  decline  in  recent  years,  the  rate  outside 
 the  shooting  season  has  increased  in  both  males 
 and  females,  suggesting  higher  losses  during 
 migration  (Owen & Black  1991 b).  Further  ana


lyses  are  required  to  determine  in  detail  the 
 changes in mortality rates  in recent years and their 
 causes. 


Conservation  and  management  concems 


The  bamacle goose was given full legal protection 
 from  hunting  in  Svalbard  in  1955  and  it  remains 
 protected  there.  In  1973, 15  bird sanctuaries were 
 established  along  the  west  coast  of  Spitsbergen, 
 with  the  aim  of  protecting  the  breeding  sites  of 
 eider  ducks  Somateria  mollissima  and  geese. 


Access  to  these  sanctuaries  is  completely  prohibi


ted during the nesting season and is by permit only 
 at  other  times  during  the  summer.  In  1982  and 
 1983 surveys during the nesting period established 
 that  no  fewer  than  70%  of  nesting  bamacle  geese 
 were  found  within  these  sanctuaries  (Prestrud & 


Børset  1984).  Since  that  time,  with  the  growth  of 
populations  in  unprotected  areas,  notably  the 
inland  valleys  and  Nordenskioldkysten,  the  pro
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portion  nesting  on  sanctuaries  has  probably 
 decreased  (see  Mehlum  1998,  this  volume). 


Islands  in  the  Helgeland  archipelago  used  in 
 spring are also intensively managed for eider down 
 and  are  jealously  guarded  by  their  owners.  The 
 eider ducks come ashore to nest at the same time as 
 the  bamacle  geese  are  staging,  so  the  farmers 
 ensure  that  the  islands  are  undisturbed,  giv ing 
 effective  protection  of  feeding  areas  for the  geese. 


The  Directorate  for  Nature  Management  have 
 plans to give the area the more formal protection of 
 a  designation  as  a  National  Park.  This  would 
 protect not only the habitats but the cultural life on 
 these  re mote  areas  and  the  relationship  between 
 the  human  inhabitants  and  the  wildlife.  However, 
 on  some  of  the islands  the  traditional  hay  cutting/ 


sheep grazing  has  been  abandoned  and  the islands 
 become  partially  overgrown.  Increasingly,  the 
 bamacle  geese  have  abandoned  the  small  islands 
 and  have  moved  on  to  improved  pastures  on  the 
 mainland  and the  larger  islands  (Black  et al.  1991; 


Prop  &  Black  1998,  this  volume).  Cont1icts 
 between  farmers  and  geese  have  arisen  and  the 
 Directorate  for  Nature  Management  has  imple


mented  a  management  plan  to  alleviate  the 
 problems  (Bø  et  al.  1998,  this  volume). 


In  Britain,  bamacle  geese  have  been  protected 
 by  law  since  1954,  though  in  later  years  illegal 
 shooting still accounted for some mortality (Owen 
 1982).  The  policing  of  the  various  areas  by 
 conservation agencies and responsible wildfowlers 
 has,  however,  improved  markedly  in recent  years, 
 and the proportion  of the population  and  probably 
 the  absolute  num ber  of  geese  taken  illegally  has 
 declined to a leve! which no longer impacts  on the 
 overall  population. 


On  the  Solway  Firth,  geese  have  caused  a 
 problem for farmers for many years,  and a number 
 of farmers have applied for licences to shoot geese 
 in order to protect their crops.  Since  1993-1994,  a 
 single  farmer  has  been  granted  a  licence  by  the 
 Scottish  Office  to  shoot a limited  number of geese 
 (in  1995  and  1996,  a  limit  of  1 2   birds  was  im


posed).  WWT  took  the  Scottish  Office  to  judicial 
 review  on  the  grounds  that  the  granting  of  the 
 licence  was  unlawful  under  EU  legislation.  The 
 matter was settled out of court in WWT' s favour in 
 1996,  with  the  Scottish  Office  paying  the  major 
 part  of WWT' s costs.  The  conditions  under  which 
 WWT withdrew its petition for judicial review will 
 probably  mean  that  no  licences  will  be  granted  in 
 future  unless  the  law  or  the  conditions  are 
 changed. 
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The  National  Nature  Reserve  on  the  Solway 
 Firth was established at Caerlaverock in  1957  with 
 the  expressed  purpose  of  protecting  the  feeding 
 areas  of  the  geese.  The  Reserve  was  extended  in 
 1970  when WWT took over  the lease of the major 
 part  of  the  reserve  and  the  sUITounding  farmland 
 (Owen  et  al.  1987).  WWT  has  since  extended  its 
 holding  and  now  manages  more  than  400 ha  of 
 land  at  Caerlaverock.  In  1994,  the  Royal  Society 
 for  the  Protection  of  Birds  purchased  200 ha  of 
 land  at  Mersehead,  in  the  Southemess  area  and 
 some  of  this  is  managed  as  goose  pasture  and  has 
 resulted  in  the  whole  area  becoming  more 
 important. 


In  1993  Scottish NaturaI  Heritage  established  a 
 Goose  Management  Scheme  by  which  farmers  in 
 the main goose  areas  on  the  Solway could  be paid 
 for tolerating  geese on their land and this has done 
 much to alleviate the conflict. Another scheme, the 
 Merse  Management  Scheme,  pays  grants  to  farm


ers to improve the grazing of the merses in  order to 
 improve  their  value  for  wildlife,  including  geese. 


If  numbers  do  not  increase  further,  these  two 
 schemes,  when  in  full  operation  and  refined, 
 should  secure  the  future  of  the  population  on  the 
 Solway. 


In  November  1995,  conservation  agencies  in 
 England,  Scotland,  Norway  and  Svalbard  came 
 together in a seminar to discuss the development of 
 a  strategic  plan  to  conserve  and  manage  the 
 population  throughout  its  range.  The  plan  has 
 now  been  finalised  (Black  1998a,  b,  this  volume). 


The  plan  is  in  a  format  which  has  been  agreed  by 
 the  parties  which  will  fulfil  the  obligations  of 
 range  states  under  the  Agreement  on  the  Con


servation  of  African-Eurasian  Migratory  Water


birds which was signed by the U.K. and Norway in 
 1998.  The  framework  provided  by  this  plan  will 
 ensure  coordinated  international  action  for  the 
 protection  of  this  population  and  will  lead,  in  all 
 range  states,  to  action  being  taken  to  secure  the 
 protection of all the habitats and sites on which the 
 population  depends  at every  stage. 


Light-bellied  brent  goose 
 Distribution 


The East-Atlantic light-bellied brent geese migrate 
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from Svalbard southwards along the western coast 
 of  Norway  to  autumn  and  wintering  staging  areas 
 in  Denmark  and  at  Lindisfarne  in  northeast 
 England.  The  use  of  Lindisfarne  as  a  regular 
 staging  area  in  autumn  and  winter  by  almost  half 
 of  the  population  is  a  new  phenomenon  that 
 developed  during  the  1980s  (Clausen  et  al.  1998). 


In severe winters, most geese move to  Lindisfarne, 
 but hundreds of birds also move to the Netherlands 
 (Clausen  et  al.  1998,  Clausen  et  al.  1999).  In 
 spring,  the  population  is  concentrated  in  north


western Denmark  before migration to  the breeding 
 grounds  in  Svalbard  (Mehlum  1998,  this  volurne; 


Madsen  et  al.  1998a,  this  volurne)  and  Kilen  in 
 northern Greenland (Clausen & Bustnes 1998, this 
 volurne;  Clausen  unpubl.). 


The  recent  recognition  of  the  link  between  the 
 Svalbard  and  North  Greenland  breeding  light


bellied  brent  geese  represents  a  change  in  the 
 traditional  view  of  the  North  Atlantic  flyways  of 
 light-bellied brent geese (Clausen & Bustnes 1998, 
 this volurne;  Clausen  et al.  in press). Traditionally 
 the  North  Greenland  breeding  birds  have  been 
 linked  to  the  eastern  Canadian  population  which 
 breeds  in  High  Arctic  Canada  and  migrates  over 
 Greenland  via  Iceland  to  winter  in  Ireland 
 (Salomonsen  1958). 


Population  size  and  trends 


Since 1980, coordinated population and age counts 
 have  been  carried  out,  by  combined  efforts  of 
 observers  in  Denmark  and  Lindisfarne  (Madsen 
 1984;  Clausen  et  al.  1998).  The  knowLedge  of  the 
 population  size  prior  to  the  1950s  is  only  vague. 


Based on counts of migration along the Norwegian 
 coast  in  the  late  19th  century,  Salomonsen  (1958) 
 suggested that the  population  may  have  numbered 


> 50,000  individuals  at  that  time.  By  1954-1955, 


the  population  had  crashed  to  4000  birds  (Salo


monsen  1958).  Reasons  behind  the  decline  are 
 discussed  in  detail  by  Salomonsen  (1958)  and 
 Madsen  (1987).  The  population  continued  to 
 decline  during  the  1950s  and 1960s, when Norder


haug (1969) estimated a population of 2750 for the 
 1965/66  wintering  season,  and  Fog  (1972)  esti


mated  1600-2000  birds  for  the  years  1967-1971. 


Coordinated  population  counts  are  not  available 
 for  the  1970s,  but  counts  from  the  two  spring 
 staging areas at Nissum Fjord and Agerø show ed a 
 steady increase  in  numbers  during  the  1970s,  with 


an  apparent  annual  growth rate of 7%  (Clausen  et 
 al.  1998).  Since  1980  a  steady  but  slightly  slow er 
 population increase  has occurred,  from 3450-4000 
 individuals  in  the  early  1980s  (Madsen  1984)  to 
 4550-6000  individuals  in  the  mid  1990s.  This 
 represents  an  annual  growth  rate  of  3.4%  (1982


1997,  Clausen  et  al.  1998;  Clausen  unpubl.) 
 (Fig.  1). 


Breeding  success/survi val 


The proportion of juveniles recorded in the autumn 
 population  since  1980  has  varied  between  1.5 % 
 and  33.9%  annually without  any  significant  trend, 
 and  with  an  average  of  15.2%  (1980-1997). 


Average  brood  size  on  the  breeding  grounds 
 ranges  from  2.36  to  3.44  (data  from  1985,  1987, 
 1989,  L 995) and upon arri val to the wintering areas 
 from  2.3  to  3.33  (data  from  1988-1991,  1993, 
 1996-1997)  (Clausen  et  al.  1999;  Clausen  un


pubL). 


Based  on  the  population  counts  and  juvenile 
 proportions,  Clausen  et  al.  (1998)  calculated  an 
 apparent  survival  rate  of  0.87  for  the  years  1982


1994,  and  adding  data  from  1995-1997  does  not 
 change  the  estimate  (Clausen  unpub1.).  In  some 
 years,  the  juvenile  segment  of  the  light-bellied 
 brent  goose  population  suffers  from  high  over


winter  mortality. 


The  present  survival  rate  may  represent  an 
 improved  survival  compared  to  the  years  before 
 1972,  when  the  light-bellied  brent  goose  was  a 
 quarry  species  in  Denmark.  Boyd  (1959)  calcu


lated  an  annual  survival  rate  of  0.83  by  use  of 
 recoveries  of  birds  marked  on  Spitsbergen  in 1954 
 (most  birds  were  reported  as  shot).  Fog  (1972) 
 estimated  an  annual  harve st  ranging  from J 50  to 
 300  individuals,  equivalent  to  8-18%  of  the  then 
 known population of 1600-2000 individuals; how


ever,  that  estimate  of  the  harvest  rate  is  conserva


tive  (Madsen  unpubl.).  Assuming  the  present 
 naturai  survival  rate  of  0.87  and  additive  hunting 
 mortality,  the  survival  rate  may  have  been  0.69


0.79  during  the  late  1960s. 


Conservation  and  management  concems 


Until  the  mid-1980s,  the  light-bellied  brent  goose 
population  regularly  used  six  staging  areas  and 
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resorted  to  natural  feeding  habitats,  i.e. Zostera/ 


algae  beds  and  saltmarshes  (Madsen  1984; 


Clausen  et  al.  1998;  Clausen & Percival  1998, 
 this  volurne).  Since  then  severai  changes  in  the 
 wintering  strategy  of  the  population  have  oc


curred: 


(1)  The  population  has  changed  the  timing  of  site 
 use.  Birds  now  arrive  from  the  breeding  grounds 
 directly  to severai  sites;  earlier  all birds mo ved via 
 the  Danish  Wadden  Sea.  Birds  also  now  leave  the 
 autumn  and  winter  staging  areas  earlier  in order to 
 utilise  Lindisfarne  earlier  and  more  regularly  than 
 before  (Clausen et  al.  1998); 


(2) The population has begun to use three new sites 
 which  during  the  1990s  have  achieved  inter


national  importance  ( l  % criteria)  (Clausen  et  al. 


1998  in  press); 


(3)  The  population  has  changed  distribution  and 
 habitat  use  within  the  six  regular  sites  (Clausen & 


Percival 1998,  this  volurne); 


(4) Lindisfarne has become a regular wintering site 
 and  the  Netherlands  have  developed  as  ice-winter 
 refuge  for  a  significant  proportion  of  the  pop ula


tion  (Clausen  et  al.  1998). 


Apparently,  the  changes  have  been  driven  by 
 habitat  loss  (of Zostera beds)  in  combination  with 
 increased  goose  utilisation  (due  to  the  general 
 population  increase),  whereby  the  remaining 
 Zostera stands  become  depleted  earlier  that  they 
 did  prior  to  the  mid  1980s.  In  addition,  habitat 
 degradation in terms of saltmarsh mismanagement 
 has  taken  place,  particularly  at  the  former  main 
 spring  staging  area  Nissum  Fjord  (Clausen  & 


Percival 1998,  this  volurne ). 


The  present  wider  dispersal  of  the  population 
 may  be seen  as a positive  development  despite the 
 fact  that  part  of  the  change  has  been  driven  by 
 habitat loss and degradation. By being spread over 
 more  sites,  the  population  is  less  vulnerable  to 
 future  incidents  of  habitat  loss  in  the  staging 
 areas. 


Conservation  and  restoration  of Zostera beds 
 are  of  high  priori ty  in  Denmark.  Beds  have 
 diminished  or  even  disappeared  in  most  estuaries 
 in  Denmark  due  to  eutrophication.  Largescale 
 investments  in  wastewater  treatment  plants  have 
 been  made  since  the  mid  1970s,  with  enforced 
 efforts  since  1990,  whereby  the  total  national 
 phosphorus  discharge  to  coastal  waters  has  been 
 reduced.  The  expected  improvements  in Zostera 
 stands have not been evident  yet,  possibly because 
 simultaneously  planned  reductions  in  nitrogen 
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discharges  from  agricultural  areas  have  not  been 
 met. 


Formerly, most geese arrived at Lindisfarne and 
 northwestern  Denmark  after  the  peak  of  hunting. 


With  the  changed  winter  dispersal,  brent  geese 
 now  occur  during  periods  of  intensive  hunting  in 
 all  staging  areas  (except  Nissum  Fjord).  At 
 Lindisfarne  the  brent  geese  are  now  frequently 
 disturbed  by  hunters  in  their  main  feeding  areas 
 (Percival & Evans 1997). To what extent the light


bellied  brent  geese  are  disturbed  by  wildfowling 
 activities  in  Denmark  has  not  been  thoroughly 
 quantified,  but  all  sites  used  by  the  geese  in 
 Denmark  will,  nevertheless,  be  given  shooting


free reserves,  in connection  with the establishment 
 of a new national reserve network in all Danish EU 
 Special  Bird  Protection  Areas  during  1993-1998 
 (Madsen  et  al.  1998b).  Likewise,  a  shooting-free 
 reserve in  the main feeding area  of the  brent  geese 
 at Lindisfarne was established during autumn 1997 
 (S.  Percival,  pers.  comm.). 


The  major  conservation  problem  within  the 
 wintering areas is  management of  the  saltmarshes. 


These  could  be  improved  considerably  at  most 
 sites  used  by  the  brent  geese  (Clausen & Percival 
 1998,  this  vol urne ).  Brent  geese  have  recently 
 begun  to  use  agricultural  areas  at  Lindisfarne, 
 around  Randers  Fjord and Agerø,  which  may  lead 
 to  future  agricultural  conflicts  (Percival & Ander


son  1998,  this  volurne;  Clausen  et  al.  1999). 


Management  of  saltmarshes  and  procedures  to 
 avoid agricultural conflict in the future are thus the 
 main  objectives  of  an  international  flyway  man


agement  plan. 


Discussion 


All  three  Svalbard  breeding  populations  of  geese 
 have  increased  in  numbers  during  the  recent  3-4 
 decades.  The  earliest  increases  were  most  like ly 
 due  to  improved  survival  as  a  result  of  the  closure 
 to  hunting  (or  reductions  in  hunting  pressure)  and 
 egg  harvesting.  It  is  toa  early  to  interpret  the 
 reasons  behind  the  recent  upsurges  in  numbers. 


None  of  the  populations  has  experienced  an 
 observable  increase  in  overall  breeding  success, 
 suggesting  that  improved  survival  is  the  principal 
 mechanism  (e.g.  Pettifor  et  al. 1998,  this  volurne; 


Tombre  et  al. 1998,  this  vol urne ). 


When  we  compared  the  breeding  success of  the 
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three  populations,  there  was  not  much  difference 
 in  the  mean  annual  proportion  of  juveniles  in  the 
 wintering  flocks  (Table  I).  Light-bellied  brent 
 geese  showed  a  higher  degree  of  variability  in 
 breeding  output  compared  to  pink-footed  goose 
 and bamacle  goose. In  years with poorest breeding 
 success,  pink-footed  geese  were  not  as  seriously 
 affected  as  the  other  two  species. 


There  is  a  strong  positive  correlation  in  the 
 annual  breeding  success  between  pink-footed 
 geese  and  barnacle  geese  (r = 0.721;  n = 18; 


P < 0.001).  There  was  a  positive  but  not  signifi


cant  relationship  between  pink-footed  geese  and 
 light-bellied brent geese (r = 0.410; P > 0.05), and 
 likewise  between  bamacle  geese  and  light-bellied 
 brent  geese  (r = 0.366;  P > 0.05).  Pink-footed 
 geese  and  bamacle  geese  both  breed  in  Spits


bergen,  and  it  is  likely  that  their  breeding  success 
 is  governed  by  the  same  climatic  conditions.  The 
 majority  of  the  light-bellied  brent  geese  breed  in 
 Tusenøyane  south  of  Edgeøya.  As  shown  by 
 Madsen et al. ( l998a,  this volume),  their  breeding 
 success  is  to  a  high  degree  affected  by  pack-ice 
 conditions  which  are  a  proximate  indicator  of 
 predation pressure by polar bears Ursus maritimus. 


lee  conditions  in  southeast  Svalbard  may  not 
 necessarily  reflect  the  overall  climatic  conditions 
 in  the  Svalbard  area  and,  hence,  fluctuations  in 
 breeding  success  of  light-bellied  brent  are  partly 
 out  of  phase  with  the  other  two  species.  Further


more,  a  segment  of  the  light-bellied  brent  goose 
 population breeds in northeast Greenland (Clausen 


& Bustnes 1998,  this  volume),  and  its contribution 
 to  the  overall  breeding  success  is  still  poorly 
 understood. 


All  three  populations  face  various  conservation 
 management  problems  outside  the  breeding 
 grounds.  The  pink-footed  goose  faces  the  most 
 complex management  problems,  providing  a good 
 example of a population  requiring international col


laboration  regarding  hunting  management  issues 
 (hunting kill rates,  crippling)  and  agricultural  crop 
 damage conflicts  (both  in autumn  and spring).  For 
 all  three  populations,  increasing  crop  damage 
 conflicts  can  be  anticipated  in  future  years,  partly 
 because  of  the  increasing  population  sizes  and 
 partly  because  of  the  general  tendency  of 
 increasing  use  of  improved  pastures  and  agricul


tural  habitats.  Management  problems  have  been 
 tackled locally  or  nationally,  but without a  'policy 
 analysis'  of  the  ecological  requirements  and 
 conservation  needs  of  the  populations  in  a  flyway 
 perspective.  The  flyway  conservation  plan  for  the 


barnacle  goose  hope full y  provides  a  model  for  a 
 functioning  international  collaboration  which  can 
 eventually  be  applied  to  the  other  two  popula


tions. 
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