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The activ ity  budgets o f Greenland W hite -fron t- 
ed Geese A n se r  a lb if rons  f lav iros tr is  during  
spring  staging were stud ied  in d iffe ren t 

Ice landic hayfie lds dom inated by three  
g rass  spec ies: Poa p ra tens is ,
D escham ps ia  caesp itosa  and  
P h leum  pratense. Geese spent 70- 
90% o f the daylight pe riod  112.5-14.5 hours a day] feeding, consistent w ith 
the need to bu ild  up body reserves during  the sh o rt stag ing period  before 
the onw ard flig h t to West Greenland sum m ering  areas. Feeding activ ity  
showed a s trong d iu rna l rhythm , being least [70%] on a rr iva l in fie lds from  
the roost, increasing stead ily  during the day, w ith a corresponding drop in 
resting  activities, to reach 90% feeding in the evening. Possible explanations  
fo r th is unusual pa tte rn  are discussed. There were sm a ll bu t s ign ifican t d if­
ferences in the tim e spent feeding in fie lds o f d iffe ren t sw ard  types. Geese 
were forag ing in Ph leum  fields, thought to be the m ost nu tr it io u s  grass  
species com pared to the two native ones, fo r 81% o f dayligh t hours com ­
pared w ith 83% in the two o the r sw ard  types. The conservation im p lica tions  
o f the high percentage tim e spent feeding are discussed.
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Long distance m ig ra to ry  birds such 

as a rc t ic  breeding geese rely upon 
spring staging sites en route to the ir  
breeding grounds in o rder to refuel and 
accum ula te  su ff ic ien t energy and n u tr i ­
ent s tores fo r  th e ir  onward m igra t ion  
and investm ent in subsequent breeding 
a t te m p ts  (Krapu & Reinecke 1992). 
Geese are herbivores but are cons id ­
ered to have in e f f ic ie n t  d igestive 
systems, which necessitate high food 
intake rates of relatively poor quality 
forage (Owen 1980). It wou ld  therefore 
be expected tha t these birds spend 
m uch  of th e i r  t im e  feed ing  dur ing  
spring staging, at the cost of o ther 

activities.
The to ta l  popula t ion of Greenland 

W h ite - f ro n te d  Goose A nse r a lb ifrons  
fla v iro s tr is  n u m b e rs  33,000 geese, 
wh ich  w in te r  in Ire land and Brita in, and 
breed in west Greenland. During spring 
they m ig ra te  fo r  c .1,500 km before 
reaching Iceland where  the geese stage 
in the southern  and w este rn  regions fo r 
about three weeks (Fox et al. 1999). 
Fiere they rap id ly  a cc u m u la te  body 
stores fo r the onward f l igh t of ano the r 
1,500 km over the D enm ark  Stra it and 
the Greenland Ice Cap to th e ir  s u m m e r  
qua rte rs  (Boyd et al. 1998). The a im of 
th is  study is to assess the behavioural 
activ it ies (with pa r t icu la r  em phasis  on 
feeding) of the Greenland W h ite - f ron t-  
ed Geese during th e i r  spring staging in 
Iceland, and to com pare  w h e th e r  these 
act iv i ty  pa t te rns  d i f fe r  between the 
three dom inan t hayfield sward types 
upon wh ich  the geese feed.

Methods

The s tudy  w as ca rr ied  out at 
Flvanneyri A g r ic u l tu ra l  College, 
Borgafjórdur^ in west Iceland (64°34'N, 
21°46'W) from  17 A pr i l  to 8 May 1999, a 
to ta l  of 22 days. The area is the most 
im po rtan t spring staging site known fo r 
Green land W h i te - f ro n te d  Geese 
(Francis & Fox 1987; Fox et at. 1994, 

1999). It com pr ises  som e 85 ha of re la ­
tively und is tu rbed  hayfie lds in close 
proxim ity  to safe roost sites (the ad ja ­
cent in te r t ida l  B orga f jó rdu r and a lake 
on the farm). The num bers  of geese 
quick ly  reached a m a x im u m  of 1100 
geese on 21 Apri l,  but a f te r a few days 

levelled off to 400-600 geese, un t i l  
departu re  (Fox et al. 1999). The geese 
used 64 d if ferent f ie lds in the area d u r ­
ing the study. The fie lds are dominated 
by three species of grass, a l l  of which 
are eaten by the geese: Poa pratensis, 
Descham psia caespitosa  and Phleum  
pratense  (Kris tiansen et al. 1998b). The 
two fo r m e r  spec ies  are native to 
Iceland, w hereas Phleum  is an im p o r ­
tan t haygrass in troduced from  Norway 
du r ing  the las t 50 years. Phleum  
requires reseeding to main ta in  its p res­
ence in the sward, as it becom es 
o u t-c o m p e te d  by the  two native 
species, Poa th rough  t i l le r  invasion and 

Deschampsia by its tussock  grow th (Fox 
1993; K ris t iansen et al. 1998b).

Daily activ ity budget data were c o m ­
piled by scan -sam p ling  [A ltman 1974). 
The behaviour of each indiv idual was 
assigned to one of the fo l low ing ca te­
gor ies : feed, a le r t  (head-up), 
aggression, rest (sleep, sit), walk, dr ink
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and com fo rt  (preen, w ing stre tch , w ing - 
flapping). Scans of f locks were  of geese 
w ith in  ind iv idual f ie lds made from  a car 
us ing te lescope  o r  b in o c u la rs  and 
inc luded a l l  ind iv iduals of a given flock. 

Flocks of geese obviously affected by 
our presence were not scan-sam pled. 
Scans were carr ied out every day d u r ­
ing the staging period and overa l l  the 
data covered the w hole  feeding day of 
the geese, ie approx imate ly  from  s u n ­
rise to sunset. There is an unavoidable 
in te r -d e p e n d e n c e  be tw een sam p les  
when scans were carr ied  out of the 
same f ie lds on the same day. To m in ­
im ise th is  effect, at least 30 m inu tes  
separated any two scans of the same 
field, and in m ost cases th is  period 
exceeded an hour.

Each m a jo r  behav ioura l  category  

size was related to the fo l low ing va r i­
ables: sward type, t im e  of day, date and 
flock size. Logistic regression (PROC 
GENMOD w ith  CONTRAST, SAS Inst. 
1985) was used fo r  s ta t is t ica l  analysis. 
To co r re c t  fo r  ove rd ispe rs ion  the 
PSCALE ope ra to r  was applied when 

Pearsons χ 2 value exceeded one. The P 
value of each m ode l was calcu la ted by 
com par ing  the deviances of the m ode l 
w ith  (Dm) and w ithou t  (D0) variables, 
using m e th o d s  desc r ibed  by Manly 
(1990). AD w as ca lcu la ted  as (D0- 
Dm)/D 0 to express the  degree of 
explanation of each m ode l (Flosmer & 
Lem eshow  1989). Flock size was re la t­
ed to sward type, t im e  of day and date 

using m u lt ip le  regression (PROC GLM, 
SAS Inst. 1985). The effect of t im e  of 
day and date on t im e  spent flying was

also analysed w ith  m u lt ip le  regression 
(PROC GLM, SAS Inst. 1985). To avoid 
type one errors, seguen t ia l  Bonferroni 
co r re c t io n s  w ere  m ade using the 
Dunn-S idák m ethod in a l l  tests (Sokal 
& Rohlf 1995).

Sward com posit ion  was de term ined 
fo r  each fie ld unit (defined by d itches or 
fence boundaries) by sam p l ing  25 ran ­
dom 10 x 10 cm quadra ts  sam pled from  
each field during the  n ight t im e, when 
the geese were roosting on the nearby 
fjord and lake, to avoid d is tu rbance of 
feeding patterns. In each quadrat, the 
percentage cover of green m a te r ia l  of 
each p lan t spec ies  w as  es t im a ted . 

Fields were then assigned to the fo l ­
low ing ca tego r ies :  Phleum , Poa o r  
Deschampsia  dom inated, when cover of 
the m ost abundant species exceeded 

tha t of the next m os t abundant species 
by more than 20%. Using th is  cr i ter ion, 
41 f ie lds were c lassif ied as being d o m ­
inated by a s ing le  grass  species. 
Observations from  the rem ain ing fie lds 
were excluded in the present study 
s ince those f ie lds consisted of mixed 
swards.

The average t im es  of a rr iva l  and 
departure  of the geese to and from  the 
f ie lds were obtained by observations of 
the t im e s  of roos t f l ig h ts .  These 
showed that the feeding day started, on 
average, 10 m inu tes  before sunr ise  and 
ended 30 m inu tes  a fte r  sunset. Due to 
the increase in day length of a lm ost 
three hours from  17 A p r i l  to 8 May in 

Iceland, t im e  of day was norm a lised  by 
dividing each day into 10 periods of 
equal length, and each scan assigned
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to one of these periods. There was no 
sys te m a t ic  reco rd ing  of behav iou r 
when the geese were at the roost sites, 
but no posit ive s igns of n ight t im e feed­
ing was obtained.

To es t im a te  the a m o u n t of t im e  
spent flying during the day, f l igh t s u r ­
veys were carr ied out from  the f irs t 
f loo r  of one of the college build ings, a 
vantage point that offered a s im u lta n e ­
ous view over a lm os t  a l l  the fields. In 
all, a to ta l  of 14 surveys were evenly 
d is tr ibu ted  th roughou t the feeding day 
and the w hole  staging period, each s u r ­
vey lasted 30 m inutes. A l l  f locks taking 
to the a ir  were counted and the f l igh t 
durat ion timed, so that the t im e  an 
average goose spent flying per hour 
could be calculated based on the to ta l 
n u m b e r  of geese present in a l l  the v is ­

ible f ie ld s  du r ing  each observa t ion  
period. The t im e  spent flying to and 
from  roost s ites were recorded sepa­

rately.
Daily m ax im um  and m in im u m  te m ­

pe ra tu re s  w ere  ob ta ined  f ro m  the 
Hvanneyri au tom atic  w ea the r station.

Table 1 Activ ity  budgets of Greenland W hite -fron ted  
during spring stag ing in Iceland 1999. N =num ber of

Results

The overall t im e  a llocation of the 
geese ca lcu la ted by field sward type is 
presented in Table 1 and the resu lts  of 
the s ta t is t ica l  analysis of behavioural 
data are shown in Table 2.

Time spent feeding increased s ig ­
nif icantly during the day, wh ile  resting 
activ it ies decreased s ign if icantly  during 
the day (F igure 1). Aggressive behav­
iour increased during the day. Drink ing 
and aggressive behaviour s ign if icantly  
decreased w ith  date, wh ile  a lertness 
increased. Flock size showed positive 
corre la t ion  w ith  com fort,  but a negative 
effec t on aggress ive  behav iou r and 

alertness. F u r the rm ore  the f lock size 
decreased w ith  date (m ult ip le  reg res­
sion, P=0.0001 J.

There were s ign if icant d ifferences in 
the t im e  spen t feeding on d if fe ren t 
sward types, w ith  d ifferences between 
Phteum  and Poa (logistic regression, P 
=0.0172] and Phteum  and Deschampsia  
(logistic regression, P=0.0074). Geese 
spent least t im e  feeding on Phteum  
dom ina ted  f ie lds. D r ink ing  occurred 
more often on Phteum  than on Poa

Geese feeding on th ree  d iffe ren t sward types 
scans.

T im e  expend itu re 1% ± SEI

n Feed A le rt Rest W alk C o m fort F lig h t“ A ggress ion D rink

Poa 272 83.0 ± 1.1 9.9 ± 0.8 5.3 ± 0.8 1.0 ± 0.3 0.7 ± 0.2 0.5 ± 0.1 0.1 ± 0.1 0

PhÎeum 163 81.3 ± 1.4 9.7 ± 0.9 6.1 ± 1.1 1.7 ± 0.3 1.0 ± 0.2 0 .5 ± 0.1 0 0.1 ± 0.1

Deschampsia 122 82.9 i 1.9 7.7 ± 1.0 6.8 ± 1.5 1.7 ± 0.6 0.6 ± 0.3 0.5 ± 0. 0.3 ± 0 .3 0

T im e  spent flying w as assessed fo r a ll sward types together.
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Table 2 Logistic regression of the  re la tionsh ip  between tim e  spent by Greenland W h ite -fron ted  Geese on each 
behavioura l category and fo u r variab les (n=557). The variables are (w ith range): tim e  of day 11-10), date 17 
A p ril-8  May), sward type [Poa, Phieum  and Deschampsia) and flock  size (2-305; mean = 18.8). Sequentia l 
B onfe rron i was made on the P values of the seven m odels.

Behaviour class Intercept Time of Day Date Sward Type Flock Size
(No o f geese obs.)

P va lue  of m ode l

Feed

(8815)

<0 0001***

E s tim a te !

SE

P

1.804±0.961

0.0605

0.097±0.017 

0.0001***

-0.005±0.008

0.5313

Poa:

Phi:

Des

-0.110+0.123 

-0 .352±0.132 

: 0.000±0.000 
0.0123*

0.002+0.002

0.2371

A le rt

(770)

E stim ate ± 

SE

-4 .368±1.068 -0.020±0.018 0.018±0.009 Poa:

Phi:

Des:

0.189±0.137 

0.286±0.146 
0.000±0.000

-0.012±0.003

<0.0001*** P 0.0001*** 0.2691 0.0418* 0.1396 0.0001***

Rest

(594)

E stim ate ± 

SE

-2 .184± 1.713 -0.236±0.032 0.003±0.015 Poa:

Phi:
Des:

0.114+0.227 

0.296±0.240 
0.000±0.000

0.003±0.003

<0.0001*** P 0.2024 0.0001*** 0.8434 0.4163 0.3684

W alk

(181)
E stim ate ± 

SE
-0.346±2.438 0.008±0.042 -0.034+0.021 Poa:

Phi:

Des:

-0.239±0.326
0.343±0.322

0.000±0.000

0.002±0.004

0.0006*** P 0.8872 0.8494 0.1058 0.0738 0.6792

C om fort
(97)

E stim ate ± 
SE

-8.657±2.667 -0.006±0.044 0.029±0.022 Poa:

Phi:

Des:

0.159+0.383 
0.638±0.384 

0.000±0.000

0.009±0.004

0.0004*** P 00.12** 0.8987 0.1870 0.1135 0.0268*

Aggression

(15)

Estim ate ± 

SE

20.23±6.934 0.306±0.119 -0.246±0.062 Poa:
Phi:

Des:

-0.384+0.575

-2.095±1.104

0.000±0.000

-0.033+0.015

<0.0001*** P 0.0035** 0.0098** 0.0001*** 0.0568 0.0337*

D rink

191

E stim ate ± 

SE
12.87±8.561 0.040±0.143 -0 .183±0.076 Poa:

Phi:

Des:

-24.4±123547 

1,489±1.077 

0.000±0.000

-0.008+0.010

<0.0001*** P 0.1328 0.7794 0.0162* 0.0010** 0.3955

*P<0.05, **P<0.01, ***P<0.001
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(logistic regression, P=0.0002).

There was no effect of date and t im e  
of day on the t im e  the birds spent flying 
when present at the feeding grounds 
(m u lt ip le  reg ress ion , P= 0.3117 and 
P=0.5222, respectively). Therefore, the 
mean value of a l l  observations were 
used (mean 19.0 ± 4.3 SE seconds flying 
per hour per goose).

During the study period m in im u m  
tem pe ra tu res  ranged from  -12.3°C to 
7.7°C and m a x im u m  te m p e ra tu re s  
ranged f ro m  -0.7°C to 13.8°C. 
Tem pera tu res  dropped below 0°C d u r ­
ing the f irs t e ight days of spring staging 
and again on 2 May. There was no c o r ­
re la t ion  be tw een m in im u m  
tem pera tu re  and feeding activity in the 
m o rn in g  ( l inea r  reg ress ion , n = 128, 
P=0.2380).

Discussion

A fte r  a sea crossing of some 1,500 
km from  Brita in  to Iceland, Greenland 
W h ite - f ro n te d  Geese stage fo r  only 
three weeks in Iceland before a jou rney  
of s im i la r  length (which inc ludes flying 
over the Greenland Ice Cap, Glahder 
1999). The geese are therefore expect­
ed to a l locate more t im e  to feeding 
than on the w in te r ing  grounds, where 
they have several m onths  to a ccu m u ­
late body s tores in late w in te r  and 
spring. Given the short period of t im e 

available, it is expected tha t the geese 
would potentia l ly  feed fo r  as m uch of 
the available t im e as possible, con­
stra ined by essentia l activ it ies such as 
d r in k in g ,  p lu m a g e  care and soc ia l  
in teractions. Overall  the geese spent 
70-90% of the daylight hours feeding in

70% - 

60% ■ 

50% ■ 

40% - 

30% - 

20 %  - 

10%  -

0% ■
1 2  3 4

(1013) (1433) (1378) (3310)
5 6 7 8 9 10

(888) (1151) (1079) (1956) (2323) (1308) 

Time of day (n)

■  Rest
□  Other
□  Feed I

Figure 1. Changes in feeding and resting activ ities du ring  the day of Greenland W h ite -fron ted  Geese 
spring stag ing in Iceland. T im e of day w as divided into 10 periods of equa l length, the f irs t s ta rting  10 
m inu tes before sun rise  and the last ending 30 m inu tes a fte r sunset, (n) = nu m ber of b irds observed.
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Iceland, wh ich  was genera l ly  more than 
on the w in te r ing  grounds, eg 51-77% 
on Islay, sou thw est Scotland (Ridgill  et 
al. 1994) and 65-88% in K il la rney  Valley, 
w e s te rn  Ire land (C a r ru th e rs  1991, 
1992). When the d i f fe rences in day 
Length are taken into account, th is  rep­
resen ts  a cons iderab le  longe r  daily  
feed ing  t im e  in abso lu te  te rm s . 
European W h ite - f ron ted  Geese A. a. 
a lb ifro n s  w in te r in g  at S l im b r id g e ,  

sou thw est England spent 89-95% of the 
day feeding, wh ich  resu lts  in 8.5-10.5 
hours  of feeding per day during late 
w in te r  (Owen 1972). In Iceland, the 
Greenland W hite -f ron ted  Geese spent 
12.5-14.5 hours a day feeding during 
spring staging. This increase in feeding 
in tens i ty  f rom  w in te r in g  g rounds to 
sp r ing  stag ing  s ites  has also been 
described fo r  Barnacle  Geese Branta  
leucopsis spring staging in northern  
Ice land, and re f lec ts  the  need to 
increase body s to res  du r ing  sp r ing  
staging (Percival & Percival 1997).

Lesser Snow Geese 4. caerulescens 
caerulescens  feeding on waste  gra ins 
spent less t im e  feeding compared to 
geese feeding on grass lands  (Burton & 
Hudson 1978; Davis et al. 1989; Table 
3), suggesting tha t the chem ica l c o m ­
position and d igestib i l ity  of the food can 
in f luence  feeding t im e  cons ide rab ly  
(see also Madsen 1985; A m a t et al. 
1991). Greater feeding activ ity of geese 

in Iceland could there fore  also be a 
response  to the reduced n u tr i t io u s  
guality of g rass lands in Iceland c o m ­
pared to g rass lands in Western Europe. 
However, the  geese increased th e ir

body mass m uch fas te r  during spring 
staging than on the w in te r ing  grounds 
and during the pre -nes ting  period in 
Greenland (Nyegaard et al. in prep.). 
The increased feed ing  ac tiv i ty  in 
Iceland could there fo re  represent both 
(1) compensat ion fo r  feeding on less 
prof itable food, and (2) a response to 
the demand fo r gaining w e igh t rapidly 
in p repara t ion  fo r  the  f l ig h t  to the 
breeding grounds.

T im e of day

Feeding activ ity increased during 
the day th roughou t the staging period, 
and w as inverse ly  re la ted  to the 
am oun t of t im e  a llocated fo r  resting by 
the geese (F igure 1). This d iffers from  
the  observed feed ing  p a t te rn s  
described in o the r studies. Two pa t­
te rns  of d iu rna l feeding have genera l ly  
been observed. One involves the g rea t­
est levels of feeding activ ity in the 
m orn ing  and evening, w ith  a reduction 

at midday (eg Owen 1972; Ely 1992; 
Mooij 1992; Zhang & Lu 1999). The m id ­
day reduction in feeding is norm a lly  
related to m ovem ents  to s ites to drink, 
but also to preen and rest, wh ich  often 
take place in s ites separated from  the 
feeding grounds (Owen 1980). Secondly, 

geese have been observed to feed in 
d iscrete  bouts (punctuated by short  
rest periods) th rough  the fu l l  24 hour 
period w hen  exposed to con tinuous 
l igh t e i th e r  a r t i f ic ia l ly  in captiv i ty  

(Boudew ijn  1984) o r  du r ing  the 24 
hours of daylight in the arct ic  s u m m e r  

(Madsen & M o r te n se n  1987; 
K r is t iansen  & J a r re t t  unpubl.). This



Table 3 D aylight and d iu rn a l feeding activ ity  of d iffe ren t goose species. A ctiv ity  of geese du ring  dark hours were only recorded in the  study by M ooij 
(1992).

Species Feeding 
(% of daylight 

activities)

Feeding 
(% of d iu rna l 

activities)

Feeding
source

Season A utho r

Greenland W h ite -fron ted  Goose 
Anser alb ifrons flavirostris

70-90 52-60 Grasslands Spring Present study

Greenland W h ite -fron ted  Goose 
A nser a lb ifrons flav iro s tris

51-77 Grasslands W in te r R idg ill et al. 1994

Greenland W h ite -fron ted  Goose 
Anser a lbifrons flavirostris

65-88 Grasslands W in te r C arru the rs  1991, 1992

Greenland W h ite -fron ted  Goose 
Anser a lbifrons flavirostris

G rasslands P re-nesting Fox & Madsen 1981

European W hite fron ted  Goose 
Anser alb ifrons a lbifrons

89-95 c. 40 Grasslands W in te r Owen 1972

European W h ite -fron ted  Goose 
Anser a lbifrons albifrons

c. 75 c. 55 Grasslands W in ter Mooij 1992

Greater Snowgoose 
Anser caerulescens atlanticus

c. 75 c. 55 Grasslands Spring G authier et al.

Lesser Snowgoose
Anser caerulescens caerulescens

c. 30 Grasslands W in ter Burton & Hudson 1978

Lesser Snowgoose
Anser caerulescens caerulescens

c. 20 Waste g ra ins W in te r/S p ring  Davis et al. 1989

B arnacle Goose 
Branta leucopsis

c. 30 Grasslands W in te r Ebbinge et al. 1975

B arnacle Goose 
Branta leucopsis

50-70 Grasslands Spring Black et al. 1991

48 
A

ctivity 
budgets 

of 
spring 

staging 
geese
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type of feeding pattern sLows down the 
th rough  put t im e  of food considerably, 
and m ost l ikely enhances digestion e ff i­
ciency (Ebbinge & E bb inge -D a l lm e i je r  
1976; Boudewijn 1984·]. This feeding 
pattern is probably the m ost cost e ffec­
tive fo r  geese, but m ax im um  eff ic iency 

dem ands nearly pe rm anen t daylight, a 
feature not available in Iceland during 
the sp r ing  m ig ra t io n  period of the 
Greenland W hite -f ron ted  Geese. Geese 
may however adopt a mixed strategy 
combin ing e lem ents  of both foraging 
pa tte rns . For exam ple , European 

W hite - f ron ted  Geese w in te r ing  in the 
Lower Rhine, Germany, had a typical 
m orn ing  and evening peak in feeding 
activity, and during the n ight they fed in 
d isc re te  bouts punc tua ted  by sho r t  
periods of rest (Mooij 1992).

The elevated levels of feeding activ i­

ty in the evening have been explained in 
te rm s  of the advantage gained by a 
goose from  fi l l ing  the gut jus t  before 
the f l igh t to the roost so tha t the food 
can be digested tho rough ly  during the 
n ight (eg Owen 1972). This advantage 
may also be enhanced by increasing 

the peck rate toward the end of the 
feeding period (Owen 1980). However, 
the reduced feeding activ ity during the 
ear ly  hou rs  of day l igh t cons is ten t ly  
found in th is study is unusual. One 
explanation could be tha t geese a r r iv ­
ing in the f ie lds defrost the grass in the 

m orn ing  by resting on it before feeding, 
a phenom enon seen before (H. Boyd, 
pers. comm.]. There could be several 

advantages to th is behaviour: (1) Geese 
are highly selective fo r  grass species,

leaf type and leaf length during feeding 
(eg. Fox et at. 1998; K r is tiansen et a/. 
1998, 2000) and it may be d i f f icu lt  to d i f ­
fe ren t ia te  be tween green and dead 
leaves when the grass is covered by 
hoar. (2) Valuable heat energy may be 
lost when f i l l ing  the gut w ith  frozen 
grass. It is unl ike ly  that th is  phenom e­
non is the only exp lanation fo r  the 
feed ing  p a t te rn s  p resen ted  here 
though, since there was no corre la t ion 
between m in im u m  te m p e ra tu re  and 
feed ing  ac t iv i ty  in the  m o rn in g .  
However, the tem pe ra tu re  at ground 

level was probably lower than the a ir 
tem pera tu re  in the morn ing , so that 
frost o r heavy dew fa l l  on the grass 
every m orn ing  during staging s t i l l  can­

not be excluded. (3) The food quality of 
the grass leaves may be lowest in the 
m orn ing . It has been shown in a study 
of Puccineilia  in D enm ark  tha t the con­
tent of sucrose f luc tua tes  during the 
day. Sucrose content reached a d iu rna l 
m ax im um  of about 8.5% of dry weight 
during 17.00-21.00 hours and fe l l  to a 
m in im u m  of about 5% of dry w e ight 
between 07.00-11.00 in the morn ing , 

probably due to the processes of pho to ­
synthesis and resp ira t ion l inked to l ight 
and tem pera tu re  levels (A.D. Fox & J. 
Kahlert unpubl. data). (4) It is possible 
tha t the geese have been feeding d u r ­
ing the night. N ight t im e  feeding would 
reduce the im m ed ia te  demand fo r  the 

geese to com m e n ce  feeding in the 
m orn ing  on arr iva l on the fields, which 

could also exp la in  the low feeding 
activity during the early hours of day­
light.
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Trends in behaviour over time

There was a decline in aggressive 
behaviour during the staging period, 
wh ich  could be due to a change in food 
supp ly  ava i lab i l i ty . When the geese 
arrived, the grow th season of the grass 
had barely begun, and they had to c o m ­
pete fo r a restr ic ted  food supply. The 

increase in a le rtness  is m ost l ikely a 
fu n c t io n  of decrease  in f lo ck  size 
through the period (see Flock size).

Flock size

The very strong negative corre la t ion 
between flock size and date (P=0.0001) 
may be at least part ly  due to the phe­
nology of the geese in the area. The 
num bers  increased very rapidly in mid 
A p r i l  to more than 1,000 birds, but 
decreased a fte r  a few days to a level of 
about 500 birds, wh ich  remained unti l  

th e ir  departu re  in early May (Fox et al. 
1999). With more birds in the area, la rg ­
e r flocks were more likely. Furtherm ore  
low tem pera tu res  and low food ab u n ­
dance concentra ted  in few available 
patches due to snow  cover could have 
caused more aggregation in the f irs t 
part of the staging period.

The very strong negative corre la t ion 
between flock size and a le rtness is 
con s is te n t  w ith  re s u l ts  f ro m  m any 

o th e rs tu d ie s  (eg Caraco 1979; B e rtram  
1980), in c lud ing  G reen land  W h ite -  
fronted Geese at th is  site (Kristiansen 
et al. 1998a). An advantage of increas­
ing flock size is the reduction in t im e  
each indiv idual needs to spend being 
a lert to main ta in  the overall level of

a le rtness in the flock. This gives more 

t im e to invest in o the r activities, which 
m igh t explain the positive corre la t ion 
between flock size and comfort.

A ggress ive  behav iou r occu rred  
most often am ong geese in s m a l le r  
flocks. A possible explanation could be 
tha t s m a l le r  f locks have to feed on less 
abundant and nu tr i t ious  food than la rg ­
e r flocks. This could lead to a h igher 
competit ive  level in the sm a l l  f lock and 
therefore resu lt  in more confl ic ts. It 
should be noted that su rp r is ing ly  few 
confl ic ts  w ere  observed (n=15, <0.3%).

Sward type

The geese spent less t im e  feeding 
when forag ing on Phleum  f ie lds. This 

may reflect the h igher nu tr i t ious  value 
of Phleum  compared w ith  the two native 
grasses Poa and Deschampsia in c o m ­
bination w ith  a h igher intake rate on 
Phleum  f ie lds (Nyegaard et al., in prep.). 
Hence, the geese need to spend more 
t im e  ea ting  w hen feed ing  on 

Deschampsia o r Poa in o rder to gain the 
same am oun t of energy as obtained on 
Phleum  f ields.

Management implications

The geese spent m ost of the day­

l ight hours feeding, except in the early 
m orn ing  w hen  re lative ly m uch t im e  
was used fo r  resting, but th is  activity is 
p robab ly  a lso  part of the feeding 
process. Less than 13% of the t im e  
budget is a l located to o the r activities, 
so d is tu rbance to the geese (ie a g r icu l­
tu ra l  activit ies, hunting, a ircraft, etc.)
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reduce feeding t im e  and increase e n e r­
gy expenditure. The geese are not l ikely 
to be able to compensate  fo r lost feed­
ing t im e  due to d is turbances, because 
the t im e  investment in foraging is p rob­
ably a lready m axim ised. Undisturbed 
feeding grounds are there fore  espec ia l­
ly im po rtan t during spring staging.

Food quality is m ost l ikely a d e te r ­
m in ing factor. When choosing the most 

profitable swards the geese can afford 
to spend less t im e  on feeding, and 
more t im e  on o ther activit ies. A more 
comprehensive analysis of the e n e r­
getic consequences of feeding on the 
three different sward types is the topic 
of a fu tu re  paper (Nyegaard ef aí., in 

prep.).
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