Behavioral Ecology
doi:10.1093/beheco/arql62
Advance Access publication 25 November 2010

Original Article

Strategy selection under conspecific brood
parasitism: an integrative modeling approach

Kim Jaatinen,® Jussi Lehtonen,”® and Hapna Kokko®®

®ARONIA Coastal Zone Research Team, Abo Akademi University and Novia University of Applied
Sciences, Raseborgsvagen 9, FI-10600 Ekends, Finland, "Department of Biological and Environmental
Sciences, University of Helsinki, PO Box 65, FI1-00014, Finland, and °Ecology, Evolution, and Genetics,
Research School of Biology (Botany and Zoology), Australian National University, Canberra ACT 0200,
Australia

Conspecific brood parasitism (CBP), where females lay eggs in nests of conspecifics, is taxonomically widespread. Following
recent calls to consider CBP in a more integrative manner, we explore breeding strategies related to CBP by using a model of
competing strategies that incorporates variation in individual quality, relatedness, recognition of own versus parasite-laid eggs, as
well as the costs of egg laying and postlaying care. Our model creates 5 main conclusions. First, variation in individual quality
plays a central role in shaping breeding strategies. Second, kinship plays a central role in the evolution of CBP. Third, egg
recognition ability may affect the prevalence of parasitism: If hosts recognize parasitic eggs, relatedness between host and parasite
facilitates CBP. Fourth, the relative costs of egg laying and postlaying care play a so far underestimated role in determining
the prevalence of parasitism. Fifth, natal philopatry may lead to a reduction in productivity. To sum up, our theoretical study
combines factors known to affect both breeding in general and CBP in particular and shows that these factors can explain a large
proportion of the variation in C7:BP strategies found in the wild and therefore facilitates the understanding of the mechanisms
shaping these strategies. Ky # I'q : breeding strategy, conspecific brood parasitism, cost of breeding, egg recognition, individual

quality, kinship. [Behd Ec 122:144 155 (2011)]

onspecific brood parasitism (CBP) is an alternative repro-

ductive strategy found in several egg-laying animal groups,
including fish, insects, amphibians, and birds (Field 1992;
reviewed by, e.g., Brockmann 1993; Wisenden 1999; Yom-Tov
2001; Tallamy 2005). CBP is especially common and well stud-
ied among waterfowl (Yom-Tov 2001). It is an intriguing re-
productive mode for several reasons. It forms a relatively rare
example of female alternative reproductive tactics (Lyon and
Eadie 2008), and it has attracted a much wider range of evo-
lutionary explanations compared with interspecific nest para-
sitism. Interspecific nest parasitism clearly relies on deception,
whereas explanations of CBP range from true parasitism to
kin-selected cooperation (Semel and Sherman 2001; Lyon
2003a, 2007; Poysa 2004; Waldeck et al. 2008). Additionally,
CBP has been hypothesized to have interesting population
dynamical consequences (Lyon and Eadie 2008; de Valpine
and Eadie 2008).

Another intriguing feature of CBP is that the roles of “par-
asite” and “host” are flexible and can be played by the same
individual. Any effort to understand CBP should therefore
assess how individuals should allocate reproductive effort be-
tween their own and other’s nests. Particularly, if egg recogni-
tion is possible and the host can destroy foreign eggs,
a parasitic female will put some (or all) of her eggs in a risky
situation. Given that these females often have a nest of their
own, questions on parasitism must address why a female
should only care for some of the eggs that she has laid.

Quoting Lyon and Eadie (2008): “Ultimately, because nesting
females have their own nests, the key question is, Why don’t
they lay the parasitic eggs in their own nests?”

A crucial difference between a parasitically laid egg and an
egg cared for by the mother is that the former option frees the
mother of all postlaying costs such as incubation of that egg
(Monaghan and Nager 1997; Visser and Lessells 2001) or, if
relevant, feeding that offspring. Laying costs, however, apply
to both types of eggs. The choice to lay in one’s own nest
versus parasitically could therefore be a contrast between
low-investment eggs that may fail (if the host defends against
parasitic eggs) and high-investment eggs with better survival
prospects. These prospects can, obviously, depend on the
clutch size, creating prospects for interesting game-theoretic
feedback. For example, a large clutch in one’s own nest may
make incubation inefficient or costly, which might select for
eggs to be laid elsewhere, but if every individual practices this,
all nests may become large, and this may select for limiting the
number of eggs a female is prepared to incubate.
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However, any benefit, kin-selected or not, of CBP to either
the host or the parasite will be contingent on the prospects
of egg recognition, the maximum number of eggs hosts will
care for, and maternal quality variation. Reflecting the com-
plexity of the question, the literature regarding CBP by now
contains a host of hypotheses explaining this alternative breed-
ing strategy (Eadie et al. 1988; Andersson and Ahlund 2000;
Tallamy 2005; Pdysa and Pesonen 2007). These hypotheses
have received varying amounts of theoretical attention, and
the need for an integrative theoretical examination of the
central factors maintaining and regulating CBP has been grow-
ing with the number of hypotheses presented. Recently, there
have been several calls to integrate the diverse theoretical
treatments of CBP to form a more holistic picture. de Valpine
and Eadie (2008), in their review of 18 theoretical studies,
showed that very few had considered variation in maternal
quality even though CBP is typically argued to be a flexible
reproductive tactic, where an individual’s maternal ability de-
termines whether parasitism pays. It has also been suggested
that some high-quality individuals may be able to double their
reproductive output by employing parasitism parallel to breed-
ing in a nest of their own (Andersson and Ahlund 2000), and
indeed, it is typically argued that parasites do not form a dis-
tinct class in the population (“lifelong parasites” sensu Lyon
and Eadie 2008), but the rules are much more flexible.

Here, we seek to theoretically examine emerging CBP
strategies by combining factors known to affect both breeding
in general and CBP in particular in egg-laying animals. We
focus on 2 factors pertaining specifically to CBP, namely 1)
relatedness between host and parasite and 2) the ability to
recognize own versus parasite-laid eggs, and an additional 2
factors that are known to be important for life-history
decisions in general: 3) individual quality and 4) the relative
costs of egg laying versus costs of postlaying care. By doing so,
we aim to clarify the mechanisms dictating choices of individ-
ual tactics and further the understanding of the basis for var-
iation in CBP tactics. Moreover, we consider 5) a type of
nonlinearity not usually present in CBP models yet possibly
of importance in nature: Some offspring produced may com-
pete locally with each other (in waterfowl, this usually occurs
within the philopatric female sex; Anderson et al. 1992), which
may diminish fitness gains of producing same-sex siblings.
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Number of eggs and egg recognition

The first step is to calculate the number of eggs in each nests,
when individual i of quality,
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In order to assess the robustness of our model, we also imple-
mented an alternative survival function of a very different
shape
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where, max iS the highest (10th) quality class; this choice pro-
duced qualitatively similar results to that of the chosen main
function (Equation 4.1). The different shapes of the 2 survival
functions are illustrated in Figure 1. Henceforth, we will only
show the results of our main function unless otherwise stated.

The survival function is used to calculate the probability that
an individual survives to the end of a single reproductive bout
and the subsequent nonbreeding season, taking into account
the individuals expenditure of resources on various tasks re-
lated to reproduction (here: egg laying and incubation) as
well as individual quality. This survival probability is then used
to calculate expected life spans (Equation 6), which are finally
used to calculate the total lifetime fitness (Equation7):
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In most cases, our model produced a pattern very common


http://beheco.oxfordjournals.org/



http://beheco.oxfordjournals.org/

to the total absence of parasitism. These results (summarized
in Table 4) corroborate the findings of both Andersson
(2001) and Lopez-Sepulcre and Kokko (2002). Additionally,
the relative balance of egg-laying and postlaying (care) costs
was found to regulate the net outcome of cooperative behav-
ior. In some cases, postlaying costs could override the benefits
of potential cooperation and prevent cooperative forms of
CBP from evolving. In the following, we will consider each
of the 5 investigated factor in turn.

Individual quality

It has been suggested that individual quality affects strategy se-
lection (Sorenson 1991; Lyon and Eadie 2008) and that supe-
rior individuals outperform inferior individuals in terms of
reproductive output (Ahlund and Andersson 2001; Kim and
Monaghan 2005; Hamel et al. 2009). Our results are in line
with these arguments: Individual quality has a profound effect
on the selection of tactics and thereby a central role in shaping
CBP strategies. In addition, individual variations in strategy
selection have been proposed to cause dramatic fitness differ-
ences (Lyon 1993a; Ahlund and Andersson 2001). Our model

Table 4

Summary of the nature of parasitism depending on egg recognition,
relatedness and the costs of egg laying (o), and postlaying care (B)

Egg recognition
absent

Egg recognition
present

o> B a <P a>f a<B

Relatedness

not only supports this notion but also suggests that a single
strategy, which includes condition dependence (a reaction
norm), may explain several empirically documented CBP tac-
tics. For example, individual quality differences have been sug-
gested to lead to diverging modes of reproduction (Lyon
1993a; Ahlund and Andersson 2001; Lyon and Eadie 2008).
By visualizing the results of Sorenson (1991), Lyon and Eadie
(2008) show the effects of a gradient in phenotypic and eco-
logical constraints: Individuals move from nonnesting through
parasitism to nesting, and finally, when conditions for breeding
are at their best (i.e., lowest constraints), individuals are able to
combine parasitism with nesting. This combination of tactics,
also termed NP, is regarded as a costly yet productive way to
increase fitness (Ahlund and Andersson 2001).

Our results clearly show that quality differences may trans-
late into great fitness differences, as suggested by empirical
work (Ahlund and Andersson 2001). Contrasting with both
Ahlund and Andersson (2001) and Sorenson (1991), however,
the intermediate tactic of nesting without parasitizing did not
emerge. The parasitic tactic seemed to switch straight into
a NP tactic as quality increased. This may be a side product
of the relatively extreme values of relatedness and egg recog-
nition that we used, or the lack of an intermediate nesting
strategy may also be the result of a cost of parasitism, which
has not so far been modeled. Also note that our model
assumed that laying costs were the same for parasitic and non-
parasitic eggs; it remains to be seen if including higher
costs for parasitically laid eggs would make nesting without
parasitism stable.

Individual variation in quality is common in nature, yet its
central role in shaping CBP strategies has only once previously
been acknowledged in theoretical work (Maruyama and Seno
1999). This previous study does not, however, view the differ-
ent tactics as products of individuals employing different tac-
tics within a broader strategy depending on their quality.
Maruyama and Seno (1999) instead view parasites as pure
parasites and hosts as superior quality individuals who do
not engage in parasitism. In our view, the incorporation of
quality variation, and the associated variations in tactics within
broader strategies, not only provides a further degree of re-
alism but also provides a theoretical foundation for empirical
studies (Lyon 1993a; Ahlund and Andersson 2001). Our
model reveals the possibility that a single strategy may dictate
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a whole range of tactics and thereby provides a potential so-
lution to the disparities between several seemingly different
explanations for the presence of CBP in populations.
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strategies. True host clutch reduction as a response to parasite
relatedness has to our knowledge only been described by one
empirical study so far (Jaatinen, Jaari et al. 2009


http://beheco.oxfordjournals.org/

REFERENCES

o

A


http://beheco.oxfordjournals.org/



http://beheco.oxfordjournals.org/

