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individuals are more often found in the leading edge of a

moving group, we expected that shy individuals would

have a higher percentage of scrounging than bold individ-

uals. We scored the dominance of individuals living in a

stable group situation prior to the producer–scrounger

experiment, to control for any confounding dominance

effect. In some species a relationship between the out-

come of a novel object test and dominance has been

reported (e.g. Verbeek et al. 1996, 1999; Sundström

et al
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the least significant term. To compare the explanatory power

of two subsequent models we used a log-likelihood ratio test,

which follows a x2 distribution, with degrees of freedom

equal to the difference in the number of parameters between

the two models. We used the package lme4 for generalized

mixed model procedures and nlme for general mixed

model procedures in R (v. 2.7.2). For all other calculations

we used SPSS (v. 15.0).
3. RESULTS
(a) Dominance

The value of Kendall’s linearity index (K ¼ 0.66,

p , 0.001), Landau’s index and the corrected index of
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individuals were not more reluctant than bold individuals

to approach the feeding area or to move between patches.

The positive correlation between an individual’s joining

proportion in the first and second half of the experiment

indicates that individuals were consistent in their foraging

tactic use. Additionally, we had already found a relation-

ship between personality and social foraging tactic in two

different contexts: in an experiment on movement order

towards a food source we found that bold individuals

led more often than shy individuals and that shy individ-

uals followed more often (Kurvers et al. 2009). Another

experiment on the use of social foraging cues revealed
that shy individuals made more use of social foraging

cues (Kurvers et al. in preparation). These observations

indicate that personality in barnacle geese is important

in foraging tactic use under different conditions.

We propose two possible mechanisms which can
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that is, when producers do all or a disproportionately

large share of the searching, and when the scroungers

are the better competitors. Neither condition was met in

our experiment. Shy individuals also frequently found

their food (.50%) and most likely did not differ in com-

petitive abilities since there was no difference between shy

and bold individuals in dominance score. Food finders in

our experiment clearly got some of the food before arrival

of competitors since the consumption of grass requires

only a short handling time (Durant et al. 2003). Bold

and shy individuals consistently differed in their foraging

strategies in our experiment suggesting that they were

unequal. We found a borderline significant difference in

feeding time between bold and shy individuals suggesting

that the foraging success for both types indeed could be

different although this result has to be treated with care.

Most models of producer–scrounger games generally

assume that individuals are equal and that foraging pay-

offs are independent of phenotype. Although individual

tactic use in producer–scrounger games is indeed partly

flexible and dependent on hunger level (Lendvai et al.

2004), dominance (Liker & Barta 2002) and predation

risk (Mathot & Giraldeau 2008), it is more likely that the

tactic followed is a combination between consistency and

flexibility (Beauchamp 2001). Beauchamp (2006) have

already shown that scrounging is related to individual

foraging efficiency providing evidence for consistency in

scrounging behaviour. Our observation that personality

affects tactics use and the many recent examples of the

presence of personality in a wide variety of species ques-

tions the general applicability of these models and

stresses the need to take individual behavioural differences

into account in modelling producer–scrounger games (see

for example Ranta et al. 1996).

Recently, several studies have looked at various aspects

of animal personality and their ecological consequences

(e.g. Cote et al. 2008). However, the processes of the evol-

ution of difference in personality traits and the

maintenance of these traits in a population are largely

unknown. Several mechanisms have been suggested

such as frequency-dependent selection and spatio-

temporal variation in environmental conditions (Dall

et al. 2004; Dingemanse et al. 2004; Smith & Blumstein

2008). Recently, it has been suggested that the trade-

offs between life-history traits could explain the evolution

of personality traits (Wolf et al. 2007). Variation in bold-

ness is believed to be a result of predation (Bell & Sih

2007
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To summarize, we have demonstrated that shy

individuals exhibit a higher proportion of joining when

compared with bold individuals. Bold individuals tend

to have a longer feeding time than shy individuals.

Although dominance did not predict the overall use of

tactic, dominant individuals had a higher proportion of

successful joining than subordinates. Our results highlight

the importance of including individual behavioural

variation in models of producer–scrounger games.
All animal experiments have been approved by the Animal
Ethical Committee (‘Dier Experimenten Commissie’) of
both the Royal Netherlands Academy of Arts and Sciences
(KNAW) and the Wageningen University (protocol number
2008107.a).
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Dingemanse, N. J. & Réale, D. 2005 Natural selection and
animal personality. Behaviour 142, 1159–1184. (doi:10.
1163/156853905774539445)

Dingemanse, N. J., Both, C., Drent, P. J. & Tinbergen, J. M.

2004 Fitness consequences of avian personalities in a fluc-
tuating environment. Proc. R. Soc. Lond. B 271, 847–852.
(doi:10.1098/rspb.2004.2680)

http://dx.doi.org/doi:10.1098/rspb.1997.0170
http://dx.doi.org/doi:10.1098/rspb.1997.0170
http://dx.doi.org/doi:10.1163/156853900502097
http://dx.doi.org/doi:10.1163/156853900502097
http://dx.doi.org/doi:10.1139/cjz-79-3-540
http://dx.doi.org/doi:10.1111/j.1439-0310.2006.01241.x
http://dx.doi.org/doi:10.1111/j.1439-0310.2006.01241.x
http://dx.doi.org/doi:10.1016/j.anbehav.2008.08.017
http://dx.doi.org/doi:10.1016/j.anbehav.2008.08.017
http://dx.doi.org/doi:10.1111/j.1461-0248.2007.01081.x
http://dx.doi.org/doi:10.1111/j.1461-0248.2007.01081.x
http://dx.doi.org/doi:10.1016/j.tree.2008.04.003
http://dx.doi.org/doi:10.1037/0735-7036.111.4.399
http://dx.doi.org/doi:10.1163/156853905774539436
http://dx.doi.org/doi:10.1163/156853905774539436
http://dx.doi.org/doi:10.1006/anbe.2000.1678
http://dx.doi.org/doi:10.1098/rspb.2008.0783
http://dx.doi.org/doi:10.1098/rspb.2008.0783
http://dx.doi.org/doi:10.1111/j.1461-0248.2004.00618.x
http://dx.doi.org/doi:10.1126/science.1098254
http://dx.doi.org/doi:10.1126/science.1098254
http://dx.doi.org/doi:10.1016/0003-3472(95)80053-0
http://dx.doi.org/doi:10.1016/0003-3472(95)80053-0
http://dx.doi.org/doi:10.1006/anbe.1997.0708
http://dx.doi.org/doi:10.1006/anbe.1997.0708
http://dx.doi.org/doi:10.1163/156853993X00218
http://dx.doi.org/doi:10.1163/156853905774539445
http://dx.doi.org/doi:10.1163/156853905774539445
http://dx.doi.org/doi:10.1098/rspb.2004.2680
http://dx.doi.org/doi:10.1046/j.1365-2656.2003.00689.x
http://dx.doi.org/doi:10.1046/j.1365-2656.2003.00689.x
http://dx.doi.org/doi:10.1093/beheco/arn129
http://dx.doi.org/doi:10.1093/beheco/arn129
http://dx.doi.org/doi:10.1016/j.anbehav.2009.02.022
http://dx.doi.org/doi:10.1002/zoo.20025
http://dx.doi.org/doi:10.1111/1467-8721.00017
http://dx.doi.org/doi:10.1016/j.neubiorev.2004.06.010
http://dx.doi.org/doi:10.1016/j.cub.2008.12.051
http://dx.doi.org/doi:10.1016/j.cub.2008.12.051
http://dx.doi.org/doi:10.1016/S0149-7634(99)00026-3
http://dx.doi.org/doi:10.1016/S0149-7634(99)00026-3
http://dx.doi.org/doi:10.1016/j.anbehav.2009.06.002
http://rspb.royalsocietypublishing.org/


In preparation. Personality predicts the use of social
information in barnache geese.

Lendvai, A. Z., Barta, Z., Liker, A. & Bokony, V. 2004

The effect of energy reserves on social foraging: hungry
sparrows scrounge more. Proc. R. Soc. Lond. B 271,
2467–2472. (doi:10.1098/rspb.2004.2887)

Lendvai, A. Z., Liker, A. & Barta, Z. 2006 The effects of
energy reserves and dominance on the use of social-

foraging strategies in the house sparrow. Anim. Behav.
72, 747–752. (doi:10.1016/j.anbehav.2005.10.032)

Lessells, C. M. & Boag, P. T. 1987 Unrepeatable repeatabil-
ities: a common mistake. Auk 104, 116–121.

Liker, A. & Barta, Z. 2002 The effects of dominance on
social foraging tactic use in house sparrows. Behaviour
139, 1061–1076. (doi:10.1163/15685390260337903)

Mathot, K. J. & Giraldeau, L. A. 2008 Increasing vulner-
ability to predation increases preference for the

scrounger foraging tactic. Behav. Ecol. 19, 131–138.
(doi:10.1093/beheco/arm114)

McCormack, J. E., Jablonski, P. G. & Brown, J. L. 2007
Producer–scrounger roles and joining based on dominance
in a free-living group of Mexican jays (Aphelocoma ultra-
marina). Behaviour 144, 967–982. (doi:10.1163/
156853907781492717)

Michelena, P., Sibbald, A. M., Erhard, H. W. & McLeod,
J. E. 2008 Effects of group size and personality on social
foraging: the distribution of sheep across patches. Behav.
Ecol. 20, 145–152. (doi:10.1093/beheco/arn126)

Mónus, F. & Barta, Z. 2008 The effect of within-flock spatial
position on the foraging tactics of free-living tree spar-
rows. Ethology 114, 215–222. (doi:10.1111/j.1439-0310.

2007.01472.x)
Mottley, K. & Giraldeau, L. A. 2000 Experimental evidence

that group foragers can converge on predicted producer–
scrounger equilibria. Anim. Behav. 60, 341–350. (doi:10.
1006/anbe.2000.1474)

Poisbleau, M., Jenouvrier, S. & Fritz, H. 2006 Assessing the
reliability of dominance scores for assigning individual
ranks in a hierarchy. Anim. Behav. 72, 835–842.
(doi:10.1016/j.anbehav.2006.01.024)

Prins, H. H. T. & Ydenberg, R. C. 1985 Vegetation growth

and a seasonal habitat shift of the Barnacle goose
(Branta leucopsis). Oecologia 66, 122–125. (doi:10.1007/
BF00378563)

Ranta, E., Peuhkuri, N., Laurila, A., Rita, H. & Metcalfe,
N. B. 1996 Producers, scroungers and foraging group

structure. Anim. Behav. 51, 171–175. (doi:10.1006/
anbe.1996.0014)
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