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In producer–scrounger systems (Barnard and Sibly, 1981), some
individuals specialize in ﬁnding food while others keep an eye on
these producers with a view to share their ﬁndings. Conceivably,
different individuals living in a group could have different foodﬁnding skills, though all group members would retain the ability
to join food discoverers. Thus an individual could be a producer at
one time and a scrounger at another. The idea that different foraging specialists within a group could beneﬁt from parasitizing each
other’s foraging efforts has been called the skill pool hypothesis
(Giraldeau, 1984; Giraldeau and Lefebvre, 1986).
A similar concept could be applied to leader and follower roles
in those cases where leaders have prior knowledge of where food
is likely to be found (the producing skill) and naive followers are
capable of sharing that food (the scrounging role). If food availability vary spatio-temporally, it is possible for different individuals at
different times to have different knowledge of the location of food.
Leader and follower roles could therefore be exchanged from time
to time.
The idea that leader and follower roles can be exchanged is at
the core of the information centre hypothesis (Ward and Zahavi,
1973), which posits that one of the advantages of communal roosts
or breeding colonies in birds is to increase foraging efﬁciency via
the reciprocal exchange of information about ephemeral food locations. For example, crows could forage individually or in small
bands during the day, but join a large roost at night. Individuals that
foraged unsuccessfully during the previous day could try to follow
successful foragers upon leaving the roost the next morning in the
hope of joining them at the carcass they have found. Successful foragers could be identiﬁed based on their physical condition or the
eagerness of their departure ﬂight. There might not be any advantage to the leaders being followed that would sufﬁciently offset the
cost of having to share their food (though one possibility would be
the anti-predatory beneﬁts of being part of a group at the feeding
site), but if the chances of ﬁnding food are more or less uniform
across the population, then the leaders of today may still beneﬁt
overall from joining the roost because in the near future they may
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become followers. In a kind of reciprocal altruism, the net beneﬁt
for all group members would be to reduce the chance of suffering
extended periods without food.
Certain pitfalls have to be borne in mind when testing the
information centre hypothesis against other hypotheses that make
similar predictions (Bayer, 1982; Evans, 1982; Mock et al., 1988;
Danchin and Richner, 2001; Mock, 2001). There is a fair amount of
evidence in birds that unsuccessful foragers follow successful ones
(De Groot, 1980; Loman and Tamm, 1980; Brown, 1986; Greene,
1987; Rabenold, 1987; Waltz, 1987; Heinrich, 1988, 1994; Marzluff
et al., 1996; Sonerud et al., 2001; but see Andersson et al., 1981; and
for examples concerning bat roosts, see Wilkinson, 1992; Kerth
and Reckardt, 2003). However, there is little if any evidence that
one individual switches leader and follower roles depending on its
knowledge of food availability (for possible exceptions, see Brown,
1986; Wilkinson, 1992; Marzluff et al., 1996). Intuitively, reciprocal
exchange of information seems likely, but it has not been conﬁrmed. Part of the difﬁculty, at least in the context of bird roosts
and colonies, resides in identifying individuals in the ﬁeld.
Fish shoals represent another system amenable to study in this
regard. Naive ﬁsh are known to sometimes follow experienced individuals to the site of food or through an escape hole (Warren et
al., 1975; Köhler, 1976; Sugita, 1980; Laland and Williams, 1997,
1998; Reebs, 2000, 2001; Swaney et al., 2001; Brown and Laland,
2002; Reader et al., 2003; Dyer et al., 2009). Shoal composition
can be ﬂuid in nature (Helfman, 1984), which means that at any
one time different individuals may have different knowledge about
where and when food is available. Leadership based on information
could therefore change from day to day, or even within the same
day. However, I am not aware of any ﬁeld data reporting switches
between leader and follower roles according to information status
in moving ﬁsh shoals. Here, the difﬁculty resides not only in identifying individuals, but also in observing ﬁsh shoal movements under
natural conditions.
In a set of preliminary experiments, I have taken these questions to the laboratory. I work with the golden shiner, Notemigonus
crysoleucas, a gregarious cyprinid that roams widely within lakes
(Hall et al., 1979) in shoals of 8–250 individuals (Krause et al.,
1996). In a large tank (1.2 m × 1.8 m, or approximately 15 × 23 ﬁsh
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lengths), these ﬁsh can be trained to associate a particular time
of day with a particular corner to obtain food. The movements of
shoals of marked shiners can be videotaped with or without prior
food training. Some individuals have an intrinsic tendency to be
found in front positions (while others tend to stay at the back) during shoal movements, as revealed by observations of shoals made
up of ﬁsh of similar size and knowledge (Leblond and Reebs, 2006).
But if the shoals are made up of a mixture of trained and naïve individuals, then the trained individuals are always in front and they
lead the naïve ﬁsh to food in the right corner at the right time of day
(Reebs, 2000, 2001). When body size differs within a shoal, smaller
trained ﬁsh lead more often than larger trained ﬁsh, possibly owing
to a greater need to get food (Reebs, 2001).
Golden shiners are capable of learning to associate different
times of day with different locations to get food (Reebs, 1996). It
is therefore possible (though still unconﬁrmed in nature) that fusing shoals could end up having individuals that know about food
in one location in the morning and other ﬁsh that know about food
at another location in the afternoon. Such a shoal could be led to
food by one subgroup of leaders in the morning and by another subgroup in the afternoon, resulting in a temporal complementarity of
leadership.
I have tested this possibility by training some ﬁsh to ﬁnd food
in one corner of the tank in the morning (the “morning corner”),
and other ﬁsh to ﬁnd food in another corner in the afternoon (the
“afternoon corner”), and then combining all these individuals into
one shoal, with or without the addition of naïve individuals. In
six preliminary trials (three trials with six morning-trained and
six afternoon-trained ﬁsh, and three trials with three morningtrained, three afternoon-trained, and six naïve ﬁsh), there were
always more ﬁsh in the morning corner during the morning, and
more ﬁsh in the afternoon corner during the afternoon, consistent
with the idea of temporally complementary leadership. However,
shoals often split, and there were often a few individuals in the
afternoon corner during the morning, or in the morning corner during the afternoon. In other words, the results were not as clear cut
as one might have liked. This experimental paradigm would beneﬁt from some tweaking to make sampling of the wrong corner, as
well as shoal splitting, more costly. The introduction of some kind
of predatory risk may be indicated.
It is worth pointing out that the notion of temporal complementarity in leadership makes sense only when leadership is based on
information. The word “complementarity” implies some advantage
to switching leader and follower roles, and it is difﬁcult to ﬁnd such
advantage when leading is based on hunger, exploratory impulse,
or intrinsic activity levels (Rands et al., 2003). For example, ﬁsh and
other animals may occupy leadership positions more often when
hungry (Krause et al., 1992, 2000; Krause, 1993, 1994) and so leader
and follower roles may alternate as the animals switch between
being hungry and satiated (Krause, 1993; Krause et al., 2000), but
there is no functional beneﬁt to the animals in the alternation per se.
In fact, the notion of complementarity makes sense only when speciﬁc beneﬁts can be assigned not only to the leaders (for example,
wanting to get to a known source of food) but also to the followers
(for example, parasitizing the leader’s knowledge). Thus the application of the skill pool hypothesis and information center hypothesis to the study of leadership teaches us to pay attention not only
to the motivation of the leaders, but also to that of the followers.
References
Andersson, M., Götmark, F., Wiklund, C.G., 1981. Food information in the blackheaded gull, Larus ridibundus. Behav. Ecol. Sociobiol. 9, 199–202.
Barnard, C.J., Sibly, R.M., 1981. Producers and scroungers: a general model and its
application to captive ﬂocks of house sparrows. Anim. Behav. 29, 543–550.
Bayer, R.D., 1982. How important are bird colonies as information centers? Auk 99,
31–40.

Brown, C., 1986. Cliff swallow colonies as information centers. Science 234, 83–85.
Brown, C., Laland, K., 2002. Social learning of a novel avoidance task in the guppy:
conformity and social release. Anim. Behav. 64, 41–47.
Danchin, E., Richner, H., 2001. Viable and unviable hypotheses for the evolution of
raven roosts. Anim. Behav. 61, F7–F11.
De Groot, P., 1980. Information transfer in a socially roosting weaver bird (Quelea
quelea; Ploceinae): an experimental study. Anim. Behav. 28, 1249–1254.
Dyer, J.R.G., Croft, D.P., Morrell, L.J., Krause, J., 2009. Shoal composition determines
foraging success in the guppy. Behav. Ecol. 20, 165–171.
Evans, R.M., 1982. Foraging-ﬂock recruitment at a black-billed gull colony: implications for the information center hypothesis. Auk 99, 24–30.
Giraldeau, L.-A., 1984. Group foraging: the skill pool effect and frequency-dependent
learning. Am. Nat. 124, 72–78.
Giraldeau, L.-A., Lefebvre, L., 1986. Exchangeable producer and scrounger roles in a
captive ﬂock of feral pigeons: a case for the skill pool effect. Anim. Behav. 34,
797–803.
Greene, E., 1987. Individuals in an osprey colony discriminate between high and low
quality information. Nature 329, 239–241.
Hall, D.J., Werner, E.E., Gilliam, J.F., Mittelbach, G.G., Howard, D., Doner, C.G., 1979.
Diel foraging behavior and prey selection in the golden shiner (Notemigonus
crysoleucas). J. Fish. Res. Bd. Can. 36, 1029–1039.
Heinrich, B., 1988. Winter foraging at carcasses by three sympatric corvids, with
emphasis on recruitment by the raven, Corvus corax. Behav. Ecol. Sociobiol. 23,
141–156.
Heinrich, B., 1994. Does the early common raven get (and show) the meat? Auk 111,
764–769.
Helfman, G.S., 1984. School ﬁdelity in ﬁshes: the yellow perch pattern. Anim. Behav.
32, 663–672.
Kerth, G., Reckardt, K., 2003. Information transfer about roosts in female Bechstein’s
bats: an experimental ﬁeld study. Proc. Roy. Soc. Lond. B 270, 511–515.
Köhler, D., 1976. The interaction between conditioned ﬁsh and naive schools of
juvenile carp (Cyprinus carpio, Pisces). Behav. Process. 1, 267–275.
Krause, J., Bumann, D., Todt, D., 1992. Relationship between the position preference
and nutritional state of individuals in schools of juvenile roach (Rutilus rutilus).
Behav. Ecol. Sociobiol. 30, 177–180.
Krause, J., 1993. The relationship between foraging and shoal position in a mixed
shoal of roach (Rutilus rutilus) and chub (Leuciscus cephalus): a ﬁeld study.
Oecologia 93, 356–359.
Krause, J., 1994. Differential ﬁtness returns in relation to spatial position in groups.
Biol. Rev. 69, 187–206.
Krause, J., Godin, J.-G.J., Brown, D., 1996. Size-assortativeness in multi-species ﬁsh
shoals. J. Fish Biol. 49, 221–225.
Krause, J., Hoare, D., Krause, S., Hemelrijk, C.K., Rubenstein, D.I., 2000. Leadership in
ﬁsh shoals. Fish Fish. 1, 82–89.
Laland, K.N., Williams, K., 1997. Shoaling generates social learning of foraging information in guppies. Anim. Behav. 53, 1161–1169.
Laland, K.N., Williams, K., 1998. Social transmission of maladaptive information in
the guppy. Behav. Ecol. 9, 493–499.
Leblond, C., Reebs, S.G., 2006. Individual leadership and boldness in shoals of golden
shiners (Notemigonus crysoleucas). Behaviour 143, 1263–1280.
Loman, J., Tamm, S., 1980. Do roosts serve as “information centers” for crows and
ravens? Am. Nat. 115, 285–305.
Marzluff, J.M., Heinrich, B., Marzluff, C.S., 1996. Raven roosts are mobile information
centres. Anim. Behav. 51, 89–103.
Mock, D.W., Lamey, T.C., Thompson, D.B.A., 1988. Falsiﬁability and the information
centre hypothesis. Orn. Scand. 19, 231–248.
Mock, D.W., 2001. Comments on Danchin & Richner’s “Viable and unviable hypotheses for the evolution of raven roosts”. Anim. Behav. 61, F12–F13.
Rands, S.A., Cowlishaw, G., Pettifor, R.A., Rowcliffe, J.M., Johnstone, R.A., 2003. Spontaneous emergence of leaders and followers in foraging pairs. Nature 423,
432–434.
Rabenold, P.P., 1987. Recruitment for food in black vultures: evidence for following
from communal roosts. Anim. Behav. 35, 1775–1785.
Reader, S.M., Kendal, J.R., Laland, K.N., 2003. Social learning of foraging sites and
escape routes in wild Trinidadian guppies. Anim. Behav. 66, 729–739.
Reebs, S.G., 1996. Time-place learning in golden shiners (Pisces: Notemigonus
crysoleucas). Behav. Process. 36, 253–262.
Reebs, S.G., 2000. Can a minority of informed leaders determine the foraging movements of a ﬁsh shoal? Anim. Behav. 59, 403–409.
Reebs, S.G., 2001. Inﬂuence of body size on leadership in shoals of golden shiners,
Notemigonus crysoleucas. Behaviour 138, 797–809.
Sonerud, G.A., Smedshaug, C.A., Brathen, O., 2001. Ignorant hooded crows follow
knowledgeable roost-mates to food: support for the information centre hypothesis. Proc. Roy. Soc. Lond. B 268, 827–831.
Sugita, Y., 1980. Imitative choice behavior in guppies. Jpn. Psychol. Res. 22, 7–12.
Swaney, W., Kendal, J., Capon, H., Brown, C., Laland, K.N., 2001. Familiarity facilitates
social learning of foraging behaviour in the guppy. Anim. Behav. 62, 591–598.
Waltz, E.C., 1987. A test of the information-centre hypothesis in two colonies of
common terns Sterna hirundo. Anim. Behav. 35, 48–59.
Ward, P., Zahavi, A., 1973. The importance of certain assemblages of birds as
“information-centres” for food-ﬁnding. Ibis 115, 517–534.
Warren, J.L., Bryant, R.C., Petty, F., Byrne, W.L., 1975. Group training in goldﬁsh
(Carassius auratus): the effects on acquisition and retention. J. Comp. Physiol.
Psychol. 89, 933–938.
Wilkinson, G.S., 1992. Information transfer at evening bat colonies. Anim. Behav. 44,
501–518.

