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The adaptiveness o f  flocking as a m eans o f  
enhancing foraging effectiveness o f  the in­
dividual has been convincingly argued by  
Krebs et al. (1972) in the G reat Tit P arus  
m ajor, where the advantage appears to  
reside in the opportunity to exploit chance  
discoveries by flock m embers, the birds 
keeping close watch o f  the m ovem ents and 
actions o f  their fellows. Further, it has been 
argued that com m unal roosts can act as ‘in­
formation centres’ in that birds doing poorly  
in locating adequate food might gain from  
the experience o f  m ore successful birds and 
follow  these out from the roost (review in 
Ward & Zahavi 1973). Foraging in groups, 
or departing for the foraging areas in flocks, 
m ay thus be o f  direct positive value in food  
finding, quite apart from any anti-predator 
significance feeding assem blages m ay have.

If flocking is to enhance food finding in 
geese, som e interchange o f  inform ation must 
go on between individuals. Easiest to observe 
is the case  that the activities o f  one foraging 
group might influence food finding in a more 
recently arrived group, and this possibility  
we here exam ine on the basis o f  som e naive 
experim ents using m odels. W e ask the  
questions, (1) when approaching potential 
foraging sites on their morning flight, are 
geese prone to land near groups o f  geese  
already on the ground, (2) does the attrac­
tiveness o f  the group already landed depend 
on what these birds are doing, specifically 
the proportions o f  grazing as distinct from  
alert birds.

Our observations concern Barnacle G eese  
B ran ta  leucopsis wintering in the northern 
Netherlands, and the rationale behind the 
experiments will becom e clear by considering 
how  these birds exploit their food resources 
in our area.

Food utilization by successive depletion
A s noted by Ebbinge e t al. (1975) the Bar­
nacle G oose  in our area relies heavily on 
pastureland grazed intensively by sheep or 
cattle in the summer months. In the period 
O ctober through M arch during which goose  
visitation is heavy, several areas are used in 
succession, the main m ass o f  the birds aban­
doning an area when a certain level o f  goose  
usage has accum ulated (equivalent to about

2 .000 goose-days per hectare over the whole 
area). W e assum e that at this point the food  
supply has been depleted to such an extent 
that intake rates would decline were the 
geese to continue visiting the site. A t the ‘cut­
off point’ the sward is shorn down to ap­
proxim ately 1 • 7 cm  in height, and som e  
o b servation s co llected  by Schokker & 
Burgler (1975) indicate that Barnacle G eese  
experience difficulty in coping with grass 
m uch shorter than this because o f  a decline 
in intake per bite (see Figure 1). In these 
observations a tam e Barnacle G oose was 
restricted to a 5 x  5 m enclosure for the 
period o f  one week, the pen being placed on  
grass (Poa annua  with a few tussocks o f  
H olcus lanatus) previously adjusted to the 
desired height (blade length measured with a 
ruler) by use o f  a hand m ower. The goose  
w as allowed access to the grass from about
09 .00  to 16.00 hrs every day, and watched  
continuously during this time from a nearby 
building. Outside o f  this foraging period the 
bird was kept in a 2 x. 2 m  adjoining night 
pen which had a board floor. All o f  the drop­
pings were collected at the end o f  each day, 
and allow an indirect estim ate o f  the daily 
food intake since the digestibility o f  the grass 
can be estim ated at 33% dry weight (see Eb­
binge e t al. 1975). This permits calculation  
o f  bite size, since the number o f  pecks per 
day was observed directly. From  the figure it 
will be seen that the go o se  com pensates for 
decreasing vegetation height by increasing 
the peck rate per minute o f  active foraging, 
and increasing the proportion o f  minutes 
devoted to foraging, but that in the region o f  
2 cm  sward height bite size starts to decline 
markedly. Since wild geese are already 
devoting upwards o f  50  minutes every hour 
o f  the time spent daily on the foraging 
grounds to active feeding, in the natural 
situation there is less o f  a margin in which to 
com pensate for declining bite size. The 
highest peck rates observed in wild flocks are 
on the order o f  200/m inute, so  here again the 
possibility o f  com pensation is limited. The 
overall response to declining sward height, 
an increase in time devoted to feeding, 
coupled with an increase in peck rate at the 
cost o f  a falling off o f  bite size, is similar to 
that observed in sheep (Allden & W hittaker 
1970).
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Grass height (cm)
Figure 1. Grazing parameters o f a tame Barnacle Goose in relation to grass height (mean of 500 
measurements at start o f a four-day exposure). Proportion of time devoted to grazing and peck rate 
were observed directly; bite size is calculated from daily intake (derived from weight o f  droppings 
produced daily) and the daily peck sum (observed). Each point is the mean from a four-day test period. 
The heavy arrow indicates the grass height at which wild Barnacle Geese generally abandon the area.

A  second line o f  evidence indicating that
shifts in feeding site are caused by local 
depletion o f  the food supply results from  
measuring the cum ulative goose  usage by  
m eans o f  droppings transects in one par­
ticular area in successive years. Our m ost 
com plete data concern a 126 ha tract o f  
enclosed pastureland on the island Schier- 
m onnikoog. For reasons we cannot explain, 
this island has attracted steadily increasing 
numbers o f  Barnacle G eese in the past four 
seasons, yet the goose  usage in the 126 ha 
tract covered by our droppings transects has 
been practically constant (Figure 2). Each  
year this point has been reached som ewhat 
earlier in the season, and the birds then aban­
don the polder altogether in favour o f  the 
Festuca  sward on  the m erse where fresh 
growth becom es available from February 
onwards. The shift does not seem  to  be 
brought about by the fresh grow th  o f  
Festuca  per se, but rather by an assessm ent 
o f  the polder in relation to the F estuca  since 
the geese virtually ignored this vegetation  
during the first winter o f  observation. Long­
term changes o f  the vegetation o f  the m erse 
are, however, taking place, and these m ust be 
quantified before the m ovem ents o f  the geese 
can be fully interpreted.

To sum  up, geese in our area tend to graze 
local areas to depletion, abandoning the site 
when the sward has becom e too short. Since

geese extract only about one-quarter to one- 
third o f  the energy content o f  the grass they  
consum e, relatively large am ounts must be 
gathered daily, and in fact m any hours are 
devoted  each  day  to  in tensive  grazing  
(amounting to 50  to 60  thousand bites per 
day). To what extent the high peck rate is 
due to selective tid-bitting is not clear, but in 
any case there m ust be strong selective ad­
vantage to be gained by reducing the time 
spent in locating potential food  sources, and 
again in the tim e devoted to  assessing food  
supplies in the choice situations faced by the 
geese through the winter.

Experiments with goose models: methods
In the 1973—1974 season experiments were 
performed on Schierm onnikoog by presen­
ting flocks o f  m odel geese and noting the 
reactions o f  the wild birds. The m odels were 
m ade o f  fibre glass and painted to resem ble 
the Barnacle G oose, and could be mounted  
in a lifelike position by thrusting the wire legs 
into the ground. The m odels were m ade in. 
two postures, grazing (with head down) and 
alert (head up with neck stretched). The 
procedure w as to set out the m odels in the 
polder pastures whilst the geese were away  
at the roost on the tidal flats, and to observe 
the first land in gs o f  the geese  as they  
returned to forage early the next morning. In
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Figure 2. Barnacle Goose usage of Schiermonnikoog: grazing of a 126 hectare tract o f enclosed 
pastureland (‘polder’) as determined by dropping transects (minimally 100 plots o f 4 m2 examined fort­
nightly) in comparison to total for the island (from direct counts o f the geese, average counting 
frequency once every three days).

all, sixty m odels were m ade (forty grazers 
and twenty alert) and these were assem bled  
in two flocks (differing either in size or in 
com position) to offer a choice situation to  
the incom ing geese. During an experimental 
sequence the flocks were exchanged each  
night to counteract position preference. The 
sites used for the tw o m odel flocks were 
chosen on the basis o f  sam ple counts o f  
goose droppings, similar densities (within ten 
percent o f  one another) being taken to in­
dicate equal intrinsic attractiveness o f  the 
two sites to the geese.

Three questions were asked: (1) does the 
presence o f  m odels enhance the attrac­
tiveness o f  the site for feeding, as measured  
by an increase in the number o f  landings; (2) 
are large flocks more attractive than small 
ones; (3) are flocks where grazers pre­
dom inate more attractive than flocks where 
birds in the alert posture predominate.

Effectiveness of models in eliciting goose 
landings
The model flocks clearly acted as a nucleus 
around which the wild geese collected as 
they entered the pastureland each morning. 
O f 22 first landings recorded in the polder in 
January and February when both groups o f  
m odels were located in one field, 19 occurred

in the field with the m odels, and only 3 on  
the neighbouring fields. Because o f  the heavy  
grazing pressure induced by the m odels, 
sward height in the vicinity had declined to 
below 2 cm  by the end o f  January, whereas 
in the neighbouring fields the average height 
was still 3 -2  cm. W hen the m odels were 
removed for the period 2 n d -1 2 th  February, 
no fresh droppings were deposited in the area 
formerly occupied by the m odels, but the 
adjoining fields were visited repeatedly. A s  
soon as the m odels were returned the geese  
again landed in the now  bare area, although  
they did not remain long in the immediate 
vicinity.

Contrary to our expectation, a flock o f  36 
m odels (3 2  grazers, 4 alert) w as not 
noticeably more effective in attracting geese 
than a flock o f  9 m odels (8 grazers, 1 alert) 
each attracting nine landings in the test 
period, involving alm ost all o f  the geese ap­
proaching the m odels (98%  and 99% o f  the 
311 and 1,380 geese flying over the m odels 
actually landing). In retrospect, a choice  
experiment on size should not have been 
com plica ted  by the in c lu sion  o f  both  
postures, s in ce  the proportion  o f  birds 
showing the alert posture is influenced by 
group size.

In the third experimental series flocks o f  
like size but differing com position were
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offered. W e noticed that there was a relation 
between group size and the incidence o f  the 
alert in undisturbed foraging geese (see  
F ig u r e  3 ) , as h a d  p r e v io u s ly  b een  
dem onstrated for W hite-fronted G eese A n ser  
albifrons by D im ond & Lazarus (1974). 
With increasing group size the proportion o f  
birds showing the alert declines, but the ab­
solute number alert at any time continues to 
rise. From our observations one would  
expect approxim ately 7—8 birds in a group o f  
thirty to show  the alert, hence our choice test 
involved a com parison o f  a group with more 
(15) and fewer (5) than the expected number 
in the alert, exagerating the difference in 
presumed attractiveness as a nucleus around 
which to land. In fact flocks where grazers 
predominated attracted more landings, in-
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volving larger groups and a longer duration 
o f  stay in the vicinity o f  the m odel flock (see 
Table 1). W hether the effect is due to a repul­
sion by the alert m odels, an attraction o f  the 
grazers, or a com bination o f  both effects 
remains an open question, but there can be 
no doubt that geese take account o f  the 
behaviour o f  grounded birds when making a 
decision to land.

Interpretation o f  these experiments on the 
influence o f  posture hinge on how  one inter­
prets alert behaviour. There is evidence that 
predator detection is one o f  the functions o f  
the alert. In large groups m ore birds are alert 
at any one time than in small groups, not 
only in geese as has been mentioned, but also 
in Starlings Sturnus vulgaris as docum ented  
in the captive situation by Powell (1974) and

£

Flock size
Figure 3. Relation between flock size and the incidence of alert behaviour, as determined by scanning 
the flock by telescope and classifying each bird seen. Such virtually instantaneous records reflect equally 
the time allotted to the 'alert’. D ata restricted to undisturbed conditions.
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Table 1. Results of choice experiment in which two groups of 30 models each were placed in a field
(g =  grazing posture, a =  alert posture).

Number of goose flocks landing 
Proportion o f birds flying over the 

models that actually land 
No. of flocks remaining more than 

ten minutes 
Initial flock size (range) 
Goose-minutes spent grazing in 

vicinity of models during test

25 g 5 a 

16

1115/1510=  74%

12
1-299

38219

15 g 15 a 

7

140/1001 =  14% 

2
1-69

2048

in doves Strep topelia  senegalensis  according 
to field observations by Siegfried &  Underhill 
(1 9 7 5 ). Both starlin gs and S tre p to p e lia  
reacted more quickly when suddenly con ­
fronted with a model hawk as the size o f  the 
foraging group, and hence also the number 
o f  birds with the head up, increased. W e do 
not have direct m easures o f  ‘detection lag’ in 
ou r b ird s, but w e h a v e  o b s e r v a t io n s  
suggestive o f  an additional function. W e 
noted that when geese had been attracted to 
a heavily grazed area by the use o f  a m odel 
flock, typically a brief spell o f  intensive 
grazing was follow ed by a w ave o f  alert 
behaviour, after which the newly arrived 
birds walked rapidly to areas o f  higher grass 
where they resumed grazing. W e suggest 
therefore that the alert is a scanning posture 
with a broader significance than merely 
watching for potential predators. In any 
case, a high proportion o f  alert birds in the 
flock is a clear indication that the site is at 
that m om ent unlikely to offer favourable 
feeding opportunities, either because o f  the 
presence o f  disturbance or because the 
vegetation is inadequate.

D iscussion

W e have shown that geese approaching the 
foraging grounds on their morning flight 
from the roost m ay be induced to land in the 
vicinity o f  a small flock o f  m odels, par­
ticularly when the majority o f  the m odels are 
in the grazing as distinct from alert posture. 
Since the ‘alert’ can be elicited when the flock 
has been lured to an already depleted field by 
the presence o f  m odels, and in these cir­
cum stances is follow ed shortly by a m ove­
ment aw ay to longer vegetation in the vicini­
ty, it would be a m isleading oversim plifica­
tion to consider the alert only in the context 
o f  anti-predator behaviour. Rather, a general 
scanning o f  the environm ent is implied, and 
th is opens the p ossib ility  th at the alert 
behaviour which one sees at a lo w  frequency in 
undisturbed foraging flocks o f  geese m ay func­
tion in a food context as well as in predator

detection. It is conceivable that individuals in 
the alert are gathering inform ation on foraging 
conditions elsewhere, either by direct exam ina­
tion or at second hand as revealed by the ac­
tions o f  geese in the neighbourhood. The 
human observer can predict sward height on 
the basis o f  pecking rate, and vegetation densi­
ty on the basis o f  step rate, so  it is perhaps not 
too  far-fetched to suggest that a goose might 
assess local foraging conditions by watching  
his fellows. F lock feeding in this view  would  
enable an individual to take advantage o f  the 
experience o f  all flock m embers each sampling 
continuously to effect subtle changes in flock 
dim ensions and direction o f  m ovem ent in ac­
cord with what actively foraging geese reveal 
about local yield.

Other investigations o f  social feeding 
assem blies tend also to em phasize the food  
functions o f  looking around (M urtón et al. 
1971; Krebs 1974). Further, in the only  
previous m odel experiment w e know of, 
Krebs (1974) showed that in the Great Blue 
H eron A rd e a  H erodias a m odel in the  
‘hunched neck’ roosting posture attracted 
less landing than an ‘upright’ model (the 
hunting posture), so the use o f  such cues in 
making a decision on where to land to feed 
must be rather general.

W e cannot resist speculating briefly on the 
reasons for the shape o f  the curve relating 
alert behaviour to flock size (Figure 3). It is 
our impression that birds on the periphery o f  
the flock are more often alert than those  
more to the centre. In other words, we feel 
that the relationship is m ainly brought about 
by what birds along the edge o f  the flock are 
doing. If goose  flocks tend to  be more or less 
circular in shape (and som e preliminary 
m easurem ents indicate that this m ay well be 
true) then the ratio o f  ‘edge birds’ to the total 
number in the flock will describe a function  
such as the percentage data in Figure 3 
because large flocks have a shorter perimeter 
in relation to the number o f  birds present. 
The sim plest hypothesis consistent with the 
data is that a peripheral goose  tends to spend
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a certain proportion o f  time in the alert, 
regardless o f  the total size o f  the flock.

The qu estion  w hy flock feed in g  has 
evolved in geese is unlikely to be answered in 
an either/or fashion, but we should like to 
offer the following speculations. W e assum e 
that flocking enhances feeding opportunity in 
two w ays: food finding and food sampling 
m ay be m ore  e ffic ien t w h en  p o o lin g  
experience, not only  during actual foraging, 
but a number o f  flocks dispersing over the 
foraging area but roosting com m unally allow  
a daily interchange o f  information. Secondly, 
flock grazing will have the effect o f  removing 
vegetation over sizeable areas, and this might 
w ell s t im u la te  ren ew ed  g ro w th  th u s  
providing opportunity for future foraging on 
high quality material (low  cellulose content, 
high protein content). Since concentrations 
o f  geese m ay attract predators, the flocking 
habit can on ly  operate su ccessfu lly  if  
a d e q u a te  a n ti-p r e d a to r  b eh a v io u r  can  
evolve: we thus see the predator detection  
function o f  vigilance behaviour as a con­
sequence and not the sole function o f  group 
feeding.

A s far as w e know there is no direct 
evidence in wildfowl for the information- 
centre function o f  roosts although the idea 
has been applied to the ‘rem ises’ o f  Teal 
A nas crecca  by Tam isier (1974). Obtaining 
such evidence will require considerable in­

genuity, but is the necessary next step in 
exploring th e  im plication  o f  com m unal 
feeding in wildfowl.
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Summary

Choice experiments involving two groups of 
model geese set out during the night on fields 
frequented by Barnacle Geese Branta leucopsis in 
the winter showed that, (1) the model flocks acted 
as a nucleus around which the geese landed as 
they arrived from the roost each morning, (2) a 
model flock composed of a majority o f individuals 
in the grazing posture induced more landings, in­
volving larger numbers and a longer duration of 
stay, than a  model flock composed predominantly 
of individuals in the head-up ‘alert’ posture. On 
the basis of observations of geese lured to already 
depleted pastures by the use of models, we 
speculate that the ‘alert’ functions in food-finding 
in addition to predator detection, in agreement 
with the discussion of Dimond & Lazarus (1974).
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