Kokko ¢ The tired copepod and the definition of sexual selection

it gives suggestions about what areas remain unexplored and where
we might have gone astray. It is liberating because of its emphasis
on gametes and fertilization, rather than on any of the other differ-
ences (or similarities) between the sexes. What is more, Shuker and
Kvarnemo manage to consider what sexual selection is and even how
some conceptions of it may be flawed without coming to the sweeping
conclusion that Everyone Has Been Completely Wrong and we have
to scratch the whole thing and start over.

It is timely to re-examine sexual selection, since 2021 marks the
150th anniversary of the publication of Charles Darwin’s other
classic, The Descent of Man and Selection in Relation to Sex (Darwin et al.
1871). Sexual selection has been a controversial idea since its start,
partly because Darwin’s contemporaries wrestled with his attrib-
uting the ability to discriminate beauty to female animals. Since it
was accepted by evolutionary biologists, sexual selection theory has
been used to explain many of the most extraordinary aspects of bi-
odiversity, such as the elaborate ornaments of many male animals.
But it also speaks to how we see males and females in our own as
well as other species, and how much we think evolution dictates a
particular kind of behavior for them. More recently, the notions of
mate choice, the existence of sex roles, and even the degree to which
the sexes themselves can be defined as distinct have been called into
question (Ainsworth 2015). These debates have found their way into
education (Traxler and Blue 2020) and statements from scientific so-
cieties and medical entities, as well as in the mainstream media.

Shuker and Kvarnemo’s definition offers us a way out of the
quandary. “Sexual selection is any selection that arises from fitness
differences associated with non-random success in the competi-
tion for access to gametes for fertilization.” By focusing on gametes
rather than other manifestations of sex, it clarifies the bimodal na-
ture of sex itself. This bimodality does not mean that some individ-
uals are not born (or hatched, or budded) with intermediate forms
of genitalia or a variant on the chromosomes usually associated
with sex determination. In humans, for instance, a small proportion
of individuals have chromosomal and/or anatomical variations
that make their sex difficult to classify based on physical appear-
ance. It does, however, mean that gamete size, and hence sex, is not
a continuum, or a spectrum; no individuals have gametes that are
somewhere between eggs and sperm. The distinction is important
because it allows us to focus on how sexual selection can produce a
myriad of differences between the sexes without changing the fact
that those sexes exist as discrete entities.

Two points are relevant here. First, sex is not the same as gender,
a term that is often used to refer to the social associations with
being masculine or feminine in humans. Gender is highly variable,
across time and among cultures. Unlike sex, it can be thought of as
a continuum. It is useful to keep the two separate, although in the
last decade, some authors have used them interchangeably (Haig
2004), something that can lead to confusion particularly when they
are used with regard to non-humans.

Second, while gamete size is either singular or binary, parental
care behavior, choosiness, competitiveness, ornamentation, gen-
ital morphology and virtually all other behaviors and components
of maleness and femaleness as we tend to think of them are not.
That katydids change their mating system depending on the envi-
ronment, with a female-biased sex ratio leading to more compe-
tition among females for access to males and their nutrient-rich
spermatophylaxes, and a more male-biased one resulting in the op-
posite, says nothing about the sexes themselves. Males and females
can both do many different things while still remaining male and
female. Or, as philosopher Paul Griffiths (2020) puts it in the title
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of a thoughtful article, sex is real. Perhaps Shuker and Kvarnemo’s
definition can even lead us out of some of the debates about sex
roles, since as they point out, “a definition of sexual selection
should require neither sexes nor specific sex roles.” Their definition
1s thus “agnostic as to the sexual identity of the competitors,” which
means that the definition, and the process itself] is broad, as indeed

it should be.
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We are very grateful for the seven commentaries on Shuker and
Kvarnemo (2021) and the breadth of discussion they bring.
Unfortunately, we cannot do justice to each piece and will instead
focus on one over-arching aspect of that discussion, the value of a
robust concept of sexual selection. That said, we agree wholeheart-
edly with Andersson (2021), and perhaps contra to Clutton-Brock
(2021), that the term “inter-sexual selection” should be retired.
Alonzo and Servedio (2021) emphasize the important distinc-
tion between conceptualizing and operationalizing sexual selec-
tion. As they note, our paper focuses on the former, but it does
so because we feel that how to operationalize our definition is al-
ready well-embedded in behavioral ecology. Via measures of se-
lection, in both the field and the laboratory, under both natural
and experimental conditions, behavioral ecologists have long
been adept at bringing the relevant statistical tools—including
those highlighted by Shuster and Wade (2021)—to the study of
traits thought to be under sexual selection. What we hope we
have achieved here is to clarify the nature of sexual selection as
a fitness component. As such, we reaffirm the need for careful
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conceptualization, alongside the clear desire for measuring
sexual selection so strongly advocated by Shuster and Wade, be-
cause measurements and observations—the data empiricists all
thrive on—are of little value without interpretation. The science of
evolutionary biology is in that interpretation. And as Simmons
and Parker (2021) caution, interpretations can change, as new
phenomena are discovered.

Clutton-Brock (2021) reiterates our point that some cases of
sexual selection will need to be re-evaluated. But we think it is im-
portant that behavioural ecologists use a definition that is concep-
tually robust, with a clear logic. Without that clear logic, we are not
sure that it will be easier to explain sexual selection to the general
public. Similarity of form needs not necessarily mean similarity
of function. For instance, organisms can fight for different things,
males and females alike. We need to recognise that, and not call
all selection on weapons one thing, just because they are weapons.

In terms of the broader point made by Alonzo and Servedio (see
also Alonzo and Servedio 2019), we do not so much disagree as to
there being gray areas in sexual selection, rather it is where those
gray areas are. We continue to think that conceptually sexual selec-
tion does not have gray areas: that is why we wrote a one sentence
definition of it. However, operationally we fully concur that there
are gray areas, more than fifty shades of them perhaps. As we em-
phasized, it will be hard to identify and quantify sexual selection
on a trait in numerous real-life cases. Different fitness components
may align. In her commentary, Kokko (2021) provides a charac-
teristically clear-sighted discussion of this point. But, we also feel
that sexual selection should not be held to a higher standard. For
instance, conceptually there is perhaps little fuss over viability selec-
tion (selection via survival) or fecundity selection (selection via, well,
fecundity). However, to operationalize those two components of fit-
ness empirically is also difficult in real life. That might mean that
there are times when we put such delineation of fitness components
to one side (see also Shuker 2010), but being aware that fitness can
vary thanks to viability, fecundity, or competition for access to gam-
etes, has conceptual value, and brings interpretation to our data.

The empirical measurement of sexual selection is the focus of
Shuster and Wade’s commentary, work that remains at the heart
of our field. However, perhaps that focus has led those authors
to consider our definition as overly narrow. In contrast, we agree
wholeheartedly with Zuk (2021) in thinking that our definition
is exceptionally broad. Deliberately, we do not tie sexual selec-
tion to any given mechanism (such as mate choice), nor to any
sex or sex role, nor indeed to anisogamy or isogamy. We agree
with Simmons and Parker (2021) that anisogamy—the genera-
tion of two sexual functions—has had a remarkable impact on
organismal evolution, as captured by the “sexual cascade” of
Parker (2014; Parker and Pizzari 2015). But, the focus on gam-
etes—anisogamous or not—in fact allows the broadest range of
mechanisms to impinge on sexual selection, from meiotic drive
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to mating displays. In that sense, we leave the operationalization
of sexual selection up to nature.

Finally, we also do not exclude indirect genetic effects IGE) nor
multi-level selection. After all, mate choice—while not originally
conceptualized that way—is a quintessential IGE, with two classes
of social actors (males and females) and an interaction coeflicient
(, or “mate preference” in more usual terminology). Beyond indi-
viduals, the fact that groups of same-sex individuals may cooperate,
and be more successful in gaining access to opposite-sex gametes
than individuals acting on their own are, is also in no way excluded
from our definition of sexual selection (see also Shuker 2010). We
might disagree as to whether such group courtship or coercion is a
“group adaptation,” or instead a strategy by which individuals co-
operate with each other to maximize their inclusive fitness, but the
mathematics end up the same.

In conclusion, we agree with many of the comments that the fu-
ture will no doubt bring many new empirical challenges for stu-
dents of sexual selection, but we hope our definition provides a
strong starting point for meeting those challenges.
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