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Introduction

W ild geese ap p aren tly  have a very in
efficient d igestive system  (O w en 1972a). It 
is, th e re fo re , very  im p o rtan t fo r these 
an im als to  select a  d ie t th a t m eets the ir 
feed ing  d em an d s bo th  quantita tively  and 
qualita tive ly .

W h en  fe e d in g , w ild g eese  n o t only  
choose betw een  vegeta tion  zones (O w en 
1971 and  1972b) o r  hab ita ts  (E bbinge et al. 
1975; D erk sen  et al. 1982; B oudew ijn  1984; 
M adsen  1985; A m at 1986), bu t they  also 
select ce rta in  p lan t species (O w en 1976; 
O w en  et al. 1977; Y denberg  and  P rins 1981; 
D re n t and  P rins 1987). H ow ever, m ost of 
th ese  stud ies are  concerned  w ith seasonal 
p a tte rn s , o r  deal w ith h ab ita t shifts during 
w in te r o r  spring  m igration . L ittle  is known 
ab o u t th e  tem p o ra l p a tte rn s  in goose usage 
w ith in  a single m acrohab ita t, such as a 
g rassland  com plex.

In  th is p ap e r, w hich is p a rt o f a study on 
th e  feed ing  ecology o f th e  E u ro p ean  W hite- 
fro n ted  G oose  A n ser  albifrons albifrons  in 
F lan d ers , use o f a he te rogeneous grassland 
a rea  w as investigated .

Study Area

T h e  study  w as ca rried  ou t on th e  BA SF- 
g rounds a t ‘Z an d v lie t’ in th e  no rth  of the 
A n tw erp  industria l a rea . T he  a rea  used to  
be  p a rt o f th e  A n tw erp  po lder landscape, 
b u t, as a resu lt o f industria lisa tion , the area 
w as ra ised  by infilling in the  late sixties.

T he  study  a rea  com prises abou t 300 ha 
o f poorly  d ra in ed  grassland. It is crossed by 
a few  ro ad s , railw ays and  dra ins, bu t on the 
w ho le  it su ffe rs  low  d is tu rb an ce  from  
peop le . P art o f th e  g rassland is periodically 
flooded  by rain  during  au tum n and  w inter 
w ith  fo u r o r five b igger pools rem aining 
th ro u g h o u t the  year. D uring  th e  sum m er 
th e  p astu res  a re  g razed  by ca ttle  and  sheep , 
w hereas in w in te r only som e of them  are 
used  fo r grazing.

B efo re  th e  raising  o f th e  site the w hole 
p o ld e r w as a trad itio n a l w in ter haun t. T he 
geese w in tering  in th e  A n tw erp  po lder are 
p a rt o f a la rger p o p u la tio n , m ost o f which 
ro o s t on th e  m udflats o f the R iver Scheldt, 
54
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b u t som e stay  on  th e  study a rea . T h ere  is 
som etim es in te rchange  betw een  the geese 
o f  th e  study  a rea  and  neighbouring  haun ts 
on th e  left b an k  o f th e  R iver Scheldt and 
on th e  D u tch  po lders.

Methods

G eese  w ere  co u n ted  on  average th ree  tim es 
a w eek , b o th  on th e  B A SF-grounds and  in 
th e  su rro u n d in g  po lder.

S ca tte red  o v e r th e  w hole study a rea , 78 
p lo ts o f  2x2 m  w ere p laced  a t random . The 
p lo ts  w ere  w idely  sp aced  w ith in  each  
p a s tu re  and  w ere  m ark ed  w ith one peg , to  
w hich a sq u a re  o f p o rtab le , te lescopic 
plastic p ipes ( 2 x2  m ) was ad d ed  w hen 
study ing  it.

Sam ples w ere  m ade in each p lo t at the 
en d  o f N ovem ber. T his la te  da te  fo r vegeta
tion  analysis p rov ided  in form ation  on the 
v eg e ta tio n  o n  w hich th e  geese actually  
fo rag ed , b u t m ade th e  dete rm ina tion  of 
d if fe re n t p la n t sp ec ie s  m o re  d ifficu lt. 
T h e re fo re , b en ts  A grostis  spp . w ere lum ped 
:ogether as w ere  m eadow -grasses Poa  spp. 
The occu rrence  and  abundance  o f species 
were reco rd ed  using the ‘T ansley  scale’ 
(T a n s le y  1946 ). T h e s e  a b u n d a n c e -  
estim ations w ere  la te r  transfo rm ed  in to  
num erica l values (T ab le  1) and  inserted  into

Table 1. Abundance-classes used in the descrip
tion of the vegetation together with the numerical 
value allocated.

Dom inant 10
Co-dominant 9
Abundant (a) 8
Between (a and f) 7
Frequent (f) 6
Between (f and o) 5
Occasional (o) 4
Between (o and r) 3
R are (r) 2
Sporadic 1

th e  v eg e ta tio n  m atrix . E stim ations w ere 
ad d ed  in to  th e  vegeta tion  m atrix  of the 
am o u n t o f d ead  m ateria l in th e  vegeta tion  
(th re e  classes: > 6 0 % ; 2 0 -60% ; < 2 0 % cov
erag e ) and  o f  th e  to ta l cover (th ree  classes: 
den se ; in te rm ed ia te ; o p en ). T o  classify the
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sam ples in to  distinct groups, th e  ‘Tw o-W ay 
In d ica to r Species A nalysis’ o r ‘T W IN 
S P A N ’ was used. T W IN SPA N  is a com 
plex, polythetic and  divisive c lusterm ethod  
(H ill et at. 1975; Hill 1979; G auch  1982).

In o rd e r to  de term ine  how  th è  geese use 
the d ifferen t feeding sites, goose droppings 
w ere coun ted  regularly  in the plots. Since 
the density  of droppings is such th a t coun t
ing over sm all a reas is adeq u a te , and  since 
digestion by geese is very inefficient, with 
a very short th roughpu t tim e , it can be 
assum ed th a t th e  droppings found  are  from  
geese feed ing  a t th a t lo ca tio n  (O w en  
1975a). D ropping  counts are  o ften  em 
ployed in th e  assessm ent o f goose usage of 
various hab ita ts  in o rd e r to  d e te rm ine  sea
sonal and  spatial pa tte rn s (E bbinge et at. 
1975; Y denberg  and  Prins 1981; D erksen  et 
al. 1982). T hey  can be sub jec t to  b ias, due 
to  the attitude  of the observer, num ber of 
observers, size and shape o f th e  p lo t, effects 
of dropping  density , and effects o f w eather 
and  dropping  disin tegration  (B édard  and 
G au th ie r 1984). T o m ake reliab le  counts, 
all counts w ere done by T JY , always in the 
sam e crouched  position . T he sm all plots

(2x2 m) allow ed a com plete  overview . T he 
droppings w ere rem oved  from  the plots 
a fter counting. O nly single droppings p ro 
duced by grazing geese w ere included in the 
analysis, piles o f th ree  o r m ore droppings 
p roduced  by resting geese w ere excluded.

D roppings w ere coun ted  on 7 occasions. 
D ue to  the w eather conditions (i.e . frost), 
the periods w ere unequal: 1: 14 N ovem ber 
-  5 D ecem ber; 2: 6-19 D ecem ber; 3: 2 0 - 
30 D ecem ber; 4: 31 D ecem b er -  26 Jan u 
ary; 5: 27 January  -  28 F ebruary ; 6 : 1-17 
M arch; 7; 18 M arch -  4  A pril.

Results

Seasonal variation in num bers

T he num ber of geese in the study a rea  (in 
re la tion  to  the average daily tem p era tu re ) 
during the w in ter 1986-87 is given in Figure 
1 .

In  N ovem ber, num bers increased slowly. 
A t the end  of D ecem ber, w hen the tem p e r
a tu re  fell below  0°C, up  to  5,000 W hite- 
fron ted  G eese arrived , bu t m ost o f them

(X  1000)

Figure 1. Number of White-fronted Geese (full line) in relation to average daily temperature (broken 
line) on the study site during the winter 1986-87.
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left very rapidly. D uring the rest o f the 
w in ter num bers fluctuated  largely in p a ra 
llel w ith the tem p era tu re . D uring  the cold 
spells (often with snow-fall) geese left the 
area  and  w ent to  the surrounding  po lder, 
w here  th ey  m ain ly  fo raged  on  w in te r 
c e rea ls  and  s tu b b le  fie lds, so m etim es 
together w ith B ean  G eese A nser fabalis.
E arly  in A pril the last goose left.

Vegetation

T he study a rea  is dom inated  by a few 
cu ltivated  grass species: m eadow -grass,
Poa  sp .; b en t, Agrostis sp .; cocksfoot. D ac
tylis glom erata. B ecause of the na tu re  o f 
the soil (a raised  s ite ), m any species typical 
o f w aste places also appear, such as chick- 
w eed , Stellaria m edia; com m on m ouse-ear 
chickw eed, C erastium fo n ta n u m ; yarrow ,
Achillea m illefo lium . T he grassland on the 
B A SF-grounds is th e re fo re  p robab ly  a 
ra th e r m arginal feeding g round  com pared 
w ith th e  su rrounding  polder.

T he T W IN SPA N  resu lted  in a distinction 
betw een the tw o m ain groups (F igure 2).
G roup  1 com prises 49 p lo ts, subdivided into 
5 subgroups ( l a - l e ) ,  and is characterised  
by a high diversity , and a high abundance

------------------------------------------------------------------------------ 2 C

--------------------------------- --------------------------------- 2 b

2 a

1 e

1 d

1 c 

1 b

1 a

o f grasses, Poa  sp .; D. glomerata; red  
fescue, Festuca rubra, but also w ith m any 
p ioneer species, e .g . S. Media-, C. fo n ta 
n u m ; white clover, Trifolium  repens-, A . 
m illefo lium . G ro u p  2 com prises 29 p lo ts, 
subdivided in to  3 subgroups (2a-2c), and  is 
characterised  by a  low diversity , and  a very 
high abundance  of only a few grass species, 
Poa sp .; A grostis  sp .; m arsh foxtail, A lope- 
curus gen icu la tu s;  p e re n n ia l ry eg ra ss , 
L o lium  perenne.

T he occurrence of the m ost abundan t 
species in each subgroup is sum m arised  in 
Figure 3. T he d ifferences in vegetation  
com position  are  due to  abiotic factors 
(T able  2). O ne of the m ost im portan t is 
clearly the hum idity  g rad ien t. O thers are 
the na tu re  o f  the soil and  its m anuring . 
T hese factors to ge ther w ith the species 
com position d e te rm ine  th e  structu re  and 
cover o f the vegeta tion  (T able 2).

G oose usage

T he num ber o f droppings per p lo t per 
period  varied  betw een 0 and  135. The 
num ber of droppings p e r vegeta tion  sub
group , expressed  as a percen tage of the 
to ta l num ber o f the  droppings p e r period ,

Figure 2. Dendrogram showing the different vegetation groups as determined by a TWINSPAN- 
analysis.
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Figure 3. Average abundance of some common plant species in each subgroup.

/ = Poa sp.; 2 = Agrostis sp.; 3 = Atopecurus geniculatus;
4 =  Dactylis glomerata; 5 =  Festuca rubra; 6 = Lolium  perenne;
7 =  Cerastium fontanum ; 8 = Stellaria media; 9 = Trifolium repens\
10 =  Achillea millefolium; 11 =  Taraxacum officinale; 12 =  Moss

is show n in Figure 4. F or each  subgroup 
(except subgroup Ie ) , th e  average num ber 
of droppings p e r p lo t per day w as found  to  
d iffe r  sign ifican tly  b e tw een  th e  seven  
periods (K ruskal-W allis test, T ab le  3). T he 
lack o f significance in subgroup  Ie  is due 
to  th e  very low d ropping  densities.

F or each period  (except period  7), the

average num ber of d roppings p e r plot per 
day  w as fo u n d  to  d if fe r  sign ifican tly  
b e tw e e n  th e  8  v e g e ta tio n  su b g ro u p s  
(K ruskal-W allis te s t, T ab le  4). T he lack of 
significance during period  7 is again due to 
the very low dropping  densities.

D uring period  1, m ainly th e  plots o f 
group  2 (especially 2c) w ere used. T he sam e
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Table 2. Characteristics of the vegetation for 
each subgroup by the TWINSPAN-analysis.

H M S C D

1a 2 2 1 3 2
1b 1 3 2 2 2-3
Ie 2 2 3 3 1-2
Id 1 2-3 2 1-2 2
Ie 1 1-2 1-2 2 2-3
2a 3 2 2 2-3 1
2b 3 2 3 3 1-2
2c 3 3 3 3 1-2

H (Humidity) 1 = dry 3 =  wet
M (M anuring) 1 =  low 3 =  high
S (Structure) 1 =  rough 3 =  fine
C (Cover) 1 =  open 3 =  dense
D (D ead material) 1 =  less 3 =  much

trend  was found during  period  2 , bu t sub
group Ie  also becam e an im portan t feeding 
site. T hus, early  in  w inter, w hen num bers 
are  still low , there  is a selection tow ards the 
w ette r and  m ore m anured  plots. T he vege
ta tion  of these p lo ts consisted m ostly of 
cultivated  grasses and  had a fine structure  
and  a dense cover w ith less dead  m aterial 
(T able 2).

D uring period  3 (w hen large num bers of 
geese arrived  on th e  study area) and period  
4, a decline in the use o f group  2 was seen, 
w ith a positive change tow ards subgroups 
1a and 1b. Subgroup Ie rem ained  as im por
tan t as it was during  the first tw o periods. 
T he decline in use of th e  w ette r p lots of 
group  2  (especially  2 c) was partly  due to  
the average tem p era tu re  often  falling below

zero , and resulting  in the freezing of som e 
o f the w ette r plots. This m ade them  unsu it
able for foraging, so the selection was then  
fo r the d rie r p lo ts, w here birds w ere able 
to  find m ore unfrosted  grass. T he p referred  
p lo ts still had  a high state  o f m anuring and 
a dense cover.

D uring periods 5 and  6 , vegeta tion  sub
group Ie and to  a lesser ex ten t 1 a w ere the 
m ost p referred .

P e rio d  7 w as d ifficu lt to  in te rp re t ,  
because o f the very low dropping densities. 
H ow ever, th e re  w ere indications th a t the 
p lots o f group  2  w ere used again.

By calculating the  Spearm an R ank  co rre 
lation  coefficients for the num ber o f d ro p 
pings per p lo t betw een th e  7 periods (T able
5) we see th a t the geese shift sequentially  
betw een  feeding sites. Indeed , period  f is 
strongly co rre la ted  w ith period  2 , so the 
goose usage is sim ilar during these two 
periods. W e find sim ilar significant co rre la 
tions betw een  periods 2 and  3, betw een 
periods 3 and  4, betw een  periods 4, 5 and 
6 , and  betw een  periods 5, 6  and  7.

D iscussion

In  general, in the A ntw erp  po lder the 
E u ro p ean  W hite-fron ted  G oose fed mainly 
on cultivated  grassland and poorly d rained  
pastures. O nly during cold periods did the 
geese shift tow ards stubble and  w inter 
cereal fields. A  sim ilar a ttrac tion  to  re la
tively w et and  m ostly cultivated  grassland 
has been  observed  in Sw eden (M arkgren

Table 3. Differences in the number of droppings per plot between each vegetation subgroup for 
each period.

Period 1 2 3 4 5 6 7

N =78 19.92 22.89 21.93 29.52 16.93 14.05 4.12
** ** ** *** * * ns

Kruskal-Wallis: Chi-square +  significance ***= P<0.001 **= P<0.01 *= P<0.05 ns =  not significant

Table 4. Differences in the number of droppings per plot between each period for the 8 vegetation 
subgroups.

Subgroup 1a 1b Ie Id Ie 2a 2b 2c

N =70 N=63 N=56 N=105 N =49 N =89 N =42 N =63
31.7 27.9 20.3 26.3 10.8 29.4 19.7 35.8
*** * * * ** * * * ns * * * * * * * *

Kruskal-Wallis: Chi-square +  significance * * *_ P<0.001 ** = P<0.01 *= P<0.05 ns =  not significant
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Figure 4. Average number of droppings per vegetation subgroup in each period, expressed as 
percentage of the total number of droppings in that period.

1963), in Belgium  (K uijken  1969), in the 
N etherlands (L eb re t et al. 1976), and  in 
E ngland  (O w en 1971). W in ter grain fields, 
clover fields, stubble fields w ith w aste grain, 
p loughed o r harrow ed  fields w ere rarely 
used. H ow ever, now adays m any pastures 
and grasslands are  transfo rm ed  in to  arable 
land , forcing geese to  feed  on these fields.

T he basis fo r hab ita t selection in wild 
geese is very com plex. Small herbivores, 
such as geese, require  m ore nu tritious and 
digestib le  foods th an  large herb ivo res,

because of th e ir lim ited ability to  digest 
fibre and cellulose (B uchsbaum  et al. 1986). 
G eese  have very  low d igestib ility  co 
efficients in con trast to  th e ir m etabolic 
needs. It is th ere fo re  necessary for them  to 
s e le c t a r e la tiv e ly  h ig h -q u a li ty  d ie t . 
H ow ever, feeding selection  is constrained  
by the need  to  avoid p lan ts w ith high levels 
o f secondary m etabolites (B uchsbaum  et al.
1984). T he im portan t characteristic  o f the 
vegeta tion  is the energy which can be 
m etabolised  per unit w eight ingested. This
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Table 5. Spearman rank correlation coefficients (+  significance) between the different periods, based 
on the number of droppings per plot per period.

Period 1 2 3 4 5 6 7

1 /
2 0.64 / - - - - -

3 0.19
ns

0.34
* *

/ - - - -

4 0.10
ns

0.16
ns

0.55 / - - -

5 0.20
ns

0.12
ns

0.20
ns

0.39 / - -

6 0.04
ns

0.09
ns

0.19
ns

0.38
* * *

0.47 / -

7 0.13
ns

0.06
ns

0.03
ns

0.05
ns

0.24
* *

0.11
ns

/

***= PcO.OOl **= PcO.Ol ns =  not significant N =  78

energy is de te rm ined  by the nu tritive value 
(O w en 1975b and  1979; Y denberg  and  Prins
1981), and the digestibility o f the p lant 
species (E bbinge et al. 1975; D ren t et al. 
1979; M adsen 1985). T hese are in turn  
determ ined  by the species com position of 
the vegeta tion  and its sta te  o f grow th, and 
by the fertility  o f th e  soil.

D uring cold spells, the  geese leave the 
m ain study site (the  B A SF-grounds) for the 
surrounding  po ld er to  forage on stubble 
fields and  w in te r ce rea ls . A p p a ren tly , 
energy in take  on the B A SF-grounds is 
insufficient at such tim es. N evertheless, 
under norm al conditions geese p refer the 
B A SF-grounds. From  this it appears that 
feeding p references are also influenced by 
factors such as isolation from  d isturbance 
(N ew ton and C am pbell 1973; O w en 1979; 
K uijken and  M eire 1987), distance from  a 
ro o s t, and  w e a th e r  c o n d itio n s  (O w en
1971). T he B A SF-grounds not only serve 
as feeding grounds bu t also as a roost; the 
disturbance is low as com pared  to  th a t on 
the po lder, w here  shooting and farm ers’ 
activity is high.

T he geese also show a tem poral and 
spatial preference for distinct vegetation  
subgroups w ithin a g rassland com plex. 
M oreover, th e re  are  indications th a t geese 
shift feeding sites sequentially  during w in
ter. H ow ever, this selection is not absolu te. 
A lthough the vegeta tion  is often  sim ilar 
over larger areas, quite im portan t changes 
can occur in a short d istance. C onsequently , 
while geese are m oving during foraging (on 
average 2 0  s teps/m in), they  can cross sev
eral vegetation  subgroups. H ow ever, the

tim e spent in each vegeta tion  subgroup can 
differ. E specially w hen large num bers are 
p resen t, the geese are  feeding over the 
w hole study a rea  and m ake use of m ost o f 
the plots.

T he geese seem  to select for a vegetation  
w ith low am ounts o f dead  m aterial (O w en
1971) and w ith a dense cover and a fine 
structure . T his vegetation  is found on m ore 
m anured  soils w ith a high hum idity . F ur
therm ore , the species com position o f the 
vegeta tion  is also im portan t. Som e plant 
species are  p re fe rred , o thers are  avoided. 
In this study a significant positive co rre l
ation is found  betw een the num ber of 
droppings p e r plot and  the abundance of 
Poa sp. for period  3 (rs:0.35 P cO .O l), 
period  4 (rs:0.36 PcO.OOl), and period  6  

(rs:0.26 PcO .O l); the abundance of T. re
pens  for period  2 (rs:0.24 P c0 .05) and 
period  5 (rs:0.26 PcÒ.05); and the abund 
ance of A . geniculatus for period  1 (rs:0.35 
PcO.Ol) and period  2 (rs:0.25 PcO.05). A 
negative co rre la tio n  is found  w ith the  
abundance of A grostis sp. for period  3 (rs: -  
0.27 P c0 .05 ), and for period  4 (rs:-0 .35  
PcO.Ol). Faecal analysis could confirm 
these co rrelations. Indeed , it was show n in 
the o th e r studies tha t wild geese do select 
for distinct p lan t species.

T h e  e x p lo ita tio n  o f p re f e r re d  fo o d  
sources by grazing wild geese results often 
in the ir dep letion  to  a level beyond  which 
exploitation  is no longer p rofitable. The 
utilisation o f seed  crops o f A grostis sto loni
fera  by G rey lag  G eese A nser anser in sum 
m er is one exam ple o f such a finite food 
supply. O n th e  o th e r hand , B ren t G eese
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Branta bernicla w ere able to  visit a sa lt
m arsh every 3-5  days, resulting  in a rem oval 
o f th e  w hole harvestab le  fraction  of the 
food stock, because the food source. Plan
tago m aritim a , shows regrow th in spring 
(D ren t and Prins 1987).

In the p resen t study the geese shifted 
tow ards o th er (less p re fe rred ) vegetation  
subgroups during w inter. Possibly, the p re 
ferred  vegeta tion  was dep le ted  because 
regrow th was very slow in w inter. W eather 
conditions seem  to  have accelera ted  the 
shift tow ards o th er vegeta tion  subgroups 
because of the freezing over o f som e o f the 
w etter plots. In a m ild w in ter the geese 
w ould forage for longer on  these plots. 
W hen grass grow th starts  (M arch), there  
are  indications th a t the geese shift back to 
the vegeta tion  subgroups first used.
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Summary

Distribution and habitat use of European W hite- 
fronted Goose Anser albifrons albifrons in winter 
were studied in relation to habitat selection near 
Antwerp (Belgium). Geese were counted on 
average three times a week. The vegetation was 
analysed in 78 plots, placed at random. Eight 
vegetation subgroups were distinguished, based 
on a TW INSPAN program . Goose usage was 
determined by counting droppings in the plots in 
7 periods throughout the winter.

Geese shifted from the study area towards the 
surrounding polder during cold spells. Geese also 
showed a tem poral and spatial preference for 
distinct vegetation subgroups within the study 
area. M oreover, there are indications that they 
shifted feeding sites sequentially during winter.

The different use of feeding sites was explained 
by the fact that the geese probably had to deal 
with finite food supplies of different qualities, 
and often with severe w eather conditions and 
disturbance.
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