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RIGOROUS SCIENCE FOR EXAGGERATED TRAITS
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Open any current behavioral journal and the trend is un-
mistakable. There is a profound change in the empirical stud-
ies of sexual selection and mate choice. An explosion of
sexual selection studies of the 1980s and early 1990s ad-
‘dressing population- and species-level patterns of sexual dis-
plays appears to be replaced by studies that focus on the
fitness optimization of individual males and females. Students

of sexual selection and behavioral ecology now seem more’

interested in writing about context-dependency in displays
and preferences, alternative conditional tactics, free mate
choice, and phenotype and genotype matching than in an-
swering foundational questions of sexual selection (e.g., How
to explain exaggeration in male displays? Why male sexual
displays diverge so rapidly among related species?) that in-
spired earlier studies. Popular media picks up on the trend
unmistakably—a recent Newsweek coverage of the empirical
studies documenting phenotypic mate matching in sexual se-
lection in birds proclaims optlmlstlcally and reassurmgly
““There is someone for everyone!”

Proponents of such a shift in focus will suggest that it
represents a much-anticipated unification of sexual selection
theory with other disciplines and fields. A life ‘history per-
spective on sexual selection introduces concepts of age- and
state-dependency as well as the cost of reproduction. Studies
of conditional mating strategies borrow the concepts of on-
togenetic switchpoints and of activational versus organiza-
tional hormonal effects from developmental biology. Evo-
lutionary psychology emphasizes the importance of individ-
ual experience and learning on sexual displays and prefer-
ences. Thus, the proponents argue, this integration of

_disciplines is a sign of maturity in sexual selection. studies.
“Others afe skeptical of the new focus in sexual selection
studies. They suggest that traditional ecological- and quan-
titative-genetics approaches should not be neglected as they
provide a straightforward and rigorous framework both for
empirical studies of processes and for theoretical expectations
of outcomes in sexual selection. All will agree however that
there is a need in sexual selection studies for greater theo-
retical formalism and rigor before conclusions of verbal ar-
guments can be trusted enough to be elevated to the level of
hypotheses. Especially crucial is the examination of under-
lying (and often implicit) assumptions of popular verbal ar-
guments. Current need for such formalism is evident in mul-
tiple unresolved questions. For example, how can context-
dependency in displays and preferences evolve when such
contexts themselves are often unique and unpredictable? Why
is there often strong and expensive mate guarding in popu-
Tations with no or little extra-pair paternity? How can we

reconcile balancing selection on immunocompeterice with

strong directional selection on sexual displays indicating such

immunocompetence? Why do élaborate sexual displays fre-

quently arise and persist in monogamous mating systems? If

anisogamy is the reason for sex differences in sexual selec-

tion, as stated in every textbook, why then does it persist in '
sex role-reversed species and across a wide range of mating

systems?

The urgency of resolving these questions is exacerbated by
the flood of empirical studies inspired by early verbal models
and arguments in sexual selection. In the absence of a thor-
ough fotmal examination of assumption and predictions of
these models, their interpretation, impact, and generality is
uncertain. Mating systeins and strategies provides a timely,
exceptionally comprehensive, clear, and authoritative reso-
lution of these uncertainties. The authors review and chal-
lenge the application of many verbal evolutionary models in
studies of mate choice, provide a much needed rigorous sta-
tistical- and quantitative-genetic framework for empirical
studies of sexual selection, and outline the conceptual foun-
dation for understanding the evolution of mating strategies.

A major paradox in evolutionary biology is'how and why
sexual selection, acting on just one aspect of fitness, confined
to one sex, and opposed by selection in the other sex, can be
one of the strongest evolutionary forces. In Chapter 1, the
authors show that this paradox is resolved when we consider
sex differences in the opportunity for selection. Even though
both sexes have an equal average number of mates and off-
spring (every offspring has a mother and a father.and success
of one male necessarily results in the failure of others), se-
lection generated by a large variance among males in mating
success overwhelms opposing viability selection. The argu-
ment is extended further in Chapters 2 and 3 where the authors
review and extend Emlen and Oring’s classic approach to the
ecological classification of mating systems based on female
spatial and temporal clustering and male opportunities to in-
duce or capitalize on such clustering. The authors discuss the
evolutionary consequences of such processes and show for-
mally that a runaway exaggeration of male ability to monop-
olize more females is invariably halted by a tradé-off between
the need fo guard females and to seek new-mates. The authors -
propose that a combination of ecological constraints on male
mating strategies and the spatial and temporal clustering of
receptive females can be used to classify mating systems.
Whereas traditional classifications are linked inflexibly with
the presumed outcome of interactions between male strategies
and female distributions, this novel approach is process ori-
ented and calls for empirical measurements of the intensity
of selection on males generated by female distribution (Chap-
ters 6 and 9).

Given that the sexes have the same average number of
mates and matings (i.e., the same ‘‘promiscuity”’), how can
males and females differ in “‘coyness” and ‘‘promiscuity”?
Are the “‘evolutionary interests” of males and females really

in conflict (males maximize number of offspring whereas fe-
males maximize offspring quality) as is commonly argued?
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In Chapters 4 and 8, the authors show that the key to resolving
these questions is the sex difference in covariance between
the number of matings and number of offspring. The sex with
a positive covariance will be promiscuous, whereas a negative
covariance results in coyness. In turn, promlsculty is limited
by mate guarding as offspring gained by promiscuous males
come at the expense of other males. The contribution of ad-
ditional matings to male fitness crucially depends on female
promiscuity which in turn weakens selection for male pro-
miscuity and favors mate guarding even at the expense of
additional matings. The authors extend these arguments to

_show that, contrary to common belief, a-high variance in

paternity within broods (a standard measure in sperm com-
petition studies) does not indicate sexual selection intensity,
whereas variance in paternity among broods does. On a side
note—the authors’ ideas provide a mechanism behind chase-

away sexual selection—when the covariance between male

and female number of mates is negative, the increase in the
attractiveness of one sex is linked to an increased resistance
to mate in the opposite sex. -
Numerous current studies assume that the preference for
sexual displays reflects adaptive preferences for mate quality.
Yet, calculations of the fitness consequences of such choice
often confounds parental and offspring fitness—for example
when fitness consequences of mate choice are measured as
offspring recruitment into a population. In Chapter 5, the
authors show that the assignment of offspring fitness to par-
ents strongly biases estimation of the strength of selection
and the direction of evolutionary response. More importantly,
they show that viability selection effectively constrains run-

-away sexual selection only when the latter is weak. Conse-

quently, male contribution to female fitness (‘‘male quality’’)
is expected to matter only when sexual selection is weak and
when variances in male and female fitness are similar. When
sexual selection is strong, female preferences of males are
likely to be arbitrary. Moreover, the authors show that in most
systems the fitness consequences of adaptive mate choice is
extremely difficult to quantify because of sex differences in
the opportunity for selection—female mate choice has a dis-
proportional effect on variance in fitnéss among males com-
pared to fitness variance among females. In a very interesting
discussion the authors also show how the often-practiced so-
lution to the abovementioned difficulties—the ‘!free chogice”
experimental design (when mates are allowed to choose ffeely
among randomly selected partners)—although useful in es-
tablishing the existence of choice—can nevertheless strongly
overestimate the strength of mate selection.

If you canonly read one chapter in this book, then read
Chapter 7—it is outstanding! No current dogma of sexual
selection is spared the authors’ scrutiny. The unifying theme
of dissecting topics as diverse as conditional strategies, chase-
away selection, and anisogamy is that variation in spatial and
temporal distribution of receptive females as outlined in
Chapters 1-5 directly modifies sexual selection strength and,
consequently, the evolution of sexual displays.

Sexual displays are commonly- treated as a form of sig-
naling between the sexes, where the fitness consequences of
preference for displays is reinforced by the link of sexual
display with male viability. Consequently, empirical and com-
parative studies routinely discuss the suitability of different

traits for different mechanisms of sexual selection. The au-
thors see several problems with this approach. First, the av-
erage fitness of both s1gn§lers (males) and receivers (females)
in the case of sexual reproduction should be equal. Second,

. the fitness consequence of mate choice is a property of a

mating pair, especially when there is a viability cost of mate
choice. The authors reevaluate current models of sexual se-
lection, and find, as other recent studies show, male display
traits do not have to have a direct viability link and that even
selection for locally appropriate ‘‘good genes” will lead rap-
idly to a runaway process and will be indistinguishable from
Fisherian runaway selection on arbitrary traits. .

_The highlight of the book is the authors’ challenge of the
cornerstone of current mating system research—the sex dif-
ferences in parental investment. Every animal behavior text-
book and most undergraduate lectures on sexual selection
start with the premise that the difference in gamete size rep-
resents initial differences in parental investment and is the
ultimate drive of sexual selection. This dogma is rarely ques-
tioned despite the fact that intensity of sexual selection varies
considerably among mating systems without corresponding
variation in anisogamy. The authors stress that the sex dif-
ference in gamete investment is likely an outcome of sexual
selection and, in any case is not necessarily proportional to
the variance in relative fitness of the sexes and thus the
strength of sexual selection.

The book concludes with a discussion of key concepts and
current inconsistencies in the studies of conditional mating
strategies. The main weakness in current arguments is that
despite often-spectacular phenotypic differences in morphol-
ogy and behavior among males pursuing different strategies,
these males are assumed to be genetically monomorphic for
the ability to develop the strategy in response to appropriate
environmental cues. The authors show how fitness differences
among strategies can arise and persist in a population and
that variance in mating success and environment can maintain
genetic variation in both the mating strategy and the threshold
that leads to the development of such strategies. In Chapter
12 the authors co-opt a conceptual approach of stress-resis-
tance studies to provide a statistical framework that considers
the frequency and reliability of environmental cues and the
longevity of an organism. They suggest that behavioral plas-
ticity that masks, genetic polymorphism and a research .bias
that overlooks it are responsible for the apparent prevalence
of conditional mating strategies in the literature.

In a book of this size that takes many years to complete,
one often expects many repetitions and inconsistencies in
writing style. Neither applies here. The book is remarkably
well written and edited—the writing style is as clear and
engaging in Chapter 1 as it is in the last page. Yet, while
most topics are covered with equal consistency and thor-
oughness, there are some unwarranted generalizations and
omissions in bringing individual-level studies to a population-
level treatment. i

Studies of individual variation in sexual displays and pref-
erences provide a number of useful insights. For example,
the discussion of mate quality is confined to the consequence
of mate choice, yet differential allocation to offspring num-
bers in relation to partner quality ¢fn significantly alter the
evolutionary trajectory of display traits. Similarly, cohorts of




individuals with similar life histories and experiences within
age-structured populations of long-lived species can provide
a sufficiently predictable diversity of -environments favoring
the evolution of diverse male mating strategies. In addition,
a more thorough review of the theory of indirect ‘gen'etic
effects would be useful in discussions of both the “good
parent” sexual selection (Chapter 7) and the importance of
social structure for evolution of mating strategies (Chapter
). L
After finishing this 520-page book, I have hardly-a blank

space left on any of its margins—all are filled with multiple
~exclamation signs or question marks as well as densely writ-

ten comments and statements either disagreeing with the au-

thors strongly or highlighting exceptional clarity and logic of
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afguniénts. Being neutral about this book is not an option.
This ambitious and original book will stimulate numerous

_ future studieS—_iri my’ estimation there is about one Ph.D.

dissertation idéa per page of this volume. It is a major land-
mark in the area of sexual selection and mating systems and
is a ‘must read for anyone interested in moving this field
forward. Co Lo o
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