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ABSTRACT
Obligate brood parasites are characterized as host specialists or host generalists based on
the number of hosts regularly parasitized within avian communities. For instance,
despite parasitization of several species’ nests, individual cuckoo demes, or gentes, are
maintained by matrilinear specialization on one host species (Gibbs et al. 2000). By
contrast, individual Brown-headed Cowbirds (Molothrus ater) parasitize multiple host
species (Gibbs et al. 1997, Alderson et al. 1999, Hahn et al. 1999). These findings,
combined with phylogenetic trends in host number and divergence time (Rothstein et al.
2002) lead to the central question whether generalism is a stable strategy or a
pre-condition along an evolutionary pathway to specialism. More simply put, would
every obligate brood parasite species become a host specialist given enough time for
host-parasite coevolutionary cycles? The molothrine cowbirds comprise a recently
derived (3.8 - 0.8 mya) group of brood parasites, whereas the Cuculinae have been
extant 3-4 times as long and are highly specialized (Rothstein et al. 2002). Cowbirds
range from specialists that use one host species to generalists that use >200 species as
hosts. Therefore the cowbirds provide an excellent opportunity to study the derivation
of reproductive strategies, especially fecundity, selectivity of hosts and mating systems.
The three most recently derived cowbirds (Bronzed [M. aeneus), Brown-headed,
and Shiny [M. bonariensis] cowbirds) are host generalists. Host use by these species
has been described as ranging from random (Rothstein 1976, Kattan 1997) to relatively
selective (Wiley 1988, Grant and Sealy 2000, Woolfenden et al. 2003). These opposing
characterizations stem from differential attention to the apparent wasting of

inappropriately laid eggs and relatively specific host use within diverse avian
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communities. However, the costs and benefits of cowbird behavior rarely have been
assessed holistically. First, what is the relative value of an egg to an individual
cowbird? How appropriate are laying decisions relative to the availability of alternative
nests not parasitized? How much time is budgeted for locating host nests relative to
feeding and social activities? These are the questions I have addressed through the
analysis of Brown-headed and Bronzed cowbird life histories (overview in Chapter 1).

Specifically, I compared theoretically host generalist and specialist strategies to
determine whether either strategy is more evolutionarily stable (Chapter 2, see also
Ney-Nifle et al. in press). This information is vital to viewing appropriately the
evolution of host use and assessing whether either strategy must be preceded by the
other. I found generalism was more often sustainable than specialism and that specialist
ancestors may have given rise to generalists. Combined with the phylogenetic analysis
by Mermoz and Ormnelas (2004) it appears clear that the molothrine cowbirds are not
following the coevolutionary trajectory outlined by Rothstein et al. (2003). Instead, I
suggested that phylogenetic trends in host specificity reflect differing degrees of host
imprinting (Chapters 1 and 2). Therefore, Lanyon’s (1992) phylogenetic trajectory
hypothesis appears to best explain host use among Molothrus.

Next, I analyzed host use data to demonstrate that sympatric Brown-headed and
Bronzed cowbirds differentially use some hosts and do so in a manner that is fit poorly
by random series (Chapter 3). This was primarily because hosts of Bronzed Cowbirds
often reared more than one cowbird. If cowbirds do not randomly distribute their eggs
among hosts’ nests when in sympatry, then competition between cowbird species may

affect host use (Chapter 4). In Chapter 4, I examined host use by cowbirds
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geographically to show cowbirds compete for host nests and that interspecific
competition best explains the lack of host overlap I found in Texas. In particular, each
species may differentially parasitize hosts that better match the growth requirements of
their young. Likewise, non-random host use may affect cowbird sex ratio. Because
cowbirds produce sexually size-dimorphic young, they may benefit by differentially
placing eggs of either sex among certain host nests. Therefore, I examined host use
relative to the destined sex of cowbird eggs (Chapter 5). I found that despite producing
eggs of each sex equally, cowbird sex ratios may become male-biased among
hatching-year birds rather than adults as previously thought. This finding has
implications for understanding cowbird life history, as the male-bias was previously
attributed to differential mortality of females associated with extraordinary annual egg
production.

I discuss the results of my analyses with respect to host use among Molothrus
and the implications for study of other brood parasites (Chapter 6). Primarily, through
the more refined understanding of cowbird host use that I have provided, cowbird
evolution can be better understood. Foremost, I outlined that determining whether more
basal Molothrus imprint on aspects of hosts would clarify whether ancestral cowbirds
were specialists (phylogenetic hypothesis, Lanyon 1992) or generalists (coevolutionary
hypothesis, Rothstein et al. 2002). In practical application, my results can be used to
refine cowbird control programs and focus funds at the most appropriate process to
mitigate songbird declines. For instance, because individual cowbirds lay fewer eggs

than previously estimated, trapping efforts may be reconsidered incorporating revised
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fecundity estimates. Indeed, habitat restoration or predator control may represent a
better option than broadcast trapping efforts.

Finally, my data suggest that sympatric cowbirds will partition hosts, therefore,
preventive measures may be taken in advance of expanding cowbird populations where
vulnerable host populations occur. For example, small songbirds such as endangered
Black-capped Vireos may face elevated use by Brown-headed Cowbirds if Bronzed
Cowbirds compete for larger host species, thereby increasing Brown-headed Cowbird

dependence on small hosts.
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CHAPTER 1. OVERVIEW OF THE EVOLUTION OF HOST USE BY
MOLOTHRINE COWBIRDS

Interactions between organisms are central determinants of niche space within
ecosystems. For instance, animal diets may vary from specialized to generalized
dependent upon the behavior or physiology of prey (Futuyma and Slatkin 1983, Godfray
1994). Despite the frequency of interactions between organisms, few clear examples of
coevolution are evident, i.e. those where evolution is reciprocal and paired traits and
counter-defenses can be identified (Rothstein 1990, Futuyma 1998, Fig. 1.1). Instead,
coevolutionary relationships generally are difficult to detect, as coevolution may be
diffused by interactions between more than two primary co-actors and, thus, coevolution
1s more apparent among specialists than generalists. Analyses of coevolution are also
constrained by the evolutionary “snapshots” provided by the fossil record and
relationships among extant forms.

Brood parasitic birds provide an excellent system for studying coevolution (see
review by Rothstein 1990). Individual Common Cuckoos (Cuculus canorus) produce
distinct egg morphs that approximate the appearance of host eggs (Moksnes and Roskaft
1995, Gibbs et al. 2000) as a result of the removal of discordant eggs by hosts (detected
through experimental egg addition), a trait presumably selected to ameliorate costs of
parasitism (Davies and Brooke 1989, Davies 2000).

One hundred species of brood-parasitic birds among seven genera exhibit a
diversity of host use strategies (reviewed by Davies 2000, Sorenson and Payne 2002).
Common Cuckoos and Brown-headed Cowbirds are two well-studied brood parasites for

which host use patterns are often compared (Davies 2000, Rothstein et al. 2002).
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Fig. 1.1. Schematic representation of the steps during host-parasite coevolution. Each
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This is particularly so, because individual cuckoos parasitize a single host species
(Moksnes and Raskaft 1995, Edvardsen et al. 2001) frequently enough to have accrued
host-based genetic differences (Gibbs et al. 2000). By contrast, individual Brown-headed
Cowbirds regularly use multiple hosts and have not differentiated genetically (Gibbs et
al. 1997).

Comparisons among Molothrus species (following nomenclature of American
Ornithologists’ Union, 2000), which range from host-specialists to those using over 100
host species (Table 1.1), have contributed to the development of evolutionary hypotheses
for the strength and mechanisms of coevolutionary relationships (Rothstein 1990, Lanyon
1992, Rothstein et al. 2002, Mermoz and Ornelas 2004). For instance, host use by
cuckoos and cowbirds has been attributed to coevolution (Rothstein 1990, Rothstein et al.
2002), whereas Lanyon (1992) suggested host generalism is a derived character state
among cowbirds.

As derived states, both generalism and specialism are considered equally tenable
as explanations for trophic interactions, including coevolutionary interactions (reviews in
Futuyma and Slatkin 1983, J. N. Thompson 1994). However, host use by brood parasites
has been considered to reflect one-way, rather than more labile, changes in characters.
Thus, I analyzed whether host use among the molothrine cowbirds reflects predominantly
adaptations for a brood-parasitic lifestyle or more refined and direct coevolution with
hosts. I studied host use among Molothrus to better understand evolution in this genus
and provide insights for comparisons with other brood parasites. I used theoretical

models to demonstrate that shifts between host specialism and generalism are possible



Table 1.1. The five parasitic cowbirds, genus Molothrus, listed from most basal to recently derived, based upon Lanyon’s (1992)

mtDNA phylogeny. Number of host species known to have fledged young of each cowbird. Number of host species’ nests in which

eggs have been found, but fledging has not been observed, is given in parentheses. The numbers of potential host species shared by

sympatric cowbirds are represented in the non-identity terms of the matrix.

rufoaxillaris oryzivorus aeneus ater bonariensis Sources
rufoaxillaris - - -- -- Mermoz and Reboreda (1996)
OFYZIVOFUS 8 -- -- -- Ortega (1998), Lowther (2004)
aeneus 1(1) 42 (53) -- -- Sealy et al. (1997), this study
ater 0 19 (24) 162 (77) - Ortega (1998)
bonariensis 0(1) 4 (9) 44 88 (155) Lowther and Post (1999)




and that generalism provides benefits that may make such transitions more likely. Also, I
collected field data on host use by two sympatric generalists, the Bronzed Cowbird
(Molothrus aeneus) and the Brown-headed Cowbird (M. ater), for analysis of the
attributes of the species used and not used as hosts. Prior to a more detailed discussion,

however, I provide a synopsis of life histories for Molothrus in the following section.

MOLOTHRINE NATURAL HISTORIES

_ Historically, cowbirds fed in association with native grazing herbivores, i.e. capybaras
(Hydrochoerus hydrochoerus) and plains bison (Bison bison), which have been replaced
today largely by livestock and agricultural lands (Jaramillo and Burke 1999). Therefore,
cowbirds are mobile and most exhibit dynamic daily activity patterns that depend upon
the movements of herbivores (Curson and Matthews 2003) or human land-use practices
(Mayfield 1960, Skutch 1996, Clotfelter 1995, Evans and Gates 1997). Cowbirds also
exhibit considerable variation in pairing and reproductive success (Carter 1984,
Woolfenden et al. 2002, Curson and Matthews 2003), which likely explains their
investment of substantial time in development, maintenance, and defense of access to
mates (Yokel and Rothstein 1991, Clotfelter 1995).

Molothrine cowbirds share several characteristics associated with reproduction
that are unique from most songbirds: seasonally increased hippocampus and
telencephalon volumes in females (M. rufoaxillaris, M. bonariensis, M. ater: Sherry et al.
1993, Clayton et al. 1997), rapid egg laying prior to sunrise (M. bonariensis and M. ater:
Scott 1991, Sealy et al. 1995, McMaster et al. 2004, M. aeneus: Peer and Sealy 1999a),

and temporally random sequences of follicular production (M. ater: Payne 1965, 1973,



1976; Scott and Ankney 1983, M. bonariensis: Kattan 1993, M. aeneus: Appendix 1).
Cowbird eggs vary from immaculate to heavily maculated between individuals (Table
1.2) and are more thickly shelled and more round than those of non-parasitic species

(Rahn et al. 1988, Picman 1989, Mermoz and Omelas 2004).

Screaming Cowbird (M. rufoaxillaris)

Screaming Cowbirds (M. rufoaxillaris, hereafter, cowbirds are referred to by species’
names alone) specialize largely on the Bay-winged Cowbird (4gelaiodes badius),
formerly included among Molothrus (Lanyon 1992, Lowther 2001). Because badius
often usurps or reuses primarily domed nests constructed by other species, attempts by
rufoaxillaris to synchronize laying with badius are complicated. Badius may often have
helpers at the nest and aggressively defend nests (Fraga 1998).

When laying, male-female pairs of rufoaxillaris overcome nest defense when the
male distracts the hosts (Fraga 1998). Such nest defense results in poor synchronization
of laying with the host. Fraga (1998) suggested that individual females overcome this by
laying many eggs per nest, because many are ejected due to laying before the host. He
formulated this hypothesis based on observed numbers of daily visits to nests by
individuals and numbers of eggs deposited per day (no bird is known to lay more than
one egg per day, Sturkie 1976). The eggs of rufoaxillaris do not mimic those of badius
(Fraga 1978, 1983, 1998). Therefore, costs and benefits of egg ejection apparently
restrict badius to ejecting eggs laid before its own (Fraga 1998) and many rufoaxillaris
eggs are wasted during attempts to synchronize laying with hosts (Hoy and Ottow 1964,

Mason 1980, Fraga 1998). Thus, mechanisms that promote increased egg production



Table 1.2. Cowbird attributes associated with number of hosts used.

Breeding Sexual

range Female size- Egg Host

(10°km?)? size(g)® dimorphism® markings®  number®
M. rufoaxillaris 24 50 1.27 1 3(3)
M. oryzivorus 114 162 1.35 0/1 8 (8)
M. aeneus . 38 57 1.21 0 95 (42)
M. ater 153 36 1.26 1 239 (162)
M. bonariensis 155 32 1.21 0/1 243 (88)

? Calculated from maps in Johnsgard (1997), see also Fig 1.2.

®Body masses from Dunning (1993), Carter (1986), Lowther and Post (1999), this study.
°Ratio of male and female masses.

40 = immaculate, 1 = maculated, varied amount of spotting (Dufty 1983, Lyon 1997).

¢ Species parasitized by cowbirds and number that have reared cowbirds in parentheses

(sources, Table 1.1).



and/or ways of defeating host defenses, such as egg mimicry (Fraga 1998), may have
been favored by natural selection. However, badius accepts several foreign egg types
(Mason 1980, Fraga 1983), including those of bonariensis, which vary from maculated to
white. Thus, the only parasite countermeasures documented clearly include frequent and
gregarious nest visits and a close resemblance or “mimicry” between parasite and host
young (Fraga 1983, 1998; Jaramillo 1993; Lichtenstein 2001a).

Chick mimicry, particularly in the juvenal plumage, is a remarkable feature of this
parasite-host association. However, rufoaxillaris chicks do not approach the levels of
mimicry found in other systems such as the mimetic mouthparts of parasitic finches
(Nicolai 1964, Reed and Freeman 1991) or cuckoo begging calls that mimic begging by
host broods (Butchart et al. 2003). Indeed, human observers can accurately distinguish
parasitic young from host young because rufoaxillaris young have orange skin, lack a
dark subterminal spot on the bill, and have partially occluded nares (Fraga 1979, 1998;
Lichtenstein 2001a).

Similarities between rufoaxillaris and badius may in part reflect phylogenetic
similarity (Lanyon 1992), as phenotypic convergence is common among the icterine
relatives of Molothrus (Johnson and Lanyon 1999, Omland and Lanyon 2000), and more
distantly related species (Moynihan 1968). Moreover, mechanisms underlying such
mimicry are unclear as two other species are known to rear badius chicks (Sick 1993,
Mermoz and Fernandez 2003). Thus, further study is required to more clearly understand
the similarities in nestling appearance.

Rufoaxillaris breeds in sympatry with oryzivorus and bonariensis, however, the

degree of overlap among hosts used appears minimal (Mermoz and Fernandez 2003, Fig.



1.2). The size of oryzivorus (three times as large) likely precludes much overlap in host
use between these species (Skutch 1996). By contrast, rufoaxillaris and bonariensis are
similarly sized and share three hosts, both faring equally in nests of Brown-and-yellow
Marshbirds (Pseudoleistes virescens) (8-10% eggs produce fledglings) (Mermoz and
Fernandez 2003), Chopi Blackbirds (Gnorimopsar chopi) (Table 1.3) (Sick 1993, Fraga
1996), and badius (7% and 5% of eggs produced fledglings, for rufoaxillaris and
bonariensis, respectively) (Fraga 1998). However, excluding improperly timed eggs,
rufoaxillaris fared twice as well, as 11% of eggs produced fledglings (Fraga 1998).
Moreover, bonariensis chicks, which do not mimic badius, fledged from natural
and manipulated badius broods (Fraga 1998). In preference tests with caged fledglings,
badius exhibited a mixed response, once feeding bonariensis preferentially over
rufoaxillaris (Fraga 1998). Although the power of these tests was extremely low, the
tests demonstrated that badius does not always discriminate between allospecific young
and its own. Thus, host specialization by rufoaxillaris is not fixed, as host use is not
constrained by egg appearance nor is host discrimination against parasites well refined as
predicted for coevolution (see Rothstein et al. 2002). Perhaps the rufoaxillaris-badius
system is better described as parasite imprinting (see Fig. 1.3) followed by
coevolutionary modification of chick appearance to enhance, rather than to facilitate
success. This view is supported by the successful use of alternative hosts, but again,

further study is required.
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Figure 1.2. Breeding ranges for badius and Molothrus spp. (after Johnsgard 1997)



Table 1.3. Success of rufoaxillaris and bonariensis with the same host species.

Number of young fledged Number of
Host species rufoaxillaris  bonariensis Host broods Source
Brown-and-yellow Marshbird 1 0 ND*? 2 Mermoz and Fernandez (2003)
1 1 ND 1
0 1 ND 4
Chopi Blackbird >1 0 ND 0 Sick (1993)
1 3 0 1
1 3 1 1
3 0 1 1
0 4 0 1
1 0 0 1 Fraga (1996)
2 0 1 1
Bay-winged Cowbird 0 1° >1 5 Fraga (1998)

* “ND” indicates data not provided. ® Four nests fledged a 2-day old bonariensis chick added experimentally, along with at least one

host young (Fraga 1998).

I
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Giant Cowbird (M. oryzivorus)

Oryzivorus has been the subject of only two detailed studies, both conducted in Panama
(Smith 1968, Fleischer and Smith 1992). Nonetheless, oryzivorus has been characterized
as a specialist brood parasite based largely on egg collections (Friedmann 1929,
Friedmann 1963). Indeed, because females are two to three times larger than other
Molothrus, oryzivorus may have access to fewer potential hosts that can rear its young
(Table 1.1; Wetmore et al. 1984, Johnsgard 1997). The large size is unique in Molothrus,
despite being similar to aeneus in appearance (see Friedmann 1929).

Rothstein et al. (2002) considered oryzivorus as a specialist with traits unique
among Molothrus that have resulted from coevolution. Specifically, they referred to
scrawled eggs, chick allo-preening, and the lightly colored bill in juveniles as specialist
traits, although the function of each trait requires confirmation. Furthermore, oryzivorus
eggs range from unmarked to heavily speckled and scrawled (Haverschmidt 1968,
Fleischer and Smith 1992).

Smith (1979) described a remarkable system in which hosts whose nests were not
protected from ectoparasites by wasps, benefited from parasitism by oryzivorus, whose
chicks feed on ectoparasites. Thus, cowbird parasitism was tolerated at colonies without

.wasps, but not at colonies with wasps (Smith 1979). However, subsequent studies have
not replicated Smith’s findings (Robinson 1988, Webster 1994). Likewise, suggested egg
mimicry in oryzivorus and two hosts (Smith 1968) was not found upon re-analysis
(Fleischer and Smith 1992). Also, among icterids, only non-parasitic species (badius and
Yellow-shouldered Blackbird, Agelaius xanthomus) have been confirmed to preen

nestmates (Post 1981; Fraga 1984, 1998). Finally, the lightly colored bill may not be an
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adaptation, as other bill color traits among Molothrus did not affect success with hosts
(Fraga 1998, Appendix 2), however, this remains to be tested through manipulation
(sensu Stevens 1982). Therefore, despite a basal position within Molothrus, oryzivorus
does not appear highly specialized toward its hosts. It co-occurs with rufoaxillaris,

aeneus and bonariensis.

Bronzed Cowbird (M. aeneus)

Few studies have focused on host use by aeneus (Friedmann 1929; Carter 1984, 1986;
Sealy et al. 1997; Peer and Sealy 1999b; Chace 2001, 2004). Aeneus is known to
parasitize nests of 95 species (Table 1.2). Friedmann (1929) noted a tendency for
differential parasitism on orioles (Icterus). However, most subsequent studies focused on
non-oriole hosts in areas where orioles were rare (Carter 1986, Peer and Sealy 1999b,
Chace 2004, Sealy and Underwood 2004; but see Brush 2000). Moreover, where present,
oriole nests are frequently not monitored, likely due to their placement high in the canopy
(Flood 1990, Skutch 1996, Hathcock and Brush 2004). Therefore, use of orioles as hosts
may be under reported and further study is required in areas where nests of orioles and
other species are present to test Friedmann’s (1929) hypothesis.

Aeneus breeds in sympatry with oryzivorus and ater. Because host use by
sympatric oryzivorus and aeneus appears associated with body size, host overlap with
ater may be similarly influenced. One study suggested no differential use of hosts
relative to body size occurs where aeneus and ater co-occur (Peer and Sealy 1999b),
whereas another did (Chace 2001). However, both studies were restricted by small

sample sizes (33 and 18 nests parasitized by aeneus, in Peer and Sealy’s (1999b) and



15

Chace’s (2001) studies, respectively). Furthermore, the presence of aeneus at Peer and
Sealy’s (1999b) site varies dramatically and in some seasons, few, if any individuals,
breed there (B. D. Peer pers. comm., H. R. McGaha unpubl. data). Similarly, there were
essentially no ater at Carter’s (1986) site (only eight eggs/young were found 1980-1981).
Historically, the degree to which these two species have co-occurred has varied.
Breeding in sympatry was less common in the early 1900s than presently (Kostecke et al.
2004), but ater was likely more restricted within North and Central America until
relatively recently, when expansion across much of North America took place (Mayfield
1965, Rothstein et al. 1980, Rothstein1994). It is likely that Pleistocene glaciation events
(see Avise and Walker 1998) affected cowbird distribution and therefore the extent of
earlier co-occurrence is not known (Lowther 1995, Rothstein et al. 2002). Nevertheless,
throughout recent history, each cowbird species has evolved largely in the absence of

another on their breeding grounds.

Shiny Cowbird (M. bonariensis)

Recently, bonariensis has undergone the greatest breeding range expansion among
Molothrus (Cruz et al. 1998, Sykes and Post 2001). Thus, analysis of the extreme
generalist host use (up to 243 host species) by bonariensis must take this expansion into
account (Table 1.2). Still, the high number of hosts used within areas (Wiley 1988, Fraga
2002, Mermoz and Fernandez 2003) most likely indicates generalist host use by
individual bonariensis, as determined genetically among ater (Gibbs et al. 1997). Like
oryzivorus, egg appearance in bonariensis is believed to vary among individuals, ranging

from immaculate to spotted (Fraga 1985). Despite differential rejection by some hosts of
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immaculate versus spotted eggs, both types are laid in these nests (Mermoz and Reboreda
1999). Therefore, bonariensis does not appear remarkably specialized for parasitism of
any particular hosts. Bonariensis breeds in sympatry with rufoaxillaris and oryzivorus.
More recently, bonariensis may co-occur with ater in Florida (Lowther and Post 1999)
and aeneus in Colombia (Lowther 1995).

Mason (1980, 1986a) tested whether any hosts of bonariensis differentially
rejected rufoaxillaris-type eggs, thus effectively reducing competition between the two
cowbirds. He found no species, through its rejection behavior, protected bonariensis
from potential competition with rufoaxillaris (Mason 1986a). Likewise, badius, the
primary host for rufoaxillaris, did not reject eggs representing either morph of
bonariensis egg (spotted or not) and, thus, badius does not act to reduce competition
between the two parasitic species. Nevertheless, bonariensis generally parasitizes badius
at a lower frequency than expected, however, this may reflect poor matching for parasite-

host body size (see Lichtenstein 1998) or avoidance due to low success with this species.

Brown-headed Cowbird (M. ater)

M. ater has been the primary subject of hundreds of studies (reviews by Lowther 1993,
Ortega 1998, Hauber and Dearborn 2003). Therefore, the characterization of molothrine
life-histories has been greatly influenced by studies of this species. As the northernmost
of the five brood-parasitic cowbirds, ater ranges across numerous habitat types, where it
encounters a great diversity of potential hosts and has laid eggs in nests of 239 species
(Ortega 1998, Table 1.2). As mentioned, ater breeds in sympatry with aeneus and also

possibly with bonariensis (Cruz et al. 1998).
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Brown-headed Cowbirds are believed to lay far more eggs than species that nest
and provide parental care, but data are mixed, as captive cowbirds, fed ad libitum,
produced 40-77 eggs (Jackson and Roby 1992), whereas a maximum of 17 eggs/year was
found among genetic-based estimates for free-ranging cowbirds (Alderson et al 1999a,
Shonk 2001, Strausberger and Ashley 2003, Woolfenden et al. 2003). Differences in
fecundity estimates may be due to energetic costs during reproduction, as free-ranging
cowbirds regularly exhibited atretic ova (Scott and Ankney 1983, Curson and Matthews
2003), more so than non-parasitic birds (Pearson and Rohwer 1998). This may be
expected, however, with increased egg production (Payne 1965, 1973; Kattan 1995;
Curson and Matthews 2003). Disparity in fecundity estimates prompts debate over the
degree of selectivity cowbirds exhibit when laying eggs. Several studies have found that
the number of cowbird eggs per host nest did not differ from that expected from Poisson
series and therefore concluded cowbird-laying does not differ from a random process
(Lowther 1984, Lea and Kattan 1998). However, more community-oriented studies have
suggested that despite the use of multiple hosts by individuals, cowbirds do not use nests
of all species (Post and Wiley 1977, Briskie et al. 1990, Gibbs et al. 1997, Strausberger

and Ashley 1997, Underwood et al. 2004, Woolfenden et al. 2004).

EVOLUTIONARY HYPOTHESES

Both Old World Cuckoos (Cuculus spp.) and cowbirds have been characterized as
occurring at extremely different points along similar coevolutionary trajectories
(Rothstein et al. 2002), such that cuckoos are highly coevolved specialists and cowbirds

are generalists. However, the results of several recent studies suggest it is unclear
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whether such comparisons are valid and whether wholly different trajectories are tenable.
For instance, molecular genetic techniques have facilitated measurement of host use by
individuals (reviewed by Sorenson and Payne 2002, Hauber and Dear'born 2003). Thisis
central to determining how parasites and hosts have coevolved. For instance, through
functional demes, called “gentes,” individual cuckoos use single host species and produce
host mimetic eggs whose appearance appears to be maternally determined (Gibbs et al.
2000). By contrast, individual cowbirds (ater and bonariensis) use multiple host species
and lack mimetic egg types (Gibbs et al. 1997, Lyon 1997).

Lanyon (1992) and Rothstein et al. (2002) combined species’ trends in the
number of hosts used with re-constructed phylogenies for Molothrus and the Cuculinae.
Lanyon (1992) proposed a phylogenetic trend concurrent with speciation (Fig. 1.4a;
Lanyon 1992), whereas others favored coevolution after speciation (Fig. 1.4b; Friedmann
1929, Rothstein et al. 2002). Having established that the cuckoo clade is up to three
times older than the Molothrus group, 6.3- 8.4 my versus 2.8-3.8 my, Rothstein et al.
(2002) proposed host generalism as a shared ancestral state from which members of both
groups had host number winnowed by coevolution, i.e. via cycles of improved host egg
discrimination/ parasite egg mimicry (Fig. 1.1). Thus, the apparent specialism among
only the basal species of Molothrus suggested generalists persist due to their relatively
recent origins and, hence, lack of time for coevolutionary cycles with hosts. By contrast,
the phylogenetic hypothesis posits a shift from specialism to generalism with each
speciation event (Lanyon 1992). The hypothesis assumes a specialist ancestor from
which more generalist species have been derived (Lanyon 1992, Rothstein et al. 2002).

More information is needed to compare these hypotheses. First, although
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Figure 1.4. The most parsimonious evolutionary histories and transitions (solid bars) for
Molothrus based on few versus many hosts as a single character state under (a) the
phylogenetic (Lanyon 1992) and (b) coevolutionary (Rothstein et al. 2002) hypotheses.
Phylogeny based on cytochrome-b gene sequence (Lanyon 1992, Johnson and Lanyon
1999). Branch lengths (a) represent the result of a 250-replication bootstrap and

divergence times at nodes of (b) were estimated (sensu Rothstein et al. 2002).
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individual cuckoos produce eggs of one maternally inherited type, one host is not always
used, and in some cases poorly matching cuckoo eggs appear among hosts’ eggs (Gértner
1982, Alvarez 1999, Edvardsen et al. 2001).

In Europe, only 44% of 11,870 host clutches contained a cuckoo egg of the
appropriate morph (Moksnes and Reskaft 1995). Still, 77% of the poorly matched
cuckoo eggs occurred in nests of species with nest sites similar to those of the appropriate
egg morph. These findings have been corroborated through studies using radio telemetry
(Honza et al. 2002, Vogl et al. 2002) and molecular genetics (Sjkelseth et al. 2004),
which found some individuals use more than one host species. Thus, while cuckoos are
not “perfect” parasites, their use of hosts has been relatively refined by some form of
imprinting on hosts or habitat (Teuschl et al. 1994, 1998, Vogl et al. 2002). This is
associated with the matrilineal inheritance of genes for egg appearance (Gibbs et al.
2000) and the effects of subsequent host-parasite coevolution are clear and have accrued
genetically to form gentes (Davies and Brooke 1989, Gibbs et al. 2000).

By contrast, individuals of two cowbirds, ater and bonariensis, use multiple hosts
with a variety of nest sites (Fleischer 1985, Fraga 1985, Lyon 1997, Strausberger and
Ashley 2003, Woolfenden et al. 2003) and do not appear to imprint on nest features as
cuckoos do (Moksnes and Reskaft 1995, Teuschl et al. 1998, Vogl et al. 2002). Thus,
among cowbirds, at least ater has not accrued genetic differences with respect to hosts as
cuckoos have (Gibbs et al. 1997, 2000). Also, molothrine cowbirds frequently parasitize
nests multiply (Carter 1986; Mason 1986a,b; Lea and Kattan 1998; Goguen 1999; Trine
2000) and have been described as employing random, or ‘shotgun’, laying strategies

among hosts’ nests (Rothstein 1975, Kattan 1997). Therefore, host use by cowbirds is
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more generalized and few clear examples of coevolution exist (Rothstein 1990, Mermoz
and Ornelas 2004).

Previously, these differences were attributed to disparate estimates of the number
of eggs laid in nests by individual cowbirds, hereafter referred to as “realized fecundity”
(Table 1.4). However, several genetic-based studies suggest cowbirds lay close to the
same number of eggs as cuckoos (Hahn et al. 1999, Strausberger and Ashley 2003,
Woolfenden et al. 2003). It would appear that reduced realized fecundity should be
associated with selective host use. However, lacking constraints of imprinting (see
Slagsvold and Hansen 2001) and widespread rejection by hosts, a generalist strategy may
still be favored over a specialist one (Mason 1986b).

Indeed, without costs from host rejection or genetic cohesion associated with
imprinting and/or inheritance of egg traits, little scope exists for specialists to derive from
generalists. Differential success of either strategy would be minimized by nest predation,
nest availability, and competition among brood parasites. Despite coevolved egg
mimicry, individual cuckoos use alternative hosts (Moksnes and Reskaft 1995) and more
than one gens and species parasitizes the same host (Higuchi and Sato 1984, Nakamura et
al. 1998). Thus, provided selection against cuckoos using alternative hosts is weak, some
gentes may not be selected to discriminate between hosts at the species level.

Similarly, cowbirds appear to have relatively equal reproductive success with
different hosts (Kilpatrick 2002, Mermoz and Fernandez 2003) and thus cowbirds may be
under selection only to discriminate at a much coarser level, between certain groups of

hosts. For instance, use by cowbirds does not merely reflect potential host abundance



Table 1.4. Estimates for egg production by cowbirds (number of eggs/female/breeding season). Potential fecundity is the estimated

number of eggs a female may produce based on snapshot measurements of follicular development multiplied by season length.

Realized fecundity represents the number of eggs successfully laid among host nests (sensu Hahn et al. 1999).

Maximum per year

Mean season

(peak rate eggs/ d) Technique Location length (d) Source(s)
Potential fecundity
Bonariensis
120 (0.66) POF* Colombia 182 Kattan (1993, 1997)
Ater
30.0 (0.83) POF California 81 Payne (1965, 1973, 1976)
25.0 Oklahoma 85
11.3 (0.75) Michigan 45
<40.0 (0.79) POF Ontario 60 Scott and Ankney (1980)
25 -50(0.36-0.70) POF New Mexico 72 Curson and Matthews (2003)
35.2-49.8 (0.78) Palpation” California 60 Fleischer et al. (1987)

(44



Maximum per year

Mean season

(peak rate eggs/ d) Technique Location length (d) Source(s)
16.4 (0.18 - 0.91) Captivity Ilinois 68 Jackson and Roby (1992)
26.3 (0.09 - 0.87) Captivity [llinois 89 Holford and Roby (1993)
Realized fecundity
ater
8.2 Genetic®®  New York 60 Hahn et al. (1999)
13 Genetic ° Ilinois 81 Strausberger and Ashley (2003)
16 Genetic ™ Manitoba 50 Woolfenden et al. (2003)
17 Genetic®®  Manitoba 50 Shonk (2001)

*Intact and ruptured post-ovulatory follicles (post-mortem) averaged across specimens.

® Oviducal eggs felt by hand in live birds.

° Maternal assignment using DNA fingerprinting; fecundity estimate corrected with point-count density data.

4 Females radio-tracked.

®Maternal assignment using microsatellite DNA loci.

€C
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(Post and Wiley 1977, Barber and Martin 1997, Strausberger 1998, Grant and Sealy
2002, Woolfenden et al. 2003) and in some communities, the use of inappropriate hosts

apparently has declined in response to poor reproduction using them (Table 1.5).

Origins of Specialism

Based on species’ current patterns of host use, it is unclear whether ancestral brood
parasites were generalists or specialists, or even whether all species evolved similarly
from one state to the pther. Thus, discussion of such trends is largely semantic; however,
the directionality of each hypothesis differs and therefore they may be contrasted. The
coevolutionary hypothesis is rooted in a transition from generalism to specialism and the
phylogenetic hypothesis predicts the reverse. The coevolutionary hypothesis is favored
over the phylogenetic explanation because it provides a mechanism for evolutionary
transition and does not relegate number of host species to a phylogenetic character in the
quantitative sense, i.e. it posits a shift from qualitatively less to more specialized rather
than considering host number per se (Rothstein et al. 2002).

Nonetheless, the most basal and specialist cowbirds and their hosts do not clearly
exhibit the traits expected during a coevolutionary arms race that has winnowed host
numbers. Instead, rufoaxillaris is reared by alternative hosts and its primary host(s) care
for non-mimetic eggs and young (Fraga 1998, Mermoz and Fernandez 2003). Because
rufoaxillaris is equally successful parasitizing nests of badius (Fraga 1998),
Brown-and-yellow Marshbirds (Mermoz and Fernandez 2003), and Chopi Blackbirds
(Sick 1993, Fraga 1996), the remarkable nestling similarity between rufoaxillaris and

badius young may be a secondarily derived trait rather than one associated with exclusive



Table 1.5. Low use of some potential hosts relative to others associated with poor cowbird reproductive success. For rejecting species,

use may be under-estimated as rejected eggs may not be detected by observers (Scott 1977).

Use by ater Cowbird Presumed
Species This spp.  Other spp. Success Mechanism Source
Eastern Kingbird <5%(279) 12-64%"° Poor Rejection Sealy and Bazin (1995)
Brown Thrasher 1 % (525) Common Poor Rejection Goertz (1977), Haas and Haas (1998)
House Wren 0.2 % (900) Common® Poor Poor Host Pribil and Picman (1997)
American Robin 4 % (92) Common Poor Rejection Lowther (1981)
Northern Mockingbird 0 % (607) 5-70 % Poor Rejection Goertz (1977)
Gray Catbird 5% (101) 10-80 % Poor Rejection Neudorf and Sealy (1994)
Bullock’s Oriole 9 % (34) Common Poor Rejection Friedmann and Kiff (1985)
House Finch ~ 0% Common Very poor Seed Diet Friedmann and Kiff (1985)
American Goldfinch 6 % (802) Common Very poor Seed Diet Middleton (1991)

*Fledging information from cited source and/or Friedmann and Kiff (1985).
® Neudorf and Sealy (1994) and Underwood et al. (2004).

Burgham and Picman (1989).

¥4
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use due to a lack of alternative hosts.

Alternatively, I suggest that host specialization within Molothrus resulted from a
form of host imprinting which subsequently weakened or was lost among the generalists
(Figs. 1.3, 1.4). Evidence for a link between specialist use by obligate brood parasites
and imprinting is clear among Cuculus cuckoos, viduine finches, and perhaps
honeyguides (Indicatoridae) that imprint upon aspects of their fosterers, and/or natal
habitats/nests (Wyllie 1981, Brooker and Brooker 1992, Moksnes and Raskaft 1995,
Teuschl et al. 1998, Vogl et al. 2002, Soren_son et al. 2003, Skjelseth et al. 2004). Indeed,
some amount of host-imprinting should be expected as a similar process is common for
species recognition among the non-parasitic ancestors of brood parasites (Hamilton and
Orians 1965, Rothstein and Robinson 1998, Slagsvold and Hansen 2001).

For Molothrus, imprinting would have been lost, possibly through selection for
generalism (see Chapter 2), among the more recently derived members (Fig. 1.4) as in the
obligately parasitic Black-headed Duck (Heteronetta atricapilla) (Weller 1968) and
facultatively parasitic ducks (4ythya: Mattson 1973, Eadie et al. 1998). This hypothesis
de-emphasizes coevolution, which indeed may be a secondary process that undoubtedly
has refined host use for some species, however, it favors the evolutionary history that
Lanyon (1992) posed (Fig. 1.4a). Recent studies that have found Common Cuckoos
laying in nests of more than one species strongly suggest that cuckoo egg appearance
reflects an amalgam due to egg discrimination by more than one species of host
(Edvardsen et al. 2001, Honza et al. 2002, Vogl et al. 2002). Cuckoos produce eggs that

poorly match those of some hosts (Edvardsen et al. 2001), yet these eggs of the ‘wrong’
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type are accepted. Thus, because host discriminatory abilities vary, cuckoos may be
viewed as more generalized than commonly believed.

Based on host- or habitat-imprinting, selection would have resulted in the cuckoo
gentes/races we recognize today. Coevolution would have played a more secondary role,
such as enhancing parasite mimicry of host eggs or young. Genetic differentiation of
gentes and races would have occurred via the genetic cohesion implicit in imprinting and
maternally linked genes for egg appearance under selection from hosts (Davies and
Brooke 1989, Gibbs et al. 2000). To apply this model to Molothrus, we must consider
evolutionary pathways to generalism as a derived state.

The assumption that rufoaxillaris imprints on its hosts appears a reasonable
explanation for the use of one primary host species. Host number for the nearest
molothrine relative, orizyvorus, is limited by the cowbird’s size (126 g, Dunning 1993)
and, thus, the use of few hosts may or may not involve some form of post-natal
imprinting. By contrast, the three generalist cowbirds, aeneus, ater and bonariensis, are
distinct from other brood parasites because they do not imprint upon hosts or nest and
habitat types (Lyon 1997, Hahn et al. 1999, Strausberger and Ashley 2003, Woolfenden
et al. 2003, Chapter 2). Therefore, they lack within-species genetic cohesion associated
with using a certain host or group of hosts (Gibbs et al. 1997). Theoretically, lacking
genetic cohesion and, hence, maintaining far greater population sizes (Fig. 1.5),
coevolution among generalist cowbirds and their hosts would take much longer to occur
(Nakamura et al. 1998). I suggest that rufoaxillaris is in a dynamic specialization with its
hosts and thus has not attained a high degree of egg mimicry or genetic differentiation

between individuals using different hosts. Imprinting could be tested by determining
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Figure 1.5. Theoretical models for parasite population size relative to host use (after
Nakamura et al. 1998). A. Stable specialization: represents Common Cuckoo use of one
gens with population reduction due to coevolutionary arms race. B. Dynamic
stabilization: parasite success changes with time and parasites switch between gentes. C.
Lack of coevolutionary arms race: parasite population size determined by factors other

than host behavior.
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whether individuals use multiple hosts or via cross-fostering and choice tests (sensu
Brooke and Davies 1991).

Data suggest that, ultimately, cowbirds should reduce the number of host species,
given time for coevolutionary relationships to evolve (Rothstein et al. 2002). However,
several field studies suggest that host use depends more on proximate features outside the
context of those explicitly related to coevolutionary histories (Wiley 1985; Mason
1986a,b; Cruz and Wiley 1989) and that some specialists (more basal species) can benefit
by adding hosts (Fraga 1998, Mermoz and Fernandez 2003). Thus, if rufoaxillaris
became a specialist through coevolution, some hosts have lost their defenses and are
parasitized today, i.e. step 3 of Fig. 1.1 is reversible. Because this is unlikely, I suggest
that host selectivity is not a unidirectionally evolving character that ultimately arrives at
specialism, rather, more generalist use may reflect an evolutionarily stable state.

Thus, cowbirds are either at a more primitive state within a coevolutionary
process (i.e. step 1, Fig 1.1), or host use by specialists may not be restricted by
coevolution, i.e. alternative hosts can be used successfully. Generalists might be equally
as selective of hosts as specialists, but use multiple hosts due to benefits associated with
generalism (i.e. greater nest availability numerically and temporally). In essence, host
use by generalist cowbirds may reflect strategies without genetic constraints of host or
nest-site imprinting. This hypothesis would be supported if generalist cowbirds were
capable of more specialized host use and could occur without step 2 (Fig. 1.1).

I tested the theoretical conditions for the sustainability of each strategy (Chapter
2). Specifically, I modeled the fitness gains made by specialists versus generalists. Next,

I compared the theoretical success of generalists with empirical data and then determined
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whether two sympatric, generalist cowbirds were capable of non-random and differential
host use at both the population and individual level, as revealed using molecular genetic
techniques (Chapters 2 and 3). The analyses also tested whether individual aeneus used
multiple host species. I also tested whether host use matched predictions from
estimations of host provisioning abilities (Chapter 3) and competition models among
sympatric populations of ater and aeneus (Chapter 4). Likewise, I tested whether the two
cowbirds selectively placed their offspring among host nests. Because cowbirds are
generally sexually size-dimorphic (Table 1.2), placement of eggs of each sex with hosts
of certain sizes may improve an individual’s intrinsic reproductive success (Weatherhead
1989). Therefore, I tested whether eggs for either sex were differentially placed with
certain-sized hosts (Chapter 5). In Chapter 6, I summarize the implications of my

findings for hypotheses explaining host use by brood parasites.
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CHAPTER 2. THEORETICAL ANALYSIS OF THE EVOLUTION OF HOST
GENERALISM AMONG BROOD PARASITES

Host use by brood-parasitic cowbirds ranges from specialism on one primary host to the
generalist use of more than 90 hosts (Lowther 1993, 1995; Lowther and Post 1999).
Lanyon (1992) proposed that the positive correlation between host number and
divergence time were causally related, with generalism the derived condition. By
contrast, Rothstein et al. (2002) hypothesized that coevolution between parasites and
hosts accounted for the decreasing trend in host diversity found in progressing from the
more basal to the more specialized species. Because Rothstein et al. (2002) suggested
that brood parasites tend to become host specialists over time, under their hypothesis,
host generalism may be viewed ultimately as an evolutionarily unstable state in which
populations of generalists could be invaded by specialists. However, at what point would
generalism become disadvantageous?

Rothstein et al. (2002) predicted that cowbirds will be forced to coevolve with
hosts given adequate time for host defenses to evolve. However, few potential cowbird
hosts currently reject parasitism, although this may reflect an evolutionary equilibrium
with costs of rejection (Spaw and Rohwer 1987; see reviews by Rothstein 1990, Hosoi
and Rothstein 2000, Underwood 2003). Moreover, after some 2.8 million years, the most
basal molothrine, rufoaxillaris, is reared by multiple alternative hosts (Mermoz and
Fernandez 2003) and its eggs are not discriminated against by its primary host (Mason
1980, 1986a; Fraga 1983, 1998). Thus, with respect to host use, cowbirds may be more

similar to parasitoid insects, for which models and empirical data show prevailing
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strategies are context-dependent such that either specialism, generalism, or mixed
strategies may be selected (Hassell and May 1986, Bonsall et al. 2002).

Because of the fluctuating payoffs during parasite-host coevolutionary cycles and
the availability of alternative hosts, the time required for specialization to evolve fnay be
greater than suspected previously (Takasu 1998, Rothstein et al. 2002). Indeed,
generalists can benefit from greater nest availability, both numerically and temporally,
across host populations. Thus, any benefits to rufoaxillaris from coevolved mimicry
(improved chick rearing by its primary host, badius) may be outweighed by the
availability of equally capable hosts and the specialist may not be limited by constraints
from coevolution (Fraga 1998, 2002; Mermoz and Fernandez 2003). This raises
questions for the ancestral state of molothrine host use. Specifically, would a generalist
be derived from a more specialized ancestor, as proposed by some authors (Fig. 1.4a;
Friedmann 1929, Hamilton and Orians 1965, Lanyon 1992)? Is specialism derived
through coevolution (Rothstein et al. 2002) (Fig. 1.4b)? Likewise, is host use even
evolutionarily labile? Or is host use a relatively inflexible trait limited by processes such
as egg appearance or host imprinting (see Slagsvold and Hansen 2001)?

I have employed theoretical models to examine payoffs to different strategies to
determine the contexts that favor each. Such information may elucidate whether either
transition, specialism to generalism, or the reverse, is more probable. Theoretically,
transition costs may vary such that host-parasite lag may be prolonged or interminable.
Such analyses are equally tenable describing competing strategies between species or

individuals. Thus, coexistence of parasitic strategies may also occur, as for insect
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parasitoids (Hassell and May 1986) or conspecific brood parasites (Lyon 1997, Broom
and Ruxton 2002).

To test the factors contributing to strategy stability, I used empirical data to
compare the profitability of specialist versus generalist parasitic strategies. I contrasted
potential fitness gains from specialist and generalist strategies based upon data collected
on a host community exposed to two parasites, Brown-headed and Bronzed cowbirds. To
sample fitness gains for cowbirds, I tracked host use by individuals using variable genetic
markers. Thus, I determined whether both species were composed of generalists and
generated estimates for annual reproductive success of the observed strategies. I
reasoned that if specialism was to become favorable, potential gains must at least

approach those for generalist strategies.

METHODS
THEORETICAL ANALYSIS
Model
To determine the stability of generalist versus specialist strategies, I compared population
dynamics for each strategy based on the basic equations from May and Robinson (1985):
Specialist: Si; = (1-pus)S; + As(1- exp(-aS))H; €9
Generalist: G+ = (1-u6)Gt + Ag(1- exp(-bG))H, + AP (2)
Host: Hi+1 = (1-pg)H; + Agexp(-aSy)H; + Ayexp(-bGy)H; 3)
where (1-p) represents proportional adult survival from t to t+1 and the terms exp(-aS;)
and exp(-bGy) represent the probabilities that nests escape parasitism by specialists and

generalists, respectively. Encounter rates with hosts (searching efficiencies) are reflected
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by 1-exp(-aSt) and 1-exp(-bGt), which depend proportionally upon population sizes for
each group, hosts (H), specialists (S) and generalists (G).

When not parasitized, I assumed that hosts produced four host young and when
parasitized, only one parasitic young. These values represent modal productivity levels
for small hosts (see May and Robinson 1985, Pease and Grzybowski 1995). This
assumption was varied when testing effects of coevolution. I also assumed the primary
host population was limiting to the specialist parasite, whereas the host pool for
generalists was supplemented via an alternative host pool term (AP). Potential gains
from AP were held constant, ignoring effects of coevolved defenses or density-dependent
changes in population sizes. This simulated a generalist’s capability for switching hosts
and maintaining relatively equal fitness (Mermoz and Fernandez 2003, Mermoz and
Reboreda 2003). Specialist payoffs (As) were varied relative to those for generalists (Ag)
to represent periods of coevolution, i.e. host defenses and specialist counter-measures
such as mimicry (Davies and Brooke 1989).

I assumed each parasite reproduced during discrete periods, with specialists acting
prior to generalists within each time interval (sensu Hassell and May 1986); Whereas
this misses a potentially important interaction, particularly where potential competition
among offspring could occur, it is a more simple system to consider. Moreover, while
the dynamics may differ using discrete intervals, the analysis provided a conservative test
of whether a generalist strategy can invade a specialist one — the species acting second in

time, in this case the generalist, is at a disadvantage.
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Invasion Analysis

Coexistence can only occur provided each strategy can invade the other at some level and
vice-versa. Individuals practicing a strategy can only invade if population growth can’
result when rare. Therefore, I examined the threshold conditions for which coexisteﬁce
could occur. First, I assessed the conditions under which generalists could become
established when specialists predominate and vice-versa. This would simulate a mutation
of a specialist into a generalist using an alternative host at payoff of P equal to use of the
primary host, because alternative hosts have not been exposed to parasitism and therefore
the significance of host defenses should be diminished.

Next, I considered two likely stages during a continued, prolonged association
between specialists and hosts (Fig. 1.1). Specifically, I considered the impacts of
coevolution as 1) hosts could develop defenses, i.e. egg discrimination, which in turn
alter payoffs to parasites, eventually resulting in a counter-defense by specialists, i.e. egg
mimicry as part of a coevolutionary arms race (Rothstein 1990). Thus, the probability
generalists would coevolve with specific hosts could be diminished, provided new and
non-discriminatory hosts are continuously available. Such host-switching has been
suggested to have occurred among cowbirds (Peer and Bollinger 1997, Rothstein 2001,
Peer and Sealy 2004a) and has been observed among cuckoos (Cuculus: Nakamura et al.
1998, Gibbs et al. 2000, and possibly, Clamator: Soler et al. 2003 and Chalcites: Joseph

et al. 2002).
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STRATEGY COMPARISON WITH EMPIRICAL DATA

Study Site

I measured host use by cowbirds during four breeding seasons (1999-2002) at Ft. Clark
Springs, Brackettville, Kinney Co., Texas (29°18'N, 100°43"W). Both cowbirds have
co-occurred in the area for more than 50 years (Oberholser 1974). I measured host use in
two ways: I used microsatellite DNA loci to identify eggs laid by different individuals
and, to increase sampling of potential hosts, I monitored nests and host-fledgling groups
in areas surrounding the core where clutches were not manipulated. Because the genetic
study involved destruction of eggs to obtain DNA, the two methodologies were applied in
different plots (Fig. 2.1). All cowbird eggs were collected from nests located through
systematic searches within a 27-ha “core” area (Fig. 2.1). Specifically, searching was
focused by comparing areas without known nests and territories identified through
bi-weekly mapping of songbird locations.

The core consisted of a manicured golf course dominated by trees < 7 m tall
(honey mesquite (Prosopis glandulosa), huisache (Acacia farnesiana), and Acacia spp.).
Cowbird productivity was measured in surrounding areas within 2 km of the core area.
Because the genetic analysis involved switching cowbird eggs with model eggs (details
below), I did not manipulate cowbird eggs in any nests for one season (1999) as a control.
Thus, data collected on cowbird productivity in 1999 were for both the core and
surrounding areas.

The surrounding areas were a mixture of residential lots, riparian woodland of
Texas live oak (Quercus virginiana) and pecan (Carya illinoensis), and Trans-Pecos

brushland with mostly < 4-m honey mesquite and 1-m tall grass understory. All nest and
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Figure 2.1. Core area (within broken lines) for cowbird egg collection 2000-2002, Ft. Clark Springs Golf Course, Brackettville, Texas.
Brushy habitat (shaded areas) contrasted the manicured lawn and ornamental plantings (unshaded). Trees in the core are represented

by circles, roads by solid lines and re-sighting locations by star symbols. Each portion of grid equals 50 m?.
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bird locations were mapped based on conspicuous golf course landmarks and Universal
Transverse Mercator coordinates recorded using a Garmin eTrex ® Global Positioning

System device.

Host Use

The number of cowbird eggs/young per nest was recorded among nests within the core
area. My primary objective was to collect all cowbird eggs laid within the core.
Therefore all songbird nests within the core were checked daily during 6-10 d periods
centered on the potential hosts’ first egg day, i.e. from three days prior to egg day one
through two days beyond clutch completion. I monitored nests in the core intensively to
detect the use of species that may reject cowbird eggs. Therefore, I watched or video-
taped nests of potential hosts prior to sunrise, the time of day that cowbirds lay (Scott
1991, Neudorf and Sealy 1994, Peer and Sealy 1999a). I also checked the contents of
nests within 10-30 min of sunrise to further minimize chances of missing any cowbird
eggs that were laid (Scott 1977). Ilisted all common and scientific names for birds

mentioned from this point in Appendix 3.

IDENTIFICATION OF EGG-LAYING INDIVIDUALS

Cowbirds were captured in seed-baited walk-in traps and uniquely color-banded and
blood sampled. DNA was obtained from adult/young blood samples and eggs collected
from host nests. Cowbird eggs found on the rim of or directly below nests were included
in the genetic analysis as a representation of host use. Cowbird eggs were collected upon
detection as a hedge against destruction by predators or damage by cowbirds and were

substituted with painted wooden eggs of similar mass, dimensions and appearance (see
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Peer et al. 2002). Model eggs were substituted for each cowbird egg to maintain volume
of host clutches and visual presence of egg(s). Host use in 1999 was monitored without
egg collection, hence, no egg models were placed in nests. This was necessary as model
eggs could affect cowbird behavior at nests, i.e. they cannot be punctured (Massoni and
Reboreda 2002) or their appearance may affect the probability of subsequent parasitism
(see Ortega et al. 1994, Strausberger and Ashley 1997). To test whether model cowbird
eggs affected multiple parasitism, I compared rates of multiple parasitism during the
control and treatment years. It is unlikely that the hatching success of host clutches was
affected when accompanied by model eggs versus real cowbird eggs (Ortega et al. 1994).
More so, because all host nests received the same type of model eggs, hatching success
among host nests is relative.

The number of cowbirds laying within the egg-collection plot was determined by
comparing adult and offspring microsatellite DNA loci (Alderson et al. 1999a,
Woolfenden et al. 2002). Collected eggs were artificially incubated 3-5 d and then stored
at -20°C. DNA was extracted from embryos and shells (sensu Sambrook et al. 1989) to
yield maternal (shell) genotypes and paternal haplotypes (non-maternal half of embryo
genotype) (Alderson et al. 1999a, Strausberger and Ashley 2001). Samples were PCR
amplified and genotyped at four to five microsatellite DNA loci using polyacrylamide gel
electrophoresis and autoradiography. Also, for one locus, Map.16, amplified DNA was
quantified by automated sequencing on an ABI 310 Genetic Analyzer® with
.ﬂuorescently labeled primers (Longmire et al. 2001, Strausberger and Ashley 2001).
Likelihood of parentage was determined using observational data, because each cowbird

can lay only one egg per day (Payne 1976, Sturkie 1976), therefore, simultaneous laying
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dates represented eggs laid by more than one female. I also used the PARENTAGE and
KINSHIP (Goodnight and Queller 1999) programs (see Alderson et al. 1999a,b) to
statistically assign parentage based on genetic data. PARENTAGE excludes
non-matching candidate genotypes to yield high resolution parentage assignments (éee
Chakrabroty et al. 1988, Alderson et al. 1999a). KINSHIP calculates relatedness
likelihood values (Goodnight and Queller 1999). I used KINSHIP to identify half- and
full-siblings and to determine the likelihood that eggs were laid by the same or different

females (sensu McLaren et al. 2003).

ESTIMATION OF PRODUCTIVITY

For estimation of cowbird productivity, I considered the frequencies of hatching, survival
and host rejection of cowbird eggs. Hatching and survival data were collected by
monitoring host nests, within the core area in 1999 and outside the core 2000-2002. I
estimated fledging success by reducing the total number of cowbird eggs laid per host by
the percentages of eggs not hatching and of nests not fledging due to predation or
abandonment. Thus, I reasoned the ratio of fledglings per eggs laid represented an
unbiased, relative estimator for comparisons of cowbird reproductive success among
hosts.

Few potential hosts at my site are known to reject cowbird eggs. Of those
commonly used, only the Bullock’s Oriole is known to eject foreign eggs (Rothstein
1977, Rohwer et al. 1989, Sealy and Underwood 2004). Studies of host egg rejection
behavior were restricted to those involving responses to eggs of ater, however, I

considered responses to eggs of aeneus would be similar to those measured for eggs of
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ater. 1 assumed this because species that lay spotted eggs reject immaculate eggs more
readily than spotted ones (Peer et al. 2002). My 1999 data suggested that the Bullock’s
Oriole was the only host species to reject cowbird eggs (n = 2 cases, aeneus eggs). This
conformed to the findings of Rohwer et al. (1989) who found that Bullock’s Orioles
reject foreign egg types as well as those of ater (see Sealy and Underwood 2004 for a
review of egg rejection/acceptance by orioles). Moreover, I assumed any differences in
egg acceptance would be detected through monitoring nests during the period for laying
by cowbirds.

To assess cowbird productivity, within the surrounding area, I searched for nests
and cowbird young with an emphasis on locating young cowbirds. Fledglings were
watched until fed to identify their hosts. Although Sealy and Lorenzana (1997) cautioned
against such a criterion for identifying hosts, the low frequency for feeding of cowbirds
by non-fosterers suggests any effects of this error type would be negligible for a broad
survey for fledglings. Furthermore, the relatively few records (2%, n = 519) for
Molothrus fledglings fed by species other than their fosterers (Sealy and Lorenzana 1997)
are greatly outnumbered by the usual case, in which cowbirds are fed by their fosterers

(100%, n = 14; see also Eastzer et al. 1980, Woodward 1983, Smith and Arcese 1994).

Host Quality, Availability and Use

I estimated relative host quality to cowbirds on the basis of fledging success. Nest
availability was estimated through daily systematic searches of the core area calibrated
with bi-weekly spot-map censuses of songbirds (i.e., if a territory was delineated via

census, then a nest was searched for in that area). Host use was determined through the
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detection of cowbird eggs in nests. To minimize the potential bias of missing cowbird
eggs in nests of species that often eject cowbird eggs, nests of these species were
observed or video-taped during normal periods for cowbird laying. When cowbirds were
detected near nests, the nests were observed continuously until their contents could be
checked, in < 10 minutes. Continuous observation allowed me to verify that any cowbird

eggs laid were not removed by subsequent visits by any birds.

THEORETICAL STRATEGIES BASED ON EMPIRICAL DATA
I considered that historically, individual cowbirds may have employed one or more of the
following strategies:

Specialist- use of one species’ nests regardless of availability,

Generalist- random selection of nests during each time interval,

Restricted generalist- selection of nests within a restricted suite of hosts,

Optimal - selection of one host, the most profitable available each time interval.
Therefore, I estimated the expected payoff for each host nest on the basis of availability
of each species’ nests and average fledging success. I then compared potential “paths” of
host use during five-day periods. An optimal path yielded the highest possible
reproductive success among nests available. Random paths were generated using a
random number generator and were constructed across all available nests as well as
among restricted pools of focal host species (Table 2.1). Focal species of hosts were

those that received most cowbird eggs (see Table 2.1).



Table 2.1. Sample calculation of arbitrary payoffs for different strategies with three

hypothetical hosts. Host A is the most profitable, yet least available, in contrast to the

poorest host, C, that was always available.

43

Payoff per parasitized

nest (in young)

Payoff obtained under each strategy

5-d Host species

interval A B C

Specialist Random

onhost A generalist

Restricted

Optimal

generalist® generalist °

1 0.39 0.14 0.14

2 0 0.14 0.14
3 0.39 0 0.14
4 0 0 0.14

Total 0.78 0.28 0.56

0.39
0
0.39
0

0.78

0.14

0.14

0.39

0.14

0.81

0.14

0.14

0.39

0

0.67

0.39

0.14

0.39

0.14

1.06

?Determined as the average payoff obtained using only hosts A and B.

® Calculated as the use of the species with the highest payoff among those available each

five-day interval.
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RESULTS

THEORETICAL ANALYSIS

Assuming similar mortality and payoffs when hosts are parasitized, specialists can only
persist if their ability to find hosts exceeds a threshold near or above that for generalists.
Because equilibria occur when Eqn. 1 equals Eqn. 2, i.e.

S* = (1-ug)S¢ + Asexp(-aS)H; = (1-p6)Gt + Agexp(-bGyH; + AP = G*,

the equilibrium can be abstracted as the searching efficiencies for each strategy (as o
and B replacing the exp(-bx;)H; terms) and the alternative host pool, such that o = f§ + AP.
Therefore, to be sustainable, the generalist strategy must yield enough benefits from the
alternative pool to offset the specialists’ success with the primary host (Fig. 2.2).
Provided generalists used 15% of the primary hosts’ nests, equilibria occurred when use
of AP was at 80% use of one alternative host species to 20% use of 2 species (Figs. 2.2,
2.3). The full range of equilibria obtained are presented in Figure 2.4.

The population model suggested either strategy was sustainable when alone or at
co-occurrence of certain levels. Host-parasite coexistence was maintained across a
relatively narrower range of parameter values for populations containing mixed strategies
relative to populations containing only a single strategy. Compared to specialism,
generalism was sustainable across a wider range of conditions. Specialists were more
sensitive to changes in primary host abundance, whereas generalists exhibited broader,
gentler cycles as the alternative hosts buffered them from changes in primary host
availability. Variation of parameters revealed specialists were most sensitive to changes
in payoffs with the primary host, and hence, conditions for coexistence depended on the

payoffs provided by the primary host and its use by generalists (Fig. 2.4). The specialists
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Species A Unparasitized
Species B Unparasitized
Species C Unparasitized

OLVo 20|% 40I% 60|% 80I% 106%

Proportional nest fates

Figure 2.2. Theoretical representation of proportions of used and unused nests at
equilibrium, assuming equal payoff for use of each host. Species A represents the

primary host.
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Figure 2.3. Population dynamics for each strategy assuming one host for specialists and
a constant pool of alternative hosts available for generalists. The alternative hosts keep
the generalist from extinction and experiencing density-dependence (exponential growth

denoted by arrow), whereas specialists cycle at low levels with their only host.
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Figure 2.4. Equilibrium population sizes among competing strategies when varying the

reproductive success for A) specialists or B) generalists with the primary host.
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failed at levels of high and low success with hosts, whereas generalists persisted across
all levels of payoff to specialists. Thus, generalists exhibited a wider range of stability

and failed only at low levels (< 0.1) of success with the primary host.

Shifting Equilibria During Coevolution

Coevolution is initiated with hosts first gaining an advantage through a defense that
counters the effect from another (Fig. 1.1, Step 2). Thus, when parameters were altered
to reflect reduced reproductive payoffs for specialists and generalists with the primary
host, both strategies were similarly affected and equilibria simply shifted to lower levels.
However, once payoffs to specialists were modified to reflect counter-defenses (Fig. 1.1,
Step 3) by the specialists, new equilibria resulted. During Step 3, specialists persisted at

higher levels, however, generalists still dominated the system (Fig. 2.4).

STRATEGY COMPARISON WITH EMPIRICAL DATA

Host quality, availability and use

Icterus orioles were the most productive hosts of 28 species parasitized by cowbirds at
the site. This reflected the high success for oriole nests, the ability of orioles to rear
cowbirds and, to a lesser degree, their abundance (Table 2.2). Only two oriole nests
were parasitized by ater, which mainly parasitized nests of Bell’s Vireos and Blue-gray
Gnatcatchers (Table 2.2). Aeneus parasitized mostly nests of Orchard Orioles and
Hooded Orioles (Table 2.2). Host use reflected temporal changes in nest availability
such that each cowbird parasitized nests of other host species when

unparasitized nests of focal species were rare (Fig. 2.5).



Table 2.2. In phylogenetic order, abundance (mean males/count) and nest data for the core area during cowbird laying 2000-2002.

Total eggs Number of cowbirds fledged °
Species (mass, g)* abundance + SD®  ater aeneus % parasitism (n) ater aeneus
Ve@ilion Flycatcher (16.0) 53+24 9 0 6 (104) 7 0
Ash-throated Flycatcher (27.2) 0.8+1.0 0 0 0(7) 0 0
Western Kingbird (39.6) 22417 0 0 0(21) 0 0
Scissor-tailed Flycatcher (43.2) 1.9+1.8 0 0 0(10) 0 0
Bell’s Vireo (9.0) 81+25 108 0 74 (118) 20 0
Cactus Wren (38.9) 1.1(1.0) 0 0 0(6) 0 0
Bewick’s Wren (9.9) 1.3 (1.0) 0 0 0 (6) 1 0
Blue-gray Gnatcatcher (5.7) 1.5 (1.5) 12 0 82 (11) 53 0
Eastern Bluebird (31.6) 0.5 (0.7) 0 0 0 (6) 0 0

6%



Northern Mockingbird (48.5)
Chipping Sparrow (12.3)
Lark Sparrow (29.0)
Northern Cardinal (44.3)
Blue Grosbeak (27.5)
Painted Bunting (11.8)
Great-tailed Grackle (107.0)
Orchard Oriole (19.6)
Hooded Oriole (24.3)
Bullock’s Oriole (33.6)
House Finch (21.4)

Lesser Goldfinch (9.5)

Totals

Species not detected on censuses

Couch’s Kingbird (45.0)

9.6 (4.5)
1.6 (1.3)
8.5(3.3)
0.2 (0.5)
0.4 (0.7)
1.7 (1.1)
1.1 (1.7)
2.7 2.1)
1.0 (1.0)
1.6 (1.4)
1.5 (1.6)

0.4 (0.6)

155

73

62

15

157

0

0(2)

0.(122)
0(21)
2 (200)
50 (3)
67 (3)
20 (21)
0 (6)
79 (34)
82 (30)
33 (40)
0 (51)
0(8)

n/a (828)

87

34

24

68

0S



Barn Swallow (15.8)° 0 0 0 (6) 0 0

Yellow-throated Vireo (18.0) 0 0 0(2) 0 0
Black-tailed Gnatcatcher (5.1) 0 0 50(2) 1 0
Yellow-breasted Chat (25.1) 0 0 25(12) 1 0
Olive Sparrow (23.6) 0 0 0(1) 0 0
Black-throated Sparrow (13.5) 0 0 0(1) 0 0
Pyrrhuloxia (34.3) 0 0 66 (3) 0 2
Indigo Bunting (14.1) 0 0 100 (1) 0 0

Totals 0 0 n/a (62) 2 2

®Female mass data from Dunning (1993).

®Data from weekly morning censuses.

¢ From fledgling surveys outside core area (1999-2002).

4 Dove species were not included in censuses, yet nests were located: Mourning Dove (15), White-winged Dove (19), Inca Dove 3),
Common Ground Dove (4).

°Barn Swallows and Purple Martins were not counted during censuses.

IS
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Figure 2.5. Host use relative to nest availability in 2002 for ater and aeneus. Each

cowbird laid >80% of eggs among nests of focal species, for ater and aeneus,

respectively: Bell’s Vireo, Blue-gray Gnatcatcher, Orchard Oriole, Hooded Oriole.

Nests of other species (see Table 2.2) were used when unparasitized nests of focal

SpCCiGS were rare.
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Host Use by Individuals

Overall, 163 and 233 samples from ater and aeneus, respectively, were genotyped at a
minimum of four highly variable microsatellite loci (Table 2.3). This facilitated
relatively high power of exclusion when assigning parentage (Table 2.3). In total, five
and 11 females were assigned multiple eggs, for ater and aeneus, respectively.

Individuals of both cowbird species regularly used up to three host species (Fig. 2.6).

STRATEGY SUCCESS

Reproductive success for aeneus was highest (0.43) with Orchard Orioles as hosts,
followed by Hooded Orioles (0.14) and Bullock’s Orioles (0.14). Only Bullock’s
Orioles removed cowbird eggs, puncturing four aeneus eggs before I could collect them.
However, Bullock’s Orioles occasionally accepted aeneus eggs (Table 2.2). Therefore,
I estimated 80% of aeneus eggs would normally be ejected.

Optimal strategies delimited the maximum obtainable success among hosts
available as 6.6 young. Specialization upon the most productive host, the Orchard
Oriole, resulted in 6.2 young, whereas a purely random generalist strategy resulted in an
average of 4.3 young (Fig. 2.7). Observed use produced on average an estimated 3.8

young, followed by an average of 2.8 young for the restricted generalist strategy.



Table 2.3. Measures of variability at microsatellite DNA loci.

% Heterozygosity Exclusion probability

Number of alleles (bp) n observed (expected) PIC* 1% parent (2™ parent)

Locus ater aeneus ater aeneus ater aeneus
Map 1 23 (194-270) 160 25 (194-270) 222 89 (97)97  78(94)%4 0.879 (0.935) 0.784 (0.879)
Map 12 28 (179-269) 146 22 (169-233) 216 87 (97)97  76(90)89 0.887 (0.940) 0.673 (0.803)
Map 15 23 (240-324)96  8(276-304) 187 76 (92) 91 78(79)76 0.708 (0.828) 0.419 (0.597)
Map 16 9 (327-788) 75 18 (368-824) 80 95(98)98  59(98)98  0.908 (0.952) 0.908 (0.952)
Map 25 24 (125-219) 93 15 (129-169) 136 86(92)90  71(80)80 0.698 (0.822) 0.439 (0.617)
Total 107 (125-788) 163 88 (129-824) 233 87(95)95  72(88)87 1.000 (1.000) 0.998 (1.000)

* Expected heterozygosity (Nei 1987) and PIC (point information criteria, a measure of the information related to heterozygosity

across all loci; Hearne et al. 1992) calculated using Cervus 1.0 (Marshall et al. 1998).

125
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Figure 2.6. Host use by ater and aeneus for eggs genetically assigned to females at Fort
Clark Springs, Texas. Numbers above bars are the identification numbers for females

that laid in multiple years.
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Figure 2.7. Comparison of expected and observed use by aeneus of the three focal hosts,
those accounting for >80% of parasitism. Observed use fell between that expected under
optimal or random strategies. The optimal strategy did not predict use of the Bullock’s

Oriole and observed use of this host was less than that under a random strategy.
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DISCUSSION

THEORETICAL ANALYSIS

Theoretical analyses suggest that generalist strategies are sustainable and capable of
invading systems dominated by specialists (Schoener 1974, Hassell and May 1986,
Bonsall et al. 2002, Ney-Nifle et al. in press). These patterns remained consistent using
models incorporating theoretical payoffs for coevolved specialism estimated for
cowbirds. I found that generalists were favored under a variety of conditions (Figs. 2.3,
2.4) and thus transitions from specialism to generalism appear theoretically feasible. In
the population model, specialism was favored only when payoffs (fledging success) far
exceeded that for generalists. Such scenarios may have arisen historically as cowbird and
host distributions would have varied during and following glaciation events (Peer and
Bollinger 1997, Rothstein 2001, see also Avise and Walker 1998).

The only specialist cowbird, rufoaxillaris, parasitizes a primary host, badius,
which exhibits two relatively unique traits that benefit rufoaxillaris: badius experiences
low predation on its nests and it removes ectoparasites from young (Fraga 1998).
However, it is difficult to see why rufoaxillaris would specialize on only one species
when the potential for reproductive gains with other species remain (Table 1.3, Sick
1993, Mermoz and Ferndndez 2003). Indeed, several species appear capable of providing
care benefits (and would have, historically, under the coevolution hypothesis) that far
exceed those available with badius.

My results support the hypothesis that specialism may not be a derived state
among Molothrus. Coevolution would explain specialism by rufoaxillaris but evidence

of such processes are uncommon. For instance, most potential hosts, including badius,
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do not discriminate foreign egg types (Mason 1986a, Sick 1993, Mermoz and Reboreda
1996, Fraga 1998). Likewise, specialists such as Common Cuckoos continue to
parasitize nests other than their primary host species’ (Moksnes and Raskaft 1995,
Edvardsen et al. 2001, Vogl et al. 2002). Therefore, as in Common Cuckoos and other
brood parasites, I suggest some form of imprinting constrains host diversity for

rufoaxillaris (Teuschl et al. 1998, Vogl et al 2002, Payne and Sorenson 2004).

EMPIRICAL ANALYSIS
Consistent with the predictions of my model, field data demonstrated that individual ater
and aeneus were host generalists. Individuals used multiple host species largely
associated with the variation in nest availability. For instance, when few vireo or
gnatcatcher nests were available, ater used flycatcher nests (Fig. 2.6a). Likewise, for
aeneus, Orchard Oriole nests were not available after early June, whereas use of cardinal
nests peaked shortly thereafter (Fig. 2.6b). Other authors have found host use by ater
reflects host availability (Briskie et al. 1990, Woolfenden et al. 2004). My data
exemplify the benefits of host generalism and associated lack of genetic cohesion in
terms of host use; individuals using multiple species face no shortage of hosts and as such
experience little opportunity for formation of host-based races (Gibbs et al. 1997, 2000).
The analysis using my field data further demonstrated that a specialist strategy
can only be favored when payoffs exceed those for more generalist use. While
specialism would result in high reproductive success (6.8 young), use of the more
continuous supply of all three hosts’ nests provided greater success (7.1 young). Atmy

site, generalists had more reproductive opportunities than would any specialist.
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Assuming generalism was ancestral, it is difficult to imagine scenarios other than intense
coevolution or imprinting on host attributes (Lack 1968, Wyllie 1981) that could result in
the derivation of sustainable specialism.

Overall, selection for specialism by Molothrus appears to be weak and host use
may reflect constraints other than those inherently linked to coevolution. Indeed,
generalists are more widespread and numerous due to their ability to use alternative
resources (Fig. 1.5, Nakamura et al. 1998). By contrast, specialists face relatively
reduced resource availability as coevolution often effectively winnows host availability
(Fig. 1.1). Theoretically, specialist brood parasites should achieve greater reproductive
gains, relative to generalists (Fig. 2.7), from their primary hosts. However, despite
exhibiting traits attributed to coevolution, rufoaxillaris achieved gains of 1.8-2.4%
proportional fledging success beyond that for bonariensis (Fig. 2.8, Fraga 1998, Mermoz
and Fernédndez 2003). Likewise, specialism among hosts in Texas would not allow
greater seasonal fecundity than that for generalists. Thus, the questions: “why is

rufoaxillaris a specialist?” and “have cowbirds and their hosts coevolved?” remain.

GENETIC COHESION

Cowbirds are distinct from most brood parasites as they lack within-species genetic
cohesion associated with using a certain host or group of hosts (Gibbs et al. 1997, Joseph
et al. 2002). This is related to life-history differences among these parasites. Cuculus
cuckoos appear to imprint upon their nest, fosterers, and/or natal habitats (Teuschl et al.
1998). This explains how separate gentes laid their eggs (44%, n = 11,870) in nests

where their eggs did not match those of the hosts’ yet 76% matched the type of nest site
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Figure 2.8. Heuristic adaptive landscape for cowbirds. Axes approximate features
analyzed as potential determinants of cowbird fledging success. Total metabolized
energy (TME) on the Y-axis represents estimated energy provided per normal host chick
and is associated with ability to provision cowbirds (Weathers 1992, Kilpatrick 2002).
Each letter represents cowbird success with a hypothetical host. A-D represent success of
bonariensis with Zonotrichia capensis, Agelaioides badius, Pseudoleistes virescens, and
Mimus saturninus, respectively (Fraga 1978, 1985, 1998; Mermoz and Fernandez 2003).
Success for rufoaxillaris with B and C is represented by dashed lines, thus comparing the

potential gains obtainable to generalists or specialists.
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for that gens (Moksnes and Reskaft 1995). Thus, cuckoos lay in nests similar to those in
which they were reared (Teuschl et al. 1998). Furthermore, genes for egg appearance
occur on the female W chromosome, facilitating gente formation through differential
success with hosts based on egg appearance (Davies and Brooke 1989, Gibbs et al. 2000).

Similarly, viduine finches exhibit genetic cohesion because they learn the songs
of their hosts (Payne et al. 1998, 2000). Males sing their host’s song and females raised
by the same hosts mate assortatively with them (Payne et al. 1998, 2000; Payne and
Sorenson 2004). New hosts are acquired through “accidental” laying in nests of different
hosts or “mis-imprinting” by either sex on the song of another potential host species
(Payne et al. 2000, Payne and Sorenson 2004).

Cowbirds lack such a mechanism that promotes genetic cohesion related to host
use. Among ater, females may preferentially mate with males from similar dialects
(O’Loghlen and Rothstein 1995), yet this does not assort individuals raised by the same
hosts directly, as occurs among other brood parasites. Thus, ater does not exhibit
host-based genetic structure (Gibbs et al. 1997). Horsfield’s Bronze-cuckoo also does not
exhibit host-based genetic structure (Joseph et al. 2002) despite exhibiting apparent host-
specific races (Payne and Payne 1998a). However, the lack of genetic structure likely
reflects a recent (16,000 my) population range expansion following a bottleneck (Joseph
et al. 2002). Thus, evolutionary stable host-specific races have either evolved recently or
they may not exist. Because less genetic divergence was found than expected assuming
current or past host races, it appears that despite the cuckoo’s more historic appearance,

strong host specificity has not resulted parallel to the case for Molothrus.
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The Most Basal Specialist, the Screaming Cowbird

Fraga (1998) summarized the badius-rufoaxillaris system as stable and possibly in an
evolutionary equilibrium. He noted the major coevolutionary pressures on badius were
avoidance of parasitism, yet rufoaxillaris is winning because badius does not eject
rufoaxillaris eggs (Fraga 1998). 1 agree with his reasoning, that because the costs of
rearing rufoaxillaris and cross-fostered bonariensis were comparable, there is no
evidence for “coevolutionary amelioration” in the older and more specialized parasite.
This view was further supported by natural use of Brown-and-yellow Marshbirds by
rufoaxillaris, for which parasitism did not differ from random and parasite success was
similar (Mermoz and Fernandez 2003). Likewise, Mason (1986a) tested several hosts
sympatric with bonariensis and rufoaxillaris with eggs of each. He found that most of
the 16 songbirds accepted both egg types. Thus, for rufoaxillaris, host availability does
not appear constrained by egg appearance (Fraga 1998).

Jaramillo (1993) found rufoaxillaris eggs closely matched those of badius in
shape and size at one site but not another. He suggested that rufoaxillaris eggs have
undergone selection for mimetic shape and size from badius that use the darkened nests
of Rufous Horneros similar to Shiny Cowbird use of the same species’ nests (Mason and
Rothstein 1986). However, no rejection of eggs dissimilar in shape or size has been
recorded elsewhere. It is unclear why badius would favor tactile discrimination of eggs
in one nest type over another, particularly when eggs must receive comparable time in
contact with the brood patch regardless of nesting structure. Therefore, Jaramillo (1993)
concluded selection for similarity in host and parasite egg dimensions was from removal

by other rufoaxillaris. Conspecific egg removal appears frequent at parasitized badius
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nests, where as many as five eggs may be removed and replaced by others’ eggs
(Rothstein and Robinson 1998, Fraga 1998).

Both the coevolutionary and phylogenetic hypotheses invoke coevolution when
describing the rufoaxillaris-host system (Lanyon 1992, Rothstein et al. 2002). However,
because the rufoaxillaris-host system lacks clearly coevolved traits restricting host
diversity, I suggest that rufoaxillaris individuals imprint upon aspects of their natal
rearing conditions as cuckoos do (Moksnes and Reskaft 1995, Teuschl et al. 1998, Vogl
et al. 2002), i.e. a mixture of cues associated with host and/or nest type. This would
explain why rufoaxillaris rarely uses alternative hosts, especially despite the use of a
variety of nest types by badius. Likewise, the high degree of chick mimicry would be
facilitated through genetic cohesion associated with imprinting. Under the imprinting
hypothesis, coevolution would have acted secondarily and, thus, better explain the current
lack of egg discrimination/mimicry among hosts and potential hosts for rufoaxillaris
(Mason 1986a, Fraga 1998, Mermoz and Fernindez 2003).

Despite the apparent elements of mimicry, chick appearance does not affect
success with hosts for Molothrus (Fraga 1978, Manolis 1982, Fleischer and Rothstein
1988, Appendix 2) or Vidua (Payne et al. 2001). Indeed, rejection by hosts has not
selected for egg mimicry (but see Jaramillo 1993) and rufoaxillaris is not
coevolutionarily restricted to a certain host as in Cuculus cuckoos. The variable color,
spotting, volume, and shape of rufoaxillaris eggs further suggests little coevolution has
occurred (Fraga 1998).

Other than chick mimicry, paired nest searching by rufoaxillaris has been

suggested as a coevolved behavior selected for by heightened host nest defense to counter
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parasitism (Rothstein 1990). However, badius may display equal nest defense from other
enemies (Sealy et al. 1998). Paired activities cannot be discerned easily from other
processes, such as mate-guarding (see Strausberger and Ashley 2003). Likewise, females
of aeneus and bonariensis may search for nests in groups but this is not viewed as an
adaptation (Carter 1986, Wiley 1988).

Therefore, rufoaxillaris does not exhibit relatively more coevolved traits than
more recent Molothrus species. The coevolution of chick mimicry is better explained as
a result of imprinting followed by modification to improve success rather than a
winnowing of success with hosts down only to badius. This could be tested by cross-
fostering eggs/young of rufoaxillaris and non-specialists among host nests (Fraga 1998)
or through detection of genetic structure based on hosts (see Gibbs et al. 1997, 2000).

Hypothetically, provided natal imprinting explains host use and chick mimicry by
rufoaxillaris, further questions about such a process must be considered. For instance,
why would rufoaxillaris have so few hosts, i.e. why more ‘laying mistakes’ have not
resulted in more host-based lines? One explanation is that natal imprinting is strong
enough that mistakes have been few relative to Vidua. This is reasonable as hosts for
Vidua nest in mixed colonies where more mistakes can be expected. Likewise, Vidua and
their hosts breed in sharp temporal peaks following relatively erratic rains and
near-random losses to predators and fire (Morel 1973). Finally, observer effort has been
focused at describing and not manipulating the rufoaxillaris- badius system. Thus,
Rothstein et al. (2002) noted that more hosts for rufoaxillaris will probably be found, as
Pereya (in Friedmann 1963) listed additional hosts that were not acceptable to Friedmann

who believed misidentified eggs of bonariensis were more likely.
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COWBIRD-HOST COEVOLUTION?

Coevolution is defined by reciprocal genetic changes induced between organisms
(Futuyma 1998). Among cowbird hosts, discrimination of cowbird eggs appears to exist
for >50 species (Rothstein 1990; Underwood 2003, Peer and Sealy 2004b). Despite this
behavior, induced almost exclusively by brood parasitism (see Peer and Sealy 2004b),
cowbirds exhibit few potentially coevolved traits. Of these, only thicker eggshells
represent a possible adaptation to counteract ejection attempts (Picman 1997, Mermoz
and Ornelas 2004). However, all cowbirds frequently puncture eggs (see Mermoz and
Ornelas 2004) and some lay eggs from above host clutches (Appendix 4). Thus, eggshell
thickness may have evolved to protect cowbird eggs from damage either during laying or
puncture attempts by conspecifics, rather than to resist host rejection attempts (Rohwer
and Spaw 1988).

My analyses suggest that host generalism, under current host egg acceptance
rates, is more profitable than specialism. Thus, it is unclear why rufoaxillaris does not
use more hosts. Perhaps imprinting limits the establishment of new hosts. Indeed, the
unexpected results from recent studies of cowbird mating systems (Alderson et al.
1999a,b; Strausberger and Ashley 2003; Woolfenden et al. 2003), social development
(Hauber et al. 2000), and demography (Woolfenden et al. 2001) underline the need for
further cowbird research, particularly of the more basal species. Furthermore, despite the
costs of parasitism, host populations often are not strongly regulated by cowbirds
(Stutchbury 1997, De Groot and Smith 2001). Indeed, mortality from predation and
migration may often swamp parasitism effects on host population productivity (Nolan

1978, Finch 1983, Mermoz and Reboreda 1994, Pease and Grzybowski 1995,
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Grzybowski and Pease 2000). Likewise, seasonal productivity is often determined by
food availability in some ecosystems (Grant 1999, Sillett et al. 2000, Morrison and
Bolger 2002) and thereby would diminish potential impacts of parasites. Competition
between cowbirds is also greater than that measured for most brood parasites and may
favor a more dynamic equilibrium than that which exists for cuckoos (Nakamura et al.
1998). These forces combine to result in poor conditions for coevolution and, hence,

may explain the current lack of coevolution found among cowbirds and their hosts.
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CHAPTER 3. MULTIPLE PARASITISM BY TWO GENERALIST COWBIRDS:
HOW MANY EGGS ARE TOO MANY?

Breeding cowbirds commonly occur at high densities and often parasitize more than 50%
of host nests (Friedmann 1929, Johnsgard 1997, Table 3.1), whereas most brood parasites
are less common and parasitize 5-20% of host nests (Johnsgard 1997, Rothstein and
Robinson 1998, Davies 2000). Because they occur at high densities, cowbirds are
expected to parasitize some nests more than once. Such multiple parasitism (hereafter,
MP) of a host can result from either one cowbird laying more than one egg or two (or
more) cowbirds laying in the same nest (McLaren et al. 2003). Thus, each female often
faces trade-offs of reducing nest searching costs by laying more than one egg per nest, or
risking a wasted egg if hosts cannot rear more than one cowbird (Hahn et al. 1999, Trine
2000, Carter 1986).

MP often has been portrayed as a wasteful result of population-level laying
patterns that do not differ from random series (reviews by Lowther 1984, Lea and Kattan
1998). However, cowbirds appear capable of at least coarse levels of discrimination
among hosts, using more appropriate hosts over those with which success is poor (Table
1.5). Thus, akin to discrimination displayed between potential host species, recognition
and differential use of species that are likely to rear more than one cowbird per brood
would be adaptive. Previous studies have focused on four hypotheses for why cowbirds
parasitize hosts multiply: (1) extraordinary egg production by cowbirds (Kattan 1997,
Goguen 1999), (2) host nest limitation (Ortega 1998, Strausberger 1998), (3) loss of
preferred nests to predation — essentially, a best-of-a-bad-job strategy, and (4) inability to

detect whether nests are already parasitized (McLaren et al. 2003).



Table 3.1. Aspects of MP by some brood parasites.

Maximum

Birds Mean eggs  eggs per Fit to MP by >1
Species /100 ha  per nest nest Poisson® female (n)°  Source
Rufoaxillaris Fairly 13-43 20 Mixed  Yes®? Stotz et al. (1996), Fraga (1998), Mermoz and

common Fernandez (2003)
Aeneus 96 21-23 14 Mixed 92% (36)° Friedmann et al. (1977)
Ater 20-40 1.0-25 13 Mixed 53% (58), Johnsgard (1997)

87% (23)°

Bonariensis 15-32 1.8-2.6 37 Mixed Yes™® Johnsgard (1997), Lea and Kattan (1998)
Clamator glandarius 1.3 1.5-3.7 6 Yes 32% (28)° Martinez et al. (1998)
Cuculus canorus Low 1.0 4 No < 1% Johnsgard (1997), Nakamura et al. (1998)
Vidua species High 14-1.5 4 Mixed Yes ™ Morel (1973), Payne (1977a), Mines (1999)

?Fit tested with Kolmogorov-Smirnov tests (see Appendix 5).

*¢ Determined using: ° simultaneous laying dates, ° DNA fingerprinting (Martinez et al. 1998), d egg dimensions and/or appearance,

T microsatellite DNA (° Chapter 2, “McLaren et al. 2003), 2egg morphs where two distinct morphs co-occur (Lyon 1997).

89
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Several studies have concluded that high egg production was the most likely
explanation (Goguen 1999, Lea and Kattan 1998). This has since been countered by
genetic findings that cowbirds successfully lay fewer eggs, annually, than previously
determined or expected (Hahn et al. 1999; Strausberger and Ashley 2003; Woolfenden et
al. 2003, 2004). I measured MP by ater and aeneus among an array of potential hosts to
identify why cowbirds parasitize hosts multiply. I used molecular genetics to determine
the number of females laying at each nest, which facilitated testing the hypotheses of
extraordinary egg production (1) and inability to detect previous parasitism (4).
Essentially, if individual cowbirds did not parasitize the same nest twice, this would
suggest that MP by different cowbirds may reflect a lack of recognition when nests will
be parasitized by another. I tested the nest limitation (2) and best-of- a-bad-job (3)
hypotheses by recording cowbird eggs among all potential host nests to determine the
relative availability of nests suitable for parasitism. My analyses consider the constraints
cowbirds may face when laying decisions are made, whereas previous workers relied
upon comparison with Poisson series to characterize host use by cowbirds as a random or
near-random process (Preston 1948, Mayfield 1965, Lowther 1984, Lea and Kattan
1998).

If some hosts can rear two cowbird young, MP of these nests by the same female
should be common and the reverse is expected if competition between cowbirds is costly
(Goguen 1999). Therefore, I estimated the hatching rates and provisioning abilities of
hosts to determine the number of cowbird eggs per nest to maximize cowbird success. If
MP is related to these factors, cowbird host use would appear less random than

previously characterized (Lea and Kattan 1998, but see Woolfenden et al. 2003).
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Alternatively, if MP reduces cowbird reproductive success, then does MP decrease when
more nests are available? To test these hypotheses, I measured aspects of host use by
sympatric ater and aeneus in south Texas where MP was common (Carter 1986). I also

compared host abundance and nest failures to test which affected MP.

METHODS

STUDY SITE

To determine the frequency of MP, I monitored potential host nests within the core area
as described in Chapter 2 (Fig. 2.1). The year without manipulation of eggs (1999)
served as a control for subsequent years when egg models were placed in nests. This was
necessary as model eggs could affect cowbird behavior, i.e. they cannot be punctured
(Massoni and Reboreda 2002) and/or their appearance may affect the probability of
subsequent parasitism (see Ortega et al. 1994, Strausberger and Ashley 1997). To test
whether model eggs affected MP, I compared the occurrence of MP during control and

treatment years.

COSTS ASSOCIATED WITH MULTIPLE PARASITISM

I quantified costs of MP to cowbirds at the egg and nestling stages. I estimated hatching
failure for cowbird eggs as the number of eggs left in nests four days after a chick had
hatched in the nest, whether host or cowbird. This controlled for late-hatching eggs.
Most nests used for this analysis were checked for eggs that had not hatched once the

young were ready to fledge. As eggs that do not hatch are rarely removed from nests
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(Mayfield 1960, Rothstein 2001), my data provide minimal estimates of hatching failure,
1.e. eggs or young could have been removed during the 10-14 d nestling periods.

Because most deleterious effects of MP should occur only when multiple cowbird
eggs hatch, I calculated the expected number of cowbird eggs hatching per multiply
parasitized nest (sensu Mayfield 1960:174). The distribution of eggs not hatching was
assumed to be randomly distributed within the sample. Therefore, according to a Poisson
series, the probability that a cowbird egg would hatch was used to determine the number
of cowbirds hatching per multiply parasitized nest. These data were then used to predict
the clutch sizes that would optimize the chance of hatching one cowbird (probability of
hatching™).

From the nests and fledgling broods in surrounding areas, captured young
cowbirds were weighed, color-banded, and blood-sampled. I also recorded numbers of
accompanying host or cowbird young. I assumed it was unlikely that the hatching
success of host clutches was affected when accompanied by models versus real cowbird
eggs (Ortega et al. 1994). More so, because all host nests received the same type of
model eggs, hatching success among host nests should be relative, except for potential
differences associated with host egg/body size (see Strausberger 1998).

I compared the variation for masses of cowbirds of fledging age (10 and 12 d for
ater and aeneus, respectively) that were reared with and without nestmates. When not
known from hatch dates, age was estimated based on plumage and physical development
(sensu Scott 1979). Because adult cowbirds are sexually size-dimorphic, size differences
may appear among young (Scott and Lemon 1996). I determined offspring sex through

PCR amplification of chromo-helicase-DNA binding (CHD1) genes from avian W and Z
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sex chromosomes (Griffiths et al. 1998). PCR products were viewed through
electrophoresis on 2% agarose gels (see Kasumovic et al. 2002). CHD-analysis resulted
in two distinct bands for females, one for males, and none if amplification failed. I
verified the accuracy of this technique for each species with DNA from 10 adults of

known sex (five of each sex).

CORRELATES OF MULTIPLE PARASITISM
Identification of females practicing Multiple Parasitism
To determine whether MP was most often due to laying by the same or different females,
I identified the cowbirds laying within the egg-collection plot by comparing adult and
offspring microsatellite DNA loci (Alderson et al. 1999a, Woolfenden et al. 2002).
Genetic analysis was conducted as described in Chapter 2. 1used output from the
PARENTAGE and KINSHIP (Goodnight and Queller 1999) programs to determine the
likelihood that eggs were laid by the same or different females (sensu McLaren et al.
2003). I also deduced the number of females laying at a nest using observational data, as
each cowbird lays only one egg per day (Payne 1976) and, therefore, same-day laying
represented eggs laid by more than one female. Thus, this method of exclusion differed
from that used for parental assignment in Chapter 2.

Because cowbirds may avoid laying in a nest containing another cowbird egg (see
Ortega et al. 1994) and some cowbird eggs are found below nests, I sought to determine
whether these eggs were ejected from nests or were laid there (see Budnik et al. 2001).
To determine whether hosts or other cowbirds ejected eggs, I watched nests prior to

sunrise, the time which cowbirds normally lay their eggs (Scott 1991, Neudorf and Sealy
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1994). Nest watches also allowed me to determine whether cowbirds interact at nests or
if laying resulting in MP occurred later than for initial eggs. The latter scenario would be
expected if nests were depredated before the morning a cowbird would arrive to lay and,
hence, the female was forced to lay in another nest (Carter 1986). Time lost to arriving at
and/or locating a secondary nest would result in cowbird laying times later than for initial
eggs during the normally restricted window for parasitism prior to sunrise (Scott 1991,

Neudorf and Sealy 1994, Peer and Sealy 1999a).

Spatial and Temporal Patterns of Multiple Parasitism
To assess whether distances between nests affected cowbird egg dispersion, I calculated
mean distances between nests that were simultaneously available to cowbirds, hereafter
referred to as “inter-nest” distances. I assessed nest availability during five-day periods,
counting nests as available if they were within two days of the hosts’ first egg day, e.g.
first egg day + 2 d. Iused this criterion as most cowbird eggs are laid in nests during this
period (Sealy 1992, Pease and Grzybowski 1995). For this analysis, I again considered
only nests of the focal host species (see Chapter 2), however, I excluded Vermilion
Flycatcher nests as they were extremely common and were used relatively infrequently
(Table 2.2).

To test whether MP is more likely during periods when fewer nests are available,
I compared the dates of MP relative to the number of alternative nests available on those
days. To do this, I used binomial logistic regression with 1) the same or different females
laying in nests and 2) females with one or more eggs per nest coded as zero and one,

respectively, as the dependent variables (Martinez et al. 1998). These were compared
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with the total number of nests simultaneously available and the number of unparasitized

nests available on the date MP occurred, as independent variables.

Host Quality Indices

To determine whether cowbirds simply parasitize any species, I compared parasitism and
measures of host abundance. Assuming that all hosts are equally suitable, cowbird
parasitism would be expected to occur in a direct relationship with number of host adults
(see Barber and Martin 1997) or nests available (Wiley 1988). Proportions of host nests
parasitized should reflect their availability. Therefore, I compared species’ use by the
number of nests simultaneously available during the five-day periods of susceptibility to
parasitism. If any species were differentially used despite availability of others, then a
“preference” of that host would be demonstrated.

To predict the number of cowbird young hosts could rear, I estimated the relative
costs of rearing a cowbird versus a host young using Weathers’ (1992, 2001) nestling
energetic formulae (see below). I divided the total energetic expenditure per host brood
by the hatching probability for the cowbird that used the host. Estimates were then
compared to the measured number of cowbirds fledged by each host. This technique
ignores the effects of host nestmates, which is reasonable as cowbirds often hatch before
hosts (Briskie and Sealy 1990) and cowbird fledgling mass varies little with respect to
host species (Kilpatrick 2002).

Host fostering abilities were also estimated using Weathers’ (1992) formulae.
The formulae are based on the linear relationships between time, energy metabolized and

chick mass across 30 avian species. These estimates were based on asymptotic fledging
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mass, which is correlated with survival to independence (Linden et al. 1992) and
represents a meaningful point in offspring growth. Specifically, I defined fledging age as
the point at which asymptotic mass is attained (Weathers 1992, Kilpatrick 2002). For
hosts, I used adult body masses from Dunning (1993) and cowbird fledgling age and
mass data from this study and Carter’s (1984) to estimate energy requirements (Table
2.2). Total energy metabolized by a nestling from hatching through fledging (TME, in
kJ), peak daily energy metabolized (pDME, kJ- d™), and metabolic conversion of food to
chick tissue (R¢, kF g'l)'were estimated. Associations between estimates and host use
were tested using regression.

These estimates have comparative value because all estimates are relative
(Weathers 1992, Kilpatrick 2002). The estimates for parental provisioning represent
minimal estimates of potential energy available to parasitic young as cowbirds often
receive food at higher rates than host young at unparasitized nests (Carter 1986, Dearborn
1998, Lichtenstein and Sealy 1998). Based on fledging mass and time to fledging,
estimates represent cumulative food assimilation rate, which is nearly constant among
avian young fed insects (69.2%, n = 10 species) (Bryant and Bryant 1988). I present all
three variables when analyzing cowbird host use because each variable quantifies

different physiological constraints that affect host and parasite growth.

RESULTS
HosT USE
Cowbirds used nests of 15 of the 18 species available as potential hosts (Table 2.2),

however, 90% of cowbird eggs were distributed among the nests of six species (Tables
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2.6 and 3.2). The two cowbirds rarely used the same host species and host use was not
closely associated with host abundance for 25 species measured by counting adults (p =
0.16, P = 0.44) or nests (p = 0.24, P = 0.24). Each cowbird commonly parasitized three
hosts, hereafter referred to as “focal” hosts. Ater used Bell’s Vireo (81 % of 126 eggs),
Blue-gray Gnatcatcher (11 %) and Vermilion Flycatcher (8 %) nests, whereas, aeneus
used nests of Hooded Orioles (46 % of 136 eggs), Orchard Orioles (44 %), and Bullock’s
Orioles (7 %) (Table 3.2). Nests of the focal hosts were available across an average of 73
d (range: 61-81 d) and 83 d (73-94 d) for ater and aeneus, respectively (Figs. 2.5 and
3.1). During these periods, the modal number of nests active per day ranged from 1-3
and 0-1 nests per season, peaking at eight and 10 nests for ater and aeneus, respectively.
Cowbirds regularly parasitized nests multiply, 36% (n = 99) and 63% (n = 76) of
nests for ater and aeneus, respectively (Table 3.2). However, most nests received two or
fewer eggs (ater: 97%, n = 96 nests; aeneus: 72%, n = 55 nests) with an average of 1.2
and 2.1 eggs per nest for ater and aeneus, respectively (Table 3.2). Host use was not
affected by the substitution of models for cowbird eggs. MP during control and treatment
years varied significantly, yet all significant differences were from increased MP (Table

3.3). Therefore, cowbird parasitism did not decrease due to the presence of model eggs.

CoSTS ASSOCIATED WITH MULTIPLE PARASITISM

At unmanipulated nests where at least one host or cowbird egg hatched, 23% of 13 ater
eggs did not hatch, whereas 34% of 32 aeneus eggs did not hatch. These values closely
matched those found elsewhere (Table 3.4). The probability of cowbird eggs hatching

was lower than that for four hosts: Bell’s Vireo, Lark Sparrow, Orchard Oriole, and
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Table 3.2. Cowbird egg distribution among the nests of the focal hosts for each cowbird.?

Cowbird eggs per nest Mean eggs
1 2 3 4 5 6 per nest

Ater

Vermilion Flycatcher 9 0 0 0 0 o 1.00
Bell’s Vireo 56 16 2 0 0 0 1.27
Blue-gray Gnatcatcher 7 3 0 0 0 O 1.30
Total 72 19 2 0 0 0 1.25
aeneus

Orchard Oriole 7 10 4 2 3 0 2.38
Hooded Oriole 9 9 6 1 1 1 3.56
Bullock’s Oriole 8§ 3 0 0 0 0 1.27
Total 24 22 10 3 4 1 2.13

*Eleven additional nests of seven species were parasitized singly by afer. Likewise,

four and two nests of three more species were singly and doubly parasitized by

aeneus, respectively (see Table 2.2).
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Figure 3.1. Timing of MP by ater and aeneus relative to the number of available nests of

focal hosts and the proportion already parasitized with one cowbird egg.



80

Table 3.3. The frequencies of MP during seasons with (2000-2002) or without

substitution of models for cowbird eggs (1999). The only significant differences from the

control season occurred during two and one seasons for ater and aeneus, respectively.

ater (n)

aeneus (n)

1999

2000

2001

2002

15.6% (32)
48.0% (25)**
40.6% (32)**

18.5% (27)

46.5% (43)
71.4% (28)*
66.7% (24)

40.0% (15)

*=P <0.05, **=P <0.001.
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Table 3.4. Proportion of cowbird eggs hatching in nests of different host species.

1 2 >3 Source

ater

Bell’s Vireo (24)? 0.87 b b This study

Plumbeous Vireo (37) 0.55 0.57 0.44  Goguen (1999)
Blue-gray Gnatcatcher (55) 0.34 0.64 0.22  Goguen (1999)
Blue-gray Gnatcatcher (6) 0.75 0.67 b This study

Northern Cardinal (29) 0.45%¢ ¢ e Scott & Lemon (1996)
Song Sparrow (335) 0.64% Smith & Arcese (1994)
Indigo Bunting (6) © € 0.67 Payne & Payne (1998b)
Common Yellowthroat (24) ° 0.71° ° Hofslund (1957)
Yellow Warbler (33) 0.49 Weatherhead (1989)
Prothonotary Warbler (121)  0.52 0.66 0.49  Hoover (2003)
Red-winged Blackbird (69)  0.59 Weatherhead (1989)
aeneus

Orchard Oriole (31) 0.75 0.60 0.54  This study

Hooded Oriole (21) 0.75 0.63 This study

Bullock’s Oriole (6) 1.00 1.00 This study

*Number of eggs.

®No hatching data due to predation and/or abandonment.

“Most nests with given number of eggs, however, clutch-specific data were unavailable.

4ncludes nest predation.

¢Data not provided.
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Hooded Oriole (Gg7 = 15.6, P < 0.001). Thus, for at least one egg to hatch, ater and
aeneus should have laid 1.3 and 1.5 eggs per nest, respectively. Taking hatching
probabilities into account, the conformity of cowbird egg dispersion to Poisson series
became diminished (Fig. 3.2).

Because few nests parasitized by ater survived to hatching, I analyzed costs of
MP to young for only aeneus. Chick masses were only slightly more variable among
those without nestmates (coefficients of variation: 0.19 for lone chicks and 0.14 for those
with a nestmate, Z=0.02, P=0.53). However, the mean mass for' chicks reared alone was
significantly greater than that among chicks reared with a cowbird nestmate (F; 29 = 10.6,
P =0.03). More males (larger sex) than females were present in multiply parasitized
broods (10 versus six) (Fig. 3.3).

Energetic estimates suggested that hosts can rear more than one cowbird per nest
(Fig. 3.4) and several did so (Tables 3.5 and 3.6). For unparasitized broods, the smallest
hosts for each cowbird, Blue-gray Gnatcatcher and Orchard Oriole, provided 756 and
1959 kJ TME, respectively. Thus, gnatcatchers normally provide unparasitized broods
with TME equal to that for rearing 1.6 ater young. Likewise, Orchard Orioles provide
TME equivalent to the needs of 2.2 aeneus young. Estimates based on pDME were
similar, suggesting gnatcatchers and orioles could rear 1.1 and 2.2 ater and aeneus
young, respectively. Thus, incorporating hatching probabilities, ater and aeneus should
have laid 1.4 - 2.1 and 3.3 eggs per nest, respectively, to produce the maximum number
of young per nest.

In contrast to my predictions, only hosts of aeneus regularly fledged more than

one cowbird per nest (25%, n = 55; Fig. 3.4 and Table 3.5). Hosts for aeneus sometimes
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Figure 3.2. Parasitized nests observed (bars) and predicted using Poisson series (lines) for
ater and aeneus (2000-2002). For both species, egg dispersion was less random than
predicted, as more nests received 1-2 eggs and fewer had >3 eggs than predicted.
However, the difference was significant only for ater (D = 0.63, P < 0.001). Taking
hatching probabilities (shaded bars) into account, parasitism remained non-random for

ater and became significantly so (D = 0.17, P = 0.04) for aeneus (see Mayfield 1960).
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Figure 3.3. Mean fledgling masses ( + SE) for aeneus reared with (empty bars) and
without conspecifics (solid bars), categorized by nestmate sex, male (M) or female (F).

Data for only the heaviest chicks in pairs presented, sample sizes are inside respective

bars.
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Figure 3.4. Rearing costs for hosts and cowbirds estimated for (A) total metabolized
energy (TME), (B) peak daily metabolized energy (pDME), and (C) energy density (R)
sensu Weathers (1992). Brood costs estimated using modal size of four young. Cowbird

costs represented as dashed lines in (A-B) and symbols in (C).



Table 3.5. Proportions of cowbird fledglings and eggs per nest (in %) compared across host species.

Hosts of ? 1 2 3 >3 Source

ater

Vermilion Flycatcher (28, 179) 100 (100) This study

Bell’s Vireo (21, 75) 100 (64) 0 (28) 0(8) . This study

Plumbeous Vireo (122, 153) ° 43 (56) 25°(28) 32 (9) @) Goguen (1999)
Blue-gray Gnatcatcher (55, 9) 96 (67) 4 (33) This study

Blue-gray Gnatcatcher (85, 147) 21 (68) *(23) *(7) (2) Goguen (1999)

Wood Thrush (51, 163)° 60 (13) *(25) 5(26) 0 (38) Trine (2000)

Yellow Warbler (2, 310)" (88) (10) 0(2) Weatherhead (1989)
Prothonotary Warbler (370, 551) 51 (46) 26 (28) 13 (13) 12 (13) Hoover (2003)

Indigo Bunting (33, 132) " 91 (61) 9 (25) (12) 2) Payne and Payne (1998b)
Lazuli Bunting (38,%) ° 74 16 Greene (1999)

Western Tanager (607, 54) ® 28 (70) 7 (20) 12 (6) (7) Goguen (1999)
Red-winged Blackbird (26, 382)* (70) 1) (5) (3) Weatherhead (1989)
Northern Cardinal (74, 88) 70 (40) 30 (26) 0(15) 0 (13) Scott and Lemon (1996)

98



aeneus &

Northern Mockingbird (5, 25)" 40 (19) 20 (14) 40 (31) Carter (1984)
Long-billed Thrasher (56, 25)" 59 (18) 39 (51) 23D Carter (1984)
Green Jay (26, 12)" 42 (33) 50 (17) 4 (17) 4 (8) Carter (1984)
Summer Tanager (6, 6) 67 (67) 33 (33) This study
Olive Sparrow (15, 11)" 60 (36) 40 (27) 09 0 (18) Carter (1984)
Pyrrhuloxia (1, 3) 0(67) 100 (33) This study
Northern Cardinal (6, 18) 67 (67) 33(33) This study
Yellow-breasted Chat (4, 1) 0(@0) 100 (100) This study
Red-winged Blackbird (1, 3)" 0 (66) 100 (33) Carter (1984)
Orchard Oriole (28, 26) 71 (27) 29 (23) 0(23) 0 (23) This study
Hooded Oriole (22, 27) 86 (33) 14 (30) 0 (26) 0(4) This study
Bullock’s Oriole (3, 12) 67 (75) 33 (25) This study

2 Broods and nests.

® Differences between nests and broods represent losses to predation, abandonment, etc.

¢ Nests with > 2 cowbirds pooled.

L8



4 Nests manipulated, fledgling data not reported here.

“Egg data (Burhans et al. 2000).

fReported only nests in which both species survived and pooled nests with > 3 cowbird eggs.
ESealy et al. (1997) reviewed fledgling records for small samples on 19 species not reported here.
h Reported ranges, I fit data with the lowest possible brood sizes.

* Not provided.
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Table 3.6. The fledgling composition of parasitized broods based on surveys. Host

species listed in order of increasing mass (see Table 3.5 for data on the incidence of MP).

At least one cowbird At least two

Single cowbird and one host cowbirds
Hosts to ater
Blue-gray Gnatcatcher 51 1 2
Bell’s Vireo 21 0 0
Painted Bunting 1 0 1
White-eyed Vireo 1 1 0
Total . 74 2 3
Hosts to aeneus
Orchard Oriole 20 2 8
Hooded Oriole 13 2 6
Bullock’s Oriole 1 1 1
Yellow-breasted Chat 0 1 1
Summer Tanager 2 2 2
Pyrrhuloxia 0 0 1
Northern Cardinal 4 0 1
Long-billed Thrasher® 1 5 3
Total 40 13 23

* One nest parasitized by ater fledged young,.
®Data from Carter (1984), maximum brood size fledged was one Long-billed Thrasher

with three geneus.
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fledged multiple cowbirds or host young plus one cowbird (40%, n = 67 broods), whereas
most hosts of ater did not fledge young in addition to a cowbird (96%, n = 103 broods).
The greatest estimated expenditures for observed broods were 959 and 2109 kJ by Blue-

gray Gnatcatchers and Orchard Orioles, respectively.

CORRELATES OF MULTIPLE PARASITISM

Genetic Identification of Egg-laying Individwuals

Both cowbirds were relatively equal in abundance and laid similar numbers of eggs
(Table 3.7). Most eggs in multiply parasitized nests were laid by different females as
determined through the exclusion analysis. However, not all eggs at nests parasitized
multiply yielded DNA (afer: 51%, n = 39 nests; aeneus: 48%, n = 50 nests), therefore,
sampling may have been biased toward MP by different individuals due to the number of
female assignments made by laying day (26% and 44% of assignments for ater and
aeneus, respectively; Table 3.8). Nonetheless, only 15% (n = 20) and 12% (n = 25) of
multiply parasitized nests contained eggs laid by one female for ater and aeneus,
respectively. Thus, MP was largely due to laying by more than one female.

Overall, I found 20 and 14 eggs beneath nests that were laid by ater and aeneus,
respectively. Observations during cowbird laying attempts (ater: 23; aeneus: 41)
revealed that cowbirds sometimes failed to lay eggs into nests as four eggs missed nests
(two of each species), two ater laid eggs atop hosts, and one laid on the ground. For all
seven cases, laying failure was associated with host nest defense. Furthermore, although

cowbirds removed host eggs (n = 3 observations), none removed cowbird eggs or models.
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Table 3.7. Annual proportion of cowbird eggs laid by each species and minimum

estimated number of females laying in the core area.

ater Number of aeneus Number of
(n eggs) females (n eggs) females G (P-value)
2000  42.9% (51) 16 57.1% (68) 12 2.02 (0.10)
2001  33.3% (30) 5 66.7% (60) 8 11.37 (0.005)
2002 67.9% (57) 17 32.1% (27) 5 13.11 (0.003)
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Table 3.8. The number of female afer and aeneus that laid at multiply parasitized nests,
by number of cowbird eggs per nest. Subset of cases for which different individuals

were identified by same-day laying in parentheses.

ater
Number of females 2 eggs 3 eggs
1 3 0
2 17 (4) 0
>%2 - 4 (2)
aeneus

Number of females 2eggs 3eggs 4eggs Seggs 6eggs 7eggs

1 3 0 0 0 0 0
>1 1 3 0 0 0 0

2 114 3 0 0 0 0
>2 0 50 1 0 0 0

3 0 11 3() 0 0 0
>3 0 0 11y o 0 2 (1)

4 0 0 0 2() 0 0
>4 0 0 0 11 0 0

5 0 0 0 1@y 1M o0

*Inequalities ( > ) represent minimal estimates for nests where the number of laying

females could not be determined.
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Thus, defense by hosts appeared to be the cause for most cowbird eggs found beneath
nests.

Most host nests that failed during the five-day period of susceptibility to
parasitism bore evidence that cowbirds were associated with their failure. Bell’s Vireo
nests received 69% of ater eggs (n = 274) and 35% of the 99 Bell’s Vireo nests that failed
during 2000-02, did so during the five-day window to parasitism. Vireo eggs were often
removed or punctured (48%, n = 58), presumably by cowbirds. This was confirmed
_ through nest watches during which ater removed or punctured an egg (n =3). Likewise,
oriole nests often lost host eggs, yet remained active longer than vireo nests: 15 d (n = 93)
for orioles versus 10 d (n = 118) for vireos. Oriole nests remained active even when they
contained up to seven cowbird eggs (mean = 2.4, n = 71 eggs). Because both cowbirds
usually laid before the second host egg (ater: 77 %, n = 142; aeneus: 92 %, n = 99; Fig.
3.5), nests were infrequently depredated by the time nests were multiply parasitized
(Table 3.9). Indeed, nest predation usually lagged MP, thus, MP occurred at more nests
than could be attributed to predation of other nests prior to laying. Furthermore, laying

times did not differ between the categories of initial egg or MP (U = 180.0, P = 0.81).

Spatial and Temporal Patterns of Multiple Parasitism

Inter-nest distances ranged from nine to 803 m and were inconsistent among years. For
both species, MP was not closely associated with inter-nest distance (linear regression R
values for 2000-2002, respectively for ater: 0.01, 0.13, 0.27 and aeneus: 0.05, 0.06,
0.17). Despite declining nest availability across each season (Fig. 3.1), MP was not

significantly associated with nest availability for ater (p: -0.08, -0.01, 0.16; 2000-2002,
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Figure 3.5. Cowbird laying relative to host laying for 121 eggs of ater and 99 of aeneus.

Most eggs were laid by day two of the host’s laying.



Table 3.9 Timing for MP relative to nest predation. The frequency of MP generally

exceeded that for predation.

10-d periods when Cases when MP >

MP > predation (n)  predation (cases MP)

ater

2000 2 (8) 47% (17)
2001 1(5) 0% (1)
2002 3(7) 94% (16)
aeneus

2000 5() 79% (14)
2001 4 (6) 64% (11)

2002 3 (5) 75% (8)




96

respectively) or aeneus during 2001 (p: 0.50, 0.11, 0.51; 2000-2002, respectively). MP
tracked nest availability only during 2000; by contrast, in 2002 MP peaked ahead of
seasonal declines in nest availability. MP was most frequent during the first half of each
season except for ater in 2001, during which only three multiply parasitized nests were
found (Fig. 3.1).

In all years ater parasitized nests multiply less frequently than aeneus (ater: 15%
(20), aeneus: 55% (40); Gss=15.6 , P <0.05, Table 3.2, Fig. 3.2). For both cowbirds,
host nest availability peaked in mid-May (Figs. 2.5, 3.1). Each season, MP by ater
tended to occur earlier than MP by aeneus (Figs. 3.1 and 3.6). Eggs laid inappropriately
due to excessive prior parasitism were more likely during the peak and early host laying
periods, for ater and aeneus, respectively (Fig. 3.6). However, differences in timing were
significant only for MP by aeneus (Z7575 = 2.1, P < 0.001). MP by ater occurred on
different mornings (74%, n = 19 nests), whereas female aeneus parasitized the same nests
on the same mornings (86%, n =21 nests). Of these, 19 involved different females and
nests already containing a cowbird egg were more than three times as likely to receive an
egg of another rather than the same female (seven versus two cases).

For aeneus, there were 24 dates on which MP occurred and for which laying
females could be identified. Of these dates, 23 involved laying by different females.
Likewise, nests already containing a cowbird egg(s) were more than three times as likely
to be subsequently parasitized by a different female than by a returning female(s) (19
versus 5 cases). Exclusion of MP occurring on same mornings from the analysis
improved model fit, but did not significantly affect the fit for the relationship between

nest availability and MP (change in log likelihood = 2.19, P = 0.14).
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Figure 3.6. The timing of MP by ater and aeneus. The frequency of same-day MP (solid
bars) compared to eggs laid after parasitic clutches exceeded sizes that could be
conceivably cared for (open bars), i.e. all eggs beyond two and three per nest, ater and
aeneus, respectively, were classified as excessive. Same-day laying was classified as
appropriate because cowbirds were presumably committed, physiologically, to laying at

these nests. The initial Julian date is 27 April.
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Host Quality Indices
Cowbirds infrequently used the most abundant potential hosts. Species used by ater were
moderately abundant, whereas aeneus focused on the relatively rare orioles and larger
hosts (Tables 3.2 and 3.4). Despite seasonal reductions in the availability of these hosts,
cowbirds still parasitized their nests (Figs. 3.1 and 3.2). For instance, afer parasitized
80% of Bell’s Vireo nests and 8% of Vermilion Flycatcher nests, despite the greater
abundance of and fledging success with flycatchers (Table 3.2). However, it is
noteworthy that overall nest success reflects losses inflicted by cowbirds. Comparing
success with parasitized nests, only unparasitized nests of Blue-gray Gnatcatchers and
Bell’s Vireos fledged young significantly more often, 0% (n = 3, 4) versus 20 (5) and
50% (38), respectively. By contrast, hosts of aeneus exhibited the highest success
(Tables 3.5 and 3.6). Indeed, despite the partial rejection by Bullock’s Orioles, aeneus
continued to parasitize this species but with low success (Table 2.2, six young fledged).
At fledging, aeneus averaged 18.2 g more than ater (ater: 20.2 + 1.1 g, n = 10;
aeneus: 38.4 + 1.3 g, n=26). Thus, the larger aeneus chicks require greater TME than
ater. However, aeneus chicks grow more slowly and, hence, exhibited lower pPDME and
R.. Rc and TME were significantly associated with host use by cowbirds (linear
regression R¢: p=-0.14,t=-1.95, P = 0.05; TME:  =-0.16, t = -2.52, P = 0.03).
Overall, host use differed significantly from rank abundance (Kruskal-Wallis H = 13.95,
df =1, P <0.001) and was not associated significantly with ranked R, values (r;= 0.50, n
=10, P =0.14). Likewise, use among hosts separated for each cowbird, was associated
with R, however, significantly so only for aeneus (ater: p=0.20, P = 0.75; aeneus: p=

0.90, P = 0.04). Based on energetic estimates and fledging success, cowbirds
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consistently parasitized nests of the most capable hosts and infrequently used hosts of
lesser quality. However, during the periods when focal species’ nests were not available,
80 % (15) and 100% (13) of these periods, alternative hosts’ nests were used by ater and

aeneus, respectively (Fig. 2.5).

DISCUSSION

I found that most multiple parasitism was a result of laying by different females rather
than repeated laying by individuals. Moreover, costs of multiple parasitism were diffused
by poor hatching, predation and the rearing of multiple cowbirds by hosts. Of the four
general hypotheses that explain the occurrence of MP, I consider those centering on
constraints to appear most tenable.

The hypothesis that MP is associated with high fecundity among cowbirds
(Kattan 1997, Goguen 1999) posits that because cowbird eggs are relatively cheap to
produce, costs associated with MP are reduced and, hence, cowbird MP of hosts is
common. However, this view has since been countered by the finding that cowbird eggs
are not less costly, energetically, to produce than those of non-parasitic relatives
(Mermoz and Ornelas 2004). Likewise, extraordinary estimates of annual egg
production, up to 40-100 eggs/female/year (Scott and Ankney 1983, Holford and Roby
1993, Kattan 1993) have been countered by genetic findings that cowbirds lay only up to
17 eggs annually (Hahn et al. 1999, Shonk 2001, Strausberger and Ashley 2003,
Woolfenden et al. 2003, this study). Indeed, through dissection, I found no difference in
the frequencies at which aeneus and two congeners, bonariensis and ater, produced

ovarian follicles (Appendix 1).



100

The hypothesis of host nest limitation (Strausberger 1998), appears unlikely as a
large number of unparasitized nests were available when MP occurred (Fig. 3.1).
Therefore, best-of-a-bad-job hypotheses attributing MP to predation and poor recognition
of prior parasitism at nests, appear to best explain the persistence of MP. However,
cowbirds still incur costs of MP that could be avoided through more coordinated egg
dispersion. Thus, the central question remains, why do cowbirds lay eggs in nests

already parasitized?

CoOSTS OF MULTIPLE PARASITISM

Because most MP involved laying by different females (Fleischer 1985, Strausberger and
Ashley 2003, this study; but see McLaren et al. 2003) the costs of MP are not uniformly
distributed among individuals. Ultimately, costs of MP are diminished or nullified when
hosts raise all the cowbirds that hatch in their nests (see Goguen 1999, Tables 3.5 and
3.6). However, competition among nestlings can remain costly in terms of mass (Fig.
3.2, Goguen 1999), a correlate of survival (Krementz et al. 1989, Linden et al. 1992).
This did not occur for aeneus; mass did not differ significantly between chicks reared
alone and the largest chicks with conspecific nestmates. Thus, in terms of fledgling
mass, competition created a winner and one or two losers. My analysis using energetic
estimates ignored competition from host young; however, such competition was reduced
as few host eggs remained in nests parasitized by aeneus and cowbirds often hatched
before hosts (see also Carter 1986). This may reflect characters of orioles (the main hosts
of aeneus) such as 14 d nestling periods, whereas cowbirds and many potential hosts

require 8-12 d (Carter 1986, Kilpatrick 2002). Also, because I measured chicks at
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fledging, I may have missed differences present among younger nestlings that did not
survive (see Goguen 1999).

Goguen (1999) and Trine (2000) also found that cowbird fledging success
declined relative to the number of ater eggs in a nest. Trine (2000) focused on the overall
linear trend of fledging success, whereas Goguen (1999) more appropriately assessed
trends by categories of the number of ater eggs/nest. He found that cowbird survival was
directly related to the number of cowbird young/nest when effects of nest predation were
removed; however, inclusion of losses to predation resulted in nonlinear trends (Goguen
1999). For instance, the proportion of cowbird eggs that produced fledglings was highest
among nests with two eggs for three hosts (Blue-gray Gnatcatcher, Song Sparrow,
Orchard Oriole) and did not differ for nests with one or three eggs for Plumbeous Vireos
(Fig. 3.7). Likewise, for one to two cowbird young per nest, some studies have shown no
significant differences in cowbird mass or the proportion of éowbird eggs producing
fledglings (Trine 2000, Hoover 2003). However, other studies have suggested one
cowbird may seriously challenge adult brood rearing capability (Dearborn et al. 1998,
Burhans et al. 2000).

These patterns reflect the poor evolutionary feedback cowbirds must receive with
regards to natural selection acting upon the number of eggs laid per nest; in effect other
processes produce “noise” that diffuses selection against MP. A major source of noise
was nest predation, which is often both frequent and uncorrelated with readily
discernable features at nest sites (Martin 1992, Misenhelter and Rotenberry 2000),
therefore, cowbirds cannot gauge which nests will fail or succeed. Only slight gains from

lowered risk of losses to nest predation were available under more even egg dispersion
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(Payne 1977b). Moreover, hosts are plastic with the amounts of care they provide and
this likely diffuses selection against MP.

Numerous studies involving brood enlargement or handicapping parents (e.g. tail
weighting, mate removal) have demonstrated high variation in brood care (reviewed by
Gowaty 1996, Eckerle and Breitwisch 1997). Likewise, host chicks from unparasitized
nests were not significantly heavier than those from parasitized nests (Smith and Arcese
1994, but see Dearborn and Thompson 1994). These studies suggest parents can provide
the extra care necessary to rear more than one cowbird and indeed many hosts do so (Fig.
3.3 and Tables 3.5 and 3.6). Kilpatrick (2002) showed that Blue-gray Gnatcatchers may
provide 1.4 times more energy (peak daily metabolizable energy) when rearing two ater
chicks versus a brood of four of its own young, as found by Goguen (1999) and this
study, including other hosts as well (Tables 3.5 and 3.6).

Counter-intuitively, theoretical and empirical data suggest minimal reproductive
losses would have occurred due to MP, as I found most parasitism involved one or two
cowbird eggs per nest. Incorporating host rearing capabilities, nests with two and three
cowbird eggs may be viewed as appropriate for ater and aeneus hosts, respectively.
Using these criteria, fewer than 5% of ater and 20% of aeneus eggs would have been laid
in nests inappropriately. Thus, MP by cowbirds may be less costly than commonly
portrayed in analyses of egg dispersion that rely solely upon comparison with Poisson

series. Indeed, many hosts rear multiple cowbirds (Tables 3.5 and 3.6, Fig. 3.7).
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CONSTRAINTS PROMOTING MULTIPLE PARASITISM

Other authors have favored best-of-a-bad job hypotheses, primarily focusing on the
unpredictable nature of nest predation (Carter 1986). I suggest that in addition to
predation, low hatching frequencies, variable care and competition from hosts, and
phylogenetic constraints may further diffuse selection against MP.

Cowbird hatching success is poor when compared to that of host species (Young
1963, Koenig 1982, Johnsgard 1997, Ortega 1998, Table 3.4). Elevated hatching failure
of cowbirds resulted from poorly timed laying (Fig. 3.4, Scott and Lemon 1996, Goguen
1999), damage/removal by hosts or other cowbirds (Smith and Arcese 1994, Massoni and
Reboreda 2002), or infertility (21%, n = 57 eggs; Weatherhead 1989). Thus, my
estimates for guaranteeing that at least one egg would hatch (1.3 and 1.5 eggs for ater and
aeneus, respectively) appear realistic. MP may also provide fluctuating benefits from
more than a single nestling cowbird begging (Kilner 2003) in the nests of hosts whose
young may never hatch or be outcompeted early in the nestling period. However, the
comparative data needed to test this hypothesis are lacking.

Nestling competition should reflect cowbird-to-host ratios. This is of particular
interest because such ratios are particularly dynamic as cowbirds and other blackbird
species have undergone extensive range and habitat expansions in the past 100 years
(Robbins and Easterla 1981, Cruz et al. 1985, Post et al. 1993, Rothstein 1994, Whetje
2003). Thus, cowbird egg dispersion may not be highly refined due to a lack of time for
such use to evolve under steady cowbird-to-host ratios and counter-selection from
intraspecific competition among nestlings would be diffused by the factors discussed

above. A similar process has been hypothesized to describe the relatively less refined use
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of hosts by the Common Cuckoo in Japan (Nakamura et al. 1998) where clearing of land
has made more hosts accessible to the cuckoos. Thus, in Japan, the cuckoo frequently
lays poorly mimetic eggs, sometimes multiply in more recently acquired host species’
nests. Similar to the common case among cowbirds, these cuckoos are reared alongside

host young (Nakamura et al. 1998).

Egg Production by Brood Parasites

Among brood parasites, potential fecundity has been best studied among Common
Cuckoos and Great-spotted Cuckoos, and ater (Chance 1940, Wyllie 1981, Nakamura
and Miyazawa 1997, Martinez et al. 1998, Table 1.4). Likewise, aeneus does not appear
grossly more fecund than ater or bonariensis (Niles 1970, Kostecke et al. 2004,
Appendix 1). Thus, estimates of egg production bouts among free-living brood parasites
are relatively equal (Table 1.4) and realized fecundity estimates based on molecular
genetics (Table 1.4) suggest these species lay at maximum, 17 eggs per year.

Error in these estimates is unlikely great enough to account for differences
between those obtained by other means (Table 1.4). Instead, it appears that not all
ovarian follicles produced become eggs, i.e. potential fecundity is constrained and grossly
over-represents primary fecundity. Follicular atresia, due to chronic or acute shortages of
energy (Curson and Matthews 2003), calcium (Holford and Roby 1993), water (Coe and
Rotenberry 2003), or even host nests (Scott and Ankney 1983), may best explain the

disparate estimates of egg production obtained by different methods (Table 1.4).
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Recognition of parasitism by conspecifics
For aeneus, MP was frequently (>80%) due to same-day laying (Fig. 3.6; Carter 1986, n
= 12 nests), thus, cowbirds appear to lack recognition of which nests other cowbirds have
laid or will lay at. Multiple individuals were present at and near nests while nest
searching and laying. Because individuals laid eggs at nests despite observing others,
even pecking them, while at the same nest (aeneus: n = 3 nests, Appendix 6), a lack of
recognition of MP as the mechanism appears unlikely. Indeed, even seeing another
cowbird at a nest should serve as a probable cue that parasitism by another has occurred
or may occur. However, whether recognition was possibly overridden by a lack of
alternatives cannot be known, although for aeneus, nest loss prior to clutch completion
was low (20%) relative to frequencies of MP (Table 3.2). Regardless, MP was frequent
and occurred despite the presence of conspecific eggs laid on different days. Conspecific
eggs were not damaged or removed more often than host eggs (10% versus 70%). Thus,
conspecific egg recognition by cowbirds appeared unlikely (see also Nolan 1978).

MP is common throughout Molothrus and hosts can rear multiple cowbird young
(Table 3.10). Greater MP by the more tropical species (aeneus and bonariensis) may
reflect a greater number of cowbirds per host or social interactions among cowbirds.
Alternatively, non-territorial cowbirds may be responsible for most MP (Friedmann 1929,
Friedmann et al. 1977; Hahn et al. 1999). I observed groups of aeneus during typical
hours of nest searching and I saw females enter the same nest shortly after observing
another do so (n = 3), whereas ater never searched in groups (see also Darley 1982).
This conforms to the stable egg laying ranges that are reported for ater (Darley 1982,

Yokel 1989, Hahn et al. 1999, Shonk 2001) but not among radio-tracked aeneus (Carter
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Table 3.10. Maximum number of cowbirds hosts have reared, single accounts unless

noted otherwise in parentheses.

Cowbird and host species

Rufoaxillaris- Fledged three: Chopi Blackbird, Baywinged Cowbird.?

Aeneus- Fledged two: Olive Sparrow, Red-winged Blackbird *; Summer Tanager (2),
Pyrrhuloxia, Northern Cardinal, Yellow-breasted Chat, Orchard Oriole (8), Hooded
Oriole (6), Bullock’s Oriole °; White-throated Towhee (2).® Three: Northern

Mockingbird, Long-billed Thrasher.” Four: Green J ay.

Ater- Fledged two: Eastern Phoebe °; Acadian Flycatcher (5) ; Hutton’s Vireo &,
Plumbeous Vireo (12), Blue-gray Gnatcatcher (2) **; Lark Bunting *; Eastern Towhee (2),
Worm-eating Warbler (3), Ovenbird (2), Louisiana Waterthrush (2), Kentucky Warbler
(18) & Western Tanager (4) ®; Northern Cardinal (3,) % Indigo Bunting (3)’; Painted
Bunting.® Three: Red-eyed Vireo (2) ; Wood Thrush (2) |; Brown Thrasher ™;
Prothonotary Warbler (9) *; Le Conte’s Sparrow °; Song Sparrow.? Five: Western
Meadowlark.*

Bonariensis- Fledged two: Chalk-browed Mockingbird.” Three: Short-tailed Field
Tyrant °, Diuca Finch (2) *, White-edged Oriole®, Yellow-shouldered Blackbird.® Four:

Chopi Blackbird (4) ?; Brown-and-Y