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ANIMAL BEHAVIOUR

Born leaders

In animals that live in groups, some individuals are leaders and others are followers. A modelling study shows that variation
in leadership evolves spontaneously and need not be related to differences in knowledge or power.

FRANZ J. WEISSING

benefits of group living, they have to stay

together. However, individuals differ in
their preferences as to where to go and what
to do next. If all individuals follow their own
preferences, group coherence is undermined,
resulting in an outcome that is unfavourable
for everyone. Neglecting one’s own preferences
and following a leader is one way to resolve
this coordination problem. But what attributes
make an individual a ‘leader’? A modelling
study by Johnstone and Manica' illuminates
this question.

Writing in Proceedings of the National
Academy of Sciences, the authors consider a
famous coordination problem known to game
theorists as the Battle of the Sexes’. Imagine a
married couple who want to spend the evening
together. Husband and wife (the players) can
either go to a football game or to the opera,
but they cannot communicate with each other
about where to meet. Neither wants to miss
their partner by going to a different event
from them. If that happens, both get a pay-
off of zero. When they go to the same event,
the wife would prefer the opera, whereas the
husband would prefer the football game.
When meeting at the same event, the players
get the pay-offs 1 and 1- k (where 0<k<1),
depending on whether or not they realize their
preferred option.

Johnstone and Manica model such an inter-
action (and generalize it to the case of more
than two players). They assume that the same
players interact repeatedly, and that each time
they can either choose their preferred option
or copy the previous action of the other player.
Each player is characterized by a strategy, A,
corresponding to the player’s probability of
sticking to his or her preferred action. This
strategy is viewed as a player’s degree of leader-
ship: players with a high value of A are leaders,
in that they ignore the actions of others and
obey their own preferences; players with alow
value of A are followers, in that they tend to
copy the choices of others.

Johnstone and Manica' investigate how
natural selection shapes intrinsic leadership
in a population in which individuals produce
offspring in proportion to their pay-off in

S ocial animals face a dilemma. To reap the
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Figure 1| Outin front. Animplication of Johnstone and Manica’s model' is that leadership may simply
reflect an intrinsic tendency to follow one’s own preferences.

the coordination game. A population of only
leaders (A = 1) is not evolutionarily stable: if
both players stick to their preferred option,
they will never meet and will get a pay-off of
zero. Likewise, a population of only followers
(A =0) is not stable, because the players will
again miss each other if both have a tendency
to dither, continually switching to the previ-
ous action of the other. Instead, the population
will first evolve to an intermediate value of A
(say, A = 0.5). But, intriguingly, this is not the
final outcome. From the intermediate strategy,
the population will diversify and evolve to a
state where two strategies coexist — a leader
strategy (say, A = 0.9) and a follower strategy
(say, A =0.1).

This outcome makes intuitive sense, because
aleader—follower pair of players is most effi-
cient in solving the coordination problem: both
will eventually choose the preferred option of
the leader. The leaders seem to have the better
part (a pay-off of 1 is higher than a pay-off of
1-k), but this holds only when they are teamed
up with a follower. On the population level,
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leaders and followers have the same average
pay-oft. This is because leaders are more fre-
quent than followers (because of their higher
pay-off in leader—follower interactions) and
therefore find themselves relatively often
teamed up with another leader (giving a
pay-oft of zero).

These results' are interesting for several
reasons. First, they provide an explanation
for empirical observations in the lab and field.
For example, experiments with sticklebacks’
have revealed pronounced individual differ-
ences in the tendency to lead that resemble
those in the model. Second, the results show
that leadership and ‘followership’ can evolve in
the absence of any other differences between
individuals. In the behavioural sciences, there
is much discussion about which traits make
someone a leader”. According to Johnstone
and Manica’s model, leadership need not be
associated with being better informed, being
more dominant or having superior commu-
nication skills. Instead, leadership may simply
reflect an intrinsic tendency to follow one’s

M. JONES/MINDEN PICTURES/FLPA



own preferences and disregard the choices of
others (Fig. 1).

The third interesting aspect is that the paper
provides a link to the issue of animal ‘person-
alities”, the phenomenon that animals differ
systematically in their behaviour in a manner
that is individually stable across a variety of
contexts. In nature, leadership seems to be a
personality trait that is correlated with general
activity level, aggressiveness and boldness’.
Johnstone and Manica provide a neat expla-
nation for the emergence of individual differ-
ences in leadership, but it is an open question
how such correlations between leadership and
other personality traits have evolved.

The type of model presented by Johnstone
and Manica sacrifices realism for conceptual
clarity and analytical tractability. It remains to
be seen whether the results are robust when
more-realistic assumptions are incorporated
or more-complex strategies are considered.
For good reason, the authors have assumed
that the players do not differ in features such
as knowledge and power. In more realistic set-
tings, asymmetries between the players will
undoubtedly occur; such asymmetries can
help to solve a coordination problem®.

Moreover, even in symmetrical settings,
differences in leadership will not necessarily
evolve if more-complex strategies are avail-
able. An example can be taken directly from
the authors’ experimental work”: sticklebacks
that have diverging preferences take turns in
leadership, rather than specializing in the roles
of leader and follower. Perhaps most impor-
tantly, a group of individuals engaging in
prolonged interactions can be expected to learn
each others’ characteristics (for example, their
degree of leadership). It would be worthwhile
investigating how the evolutionary outcome
would change if individuals could signal their
leadership tendencies — as humans clearly do.

This work' may be criticized for its restricted
view of leadership. One could argue that the
‘leaders’ in the model do not really lead, but
simply refrain from following others. Lead-
ers are defined as being stubborn, refusing to
react to their fellow group members. Accord-
ingly, the evolution of differences in leadership
in this model bears some resemblance to the
evolution of individual variation in responsive-
ness® and social sensitivity’ seen in other mod-
els. In reality, there are more dimensions to
leadership, and it is not obvious that stubborn-
ness and antisocial behaviour are characteris-
tic features of leaders. In African elephants, for
example, the most responsive and socially sen-
sitive individuals have the highest propensity
to become leaders of the herd"’.

Johnstone and Manica’s concept of lead-
ership seems to be most easily applicable to
fish shoals and other anonymous societies.
Still, even for highly structured social sys-
tems such as those of humans and elephants,
their insight provides clues to how intrinsic
differences in leadership could evolve as a

fundamental means to resolve the tension
between individual interests and the desire to
live in a group. m
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Stop the nonsense

A subtle biochemical alteration can reprogram signals that herald the termination
of protein translation into signals encoding amino acids at the level of messenger
RNA — and without altering the corresponding DNA. SEE LETTER P.395

ADRIAN R. FERRE-D’AMARE

r I Vhe amino-acid sequence of a protein is
specified by combinations of 64 trinu-
cleotides (or codons) in the correspond-

ing messenger RNA. Of these, three codons,
known as termination or nonsense codons,
signal the end of protein translation. Some-
times, however, rather than stopping protein
synthesis, the translation machinery decodes a
termination codon as an amino acid in what is
known as nonsense suppression. On page 395
of this issue, Karijolich and Yu' report an arti-
ficial way of inducing nonsense suppression
— through post-transcriptional conversion of
the uridine residue in termination codons into
its isomer, pseudouridine. This finding raises
fundamental questions about the biochemistry
of protein synthesis and has implications for
treating genetic diseases.

Translation takes place in cellular orga-
nelles called ribosomes, in which each mRNA
codon is matched with the anticodon of an
aminoacyl-tRNA. The latter is a transfer RNA
that has been loaded by its cognate aminoacyl-
tRNA-synthetase enzyme with the amino acid
corresponding to its anticodon. None of the
tRNAs has anticodons complementary to the
termination codons; normally, proteins called
release factors (RF1 and RF2 in bacteria, eRF1
in eukaryotes) recognize the nonsense codons.
Butifa tRNA undergoes a mutation in its anti-
codon such that it becomes complementary
to a termination codon (and if this mutant
tRNA is otherwise recognized normally by its
aminoacyl-tRNA synthetase and the rest of the
translation machinery), it might lead to misin-
terpretation of the termination codon.

Indeed, such nonsense suppression by
mutated tRNAs is well documented®. The
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findings of Karijolich and Yu' are surpris-
ing, however, because of their significance for
the mechanism by which release factors are
thought to recognize termination codons, and
because of the structural similarity between
pseudouridine (W) and uridine (U).

The crystal structures of the bacterial ribo-
some with its release factors caught in the act
of recognizing termination codons™* indi-
cate how RF1 and RF2 recognize the U of
all three termination codons (UAA, UAG or
UGA): chemical groups in the backbone of
these release factors seem to form hydrogen
bonds with groups on the face of U that nor-
mally participate in hydrogen bonding with
another nucleotide — the Watson-Crick face.
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Figure 1 | Uridine and pseudouridine. Uridine
(U) — the first residue of the three termination
codons — can be converted into its isomer
pseudouridine (¥) in a reaction catalysed by
pseudouridine synthase enzymes. Karijolich and
Yu' show that conversion of U to ¥ can transform
a termination codon into an amino-acid-coding
signal. The Watson-Crick faces of U and ¥ are
identical, but they differ in other details — ¥, for
instance, has an imine group (NH) that projects
into the major groove of the RNA. Thick lines
denote the glycosidic bond that joins the bases to
the RNA backbone (R).
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