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D uring  s p r in g  1998 and 1999, 10 
Greenland W h ite - f ron ted  Geese fi t ted 
w ith  sa te l l i te  t r a n s m i t te rs  on the w in 
te r in g  g rounds  at Wexford, Ire land, 
m ig ra ted  to West Greenland and p ro 
vided new  in fo rm a t io n  on s p r in g  
s taging areas and s taging periods. The 
geese staged at 11 d if fe ren t areas, of w h ich  
e ight w ere  new and th ree  were  previously 
known from  aer ia l  surveys pe rfo rm ed  in 
1995 and 1997. On May 15 and 16 2000,
3,177 G reen land  W h i te - f ro n te d  Geese 

w ere  counted from  a irc ra f t  at 28 of 34 
s taging areas in West Greenland between 
66°30'N and 70°N. Three areas held more
than 50% of a l l  geese counted and c.75% of w h ich  were  counted in six 
areas. The average m in im u m  staging period was 11.2 days, but the s tag 
ing period in 1998 w as  s ign if ican tly  sh o r te r  (7.2 days] than in 1999 (13.3 

days). This d i fference may have been l inked to a 4°C h igher mean May 

te m p e ra tu re  in 1998 compared to 1999. Seven of the  10 tagged geese 
used no r the rn  s taging areas (north of 68°N] before con tinu ing  n o r th 
wards, and th is  d is tr ibu t ion  d iffered s ign if ican tly  f rom  the d is tr ibu t ion  of
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a l l  geese counted on the staging areas. A l though  11 known spr ing  s tag 

ing areas fa l l  w ith in  te r r i to r ie s  designated as R am sar W etlands of 
In te rna t iona l Importance, only two of the six best s i tes are designated in 
th is  way.

Key Words: Greenland W hite-fronted Goose, m igration, stopover sites, W exford-lreland, 
Ramsar sites

Female a rc t ic -n e s t in g  geese in 
good body condit ion lay la rge r c lu tches 
and fledge more young than fem ales in 
poorer condit ion (Ankney & Maclnnes 
1978; Ebbinge et al. 1982; Ebbinge 
1989; Prop & D eerenberg  1991; 
Johnson & Sibly 1993; Warren 1994; 

Ebbinge & Spaans 1995). S upp lem ents  
to the reserves of a fem ale goose on 
arr iva l at the breeding grounds w i l l  
main ta in  o r improve her genera l n u t r i 
ent s ta tu s  and enhance her 
reproductive success, as long as no 
costs are incurred  during the period 
between a rr iva l  and the f i rs t  egg date. 
Given the s ign if icance of spring staging 
and pre-nesting  feeding to the nu tr ien t 
s ta tus of breeding females, condit ions 
at the areas u ti l ised can have a su b 
s ta n t ia l  in f lu e nce  on rep roduc t ive  
outcomes. Knowing the num ber, d is t r i 
bution and extent of spring staging 
s ites used by th is goose populat ion, as 
w e l l  as the average staging period and 
num bers  of b irds using such sites, is 

therefore of high conservation utility. 
Such in fo rm ation  provides an un d e r
s tanding of the relative im portance  of 
d ifferent sites, as w e l l  as the potentia l 
im pact of th rea ts  (eg increased human 
activity o r habitat destruction). Studies

of pa tte rns in the n u m b e r of b irds using 
sites w ith in  and between seasons is 
also im portan t,  as they con tr ibu te  to 
an unders tand ing  of how geese can 
sw itch  be tw een d i f fe re n t  s i tes  in 
response to a variety of env ironm enta l  
factors.

The w o r ld  popu la t ion  of the 
Greenland W hite - f ron ted  Goose A nser 
a lb ifrons  fla v iro s tr is  dec l ined  from  
c.23,000 in the late 1950s to c. 15,000 in 
the  late 1970s (Fox et al. 1999a). 
Follow ing conserva t ion  m easures  in 
the UK and o the r range states, c o m 
b ined w ith  severa l  good b reed ing  
seasons, num bers  recovered to over
30,000 by the late 1990s (Fox et al. 
1999a). Despite this, the populat ion 

re m a in s  a Species of European 
Conservation Concern, listed on Annex 
1 of the EC B irds Direct ive. Continued 

c o n tra c t io n  of the  w in te r in g  range 
rem a ins  an issue of conservation con
cern. Following a run of years w ith  low 

reproductive success in the 1990s, it is 
essentia l tha t c r i t ica l  periods in the 
annua l cycle (such as spring staging) 
are adequate ly understood in o rder to 
support the deve lopm ent of effective 
conservation m echan ism s. Unti l  the 
late 1990s, very few  trad it iona l ly  used
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spring staging areas fo r  the Greenland 
W hite -f ron ted  Goose were known from  
West G reen land (Fox e t ai. 1983; 
G lahder 1999). Two aeria l surveys d u r 
ing May 1995 and 1997 discovered 28 

staging areas in West Greenland (66°- 

69°N), of wh ich  e ight areas supported 
75% of a l l  geese counted (G lahder 
1999). During 1998 and 1999, a to ta l  of 
ten paired adu lt male Greenland W hite - 
fronted Geese were f i tted w ith  sate l l i te  
t r a n s m i t te r s  and t ra cke d  to West 
Greenland w here  they provided new 
in fo rm ation  on spring staging areas 
(Glahder et at. 1999a). During May 2000, 
an aer ia l survey covered the previously 
known staging areas as wel-l as those 
areas used by the geese fi tted w ith  
sa te l l i te  t ransm it te rs .  This paper c o m 
piles d ifferent sources of in fo rm ation  
about spring staging areas, s u m m a r is 
ing in fo rm a t io n  fo r  the fu tu re  
regu la tion of hunting, m in e ra l  exp lo
ra t ion  and exp lo ita t ion  in West 
Greenland (BMP 2000).

M ethods

Study area

The s tudy  area com pr ised  
28 ,000km 2 of ice - free  land in West 
Greenland, s ituated between the ice 
cap and the coast (66°30'N to 70°N) 
(Figure 1). In the north  (69°-70°N), the 
ice - f ree  area extends 50km  to the  
coast, consisting of m ounta in  areas r is 

ing to 700m, w ith  large f jord systems, 
r iver valleys, and lakes w ith  restr ic ted 
low land  areas do m in a te d  by dw a r f

sh rub  heath. South of Disko Bugt, the 
coasta l landm ass broadens and rises 
f ro m  abou t 100m at the p la ins  of 
N a te rnaq  to abou t 500m no rth  of 
Kangerlussuaq, and up to c.800m in the 

sou thern  part of the  area. There is a 
c l im a t ic  g ra d ie n t  f ro m  the  hum id  
c o a s ta l  a reas  to th e  d r ie r ,  m o re  con
t inen ta l  areas close to the ice cap. The 
dom inan t vegetat ion is dw arf  sh rub  
heath in tersected by grassland fu r th e r  
in land. Snow-free  areas occur ea r l ie r  
in the south of the study area, wh ich  is 
characterised by low annua l p rec ip ita 
t ion  (149m m  in K a nge r lussuaq , 
67°01 ’N ), and rapid increases in te m 
pe ra tu re  be tw een  March  and May 
(-18°C to +2°C, Kangerlussuaq, Asiaq 
1998-99).

Satellite telem etry

During late March 1998 and 1999, 14 
sate l l i te  t ra n s m i t te rs  were attached to 
adu lt male Greenland W h ite - f ron ted  
Geese on th e ir  w in te r ing  grounds in 
Wexford, so u th e a s t  Ire land. A l l  the  
tagged m a les  proved to be paired, 
based on observations at Wexford a fte r 
th e ir  release. The sa te l l i te  t ra n sm it te rs  
(M icrowave T e lem etry  PTT 100, 30g 
version) were back-m ounted , secured 
by an elastic harness (Glahder et at.
1997), and p ro g ra m m e d  to t r a n s m i t  
fo r  e igh t hours ,  fo l lo w e d  by a 29 h o u r  
do rm an t 'rest ' period. During t ra n s 
m iss ion , s igna ls  w e re  t r a n s m i t te d  

every 60 seconds (1999) o r 90 seconds  
(1998), and provided in fo rm a tion  on 
t r a n s m i t te r  tem pera tu re , battery vo l t
age and goose activity. Argos, CLS,
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Figure 1: Currently known spring staging areas of Greenland White-fronted Geese in West Greenland 
(66°-70°N). The areas were surveyed from the air in 1995, 1997 and 2000. New areas were identified on 
the basis of geese attached with satellite transm itters having identification numbers 50-57 (triangles), 
while previously identified areas have numbers below 50 (dots). See also Appendix 1 and Figure 2 for 
site details. Pale grey land areas are those <300m a.s.I., darker grey land areas are 300-1,500m a.s.I. 
and dotted line shows the extent of permanent ice.

France, ca lculated ground posit ions of 
t r a n s m i t te r s  by m e a s u r in g  D opp le r  
sh ift on the tra n sm it te d  frequencies. 
Co-ord ina tes were generated in th o u 
san d th s  of a degree in the  W orld  
Geodetic System (WGS 84) [Argos CLS 
1996). Ground posit ions were assigned 
to the fo l low ing accuracy classes: 3 
(<150 m), 2 (150-350m), 1 (350-1000m) 
and 0 (> 1000m ). This was done on the 
basis of at least fo u r  s igna ls being 
received during a po la r orb it ing NOAA

sate l l i te  pass [G lahder et al. 1999a). 
Posit ions calcu la ted from  only three 
and two s igna ls  per pass were assigned 

to c lasses A and B, respectively, w ith  no 
estimate  of location accuracy (Argos 
CLS 1996). The average m in im u m  
n u m b e r of locations per goose per day 
during the staging periods was 3.3 in
1999 (excluding K4L because of its 
m ovem ents  between two staging areas) 
and 3.7 in 1 ‘

in West Greenland

50 km
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Figure 2: Spring staging areas in West Greenland (66°-70°N) identified by Greenland White-fronted Geese 
fitted with satellite transm itters in southeast Ireland in 1998 (triangles] and in 1999 (circles]. See also 
Appendix 1 and Figure 1 for site details. New areas have codes 50-57, while 28, 30 and 47 represent pre
viously identified staging areas from  1995 and 1997 surveys. Dispersion ranges are shown as "core 
areas" (inner black pecked line) and “whole area" (outer grey pecked Line). Dotted lines represent dis
persion ranges calculated on the basis of classes 0-3, solid lines on 1-3 classes.
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Two m a jo r  sou rces  of va r ia t ion  

explain changes in position between 
subsequent t r a n s m i t te r  posit ions: (Ί) 
b irds  m ay change  loca tion  and (2) 
changes may occur in fix error, which 
represents  the d ifference between the 
t rue  location and the position derived 
f rom  the standard a lg o r i th m s  used to 
ca lcu la te  the position. To define the 
po int at w h ich  an ind iv idua l moved 
onwards in Greenland, the degree of 
sca tte r  of locations derived during a 
period w hen  the  tagged goose 
remained in a relatively sm a l l  area was 
determ ined. The degree of d ispersion 
of pos i t ions  (d ispers ion  ranges) fo r  
each of the 10 s taging geese was ca l
cu la ted  as h a rm o n ic  m eans  (w ith 

ou t l ie rs  removed and cell sizes op t i 
mised), using Range M anager (Ί998 
Data Solut ions, a Maplnfo Professional 

a pp l ica t ion ) .  P os it ions  ass igned  to 
accuracy c lasses 1, 2 and 3 were used 
fo r  the seven geese deployed w ith  a 
t ra n s m i t te r  in 1999, w hereas accuracy 

c lasses 0, 1, 2 and 3 were used in the 
three  1998 geese, due to too few  posi
t ions in the 1-3 accuracy classes. The 
posit ions provided in 1999 resulted in 
fa r  s m a l le r  d ispe rs ion  ranges than
1998 (F igure 2). For each staging area, 
50% and 90% d ispers ion ranges were 
ca lcu la ted , and regarded  as 'core 

areas' and 'whole areas', respectively. 
Average d istances between a l l  succes
sive used posit ions of each d ispersion 
range were calcu la ted. A staging area 
was defined as the area used by the 
goose im m ed ia te ly  a fte r  spring arr iva l 

in West Greenland, but before move

m en t to the f ina l  s u m m e r in g  area. 

D is tances to pos i t ions  im m e d ia te ly  
before and a f te r  the staging period had 
to be at least ten t im es  the average d is 
tance  be tw een pos it ions  ins ide the 
w hole  area d ispers ion range. If th is  c r i 
ter ion  was not fu lf i l led, then no overlap 
was accepted between core areas of 
the staging s ite and the subsequent 
s u m m e r in g  area.

M in im u m  and m a x im u m  stag ing  
periods were ca lcu la ted fo r  each loca
tion. The d ifference between the two 
periods resu lts  f rom  the resting period 
of the transm it te r .  The m in im u m  s tag 
ing period was calculated from  the f irs t 
to the  las t pos i t ion  [c lasses  0-3) 
obtained f rom  the staging area. The 
m a x im u m  staging period was ca lcu la t
ed f ro m  p o s i t ions  (c lasses 0-3) 
im m ed ia te ly  before and a fte r  the posi
tions used to ca lcu la te  the  m in im u m  
staging period, m inus  the d istances to 
and from  the s taging area to these ou t
side positions. These d istances were 
converted to t im e  by assum ing  the 
ground speed of a flying goose to be 60 
km /h  (Owen 1980; G lahder ef al. 1999a).

A e r ia l  su rvey

The aer ia l survey was conducted in

2000 on May 15 and 16. An MD500 he l i 

copter was used w ith  a s ingle observer 
on board. Counts were carr ied out at 
the 34 d if fe ren t areas at ground speeds 
of 150-175 k r r f1 and at an approximate 
a l t i tude of 60 m. The 34 areas c o m 
prised the 26 areas resurveyed from  
1995 and 1997, supp lem ented  by the 
eight areas located from  data derived
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f ro m  the  s a te l l i te  te le m e t ry  study. 
Aer ia l coverage was s im i la r  to tha t of 
the previous surveys and uti l ised the 
same routes. Searches fo r  geese were 
made between the more intensive s u r 
veys of s taging areas. On these t rans it  
routes, a ground speed of 185 k rr f '  was 
mainta ined, and an a l t i tude  of 150m. In 
1995 and 1997, a fixed w inged a ircra ft  
(Partenavia Observer) w as used, and 
the surveys conducted on May 9 and 10 

in 1995, and May 12 in 1997. In each of 
these years, the n u m b e r  of areas s u r 
veyed to ta l led 33 and 20, respectively 
(Glahder 1999).

The extent of su itab le  habitat at the 
surveyed s tag ing  a reas  (n=34) w as 
defined from  the a ir and trans fe rred  

onto maps. T o pog raph ica l  fea tu res , 
such as fjords, rivers, large lake sho re 
lines and g laciers, w ith in  wh ich  geese 
were observed during the  aer ia l s u r 
veys (in 1995, 1997 and 2000) were used 
to de l im it  the geograph ica l extent of 
these areas. In som e areas, the habi
ta ts  used by geese extended 
approx im ate ly  to the 200m contour, 
wh ile  upland staging areas (ie above 
200m) could be mapped using o ther 
salient topographical features. The den
sity of sm a l l  lakes k r r f2 inside the defined 
staging areas (ie num ber of lakes less 

than 10,000 m 2) were counted from aer i
al photos (1:150,000, KMS 1985), ranked, 
and corre la ted  w ith  the  n u m b e r  of 
geese, using the Spearman rank corre
lation coeff icient (Appendix 1).

Mean May te m pe ra tu re  (based on 
one hour mean tem pera tu res)  and May 
precip itation sum  (based on one hour

a ccu m u la te d  w e igh t ,  B e l fo r t  m eter)  
f rom  1998 and 1999 were derived from  
six w ea the r s ta t ions in West Greenland 
(Asiaq 1998-99): S is im iu t  [66°57'N, 
53°40'W), K a n g e r lu ssu a q  (67°01'N, 
50°42'W), Aasiaat (68°4-3'N. 52°52’W), 
Q as ig ianngu it  (68“49 'N , 51°12'W), 
Qeqertarsuaq (69°15’ N, 53°32'W) and 
I lu l issât (69°58'N, 51°06'W).

Results

Climatological conditions

The w ea the r dur ing  the th ree aeria l 
surveys in May 1995, 1997 and 2000 did 
not d i f fe r markedly. Tem pera tu res  in 
the area were average to s l igh t ly  above 

average in a l l  th ree  years, and precipi 
ta t ion was average in 1995 and 1997 
and below average in 2000. During May

1998 and 1999, w hen  the geese fitted 
w ith  sa te l l i te  t ra n s m i t te rs  arr ived in 
West Greenland, mean May te m p e ra 
tu res  in 1998 were  average to above 

average (+1.3°C, SD=0.9, n=6 w ea the r 
stations) and in 1999 below average 
(-2.6°C, SD=1.0, n=6). In both 1998 and
1999 precip ita tion w as above the aver
age.

Satellite telem etry

Of the 14 Greenland W hite -f ron ted  
Geese fi tted w ith  a sate l l i te  t r a n s m i t 
ter, ten reached West Greenland w ith  
funct ion ing  t ransm it te rs .  In 1998, three 

of six sa te l l i te  t ra n s m i t te rs  stopped 
func t ion ing  a fte r  1, 16 and 24 days, 
w h i ls t  s t i l l  in Ire land. In 1999, one 
goose doubled back w h i ls t  crossing the



Table 1 : Details of West Greenland spring staging areas used by ten Greenland White-fronted Geese fitted with satellite transmitters 
in spring 1998 and 1999. Individuals are identified by the code engraved on their neck collars fitted at capture. See text for definitions 
of minimum and maximum staging periods. Spring staging area codes [see Figures 1 and 2] refer to either previously identified stag
ing areas (codes <50, Glahder 1999) or areas located by satellite telemetry data (codes 50-70).

Goose
code

Arrival
date

Spring staging 
area (code)

Position,
centre

Minimum period 
[days)

Maximum period 
(days)

Position, 
summer area

K4L 09.05.1999 Ivnajuagtoq (57) 66°35'N,51°25'W 9.8 10.0 66°29’N,50°26'W
K4L 22.05.1999 Ivnajuagtoq (57) 66°35’N,51°25’W 11.8 13.0 66°29'N,50°26'W
K4L 03.05.1999 Arnangarngup kuua (56) 66°36'N,50°50'W 5.9 6.8 66°29'N,50526'W
K4L 19.05.1999 Arnangarngup Kuua (56) 66°36'N,50°50'W 2.9 2.9 66°29'N,50°26'W
K1D 09.05.1999 Isungua (54) 67°08'N,50"20'W 19.7 21.6 66o29'N,50°29'W
K7N 13.05.1999 0. Nordenskjöld Dal (47) 68°01 ’N,50°20'W 12.9 14.9 72°22'N,53°54'W
K4N 15.05.1999 Naqerlut (52) 68°46'N,50°20'W 12.7 15.1 69358'Ν,54Ί 2'W
K1J 13.05.1999 Isua, Kangia (50) 69°04’N,50°05’W 11.3 (13.6)* -

K3L 14.05.1999 Aqajarua (28) 69"42'N,52°20'W 14.5 16.8 72Ί 5'N,54°51 'W
K6N 20.05.1999 Qimmilivik (30) 69°45'N,50°15'W 8.6 9.8 70O0'N,54,05'W

Average 
(excl K4L)

1999 - 13.3
(SD=3.7,n=6)

15.6
(SD=4.2,n=5)

K2A 10.05.1998 Qaamarngit Aussivaa (55) 66°41 ’Ν.50Ί 5’W 7.1 12.8 72°23’N,52°29'W
K3A** 10.05.1998 Qallutuup Nunaa (53) 68°13'N,50°35'W 9.0 11.8 68°27'N,51°32'W
K3F 1 1.05.1998 Qallunaat Nunaat (51) 69°00'N,50°20'W 5.6 8.4 69D18'N,51C01 'W

Average 1998 - - 7.2
(SD=1,7,n=3)

11.0
(SD=2.3,n=3)

Overall 
average 
[excl. K4L)

1998/99 11.2
(SD=4.3,n=9)

13.9
(SD=4.2,n=8)

* The activity recorder stopped sensing movement on 26 May, suggesting that the satellite transmitter had either fallen off or the goose had died. 
Transmissions continued from the same site until September.
** during the staging period the goose explored the summering area c.50km to the northwest for a minimum period of 1.7 and maximum of 3.0 days. 
This period is included in the staging period.
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Greenland ice cap, and rem ained in 
East Greenland th ro u g h o u t the s u m 
m er, m ig ra t in g  to Ice land on 5 
S ep tem ber and continu ing to Ireland 
dur ing  late October. The ten geese 

staged on 11 areas in spring of which 
e ight were new, and three were already 
known from  aer ia l  surveys perfo rm ed 
in 1995 and 1997 (Table 1, Figures 1 
and 2).

The average m in im um  staging period 
[Table 1) was s ign if ican tly  sho r te r  in 
1998 (7.2 days) than in 1999 (13.3 days, 
f,0 = 2.1, P<0.05, adjusted fo r  unequal 
va r iances). The average m a x im u m  
staging period (less w e l l  defined than 
the m in im u m  staging period) was 2.5-4 
days lo n q e r th a n  the m in im u m  average 
(Table 1).

Following the staging period, geese 
moved between 40 and 570km north to 
northw est to th e ir  su m m e r in g  areas. 
Two indiv iduals moved 50-75km  to the 
south o r southeast. K3A ranged over its 
su m m e r in g  area fo r  a period of two to 
three days in the m idd le  of the staging 
period, and K4L used two areas c.30km 
apart, before it f ina l ly  sett led fo r  the 
s u m m e r  c .50km  to the  sou theas t .  
K7N, K3L and K2A su m m ered  fu r thes t 
north in the breeding range, and had 
s top -ove r  s i tes  170-430km  no rth  of 
th e i r  in i t ia l  s tag ing  area in West 
Greenland.

Aerial survey of spring staging areas 
in May 2000

A to ta l  of 3,177 geese was counted 
on m a jo r  s taging areas and 303 geese 
(8.7% of a l l  geese observed, Appendix

1 ) were seen e lsewhere. Over half were 
observed in three areas (A, 57 and B) 
and c.75% of the geese were counted 

on six areas (A, 57, B, 16, 51 and 2, 
Figure 1). There was a s ign if icant pos i

tive corre la t ion  between the n u m b e r of 
geese and density of s m a l l  lakes in the 
s taging areas (Spearman rank co rre la 
tion r s=0.5862, n=34, P<0.01).

Of the e ight areas support ing  h igh 
est num bers  of b irds in 1995 and 1997, 
five (A, B, 16, 2 and 6) were among the 
eight h ighest ranked areas in o rde r of 
abundance  in 2000. The re m a in ing  
three areas were ranked ten th  (area 
47), 11th (20) and 25th (18) in 2000. The 
two 'best' new areas found by sate l l i te  
te lem e try  in 2000, ranked second (area 
57) and fi fth (51). Area 14 ranked 12th in 
1995/1997 and w as e ighth in year 2000. 

Based on the survey in 2000, the ra n k 
ing of the spring s taging areas changed 
l it t le  despite the incorpora tion  of the 
two new im po rtan t areas.

The 11 staging areas used by geese 
f i t ted w ith  sa te l l i te  t ra n s m it te rs  were 
s ituated between 66°N and 70°N. Most 
geese in 2000 were  observed between 
66°N and 68°N and the m a jo r i ty  (53.3%) 
observed between 66°N and 67°N (Table
2). One of the areas identif ied by sa te l 
l ite te lem e try  (28) on Disko Island was 
not surveyed in 2000 due to log ist ica l 
reasons. The rem ain ing  10 areas held a 
to ta l  of 1,191 geese (37.5% of a l l  geese 
counted on staging areas). The average 
rank of these ten areas ( 18.7±10.2) was 

s im i la r  to the average rank of a l l  34 
surveyed areas (17.5±9.9) suggesting 
th e i r  abundance class d is tr ibu tion  was
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Table 2 Distribution of Greenland White-fronted Geese on staging areas in 1995, 1997 and 
2000 in West Greenland (63°-70“N) segregated by 1 degree latitude bands. In 1995 the whole 
area was covered 66°-70''N, in 1997 66°-69°N and in 2000 66°-70"N. New areas discovered in 
1997 are italicised, those in 2000 emboldened. Area codes are those mapped in Figures 1 and 
2. Full details for the 1995 and 1997 surveys are given in Glahder (1999).

Latitude 
band |“N)

% of all geese 
counted 1995

% of all geese 
counted 1997

% of all geese 
counted 2000

Area Codes

69-70 0.0 - 7.7 30,50,51

68-69 13.9 23.5 7.5 18,19,20,21,47,52,53

67-68 47.1 42.5 31.4 B,10,11,12,13,14,15, 
16,17,43,54

66-67 33.5 34.1 53.3 A,1,2,3,4,5,6,7,8,9, 
55,56,57

65-66 3.4 - - 45,46

64-65 2.3 - - 39,40,41,42,43

63-64 0.0 - - 37,38

not d issim ilar. Seven of the 10 geese 
fi t ted w ith  a sa te l l i te  t r a n s m i t te r  staged 
between 68"N-70°N and three 66°N- 
68°N; th is  d is t r ib u t io n  d iffe red  

s ign if ican tly  f rom  the d is tr ibu tion  of a l l  
geese counted on the staging areas: 
15.2% between 68°Ν-70οΝ and 84.7% 
between 66°N-68°N [χ'=23.09, df=1, 
P<0.0001).

Discussion

The sa te l l i te  te le m e try  investigation 
added e ight new sites not previously 
found from  aer ia l survey ( including two 
support ing  one th ird  of a l l  geese coun t

ed). The surveys also con f i rm ed the use 
of three  previously known sites. Of a l l  
the  iden ti f ied  sp r ing  s tag ing  areas, 
e ight (sites 12, 13, 14, 15, 16, 17, 54 and 
B) fa l l  w ith in  the  existing E qa lum m iu t 
N unaa t and N a s s u t tu u p  N unaa 
Ram sar site, s ite 28 fa l ls  in the  Ajajarna 
and Sullorsuaq R am sar s ites and sites 
18 and 19 are in a proposed extension 
to the existing Naternaq R am sar site 

(Egevang & B o e r tm a n n ,  2001). 
However, only two (B and 16) of the six 
m ost im p o r ta n t  known spring staging 
areas cu rren t ly  have such designation. 
Of the rem ain ing  fou r  areas, A and 57 
support more  than 1 % of the populat ion 
of the Greenland W hite - f ron ted  Goose,
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the c r i te r ia  set by the  R am sa r  
Convention fo r  we tlands of in te rna t ion 
al im p o r ta n c e  (R am sa r  Convent ion 
Bureau 1990).

Twice as many geese were counted 
in 2000 compared w ith  1995 o r 1997 (of 
wh ich  over 900 were contr ibu ted  by two 
new areas discovered by the sate l l ite  
track ing  study), but th is  was probably 
part ly  due to the 3-6 day delay in the 
survey th a t  year. More geese w ere  
found in the southern  part of the s tag 
ing range in 2000, but genera l ly  the 
study co n f i rm ed  the ove ra l l  p ic tu re  
derived from  the 1995 and 1997 aeria l 

surveys. Despite  the h ig h e r  goose 
encoun te r  rate, the 2000 survey s t i l l  
only located 10% of the entire w in te r ing  
popula t ion in spring. Greenland W hite- 
fronted Geese are d ispersed during the 
spring. Indeed it is known tha t sm a l l  
groups and pairs in tending to breed, 

separate  from  the large spring agg re 
gations in mid May to feed at sm a l le r  
w e t lands  im m ed ia te ly  p r io r  to nesting 
(Stroud 1981). Observa tions suggest 
that paired adu lts  are the f irs t to arrive 
in West G reen land d u r in g  sp r ing  
(Stroud 1981; Fox & Madsen 1981; Fox 
et al. 1983, G lahder et al. 1999b), and 
w ith  an estimated 6,000 such potentia l 
breeders (Glahder 1999), a m uch h igh 
e r p roportion were located during the
2000 aer ia l survey. W ithou t intensive 
aeria l surveying involving regu la r  line 
t ransects  and distance sam p l ing  te ch 
niques (Buckland et al. 2001), accurate 
census of th is  potentia l ly  very large e le
m en t of the sp r ing  popu la t ion  lies 

beyond the rea lm s of logistic feasibili ty.

In addition, geese at spring staging 
areas are easily f lushed and displaced 
by approaching a ircra ft, m aking  line 
t ransects  and d istance sam p l ing  te c h 
niques d i f f icu lt  in practice. This also 
means tha t aeria l counts such as p re 
sented  here undoub ted ly  
underes t im ate  t rue  num bers  present, 

even at the visited staging areas. Given 
these potent ia l exp lanat ions fo r  the low 
to ta l  num bers  located at staging areas, 
we rem ain confident that, w h i ls t  o ther 
im po rtan t s taging areas undoubtedly 
s t i l l  rem ain undetected, the survey has 
been successfu l in locating in te rna t ion 

a lly im p o r ta n t  sp r ing  stag ing  areas 
wh ich  are used cons is tently  by the pop
ulation.

The staging areas discovered by the 
sate l l i te  te lem e try  study were at h igher 
la t i tudes than the genera l d is tr ibu tion  
of those discovered by aer ia l survey. A 
possible exp lanation could be that all 
geese fitted w ith  sa te l l i te  t ra n sm it te rs  
were caught at the  sou the rnm os t w in 
ter ing area, Wexford Slobs, southeast 
Ire land. Th is w in te r in g  area ho lds 
c .9,000-10,000 geese o r  near ly  one 
th ird  of the to ta l  w in te r ing  populat ion 
(Fox et at. 1999a). Sa lom onsen (1967) 
and Kampp et al. (1988) showed that 
geese w in te r in g  fu r th e r  sou th  in 
Ireland and B rita in  tend to s u m m e r  
fu r th e r  north in West Greenland and 
th is  leapfrog tendency could also hold 
fo r  spring stag ing areas (Fox et al.

2002). Of the ten geese attached w ith  a 
sate l l i te  t ra n sm it te r ,  seven staged on 
areas s ituated between 68°N and 70°N, 

six of w h ich  moved fu r th e r  north a fte r
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staging; the seventh p resum ably  died 

during staging. The rem ain ing three 
staged between 66°N and 68°N, and of 
these one moved fu r th e r  north to its 
s u m m e r in g  area. It seem s l ikely th e re 
fore, that s taging areas between 66°N 
and 68°N (and perhaps fu r th e r  south) 
may be under- represen ted  in the s a m 
ple of those located by aer ia l survey. 
Given the leapfrog tendency to obtain 
the best coverage of spring staging 
areas in West Greenland used by the 
entire  populat ion, geese w in te r ing  at 
s ites in the northern  part of the w in te r  
range should be f i tted w ith  sate ll ite  
transm it te rs .  One suggestion wou ld  be 
to attach sa te l l i te  t ra n s m i t te rs  to geese 
w in te r ing  in Scotland, in the north of 
the w in te r ing  range (eg on Islay, which 
supports  som e 9,000-12,000 geese, Fox 
ef al. 1999a). This wou ld  be especially 
usefu l if such a study could be carr ied 
out concurrent ly  w ith  ano the r Ir ish site 
(other than Wexford), so as to contrast 
the t im ing, dura t ion  and geographica l 
nature of the spring m ig ra t ion  between 
d i f fe r ing  w in te r in g  e lem en ts  of th is  
population.

The geese attached w ith  sate l l i te  
t ra n s m it te rs  provided high uti l i ty  data 
on the length of the staging period. 
Upon a rr iva l  in West Greenland, the 

geese staged on average fo r  about 11 
days at spring staging areas covering 
on average 24.8km z (SD=19.9, n=34). 
Repeated readings of neck co l la r  codes 
of indiv idually m arked  geese have been 
used to es t im ate  the  staging period 
during spring (Fox et al. 1999b; Glahder 
ef al. 1999b), but th is  method is t im e 

consuming, dependant on good obse r

vation condit ions and on geese showing 
predictable behaviour. The one study on 
a West G reen land  s tag ing  area 
(Glahder et al. 1999b), showed the es t i 
mated average staging period to be 
only 2.2 days, suggesting such methods 
grossly underes t im ate  the true  staging 
t im es  of indiv iduals.

In o rder to save battery power, a 
resting period of 29 hours was chosen 
fo r  the tra n sm it te rs .  This m eant that 
the true  s taging period at any one site 
could potentia l ly  be up to two days and 
n ights lo n g e r th a n  estimated. The q u a l
ity of the ca lcu la ted  geograph ic  
posit ions derived during spring staging 
was m uch improved from  1998 to 1999. 
In 1998, an accuracy of 1,000m or less 
(classes 1-3) was obtained in about 
21 % of the calcu la ted locations; in 1999 
th is  accuracy increased to 4-2%. Since 
the  t r a n s m i t te r  design had not 
changed, the es tab l ishm en t of a new 
addit iona l sate l l i te , NOAA-K, in orb it 

during 1999 w as probably responsib le 
fo r the im provem ent in s igna l de tec
tion. This sa te l l i te  has a more sensitive 

onboard receiver that enables up to 
50% more messages from  low -pow er 
t ra n s m it te rs  to be received and thereby 
enable more accurate  location ca lcu la 

tion (Argos new s le t te r  1999).
On a rr iva l  in West Greenland during 

the f irs t o r second week of May, sa te l 
l ite  te le m e t ry  has show n th a t  
Greenland W hite - f ron ted  Geese stage 
fo r  one to two weeks before they e i ther 
fly d irectly to th e i r  su m m e r in g  areas or 
m ig ra te  to a more  norther ly  s top-over
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site en route. A lthough the tagged birds 
were males, they were a l l  paired on the 
w in te r ing  grounds and were therefore 
accom pan ied  back to the  b reed ing  
areas w ith  potentia l ly  fecund female 
partners. For these females, the s tag 
ing period probab ly  equa tes  to the 

period of rapid oocyte grow th wh ich  in 
the Greater W h ite - f ron ted  Goose A nser 
a lb ifrons fron ta lis  lasted 11-14- days (Ely 
& Raveling 1984). Following the staging 
period, geese in Greenland are ready to 
s ta r t  nesting between May 19 and 28 
(S a lom onsen  1950; F e n cke r  1950). 

During 1998, the staging period was 7-
11 days, so geese probably comm enced 
oocyte growth on staging areas and 
completed on the breeding grounds. 
The reason fo r  the s ign if icantly  sho r te r  
s taging period in 1998 compared to the 
staging period in 1999 of 13-16 days, 
may be l inked to the a lm os t 4°C d i f fe r 
ence in mean May tem pe ra tu re  on the 
staging areas between 1998 (+1.3°C) 
and 1999 (-2.6°C). During periods of 
p ro longed  su b -ze ro  te m p e ra tu re s ,  
geese w i l l  have d if f icu lt ies  f ind ing feed
ing ponds that have thawed suff ic iently  
to enable extraction of p lant materia l.  
In such sha l low  lakes, w a rm e d  by so la r 
insolat ion, geese up -roo t the rh izomes 
of th e ir  preferred food plant, com m on 
cotton grass Eriophorum  angustifo lium . 
There fo re , s u b -ze ro  co n d i t ion s  w i l l  
p robab ly  delay f u r th e r  n o r th w a rd  
m igra t ion . The mean spr ing  te m p e ra 
ture (March-May) in the main staging 

range (66°-68°N) of the  Green land 

W hite -f ron ted  Goose has increased by 
0.5-3.5°C per decade based on data

from  1979 to 1997, w h i ls t  the northern  
part (69°-72°N) has become co lder by 
0.5-2.5°C per decade (Rigor et al., 2000). 
A ssum ing  th is  trend  con tinues, the 
la te r thaw  in the northern  area w i l l  
force geese to stay longer at th e ir  s tag 
ing areas, undergo delayed breeding 
ch rono logy  and hence po ten t ia l ly  
reduced productiv ity. Flowever, there  is 
a considerable need fo r  lo n g - te rm  data 
on the effects of w ea the r during the 
pre-nesting  phase on reproductive s u c 
cess, and to test the hypothesis that 
delayed onset of Spring is responsible 
fo r  recent declines in reproductive ou t
put. It is especially  im portan t to test 
th is  against the com peting  hypothesis 
that increases in local goose density 
may have contr ibu ted  to th is  process.

There is cons iderab le  evidence to 
suggest tha t the abil i ty  of fem ale geese 
to accum ula te  nu tr ien t  s tores at the 
ear l ies t stage p r io r  to the onset of 
breeding, has an in fluence on the ir  

abil i ty  to reproduce successfu l ly  in a 
given year. Theore tica l considerations 
suggested that, fo r  the Lesser Snow 
Goose A nser caerulescens caerulescens 
the fat s tores available on a rr iva l  were 
only su ff ic ien t to account fo r 46% to 
70% of the lipid and 14% to 55% of the 

protein requ irem en ts  fo r  c lu tches of 3- 
6 eggs (Meijer & Drent 1999). From th is 
standpoin t, fem ale geese arr iv ing at the 
breeding g rounds  m u s t  sup p lem e n t 
s to res  w ith  s u b s ta n t ia l  a m o u n ts  of 
d ie ta ry  fat and p ro te in  in o rd e r  to 

a t tem p t reproduct ion at all. Few arct ic  

nesting geese are com p le te  cap ita l  
breeders, in the sense tha t a l l  rep ro 
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ductive m a te r ia l  invested in c lu tches 

was derived from  stores accum ula ted  
by the fem ale in areas rem ote from  the 
b reed ing  areas. Many popu la t io n s  
exploit spring s taging areas c lose to, 
but not necessari ly  at, breeding sites 
and hence have the po ten t ia l  to supp le 
m e n t s to res  a f te r  the  m a in  sp r ing  
m ig ra t ion  and p r io r  to f i rs t  egg date. 
These inc lude the Lesser Snow Goose 
(Ganter & Cooke 1996) and high arct ic  
G rea te r  Snow  Goose A nser 

caerulescens atlanticus, though t o r ig i 
nally  to breed soon a f te r  a rr iva l  on the 
nesting areas (Choiniére & Gauthier 
1995), a lthough the Lesser Snow Geese 
of K arrak  Lake susta in m in im a l  food 
in take  ra tes  d u r in g  p re - in c u b a t io n  
(Gloutney et al. 2001). W h ite - f ron ted  
Goose popu la t ions  in p a r t ic u la r  are 
known to rely upon pre -nes ting  feeding 
on the nesting grounds to supp lem en t 
stores fo r  investm ent in reproduction 

(Fox & Madsen 1981; Ely & Raveling 
1984; Budeau et al. 1991 ; Carr iere  et al. 
1999). Even arr iv ing non-b reeders  (eg 
young unpaired birds not in tending to 
breed) need to recoup depleted stores 
and reserves on a rr iva l  a f te r the sea 
and ice cap c ross ing  to West 
Greenland. For th is  reason, identi f ica
t ion of the n u m b e r  of spring staging 
areas represents  an im po rtan t co n tr i 

bution to o u r  unde rs tand ing  of the 
popula t ion and its conservation needs 
at th is  point in the annua l cycle. At 
Wexford, the percentage of young and 
the n u m b e r of pairs of geese re turn ing  
w ith  young have show n  s ig n i f ica n t  
dec l ines  over the  period 1982-2000

(unpub l ished  data). It is the re fo re  

increasingly im po r tan t  to m o n i to r  the 
n u m b e r ,  q u a l i ty  and a va i lab i l i ty  of 
spring staging sites fo r  th is  populat ion 
in West Greenland, and to understand 
the re la t ionsh ip  between the use of 
these by d if fe ren t w in te r ing  and s u m 
m e r in g  su b -p o p u la t io n s .  Th is is 
especially  im p o r ta n t  to provide best 
advice on conservation m anagem en t 
s tra teg ies and s i te -sa feguard  netw orks 
in the face of po ten t ia l  changes brought 
about by g loba l c l im ate  change.
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52 Goose staging areas in West Greenland

A ppend ix  1: N u m b e r  of geese counted on spring staging areas in West Greenland 
(óó°-70°N) May 2000. Area codes re fer to e i the r  previously identif ied staging areas 
(codes <50, A and B, G lahder 1999) o r  new areas (codes 50-57, shown in F igures  1 
and 2). Percentage geese co lum n conta ins the percentage of the to ta l  n u m b e r  of 
geese (3,177) observed at each staging area. The s taging areas were ranked in 
descending o rder according to (i) n u m b e r  of geese observed and corre la ted w ith  (ii) 
density  of lakes s10,000m2.

Area
Code

Area
km2

Goose
Numbers

% Geese F
G
Rank
ieese

Lakes
Numbers

Lake
Density
no/km2

Rank
Lake

Density
A 31.40 695 21.9 34 165 5.25 33
B 17.11 460 14.5 32 62 3.62 31
1 11.59 8 0.3 12 7 0.60 7
2 19.85 103 3.2 29 52 2.62 26
3 9.78 6 0.2 9 5 0.51 6

' 4 6.68 o .. 0.0 3.5 9 1.35 16
5 26.69 c 0.0 3.5 28 1.05 13
6 20.36 94 3.0 27.5 29 1.42 18
7 11.38 0 0.0 3.5 0 0 1
8 18.77 0 0.0 3.5 27 1.44 19
9 13.63 2 0.1 7 6 0.44 3

10 17.69 34 1.1 19.5 31 1.75 22
11 44.62 0 0.0 3.5 14 0.31 2
12 12.94 14 0.4 14 13 1.00 12
13 3.83 6 0.2 9 3 0.78 8.5
14 14.48 9 5 ~ 3.0 27.5 7 0.48 5
15 5.13 36 1.1 19.5 4 0.78 8.5
16 21.87 230 7.2 31 75 3.43 30
17 26.61 55 1.7 22.5 67 2.52 25
18 22.48 6 0.2 9 52 2.31 24
19 11.41 16 0.5 16 110 9.64 34
20 70.60 58 1.8 24 198 2.80 27
21 8.95 16 0.5 16 14 1.56 21
30 74.80 25 0.8 18 35 0.47 4
47 29.28 80 2.5 25 43 1.47 20
48 40.23 52 1.6 21 53 1.32 15
50 31.82 0 0.0 3.5 41 1.29 14
51 14.17 220 6.9 30 29 2.05 23
52 23.21 9 0.3 12 23 0.99 11
53 44.36 54 1.7 22~5 62 1.40 "" 17
54 90.10 17 0.5 16 79 0.88 10
55 15.25 10 0.3 I2 52 3.41 29
56 14.59 90 2.8 26 57 3.01 32
57 17.15 686 21.6 33 55 3.21 28
Inside Areas 3,177
Outside Areas 303
Total 3,480


