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Abstract Economists study negotiation as a series of events—partner choice, information gathering, bargaining, etc.—with
each step of the process affecting the outcome of the next, and the optimal decision at each stage depending on the player’s bar-
gaining power. The context in which these negotiations occur—the market—is critical, since players can adjust their behaviors in
response to outside offers. Animals similarly are faced with sequential decisions regarding courtship: who to court, how to ap-
proach a potential mate, at what level to display, when to give up, etc. Thus economic models of negotiation in a market provide a
framework in which we can view not just the outcome of courtship (assortative mating), but also the process, where each sex can
use tactics to improve their negotiating outcome, using the assets that they have available. Here we propose to use negotiation as a
conceptual framework to explore the factors promoting tactical adjustments during sequential stages of courtship in lekking spe-
cies. Our goal is to discuss the utility of negotiation as a heuristic tool, as well as the promise and peril of co-opting game theo-
retic models from economics to understand animal interactions. We will provide a brief overview of a few areas where we see
promise for using negotiation as a framework to understand animal courtship dynamics: choice of a display territory, tactical

partner choice for negotiation, approaching a potential partner and courtship haggling [Current Zoology 57 (2): 225-236, 2011].
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Watching a female animal cross a lek of displaying
males can call to mind a tourist walking through a ba-
zaar: surrounded by eager merchants, each with their
wares displayed, promoting the high quality of their
merchandise, and adjusting their prices according to the
competitors surrounding them and the perceived interest
and resources of potential buyers. Any merchant knows
that success in such a market is determined by negotia-
tion skills—such as choice of a buyer to target and re-
sponsiveness to market and buyer feedback—as well as
the assets that the merchant has to work with—the qual-
ity of his merchandise and resources to invest in adver-
tising. Yet we tend to view leks as more static, where
each seller has a certain underlying quality (i.e. good
condition and/or preferred genes) that determines his
advertisement (i.e., his signal quality) and therefore at-
tractiveness (Lande, 1981; Grafen, 1990; Szamado,
2011). We typically leave out the dynamic and tactical
nature of negotiations in the marketplace. While there is
an increasing consideration for how markets may affect
sexual selection (Noé¢ and Hammerstein, 1994; 1995),
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there are still relatively few studies addressing the im-
portance of tactical skills during the negotiations in the
marketplace of the lek.

We argue that competition over mates on a lek re-
quires two interacting components: access to assets
(signal quality, size, energetic reserves, etc.) and a
strategy for how to deploy these assets effectively
(courtship tactics)(Fig. 1). Males use assets to invest in
the quality of their signals, just as merchants invest in
merchandise and advertisements. With condition-
dependent indicator traits, males adjust their investment
according to their underlying condition, by diverting
energy to the bright coloration, muscles and/or brain
tissue which determine the maximum attractiveness of
the male’s signals (Grafen, 1990; Getty, 1998; Griffith
and Sheldon, 2001; Szamado, 2011). Once signals are
produced, males do not automatically gain matings ac-
cording to their quality; males must tactically deploy
these signals in the mating market during courtship ne-
gotiations. These negotiations involve short-term plas-
ticity throughout the day and during each courtship bout
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as males interact with others in the market: for example,
males must choose whether to display next to more or
less attractive competitors, which females to target, and
the intensity and duration of signaling.

Despite the potentially-complex interplay between
assets and tactics, studies of sexual selection tend to
focus on signals and their relationship to fitness, leaving
out courtship tactics. But this approach may miss much
of the action, since courtship tactics may have signifi-
cant impacts on male fitness. For example in satin
bowerbirds ~30% of the variation in male courtship
success was explained by the average intensity of male
behavioral displays, and another ~30% was explained
by the male’s ability to adjust his display intensity in
response to female signals during courtship (Patricelli et
al., 2002). Therefore by examining only how fitness is
related to male signals and not to how these signals are
tactically deployed, we may see only half the picture,
and more importantly, we may be missing an entire
arena of adaptive decision making. Examples of adap-
tive courtship tactics have been found in a wide variety
of taxa, including arthropods, fish, herps, birds and
mammals (e.g., Evans et al., 2002; Kelso and Verrell,

2002; Patricelli et al., 2002; Shine et al., 2003; Sockman
et al., 2006; Wong et al., 2007; How et al., 2008; Wong
and Svensson, 2009; Bro-Jergensen, 2010; Patricelli and
Krakauer, 2010)—suggesting that these capabilities are
widespread. But only a handful of studies have meas-
ured their fitness consequences, thus we know little
about how selection acts on courtship tactics and the
factors that might constrain their evolution. Further, we
lack a framework in which to investigate the relation-
ship between assets and courtship tactics, and how they
change with the mating market.

One of the hindrances to empirical studies on court-
ship tactics is the paucity of available theory. Which
models are appropriate to bridge this gap? Game theo-
retic models from economics have provided important
perspectives for the study of animal behaviors (Maynard
Smith, 1982; McNamara et al., 1999). An appropriate
set of economic models for this case are those describ-
ing the use of assets and tactics in negotiation in a mar-
ket. Negotiation in business involves a series of
events-partner choice, information gathering, haggling,
etc.—with each step of the process affecting the outcome
of the next, and the optimal decision at each stage

Individual Lifetime

Intra-sexual

Bargaining tactics

209

| E ; Courtship

interactions interactions
Life history Assets
tactics
|
Evolutionary time scale \
Y
Life history Bargaining
strategy strategy

Fig.1 Assets and tactics

Competition over mates on a lek requires both assets (e.g., signal quality and energetic reserves) and tactics. Within their lifetime, males use re-

sources to invest in the quality of their signals, just as merchants invest in merchandise and advertisements. With condition-dependent indicator traits,

life-history tactics determine how males adjust their investment according to their energetic resources (i.e., condition). Once signals are produced,

males tactically deploy these signals in the mating market, which happens on a shorter time scale: during a season, a day and a courtship bout. The
male's assets and tactics feed back on each other via the direct cost of the tactic and the outcome of his social interactions. The success of individual

males affects the relative frequencies of different life history and bargaining strategies to change in the population on an evolutionary time scale.
This, in turn, affects the composition of the market, which may affect which assets and strategies are favored. Tactical interactions discussed in this

review are highlighted with bold arrows and gray boxes.
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depending on the players’ bargaining power. The con-
text in which these negotiations occur (i.e., the market)
is critical, since players can adjust their demands in re-
sponse to those of other players (Hammerstein and
Hagen, 2005). The economic theory of negotiation can
similarly provide a framework to view courtship as a
series of interdependent tactical decisions—where to
display, who to court, when to give up, etc.—made in
the social context of a mating market.

Here we discuss the utility of negotiation as a con-
ceptual framework for understanding tactical behaviors
in lekking animals, as well as the promise and peril of
co-opting game theoretic models from economics to
formalize this model. We will then provide a brief over-
view of a few areas where we see promise for using
negotiation as a framework to understand animal court-
ship dynamics: choice of a display territory, tactical
partner choice for negotiation, approaching a potential
partner and courtship haggling. This review will focus
on males displaying to choosy females on a lek, how-
ever most of these models are equally valid for animals
with different mating systems or sex-role reversal. Fur-
ther, we will focus on male tactical choices here, but
courtship in many species involves complex mate-selection
tactics by females as well (Real, 1990; Luttbeg, 1996).
We will discuss a number of these female tactics, but a
review of female tactical choices at each stage of the
negotiation—and how they may interact with male tac-
tical choices—is beyond the scope of this paper.

1 The Promise and Peril of Economic
Models of Negotiation

As in nearly every aspect of game theory, economists
have preceded biologists, thus there is a lot we can use-
fully borrow from the economic study of negotiation. In
economics, modern game theoretic approaches to nego-
tiating, or “bargaining,” begin with Nash’s (1950) paper.
The model in that paper is fairly narrow, yet Nash sug-
gests in the first line that bargaining and negotiation is
any situation that involves “individuals who have the
opportunity to collaborate for mutual benefit in more
than one way.” From that perspective, essentially all
social interaction is bargaining. Binmore (1985) argues,
for example, that negotiation models offer a successful
framework for studying the formation of coalitions, es-
sentially mirroring—and sometimes pre-dating—the
development of skew theory in biology (Vehrencamp,
1983; Johnstone, 2000). Yet the historical course of
economic bargaining theory (as models of negotiation
are usually called in economics) has lead to the accre-

tion of terminology and to models that may be confus-
ing and misleading, once borrowed into evolutionary
biology (for an excellent review of bargaining for
biologists, see Binmore, 2010). In this section, we pro-
vide a very short commentary on the interface between
economic models of negotiation and the theoretical
study of negotiation in evolutionary ecology.

For a long time, prominent economists felt that game
theory had little to contribute to the study of negotiation
(Roth, 1985) due to the perceived complexity of human
psychology as well as the complexity of early model
outcomes, such as Nash (1953), which found an infinite
number of possible agreements to a bargaining problem.
But depending upon the details, it is possible for nego-
tiation models to produce unique and testable predic-
tions. Rubenstein (1982) showed that two players se-
quentially negotiating over how to divide a resource, but
doing so under time pressure, such that the size of the
resource shrinks with each rejected proposal, can reach
a unique agreement (see also Rubenstein and Wolinsky,
1985).

Since Rubenstein’s pioneering models, bargaining
theory in economics has tackled a dizzying number of
scenarios, but these models build from a common
structure (Muthoo, 2000). Buyers and sellers both have
some valuation of the possible outcomes, which may or
may not be known to the other party; the parties then
haggle, each trying to get as close as possible to their
preferred outcome. These models also share a sensitivity
of negotiated outcomes to both strategic options as they
occur in time and space and the individual strengths and
opportunity costs of individuals (Muthoo, 1999; Binmore,
2007). Further, they are sensitive to the symmetry of
information among the partners—who knows what and
when (e.g., Harsanyi and Selten, 1988). This sensitivity
to model assumptions and structure suggests that we
will be better served by thinking hard about the relevant
details of each biological case and investing in new
models, rather than simply borrowing off-the-shelf
models from economics. There are, however, a number
of valuable generalizations and modes of analysis that
we think provide a productive outline of what evolu-
tionary models of negotiation, in context of courtship,
will resemble.

One of the key components of the study of negotia-
tion in economics has been the so-called Nash program,
which is an attempt to justify or improve the predictions
of simple action-response models (“cooperative” game
theory) using extensive-form games that explicitly
model the process of negotiation (“non-cooperative”
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game theory). The majority of first generation evolu-
tionary games were action-response games—two or
more players simultaneously choose from a set of
available strategies and fitness payoffs can be calculated
purely from the combination of strategies chosen
(Maynard Smith, 1982). Indeed, most current models
relevant to sexual signaling on the lek are ac-
tion-response models, and do not address the dynamic
interaction between males and females as they proceed
through the steps leading to rejection or copulation
(Szamado, 2011; but see Payne and Pagel, 1996; Payne,
1998). While these models are appropriate in some
cases, most interactions between conspecific animals
involve multiple stages before the “game” is resolved.
For biologists, extensive-form games provide ways of
conceptualizing short-term behavioral tactics as well as
the evolutionary time scale, and have been used to
model a variety of behavioral contexts (Enquist and
Leimar, 1983; Dugatkin and Reeve, 1998; McNamara et
al., 1999; McElreath and Boyd, 2007). In order to build
an extensive-form game of signaling or other behaviors,
one must be explicit about how individuals interact, in
which order, for how long, and which actions are possi-
ble for each player at each point in time. Behavioral
choice can be contingent on previous behavior, and so a
much richer strategy set becomes available. For exam-
ple, can males signal to multiple females at once, or
must they rather interact with a single female at a time?
Can females evaluate multiple males or once, or is there
an attention limit that constrains female strategy?
Building models that include variations of these as-
sumptions may reveal the roles of cognitive constraints
on both behavioral dynamics seen in mating markets as
well the evolutionary dynamics of signaling strategies
(McNamara and Houston, 2009). These questions are
hard to ask when we adopt a classical strategic-form
game, which includes no explicit time scale for behav-
ioral negotiations.

Another helpful concept key to the bargaining litera-
ture is the consideration of outside options (Rubenstein
and Wolinsky, 1985; Muthoo, 1999; Cant and Johnstone,
2009). In a bargaining context, an outside option repre-
sents a choice to terminate negotiation with a current
partner or partners and instead pursue payoffs in another
context. Outside options may be alternative buyers or
sellers, or in our context alternative potential mates on
the lek. In game theoretic models, the presence or ab-
sence of outside options can affect the outcome strongly.
Typically, the individual with the best outside option has
the most power in bargaining, because that individual

will be willing to terminate the negotiation first. This
means that the individual with better outside options can
essentially force their bargaining partner to accept a
worse deal, because such a deal will still be better than
their inferior outside options. However, having an out-
side option no better than what can be gained through
continued bargaining will not affect the outcome; there-
fore the quality of other partners is more important than
the quantity alone. Further, the importance of outside
options will increase when there is a low cost to
switching partners (Rubenstein and Wolinsky, 1985). On
most leks, the cost of switching partners is likely to be
low; indeed, Alexander (1975) proposed that leks may
have evolved by female preference for low-cost switch-
ing and comparison among aggregated males. Therefore,
outside options are likely to be an important considera-
tion for both males and females on the lek.

While we see great promise in illuminating biological
negotiation with extensive-form games inspired by
economic models, there are reasons to be very careful in
doing so (Binmore, 2010). First, a major area of distinc-
tion between evolutionary and economic game theory,
which is often overlooked, is the realm of solution con-
cepts. How are we to “solve” the model, to figure out
what it predicts? In evolutionary theory, fitness provides
a natural currency. Economists, in contrast, spend a
healthy amount of time discussing different solution
concepts (e.g., Nash, perfect, sub-game perfect and
Bayesian solutions) because the vagaries of “rationality”
and the reality of variable preferences (Selten, 1978)
make it difficult to decide what a model predicts
(Binmore, 2007). This is not a flaw with game theory,
but rather a deficit in our understanding of rationality.
Furthermore, “rational” predictions can differ markedly
from evolutionary ones. For example, in classical game
theory, no distinction was made between evolutionarily
stable equilibria (ESS’s, Maynard Smith, 1982) and
unstable equilibria—they are all Nash equilibria.
Therefore one has to be careful not to merely lift predic-
tions from an economic model, without first considering
whether an evolutionary analysis would generate the
same prediction.

With due caution, however, there is great potential
for concepts originally explored in economic bargaining
models to help in the study of animal courtship. Since
no model developed in economics will fit the biology
quite right, we think new theory development is the
right approach. But in the shorter term, the most imme-
diate value is in nominating behavioral aspects of mate
choice on leks—extensive-form in structure—which
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may be viewed in this framework.

2 Negotiation on the Lek

The following is a brief overview of a few areas
where we see promise for using negotiation in a market
as a conceptual framework to understand animal court-
ship dynamics on leks: choice of a display territory, tac-
tical partner choice for negotiation, approaching a po-
tential partner and courtship haggling. In each case, we
highlight some of the many ways in which male tactical
decisions may affect male fitness. Further, we discuss
economic models related to negotiation—including, but
not restricted to bargaining models—which may serve
to guide further development of theory in this area.

2.1 Choice of a display territory

Similar to a merchant choosing a location to establish
a business, a displaying male may consider many fac-
tors when deciding where to display. These decisions
will have important effects on the quantity and quality
of females that will be available—the male’s outside
options, as well as the competitors against which the
seller will be compared—the female’s outside options.
These outside options in turn will affect the bargaining
power available to both partners during courtship, and
thus the outcomes of negotiation (Rubenstein and
Wolinsky, 1985).

Retail location theory includes several classes of
models to predict the location and density of business or
other human institutions (reviewed in Brown, 1989). To
predict how businesses should distribute themselves on
a landscape, these models highlight factors such as
travel distance (central place theory; Christaller, 1966),
accessibility-attractiveness trade-offs for consumers
(spatial interaction or gravitation theory; Reilly, 1953),
and differential costs and benefits to prime locations
(bid rent theory; Alonso, 1964). Additionally, business
location may be influenced by the location of similar
establishments; the principle of minimum differentiation
(i.e., Hotelling's law; Hotelling, 1929) considers factors
such as comparison shopping, uncertainty reduction,
and customer spillover to explain retail clustering, syn-
ergistic interactions, and neighbor effects. There is a
rich theoretical and empirical literature on lek settle-
ment which draws from (or is analogous to) economic
models of retail location (Bradbury and Gibson, 1983;
Wiley, 1991; Hoglund and Alatalo, 1995), for example,
relating lek settlement and male display to female home
ranges (e.g., "hotspots"; Bradbury and Gibson, 1983),
resources important for females (McNaughton, 1988),
predation (Ryan et al., 1981), harassment (Clutton-Brock

et al.,, 1992), nepotism (Kokko and Lindstrom, 1996),
environmental conditions (Uy and Endler, 2004; Martin,
2010), and lek size (Widemo and Owens, 1995;
Hernandez et al., 1999). Variation in these factors can be
important determinants of male mating success, and to
the extent that males differ in their ability to assess each
of these conditions and adjust display location and be-
havior accordingly, these tactical skills that may also
contribute to variance in male fitness.

In addition, males make tactical choices on a smaller
scale—in choosing to settle near, or allow settlement by,
particular competing males within the lek. Males may
benefit, for example, by reduced aggression if they set-
tle near relatives (Reynolds et al., 2009), or they may
increase female traffic by permitting unrelated associate
males on their territory (van Rhijn, 1983). A question
with particularly interesting parallels to economic mod-
els is how the relative quality of surrounding males
should influence male settlement. The “hotshot” model
suggests females search primarily for high quality males;
lower quality males therefore should surround these
males to intercept females or otherwise benefit from
spill-over of female traffic (Beehler and Foster, 1988), a
hypothesis that has received mixed support (e.g.,
Hoglund et al., 1993; Droney, 1994; Young et al., 2009).
However, it is not clear that males should always settle
next to the highest quality male they can find. For ex-
ample, bid rent models from economics (Alonso, 1964),
as well as social queuing models from biology (Kokko
et al., 1998), would predict male quality declining as
males settle farther from the lek center, since only older
and more aggressive males can ‘afford’ a more central
territory. In contrast, Hotelling’s law might predict
males of similar quality would cluster together (Nelson,
1958; Brown, 1989).

Just as retail settlement models have considered
consumer behavior, optimal settlement decisions should
also depend on female cognitive processes such as the
decision rules used to evaluate potential mates—for
example, whether females compare males to an en-
dogenous acceptance threshold or compare multiple
males to each other (i.e., best of n; Real, 1990; Luttbeg,
1996). If males are compared only to each other, then
unattractive males may benefit from clustering with
other unattractive males to improve their relative attrac-
tiveness (Bateson and Healy, 2005; Oh and Badyaev,
2010); this will also limit female outside options for a
better partner. Where a male sets up shop as well as the
behavior of the surrounding males will influence subse-
quent stages of negotiation, as discussed further below.
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2.2 Tactical partner choice by lekking males

Before negotiation can begin, partners must be cho-
sen. Early economic studies of negotiation ignored this
fact, assuming random pairing in models and enforcing
random assortment in experiments. More recent studies
which allow partner choice have found significantly
different outcomes, suggesting that partner choice may
be equally important to other tactics in determining how
negotiations progress (e.g., Tenbrunsel et al., 1999;
Bazerman et al., 2000; De Fraja and Muthoo, 2000).
Similarly, game-theoretic and genetic models of beha-
vioral evolution have found very different outcomes
when players can choose to interact with particular
partner types (e.g., Wolf et al., 1999; McNamara et al.,
2009a) and when market dynamics are considered (Noé&
and Hammerstein, 1994; 1995; Cant and Johnstone,
2009).

Males in lekking species typically are not considered
to be choosy (Trivers, 1972; Emlen and Oring, 1977),
but courtship and mating activity is temporally clumped
in many lekking species (Hoglund and Alatalo, 1995),
and thus top males may find a group of females simul-
taneously seeking courtship. Selection may therefore
favor males that exert partner choice, allocating their
courtship effort according to female reproductive value,
as has been found in many non-lekking species (e.g.,
Shine et al., 2003; Sockman et al., 2006; Ruiz et al.,
2008; Wong and Svensson, 2009). For example, survi-
vorship of offspring may change with the age of the
female (Schroeder et al., 1999), selecting for males with
a corresponding preference for female age. Further, if
young females copy the mating choices of older females,
as has been found in guppies (Dugatkin and Godin,
1993), then males may increase the probability of fur-
ther copulations by courting older females. However,
female reproductive value may not be the only consid-
eration; unattractive males may benefit from directing
courtships toward younger females if these less experi-
enced females are less choosy (i.e., having a lower
threshold of courtship stimulation required for mating or
more likely to make a "mistake" in mate choice; Gibson
and Hoglund, 1992). This may select for different part-
ner-choice tactics in attractive versus unattractive males.

Male partner choice tactics may further be contingent
on the market—the behavior and attractiveness of
neighboring males that are simultaneously courting the
female (e.g., Plath et al., 2008; Oh and Badyaev, 2010).
For example, males may shift from courting high to low
value females if there is a superior competitor present
on the lek, similar to sellers avoiding potential buyers

who are already in negotiations with a superior seller
(Moorthy, 1988; Jackson, 2007). Outside options are
critical for this shift; less competitive males may pref-
erentially court low-quality females since negotiations
are more likely to succeed with a female who has poor
outside options; but this is only predicted when encoun-
ters with females are neither so common to make com-
petition unlikely (i.e., the male has many outside op-
tions), nor so rare that males should court any female
they come across (Venner et al., 2010).
2.3 Building trust with a negotiating partner

Economic models of negotiation and other games
have shown very different outcomes depending on the
relationship between the players before the game be-
gins—relationships built on trust and reputation (e.g.,
Tenbrunsel et al.,, 1999; Bazerman et al., 2000;
Hammerstein and Hagen, 2005; McNamara et al.,
2009a). In the early stages of a negotiation with an un-
known partner, building a relationship is critical to a
favorable outcome and occurs during the pre-negotiation
phase (Druckman, 1967; 1968). Empirical studies on
humans across cultures have shown that negotiating
partners do this through personal introductions before
negotiation begins (Zartman, 1989; Senger, 2002). In
animal courtship between unfamiliar partners, building
trust before or during the early stages of negotiation
may be similarly important, especially in species where
males walk a fine line between attracting females to
mate and scaring them away (Borgia, 1995; Berglund et
al., 1996). For example, female satin bowerbirds prefer
more intense and aggressive displays from males, but
males who display too intensely early in courtship scare
the females away; the most successful males begin
courtship at low intensity and increase only when fe-
males show signals of comfort (Patricelli et al., 2002).

In addition to considering the comfort of the target
female, males may also need to take into account other
females who may be eavesdropping on the courtship
negotiation. This may be particularly important on leks,
where open arenas provide a great deal of public infor-
mation. In addition to allowing females to observe the
mating decisions of other females (Gibson and Hoglund,
1992), eavesdropping may allow females to assess
whether a male will make a safe negotiation partner.
Therefore when there are multiple females on the lek,
males may attempt fewer aggressive behaviors, such as
forced-copulation attempts, if observing these behaviors
will deter other females from approaching the aggres-
sive male.

Economic transactions are not limited to isolated ne-
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gotiation events; successful interactions may lead to
longer-term buyer-seller relationships. Negotiating par-
ties may benefit from extended exchanges in a number
of ways, including increased information sharing, trust,
preferred treatment, joint pay-offs or other synergistic
arrangements (Spekman, 1988; Dabholkar et al., 1994;
Ganesan, 1994). In addition to relationships built during
early stages of courtship, there may long-term relation-
ships between males and females and between compet-
ing males that affect how negotiation proceeds, particu-
larly in long-lived lekking species where females may
revisit males over several consecutive breeding seasons
(Uy et al., 2000). In such cases, the costs of being
overly eager or aggressive during courtship may in-
crease if males have to consider their long-term reputa-
tion with courted and eavesdropping females. Relation-
ships among males on a lek may also be important. For
example, social connectedness in young males can pre-
dict social ascension and breeding success in lekking
manakins, possibly as a result of creating and maintain-
ing relationships (McDonald, 2007; Ryder et al., 2008).
Improved monitoring techniques in addition to
long-running data sets of lekking species may help re-
searchers learn more about causes and consequences of
relationships on the lek.
2.4 Courtship haggling

After buyers and sellers choose their partners and
approach them, the next phase of the negotiation is bar-
gaining over the price. Sellers in a market face a number
of decisions during this haggling process: where to set

O
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Outside options

( N

the initial asking price, how much to change that price
to make a deal, and how long to persist before moving
on to the next potential buyer (Muthoo, 1999; Camerer,
2003). These decisions involve trading off an invest-
ment of time and advertising costs in the current nego-
tiation against possible future negotiations. During
courtship, males and females haggle over copulation,
and therefore access to each other’s gametes. A lekking
male is in a position similar to a seller, making an offer
(display effort: including display intensity, persistence
and/or quality) in hopes of convincing the buyer (the
female) to choose his wares over those of other con-
tenders (Real, 1991). The female may accepts his offer
or remain “coy” to gather more information (Fig. 2).
Time and energy spent in one courtship negotiation is
unavailable for other courtships, so males may benefit
from tactically adjusting their courtship behaviors. For
example, males may display at a low level at first and
increase only if the female is unimpressed. But if the
female remains unmoved, when should he cut his losses
and walk away? How does this vary with male condi-
tion, and the probability of future courtship opportuni-
ties? The idea of tactical adjustments in courtship effort
has been around since the early days of behavioral
ecology (Parker, 1974), however there are still surpri-
singly few models of courtship dynamics (Real, 1991;
Payne and Pagel, 1996; Payne, 1998; McNamara et al.,
2009b) and many of the existing models cannot readily
be applied to signaling on a lek. Bargaining theory may
offer a useful framework on which to build such models.
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Fig. 2 A conceptual model of courtship haggling on the lek
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Both the male and female have private information unknown to the other (gray regions); this information includes their quality, and their valuation

of their current negotiating partner. These valuations are influenced by their own respective qualities, as well as their outside options of other oppo-

site-sex individuals on the lek. In aggregations such as leks, these outside options may be public information. Males and females negotiate (i.e. make

offers and counter-offers) by means of tactical signals, including sexual displays by the male or signals of interest or coyness by the female. Valua-

tions by either party may also be influenced by non-tactical cues, such as age or body size.
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In economic bargaining models, a number of factors
determine which party comes closer to their optimal
outcome, including the cost of haggling to each party,
the risk of unpredictable factors causing a breakdown of
bargaining, asymmetry of information about valuation
of the resource, and the outside options available to both
parties (Muthoo, 1999); we will discuss only the latter
two factors here, though all may be important in court-
ship negotiations on a lek.

Incomplete information about valuation of the re-
source and resource quality can lead to less efficient and
predictable bargaining, since players must juggle the
often-conflicting goals of maximizing their outcome and
conveying information (Rubenstein, 1982; Muthoo,
1999; Binmore, 2010). Males on a lek may have incom-
plete information if there is variation in the level of dis-
play females require from males before consent to
copulation. This may occur due to variation in female
preference among or within females (Jennions and
Petrie, 1997), or if females are using a comparative as-
sessment tactic and males do not know where they fall
among the n other males sampled (Real, 1990; Luttbeg,
1996). Economic models of one-sided asymmetry can
favor sellers who adjust their prices, beginning high and
lowering until the offer is accepted by the buyer
(Rapoport et al., 1995). Therefore, considering only the
male’s tactics on the lek, we may predict that males will
begin courtship at a low rate (i.e., sell their goods at a
high price) and increase their rate only if females de-
mand more. Indeed, such gradual increases of display
intensity during courtship have been found in fiddler
crabs (How et al., 2008) and many other species (e.g.,
Gibson, 1996; Patricelli et al., 2002) and are predicted
by some dyadic models of signaling interactions (Payne
and Pagel, 1996; Payne and Pagel, 1997; Payne, 1998).
However, asymmetries are unlikely to be one-sided,
since females also have incomplete information about
males. As discussed above, there may be reason for
males to place different value on females of different
age or condition (Dugatkin and Godin, 1993; Schroeder
et al., 1999; Venner et al., 2010), so we cannot assume
that males will have the same valuations of the resource
the female has to offer. But more importantly, females
have incomplete information about male quality, and
she gains more complete information based on his offers
during bargaining, which changes her valuation of the
male. Therefore, models are needed which account for
both male and female strategies, and which address the
signaling function of male display.

Experimental and theoretical studies of bargaining

have shown that outcomes are very different in dyadic
haggling versus haggling at a market or bazaar, where
the buyer and seller both have low-cost access to out-
side options (Bester, 1993; De Fraja and Muthoo, 2000;
Cant and Johnstone, 2009). Applying the logic of out-
side options to the lek leads to interesting predictions
about how display behavior will change with the num-
ber of males and females present. For example, males
may have lower bargaining power when courting a soli-
tary female on the lek, since she has many outside op-
tions and he has none, forcing the male to persist in
courtships with extremely coy or less desirable females.
Conversely, males have more bargaining power when
there are multiple females available, favoring males
who cut their losses with overly-coy females and direct
their courtship effort to more attentive ones. This same
factor may favor tactical deployment of coy behaviors
by females (see also McNamara et al., 2009b). Parker
(1974) arrived at similar predictions using modified
optimal foraging patch models of male courtship persis-
tence, considering females to be equivalent to a static
resource patch. This model predicts that persistence
should increase with increased valuation of the resource
(receptive vs. unreceptive females) and a decrease in
encounter rate (a measure of outside options). It remains
to be seen whether these patterns/predictions will hold
in a more realistic bargaining model that includes spe-
cies-specific details, such as the cost of display for
males of differing quality, the way in which energetic
tradeoffs play out at different time scales (e.g., within
days and among days), and non-independent mate
choice (males may place higher value on copulations
when there are multiple females present, if copulation
inspires mate-choice copying; Gibson and Hoglund,
1992).

In addition to increasing the accessibility of outside
options, markets also allow buyers to compare the offers
of multiple sellers simultaneously (thereby gaining more
information about the quality of their outside options),
and for sellers to adjust their offers according to com-
petitor behavior (thereby increasing their attractiveness
relative to the buyer’s outside options; Noé and
Hammerstein, 1994; 1995). The amount of power
gained through having outside options will depend in
part on the information available to both players about
the offers being made by other bargainers, and the
mechanism by which the partners are paired (Binmore,
2007). Therefore, females gain bargaining power along
with their ability to assess multiple males’ offers simul-
taneously; this power may force males to begin with
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higher offers to retain bargaining partners and tempt
females away from other males across the lek. However,
it is unlikely that females can assess all males on the lek
simultaneously, since the efficacy of courtship likely
decreases with distance (Gibson, 1996), allowing males
to retain some bargaining power during courtship.
Males may also gain bargaining power through in-
creased information about the quality and coyness of
other females on the lek. These models once again high-
light the need to learn more about the flow of informa-
tion across the lek, the cognitive processes by which
females compare multiple males (Bateson and Healy,
2005), and how this information affects female move-
ments among males. With this information, we may
improve our ability to predict how males should opti-
mally adjust their offers according to the quantity, qual-
ity and behavior of other males and females on the
market.
2.5 Conclusion

Courtship is often viewed as a black box, in which
males and females assort themselves according to the
strength of her preference and the quality of his trait, but
where the process producing this pattern is obscure or
irrelevant. By looking inside the black box to view
courtship as a process, involving multiple stages with
different tactics, we can better understand how selection
acts on male signals (Real, 1990; Payne, 1998; Luttbeg,
2004). More importantly, we will reveal a host of other
traits that are not typically considered sexual
traits—behavioral tactics and social skills in both sexes
that are critical to competition over mates. Male court-
ship tactics have been described in a wide diversity of
invertebrate and vertebrate taxa (discussed above), but
because we lack a framework in which to view these
behaviors, they are often descriptive studies in individ-
ual species, rather than empirical tests of optimal court-
ship models. Economic models of negotiation offer a
conceptual framework that emphasize courtship as a
process in which the male and female bargain to reach a
deal, influenced by the haggling of other players in the
market. We believe that theoretical development in this
area has enormous promise for increasing our under-
standing of the evolution of complex, dynamic sexual
signals and social intelligence. Using a combination of
detailed observation and field experimentation, lekking
species offer an excellent model to study courtship tac-
tics and assets in a natural mating market.
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