Female Choice in Birds and the Cost of

Long Tails

Michael D. Jennions
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EXPERIMENTAL AND OBSERVATIONAL STUDIES
suggest that many extravagant and
seemingly costly secondary sexual
characters have evolved in response
to sexual selection through female
choice'. It has proved more difficult,
however, for researchers to agree
on the selective forces involved in
the evolution of female mating pref-
erences, especially when there is no
direct fitness benefit for choosy fe-
males?. There has also been a lack
of consensus as to the types of evi-
dence that will distinguish between
the three main solutions — runaway
and good-gene models that invoke
indirect selection, and sensory ex-
ploitation models that invoke direct
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selection®. For fieldworkers, the prob-
lem, when stripped to its essence,
is that all three models are com-
patible with a present-day relation-
ship between trait size and male
quality.

Recently there have been renewed
attempts to solve the problem. First,
Mgller suggested that females use
asymmetry in secondary sexual
characters to determine male qual-
ity*, and has now shown that female
barn swallows (Hirundo rustica)
prefer males with symmetric tails®.
Fluctuating asymmetry reflects the
susceptibility of an individual to en-
vironmental and genetic stress, with
increased asymmetry in stressed in-
dividuals®. Measurements of museum
skins indicate that, within species,
males with longer tails have more
symmetric tails® (but see Ref. 7). So
tail length may reliably reflect male
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quality as predicted by good-gene
models. However, the negative cor-
relation between tail length and
asymmetry could also be a byprod-
uct of runaway. That is, only rela-
tively viable males may be capable
of producing fully grown tails, which
are also more symmetric because
of these males' viability. The female
preference for symmetric tails is
more convincing evidence for good-
gene processes, but it could also be
due to sensory exploitation because
of a general sensory bias in animals
toward symmetric shapes®.

Second, Enquist and Arak have
used computer neural networks to
mode! the evolution of female pref-
erences for long-tailed conspecifics®.
Their results strongly suggest that
all recognition systems contain ‘hid-
den’ female preferences. However,
while knowledge of sensory biases
provides information about the likely
direction of the evolution of prefer-
ences, it does not preclude a role for
indirect selection in their subsequent
elaboration®. The problem of discrim-
inating between the different models
appears insoluble.
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The latest attempt to resolve the
impasse merits consideration be-
cause of its innovative approach. in
a new paper in Nature, Balmford et
al." have used a comparative analy-
sis and aerodynamic theory to in-
vestigate the costs of tail elongation
for different species of bird. The
analysis is based on a recent model
of lifting surfaces by Thomas'! which
applies classic aerodynamic studies
of airplane wings™ to the lift and
drag associated with birds’ tails. The
model suggests that the aerody-
namically optimal tail shape is tri-
angular when spread, hence forked
when closed. Those parts of the tail
posterior to the triangle do not in-
crease the lift generated, and merely
add to the drag. The amount of drag
increases as the proportion of the
total tail area distal to the triangle is
enlarged.

If the basic tail is one with all
feathers of equal length, resembling
a fan, four derived tail types can be
identified: (1) graduated tails, where
all the feathers increased in length,
except for the outer feathers which
remained unchanged; (2) pintails,
where only the central feathers in-
creased in length; (3) shallow-fork
tails, where the outer feathers in-
crease in length so that the tail is ap-
proximately triangular when spread;
and (4) deep-fork tails, where the
outer feathers project far beyond the
optimal triangular shape when the
tail is spread. Modelling shows that
the aerodynamic costs of elongating
a tail vary depending on which
feathers are enlarged. The cost
analysed by Balmford et al. is the
drag:lift ratio of the spread tail at a
constant angle of attack. Graduated
tails incur the greatest cost per unit
length -increase. In contrast, pintail
elongation is far less costly, because
a smaller proportion of the tail is
distal to the optimal triangle. Forked
tails are actually less costly than a
simple tail with equal length feathers!
Only when the outer feathers project
beyond a triangle (a deep-fork tail in
the closed state) do the flight costs
rise.

Balmford et al. used these theor-
etical results to test several pre-
dictions about the selection costs
imposed by different tails. - They
measured over 600 museum skins,
ensuring in all cases that phylo-
genetic effects were controlled for, be-
fore making comparisons™. The fol-
lowing four predictions were tested:

{1) If sexual selection is less im-
portant in the evolution of forked
tails than in that of graduated tails
or pintails, there should be less
sexual dimorphism in tail length in

fork-tailed species. Pairwise compari-
sons of nine pairs of closely related
species supported this prediction.

(2) Deep-fork tails are more costly
than shallow-fork tails, hence more
likely to be due to sexual selection.
A pairwise comparison of eight pairs
of fork-tailed species showed that
ispecies with deep forks are more
'sexually dimorphic in tail length,
suggesting a greater role for sexual
selection.

(3) Streamer tails (pintails and
deep forks) are less costly per unit
length increase than graduated tails,
so there should be an association
between tail length and tail type. In
a phylogenetically controlled test,
the relative tail length of species
with streamers was greater than
that of species with graduated tails.

(4) Species that are highly reliant
on flight should have less costly
tails. In those families that spend a
lot of time in flight (or that migrate)
there are fewer species with gradu-
ated tails, and more with streamers,
than in families that are more terres-
trial (or that do not migrate).

The close fit between predictions
and results shows that natural selec-
tion, in the form of flight costs, plays
a far more important role than pre-
viously recognized in determining
the phylogenetic distribution of tail
type and length. Species which rely
heavily on flight are far less likely to
have aerodynamically costly tails. In
some ways this result is unsurpris-
ing as natural selection continues
to operate, no matter what the
strength of sexual selection. What
was less obvious prior to this study,
however, was the extent to which
natural selection could account for
variation in the kind of tails males
possess, as well as their relative
length.

Aerodynamic modelling provides
a cautionary tale — when it comes to
the costs of producing a long tail,
some tails are less of a handicap
than others. Tails that appear ‘unim-
pressive’ to our eyes, such as fan-
shaped tails with feathers of equal
length, are actually more aerody-
namically costly than forked tails,
even those with spectacular outer
feathers ten times longer than the
central feathers™. (Of course, the
frame of reference is important. For
example, a transition from a shallow-
to a deep-forked tail increases aero-
dynamic costs and may therefore re-
sult from sexual selection.) Clearly,
more care is needed before conclud-
ing that a long tail imposes a large
cost. In fact, there are only a handful
of empirical studies showing that tail
elongation ~ imposes - - substantial
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flight costs on birds''%, Changes in
wing morphology, for example, may
greatly reduce the costs of a sub-
optimal tail type'.

There are, of course, additional
costs associated with elongated tails.
Physiological and nutritional costs
may be associated with the produc-
tion of longer feathers, especially
when these are brightly coloured.
There are also more subtle costs as-
sociated with different kinds of tails.
The risk of damage may be a particu-
larly important factor because tail
asymmetry, through either damage
or natural variation in growth, is
more costly for certain tail types.
For example, a high proportion of
the total lift in a forked tail is gener-
ated by the outer tail feathers.
Asymmetry in these feathers. will
thus have a much larger effect on
flight costs, by increasing rolling
and yawing forces, than in a tail
with feathers of equal length'. In
general, as the distance between
the tip of an outer feather and the
midline of a bird increases, the drag
force rises. Hence the turning force
induced by asymmetry increases
as outer tail feathers grow away
from the midline of the bird".
Experimental work on barn swal-
lows has confirmed that tail asym-
metry decreases manoeuvrability™.

Natural selection is clearly an
underacknowledged force shaping
birds’ tails, but can aerodynamic
analysis -tell us anything about
the role of sexual selection in tail
elongation? Balmford et al.’s results
provide evidence of a link between
the strength of sexual selection and
tail type". In species with tails that
have a small aerodynamic cost,
such as forked tails, there is less
sexual dimorphism in tail length.
They suggest that this demonstrates
reduced levels of sexual selection
associated with these tail types.
However, there is an alternative ex-
planation. Their results also show
that species with streamer-type tails
tend to be more aerial, so even a
small deviation from the optimum
tail length under natural selection
may be very costly for males.
Sexual dimorphism reflects the net
effect of the opposing forces of
sexual and natural selection. Be-
cause natural selection is likely to
be stronger in fork-tailed (aerial)
species, decreased dimorphism does
not necessarily reflect lower levels
of sexual selection. A more detailed
analysis in which the role of natural
selection is incorporated into the pre-
dictions about sexual dimorphism
will probably yield a more robust
conclusion.
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Does aerodynamic analysis allow
us to distinguish between Fisherian
and good-gene processes? Balmford
et al. make the novel suggestion that
the initial costs of elongating differ-
ent feathers provide a clue to the

reliability of different tail types as

honest signals of male qeiality’. They
emphasize that this 8&pproach is
probably limited to families in which
flight is less important. Forked tails are
unlikely to have evolved as honest
signals of male quality because,
in the initial stages of feather elon-
gation, they actually improve flight
efficiency. Graduated tails result in
the greatest cost per unit length in-
crease. They are the tail type most
likely to reflect a male’s ability to
incur a handicap, and hence to have
evolved by good-gene processes.
Pintails and deep-fork tails are less
likely to have evolived through good-
gene processes, because their evol-
ution involves relatively low cost
feather elongation, and may best be
accounted for by Fisherian runaway.
So, when looking at closely related

Can Animals Be Spiteful?
Raghavendra Gadagkar

LoGic suGGesTs that when members
of a species interact with each other
at least nine kinds of consequence
are possible, because both actors
and recipients may benefit (+), suffer
(-) or experience no effect (0) (Box
1). When both the actor and the
recipient benefit from an interaction
(+,+), it is termed cooperation; this is
widespread in the living world.
When the actor benefits and the
recipient suffers (+,-), the interaction
is termed selfishness, which is even
more abundant in the living world.
When the actor suffers while the
recipient benefits (—,+), the interac-
tion is termed altruism. Compared to
cooperation and selfishness, altru-
ism is less common; nevertheless
there are many examples of it in the
animal kingdom. Altruism is not so
easy to explain as cooperation or
selfishness, but much has been
learnt about its evolution-in the last
25 years. .

We now understand two mech-
anisms by which altruistic behaviour
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species with similar flight behaviour
and mating systems, they suggest
that tail elongation in the species
with a graduated tail is more likely
to reflect good-gene processes than
is tail elongation in the species with
a pintail or a forked tail.

An alternative view is that any de-
viation from the optimal tail shape,
irrespective of tail type, imposes a
cost and may thus reflect good-gene
processes. To paraphrase Gertrude
Stein, a cost is a cost is a cost. Even
so, the question still remains: which
costs are honest signals? Further
comparative and experimental stud-
ies will provide  some fascinating
answers.
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example of interaction between ani-
mals where both actor and recipient
clearly suffer. With no clear-cut real-

Jife examples known, theoreticians

have not been too active in this area.
Puzzled by the absence of good ex-
amples of spite in natural popu-
lations, Hamilton’ (1970) suggested
a softening of our:definition so that
‘behaviour which  harms others
without benefit to the self may well
be called spiteful’. More detailed
investigations of examples of poten-
tial spite, even by this softened
definition, are likely to enhance our
understanding of the evolution of
animal behaviour greatly, much as
altruism has done in the past and
continues to do so today.

At least two clear-cut examples of
such ‘weak spite’ (see Box 1) have
been demonstrated in the animal
kingdom. The first came from a
study of the western gull Larus occi-
dentalis and the herring gull, L. ar-
gentatus in Newfoundland, Canada,
a decade ago®'°. The gulls showed
two kinds of behaviours that prob-
ably represent weak spite and
have been interpreted as such by
Pierotti®#®, The first behaviour,
called piracy or- kleptoparasitism,
was directed at conspecific neigh-
bours rather than to members of
other species (as is usually the case
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