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To m ax im ise  n u tr ie n t  intake, an indiv idual may have to trade  t im e  spent 

feeding against t im e  spen t being v ig i lan t fo r  p redators. F lock fo rm a tion  

is one s tra tegy  in w h ich  ind iv idua ls can benefit f ro m  the v ig ilance of 

o th e r  f lock  m e m b e rs  to  reduce th e i r  own level of inves tm en t in vigi lance. 

Several au thors  have reported tha t v ig i lance inves tm ent by an indiv idual 

w ith in  a f lock  d if fe rs  according to socia l class and location fo r  Branta  

spp. geese. Factors affec t ing v ig i lance w ere  examined in an A nser  sp. 

goose, the  G reater W h ite - f ro n te d  Goose A. a lbifrons, in re la t ion  to socia l 

class and location (edge and centre) in f locks  observed in rice f ie lds 

a round Lake Izun u m a -U ch in u m a , n o r th e rn  Japan. The geese on the 

edge spent s ign i f ican t ly  m ore  t im e  than those  in the  centre  on being v ig ­

i lan t.  The percen tage  of ju ve n i le s  on the  edge of th e  f lo c k  w as 

s ign if icantly  h igher than  tha t in the centre. A m ong fa m il ies  on the edge, 

the re  w ere  s ign i f ican t d if ferences am ong socia l c lasses in adu lts '  v ig i­

lance and feeding; the  v ig ilance of parents  increased w ith  the  n u m b e r  of 

o ffspring , and paren ts  w ith  th ree  o ffsp r ing  w ere  the m os t v ig i lant. 

Conversely, the p ropor t ion  of adu lts  feeding s ign if ican tly  decreased w ith  

the  n u m b e r  of o f fspr ing . Juveniles devote m ost t im e  to feeding in any 

socia l class. P arents m ake a t ra d e -o f f  between v ig ilance and feeding in 

re la tion to the n u m b e r  of th e i r  o ffspr ing .
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Two evolu t ionary forces are though t 

to shape an ind iv idua l's behaviour in 

o rde r  to m axim ise  survival during w in ­

te r :  r isk  of s ta rva t io n  and r isk  of 

predation (Grubb & Pravosudov 1994). 

To reduce the r isk  of starvation, an an i­

m a l m us t m ax im ise  its rate of nu tr ien t 

and energy intake, but to reduce the 

r isk  of predation it m us t m axim ise  its 

vig i lance (Pravosudov & Grubb 1999). 

Hence, to m axim ise  nu tr ien t intake an 

indiv idual may have to tra d e -o f f  t im e 

spen t feed ing  a ga ins t  t im e  spen t 

w atch ing  fo r  predators. Flock fo rm a ­

tion is one s tra te g y  f ro m  w h ich  

individuals can benefit f rom  the vig i­

lance of o the r  f lock  m e m b e rs  to reduce 

th e ir  own level of investm ent in v ig i­

lance (Lazarus  1 978). E lga r  (1989) 

found a negative re la t ionsh ip  between 

vigilance and group size am ongst a 

range of d if ferent m a m m a l and bird 

species. Geese feed main ly  at s ites w ith  

high food densit ies (eg stubble fields, 

Shimada 2002) w here  the benefits of 

high intake rates balance interference, 

and birds gain from  shared vigilance.

Several au thors  have also reported 

tha t vigi lance investm ent by an indiv id­

ual w ith in  a f lock d if fers according to 

location and socia l class. For example, 

indiv iduals at the edge of a f lock would 

be p red ic ted  to be m ore  v ig i la n t  

because of the g rea te r  r isk  of predation 

and h ig h e r  p ro b a b i l i ty  of p re d a to r  

de tec t ion  in these  areas (D rent & 

S w ie rs tra  1977; Ing l is  & Isaacson 

1978). D om inant geese occupy the edge 

posit ions and avoid the centre of the 

f locks (Teunissen et al. 1985; B lack &

Owen 1989). T h e ir  rank  is ordered  

according to the n u m b e r  of individual 

birds (Boyd 1953; Raveling 1970). This 

research has concentra ted m ain ly  on 

Branta  sp p ., eg Barnacle  Geese B. leu ­

copsis, w h ich  fo rage  p r im a r i ly  on 

g rassland (eg B lack et a l. 1992). A few 

s tudies have been conducted on Anser  

spp. tha t forage on gra ins in rice fie lds 

(Lazarus 1978).

Over 80% (60, 000 geese) of the 

Japanese popu la t ion  of the G reater 

W h ite - f ron ted  Goose A. albifrons  w in te r  

a round  Lake Iz u n u m a -U c h in u m a ,  

northern  Japan (Shimada 2002). A fte r  

the harvest, large com pact f locks f re -

quently forage on sp il t  grain in the rice 

fields. This a llowed a com par ison  of the 

levels of vig i lance between individuals 

at the f lock edge w ith  those in the cen­

tre. In addit ion, because the f locks  

co m p r is e  fa m ily  g roups  and n o n - 

breeders (Ely 1993), it was possib le to 

contrast vig i lance levels between units 

of d if ferent sizes.

Methods

The study w as conducted in rice 

f ie lds around Lake Izunum a-U ch inum a 

(38°43'N, 1 4 Γ 0 7 Έ ),  n o r th e rn  Japan, 

f rom  O ctober to February 1998/99 and 

October to D ecem ber 2001 (for detailed 

in fo rm ation  on the w in te r ing  geese of 

th is  area see Shimada 2002). Greater 

W h ite - f ron ted  Geese have been pro­

tec ted  f ro m  h un t ing  s ince  1971 in 

Japan (Kato 1984), how ever som e 

shooting areas, fo r  example fo r  pheas­

ants and ducks, are scattered in goose
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foraging areas w ith in  12km of th e ir  

roosts (Shimada 2003).

The geese fed from sunrise to 10OOh 

and from  14-OOh to sunset, resting 

between 110Oh and 1300h (Shimada 

2002). U n d is tu rb e d ,  s tab le , c i r c u la r  

f locks were observed during  the feed­

ing periods. The density of the rice 

grains, the  main food of the geese 

(Shimada et al. 2002), varied between 

harvesting m ethods: the density left on 

the f ie lds a f te r  harvesting by combine 

harvesters was 8. 7 t im es  g re a te r  than 

tha t left by reaping m ach ines  (which 

cut only the stem s, Shimada 1999). To 

e l im ina te  the in f luence of food a bun­

dance on goose behaviour, f locks were 

sam pled only from  rice s tubbles  cut by 

com bine harvesters.

F locks of over 1, 000 geese were 

selected fo r  observation because the 

boundary between centre and edge was 

less w e l l  defined in s m a l l  f locks. Edge 

birds were sampled at not more than 5m 

from  the outermost band of geese and 

cen tra l birds w ith in  30m of the f lock 

centre. Total f lock  size was recorded fo r 

each set of observations, and fo r  each 

100 geese selected random ly  from  the 

centre and edge of a flock, the n u m b e r  

of v ig i lant o r  non-v ig ilan t individuals 

and adu lts  o r  juveniles w as recorded. 

N u m b e rs  fo r  b irds showing 'head up' o r  

'ex trem e head up' posture w ere  c o m ­

bined and defined as show ing vig i lant 

b ehav iour (Lazarus 1978). The da rk  

brown to b lack b lotches and bars on 

the breasts of the adu lts  d is t inguished 

th e m  from  the u n ifo rm  breasts of juve ­

niles (Bellrose 1980). These tw o vig i lant

postures and two age groups w ere  d is­

t ingu ishab le  in the field. Vigilant geese 

w ere counted in th ree  random  loca­

t ions at the edge and centre of each 

sam ple  and the p roport ion  of juveniles 

calculated.

The behaviour of each fam ily  m e m ­

b e r  on the  edge of the  f lo c k  w as 

observed, re g a rd le ss  of f lo c k  size. 

W hen a l l  m e m b e rs  of a subgroup , 

inc luding the two adults, moved in the 

sam e d irection  o r  a ttacked an o th e r  

group, the group w as defined as a fa m ­

ily. Based on the n u m b e rs  of juveniles 

present, the geese were divided into 

five socia l c lasses: lone pairs and two 

parents w ith  one, two, th ree  o r  fou r  o ff­

spring.

The behaviours w ere  classified as 

fo l lows: feeding, vig i lance, locom otion 

(eg w alk ing], co m fo r t  (eg preening and 

bathing), resting (eg sleeping and loaf­

ing], socia l (eg ceremony) and agonist ic  

behaviour (eg th rea t and fighting, Ely & 

Dzubin 1994). The behaviours of each 

indiv idual were recorded every 30 sec­

onds fo r  10 m in u te s ,  and the 

percen tage  of t im e  given to  each 

b eh a v io u r  w as  ca lcu la te d .  A l l  f ie ld  

observations were conducted from  a 

ca r  using 10x b inoculars, 30x spott ing 

scopes and several hand-he ld  coun­

ters.

The re la tionship  between vigilance 

ra te  and f lo ck  size w as  tes ted  by 

Kendall 's  rank  co rre la t ion  (x), using 

data from  the edge and centre of d if fe r-  

ent-s ized flocks. If the  re la t ionsh ip  was 

not s ign i f ican t (n. s .  ), the  data were 

co m b ined  f ro m  edge and cen tre
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observations and the  Wilcoxson s igned- 

ra n ks  te s t  w as  used to d e te rm in e  

s ig n i f ic a n t  d if fe re n ce s  betw een the 

percentages of v ig i lant geese and ind i­

v idua l geese in sam ples  at the edge 

and in the centre. One-way ANOVA was 

used to d e te rm ine  d if ferences in the 

percentage of behaviours of adu lts  or 

juveniles am ong socia l classes. When 

ANOVA revealed s ign if icant d ifferences 

am ong the classes (n. s . l, post-hoc d if ­

ferences were assessed by Scheffe F. 

Values presented are m eans+S. E.

Results

The mean f lock  size was 2, 493±415 

geese (n=16 flocks, range 1, 000-6, 790 

geese). There were no s ign if icant c o r ­

re la t ions  betw een vigilance rate and 

flock size at e ither the edge or the centre 

(edge: x=-0. 09, centre: t= -0 .  14, both: n. s. ).

Greater W h ite - f ron ted  Geese on the

edge of the f lock  spent s ign if icantly  

m ore  t im e  than those in the centre on 

being v ig i lant (edge: 28. 8± 1. 7%, centre: 

11, 6±1.  1 %, Z = -3 .  52, n=16, P<0. 001, 

Figure 1a). The percentage of juveniles 

on the edge (21. 5+2. 2%) w as s ig n i f i ­

cantly h ighe r than tha t in the  centre 

(5. 9±0. 9%, Z = -3 .  52, n - 1 6 , P<0. 001, 

Figure 1 b).

There w ere  s ign if icant dif ferences in 

the t im e  tha t adults  devoted to v ig i­

lance (F4134=25. 1, P<0. 0001) and feeding 

(/"*. 136=11. 8, P<0. 0001) am ong the social 

classes (Table 1). H however, there was 

no dif ference in the t im e  allocated to 

o ther behaviours (n. s . ). A du lts  w ithou t 

ju ve n i le s  w e re  the least v ig i la n t 

(7. 2±1. 4%). The v ig i lance  of parents 

increased w ith  the n u m b e r  of offspring, 

and parents w ith  three  offspring were 

the m o s t v ig i la n t  (47. 9+5. 5%). 

Contrastingly, the proportion of t im e 

spent feeding decreased sign if icantly

Figure 1. The percentage of vigilant geese la] and juveniles (b) in a sample of 100 geese at the edges and 
centre of flocks with more than 1, 000 individuals at rice fields around Lake Izunuma-Uchinuma, north­

ern Japan (*: Wilcoxson signed-ranked test).
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Table 1. Percentage [mean±S. E. ] of time budget allocated to different behaviours in adults 

and juveniles within social classes at rice fields around Lake Izunuma-Uchinuma, northern 

Japan. Numbers in parenthesis refer to the number of families observed.

Behaviour of adults1’

Social class Vigilant Feeding Locomotion Comfort Agonistic Social Resting

0 juveniles (58) 7. 2±1, 4-A 83. 9±3. 0C 0. 8±0. 4A 5. 9±2. 1 B 0. 2±0. 1C 0. 2±0. 1 1. 7±0. 8D

1 juvenile (23) 24-. 0±4. 2B 70. 7±4. 4B 1. 1±0. 4A 2. 7±1. 2B 1. 0±1. 2C - 0. 5±(UD

2 juveniles (32) 28. 6±3. 2B 66. 7+3. 5B 1. 4±0. 5A 1. 6+0. 7B 0. 7+0. 4C - 1. 0±0. 7D

3 juveniles (19) 47. 9±5. 5C 47. 5±6. 0A 0. 9±0. 6A 3. 2+2. OB 0. U 0 .  1C - 0. 3+0. 2D

4· juveniles (9) 39. 8±7. 8C 51. 0±9. 2A 2. 5+2. 2A Ó. 2+2. 8B 0. 5+0. 4C - -

Behaviour of juveniles'1

Vigilant Feeding Locomotion comfort Agonistic Social Resting

Combined (83) 8. 5+1. 6 86. 4±2. 2 1. 3±CU 3. 2±0. 9 - - 0. 6±0. 4

0 Means within columns with the sam e letter were not different (n. s. ) in behaviour among social classes by Scheffe F. 

b Combined data of social classes because there were no differences (n. s. ) in behaviour among social classes by one­

way ANOVA.

w ith  n u m b e r  of o ffspring (83. 9±3. 0% to 

47. 5±6. 0%).

There w as no s ign if ican t dif ference 

in the behaviours of o ffspring among 

the socia l c lasses (n. s., Table 1), and 

they devoted m ost of th e i r  t im e  to feed­

ing (86. 4±2. 2%).

Discussion

Lazarus (1978) showed a negative 

re la t io n s h ip  be tw een v ig i lance  and 

flock  size. However, there  w as no s ig ­

n i f ica n t  re la t io n s h ip  in th is  study, 

a lthough flock  sizes were considerably  

larger. Once the f lock  exceeded 300 

geese, the vigilance rate w as a lm os t 

cons tan t - between 5% and 10% -

regardless of f lock  size (Lazarus 1978), 

there fore  there  w ou ld  be no negative 

re la t io n sh ip  be tw een  v ig i lance  and 

flock  size in large f locks such as those 

in the present study.

Vigilance w as h ighe r on f lock  edges 

than  in the  ce n tre  (Figure 1a), as 

observed by many stud ies (Drent & 

S w ie rs tra  1977; Ing l is  & Isaacson 

1978). Juveniles always fo llowed p a r ­

ents (Ely 1993), and hence the h igher 

proportion of juven iles  on the edge of 

the f locks (Figure 1b). Shimada (1999) 

showed tha t the density of rice gra ins is 

h igher at the edge of a stubble  rice field 

than in the centre. A f te r  goose f locks 

land in the centre of a field, they spread 

out and forage tow ards  the edges. The
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geese on the  edge, th e re fo re ,  can 

exploit the h igher food abundance as 

the f lock  spreads out tow ards the field 

edges. A large f lo ck  s o m e t im e s  

extends across several s tubble  fields. 

The f lock  expands from  one fie ld into 

a n o the r  by moving along the  edges of 

the field in wh ich  the  food is abundant. 

Families are dom inan t over lone pairs 

and s ingles and w in  fa r  more agg res­

sive encounters  (Boyd 1953; Gregoire & 

A nkney 1990). Thus, fa m il ie s  w ou ld  

occupy the m ost food-r ich  areas as a 

consequence of agonist ic  in teractions.

The forag ing behaviour of the geese 

on snowy days fu r th e r  supported  the 

theo ry  th a t  fa m il ie s  dom ina ted  rich 

food patches. When rice f ie lds were 

covered w ith  snow  and ridges were 

c le a r  of snow  (snow depth  c. 8cm), 

geese could forage only on the  ridges. 

The ridges were 20-30cm  h igher than 

the surface of the f ie lds  and w ere  more 

th in ly  covered w ith  w ind -b low n  snow. 

On 8 January  2002, unde r such cond i­

t ions, th e re  w e re  15. 6% ju ven i les  

am ongs t geese feeding on ridges c o m ­

pared w ith  1. 5% overa l l,  based on 

observat ions fro m  five d if ferent rice 

f ie lds (T. Shimada, unpub lished data); 

ie fam il ies  dom inated  the lim ited  fo ra g ­

ing areas available.

In Barnacle  Geese, w h ich  are of 

s im i la r  size to G reater W h ite -fron ted  

Geese, B lack et al. (1992) revealed that 

geese th a t  occupied edge posit ions 

obta ined a g rea te r  energy intake than 

cen tra l birds, despite th e ir  increased 

levels of vig ilance. The vigilance levels 

of the parents on the edge increased

more than those of the juveniles (B lack 

et al. 1992, Table 1). Moreover, the p re ­

sent study showed fo r  the f i rs t  t im e  that 

the vigilance levels of the parents va r­

ied in re la t io n  to the n u m b e r  of

o ffspring (Table 1). This means tha t the 

energy in take of the parents w ou ld  d if ­

fe r  in re la t io n  to the  n u m b e r  of

offspring. Fors lund (1993) reported that 

in Barnacle  Geese parents increased 

th e i r  v ig i lance  w hen  brood size

increased  because young in la rg e r  

broods face a h igher r isk of predation. 

Increased vig ilance levels in the p a r ­

ents w ould  secure the safety of th e ir  

o ffspring and then heighten the f i tness 

of the parents. Then, many o lde r  o f f­

sp r in g  (eg one o r  tw o years  old)

accompany th e i r  b ir th  fam ily  to the w in ­

te r in g  area before they breed, and 

these extended fam il ies  are m ore  d o m ­

inant and have be tte r  access to lim ited 

food and safe roost s ites (Ely 1993). On 

the o the r  hand, the decrease in food 

intake fo r  parents them selves leads to 

a shortage of nu tr ien t reserves that 

w ou ld  s u b s e q u e n t ly  reduce the 

chances of survival (Black et al. 1991) 

and b reed ing  success  (Ankney & 

M a c lnnes  1978; Ebbinge 1989). 

Therefore, the  tra d e -o f f  between vig i­

lance and feeding in re lation to the 

n u m b e r  of o ffspr ing  w ould  be one of 

the im p o r ta n t  w in te r t im e  budget dec i­

s ions  fo r  p a ren ts  in G rea te r  

W h ite - f ron ted  Geese.
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