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Abstract. It is usualy accepted that generalist brood parasites should avoid using hosts
larger than themselves because host chicks may outcompete parasite chicks for food. We
studied the interactions between the Shiny Cowbird (Molothrus bonariensis) and two com-
mon hosts larger than the parasite, the Chalk-browed Mockingbird (Mimus saturninus) and
the Rufous-bellied Thrush (Turdus rufiventris). For each host we determined (1) frequency
and intensity of parasitism during the breeding season, (2) nesting success, egg survival,
hatching success, and chick survival in unparasitized and parasitized nests, and (3) antipar-
asitic defenses. We also determined Shiny Cowbird egg survival, hatching success, and chick
surviva in both hosts. Parasitism reached 50% in mockingbirds and 66% in thrushes. In
both species the main cost of parasitism was egg destruction through punctures. Hatching
success, surviva of host chicks, and nest survival did not differ between unparasitized and
parasitized nests. Both hosts rejected parasitic white-morph eggs but accepted spotted-morph
ones, even though they were significantly smaller than host eggs. The proportion of cowbirds
fledged per egg laid in successful mockingbird and thrush nests was 0.4 and 0.6, respectively.
Considering nest survival, reproductive success of Shiny Cowbirds was 0.15 in mockingbird
nests and 0.17 in thrush nests. These values are similar to or higher than cowbird success
with smaller hosts. Our results indicate that host quality is not only determined by host-
parasite differences in body size, and that other factors, such as host defenses and nest
survivorship, should be considered.

Key words: brood parasitism, Chalk-browed Mockingbird, Mimus saturninus, Molothrus
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Un Estudio Comparado del Parasitismo de Molothrus bonariensis en dos Hospedadores de Gran
Tamafo, Mimus saturninus y Turdus rufiventris

Resumen. Es aceptado generalmente que |os parasitos de cria generalistas deberian evitar
utilizar hospedadores de mayor tamafio corporal porque los pichones del hospedador podrian
desplazar a sus pichones en la competencia por alimento. Se estudiaron las interacciones
entre Molothrus bonariensis y dos hospedadores frecuentes de mayor tamafio que el parasito,
Mimus saturninus y Turdus rufiventris. Para cada hospedador se determind (1) frecuenciae
intensidad de parasitismo durante la temporada reproductiva, (2) éxito de nidificacion, su-
pervivencia de huevos, éxito de eclosion y supervivencia de pichones en nidos no parasi-
tados y parasitados, y (3) defensas antiparasitarias. También se determind el éxito repro-
ductivo del parasito en ambos hospedadores. El porcentaje de nidos parasitados fue 50% en
Mimus saturninus y 66% en Turdus rufiventris. En ambas especies, €l principal costo del
parasitismo fue la destruccion de huevos por picaduras. El éxito de eclosion, lasupervivencia
de pichones y el éxito de nidificacion fueron semejantes entre nidos no parasitados y pa-
rasitados. Ambos hospedadores rechazaron |os huevos parasitos del morfo blanco pero acep-
taron los del morfo manchado, si bien éstos fueron de menor tamafio que los del hospedador.
La proporcion de volantones de Molothrus bonariensis por huevo puesto en nidos exitosos
de Mimus saturninus y Turdus rufiventris fue 0.4 y 0.6, respectivamente. Considerando la
supervivencia de los nidos, el éxito reproductivo fue 0.15 en Mimus saturninus y 0.17 en
Turdus rufiventris. Estos valores son similares o mayores que los reportados para hospe-
dadores de menor tamafio que el parasito. Nuestros resultados indican que la calidad del
hospedador no esta sblo determinada por las diferencias en tamafio corporal entre el hos-
pedador y €l parasito y que otros factores, como defensas del hospedador y supervivencia
de los nidos, deberian ser considerados.
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SHINY COWBIRD PARASITISM OF TWO LARGE HOSTS

INTRODUCTION

Brood parasites employ a reproductive strategy
in which they lay eggs in nests of other birds
(hosts) which incubate and provide food for the
parasite’s offspring. Some parasites are special-
ists and use only a few hosts, while others are
generalists using a large number of them (Payne
1977, Rothstein 1990, Rothstein and Robinson
1998).

Among the parasitic cowbirds, Shiny Cow-
birds (Molothrus bonariensis) and Brown-head-
ed Cowbirds (M. ater) are extreme generalists
(Friedmann and Kiff 1985, Ortega 1998). Gen-
eralist brood parasites face an array of potential
hosts that differ in how easily they can be par-
asitized and in the quality of parental care they
can provide. Some hosts prevent parasitism by
aggressively defending their nests from parasites
(Robertson and Norman 1976, Burhans et al.
2001) or having high levels of nest attentiveness
(Scott 1977, Mermoz and Fernandez 1999). In
addition, hosts may recognize and reject para-
sitic eggs (Rothstein 1982, Sealy and Bazin
1995, Peer et al. 2000). If the parasite’s egg is
accepted, the quality of parental care becomes
an important factor determining the reproductive
success of the parasite. Parasite eggs that are
larger or smaller than host eggs may not be
properly incubated (Petit 1991, Peer and Bollin-
ger 1997), and food delivered by the host may
not be suitable for the development of parasite
chicks (Middleton 1991, Kozlovic et al. 1996).
In addition, larger host chicks may outcompete
parasite chicks for food (Scott and Lemon 1996,
Peer and Bollinger 1997). Another important
factor determining the reproductive success of
the parasite is nest survivorship (Mason 1986a).

Because host species vary in antiparasitic de-
fenses, quality of parental care, and nest survi-
vorship, it may be expected that generalist brood
parasites would have developed host preferenc-
es. However, the extent to which cowbirds select
the most favorable hosts within a community re-
mains unclear. In some cases cowbirds avoid
parasitizing hosts that reject their eggs (Sealy
and Bazin 1995, Peer and Bollinguer 1997), but
in other cases they parasitize rejector species
(Rothstein 1976, Scott 1977, Mason 1986b) or
species that do not feed cowbird chicks an ap-
propriate diet (Rothstein 1976, Kozlovic 1996).

Female cowbirds can lay 40 eggs in a breed-
ing season (Scott and Ankney 1980, Jackson and
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Roby 1992) leading to an alternative hypothesis
that they might follow a ‘““shotgun™ strategy
(Rothstein 1990, Kattan 1997). According to this
view, cowbirds would parasitize hostsin relation
to their abundance instead of selecting high
quality hosts.

Shiny Cowbirds are obligate brood parasites
of more than 200 host species (Friedmann and
Kiff 1985, Ortega 1998). In the grasslands of
Argentina and Uruguay, they lay either white
(unspotted) or spotted eggs (Hudson 1874,
Friedmann 1929). The frequency of the white
morph varies from 20% (Massoni and Reboreda
1998) to 50% (Fraga 1978). Some hosts accept
both egg morphs, while others accept only spot-
ted eggs (Mason 1986a, Mermoz and Reboreda
1994, Massoni and Reboreda 1998).

It is not clear whether Shiny Cowbirds select
hosts or not. Wiley (1988) found that they did
not parasitize hosts in relation to their abun-
dance and that the breeding season of cowbirds
coincided with their high-quality hosts (species
that fledged more than 55% of cowbird hatch-
lings). Food habits and egg size of these hosts
were similar to those of Shiny Cowbirds, indi-
cating that they might choose hosts partly on the
basis of this combination. On the other hand,
other studies have shown that Shiny Cowbirds
usually parasitize hosts that are larger than
themselves (Gochfeld 1979, Mason 1986b, Mer-
moz and Reboreda 1994) or that feed their brood
with an unsuitable diet (i.e., fruits and seeds in-
stead of animal protein; Lichtenstein 1998).

The Chalk-browed Mockingbird (Mimus sa-
turninus; 75 g; Rabuffetti and Reboreda, unpubl.
data), and the Rufous-bellied Thrush (Turdus ru-
fiventris; 80 g; Llambias et al., unpubl. data) are
considerably larger than Shiny Cowbirds (fe-
males 40-45 g, males 50-55 g, Reboreda et al.
1996). Shiny Cowbirds appear to have a low re-
productive success in Chalk-browed Mocking-
bird nests as a result of the lower competitive
ability of parasitic nestlings (Fraga 1985). Sim-
ilarly, Rufous-bellied Thrushes appear to be
poor hosts for Shiny Cowbirds mainly as aresult
of diet and size difference between parasitic and
host chicks (Lichtenstein 1998). However, Shiny
Cowbirds parasitize these hosts at frequencies of
50-80% (Salvador 1984, Fraga 1985, Lichten-
stein 1998), which may indicate that Shiny Cow-
birds do not select hosts according to their qual-

ity.
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In this work we investigated the interactions
of Shiny Cowbirds with Chalk-browed M ock-
ingbirds and Rufous-bellied Thrushes. For each
host we determined frequency and intensity of
parasitism during the course of the breeding sea-
son, antiparasitic defenses, impact of Shiny
Cowbird parasitism on their reproductive suc-
cess, and reproductive success of the parasite in
their nests, in terms of nest survival and survival
of eggs and chicks in successful nests.

METHODS
STUDY SITE

The study was carried out at Rio Lujan (34°16'S,
58°56'W), Buenos Aires Province, Argentina,
during the breeding seasons (September—Janu-
ary) of 1995 and 1996. The study site is a farm
of 230 ha forested with trees of both native (Cel-
tis tala and Parkinsonia aculeata) and exotic
(mainly Pinus sp., Cupressus sp., Crataegus sp.,
and Populus sp.) origin.

We followed the fates of 53 mockingbird
nests (14 found during construction, 15 during
laying, and 24 in early incubation), and 44
thrush nests (18 found during construction, 13
during laying, and 13 in early incubation). Most
nests were found by systematic search in an area
of approximately 10 ha. Mockingbirds usually
nested in Celtis tala trees at heights of 1.0-4.5
m (mean = SE: 2.2 = 0.1 m, n = 53 nests) while
thrushes usually nested in Cupressus plants at
heights of 0.4-35 m (19 £ 0.1 m, n = 44
nests). In each nest we measured the eggs with
calipers (length and width) to the nearest 0.1
mm and marked them with waterproof ink.
Nests were numbered with flagging tape placed
5-10 m away and visited at 2-3 day intervals
until either the chicks fledged or the nest failed.
In each visit we recorded the number of host and
parasite eggs and chicks, and the occurrence of
cracks or punctures in eggs.

DATA COLLECTION

Host and parasite reproductive success. We es-
timated the number of eggs laid by the host
(clutch size) from nests found during construc-
tion, egg laying, and early incubation. We as-
sumed that the clutch was complete when the
number of host eggs remained constant for at
least two consecutive days. We considered as
parasitized those clutches that had cowbird eggs
or nestlings at any stage of the nesting cycle. To
estimate the frequency of parasitism and its in-
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tensity (number of parasitic eggs per parasitized
nest) we only considered nests found in con-
struction, laying, or early incubation and for
which the host completed laying.

We calculated egg survival rate as the pro-
portion of eggs laid by the host or the parasite
that were present in the nest at the time of hatch-
ing. Similarly, we calculated hatching success as
the number of hatchlings divided by the number
of eggs present in the nest at the time of hatch-
ing, and chick survival as the number of fledg-
lings divided by the number of hatchlings.

For each host we estimated nest mortality rate
using Mayfield's exposure method (Mayfield
1975). Daily nest mortality rate was estimated
as the number of nests lost divided by the total
number of days those nests were under obser-
vation. The variance of daily mortality rate (V)
was estimated as: V = [(nest days — nest |0sses)
X nest losses]/nest days® (Johnson 1979). When
we did not know the exact day of the nest loss,
we assumed that it occurred in the middle of the
interval between our visits (Mayfield 1975).
Daily mortality rate was calculated for two nest
stages. eggs (laying and incubation) and nes-
tlings. We compared stage-specific daily mortal-
ity rates within and between hosts using the pro-
gram CONTRAST (Hines and Sauer 1989). Nest
survival at each nest stage was calculated as (1
— DMRY)t, where DMR is the daily mortality rate
and t is the length in days of the nest stage.
Nesting success was calculated as the product of
nest survival during the egg and nestling stages.

Host defensive behavior. To evaluate nest at-
tentiveness we visited nests of both hosts at
morning (from 07:00 to 12:00) and afternoon
(from 12:01 to 19:00) from the day the host
started laying until the third day after incubation
started (5-6 days). We selected these days be-
cause the majority of events of Shiny Cowbird
parasitism occur during this period (Massoni and
Reboreda 1998, Mermoz and Reboreda 1999).
At each visit we recorded the presence at the
nest of members of the pair. We measured an
attentiveness index (Scott 1977) as the number
of visits at which at least one member of the
pair was in the nest or <2 m from it divided by
the total number of visits.

We tested whether the presence of a parasite
close to the nest triggered any defensive behav-
ior (either agonistic responses toward the para-
site or sitting in the nest). We used models of a
female Shiny Cowbird and a Firewood-gatherer



(Anumbius annumbi) as a control species. The
latter species is quite common at the study site,
is similar in size and color to the female Shiny
Cowbird, but has a different head and body
shape and does not parasitize nests. Following
Hobson and Sealy (1989), each trial consisted of
a sequentia presentation of the Shiny Cowbird
and control models. The model was mounted 1.5
m high on a pole, pointing toward the nest ap-
proximately 1-1.5 m away. We did nine trialsin
mockingbird nests (one trial per nest). In order
to control for an order effect, in four trials the

SHINY COWBIRD PARASITISM OF TWO LARGE HOSTS 731
20 - u n -1
3
Los §
o 154 ° ’ 2
173 ] =1
g . L0.6 2
o 104 T e o B
2 Lo4 2
i ﬁ Lo2 3
&
Fg w
0_ U 1 1 1 [—Il‘V T 0
w0 o w0 — [Te] o wn -
T Q% T2 5T 2 T 9
- © - © - © — ©
a Y B L =z T g o
4 §° 3822 ° 3
FIGURE 1. Seasonal patterns of nest availability and

cowbird model was presented first, while the
control species was first in the other five. Simi-
larly, we did 11 trials in thrush nests (in six the
cowbird model was presented first, while the
control species was first in the other five). All
trials were conducted during laying or the first
three days of incubation. We recorded the be-
havior of the host during the first 5 min after
any member of the pair returned to the nest. We
classified host behavior as nest protection when
the host stayed within 2 m of the nest, or ag-
gression, when the host showed any agonistic
display toward the model.

Egg rejection. To evaluate whether the hosts
rejected Shiny Cowbird eggs of the white or
spotted morphs we carried out artificial parasit-
ism experiments. We used either spotted Shiny
Cowbird eggs (mean = SE, length: 22.6 + 0.3
mm, width: 17.8 = 0.1 mm, n = 34) or Picui
Ground-Dove (Columbina picui) white eggs
(length: 22.7 £ 0.2 mm, width: 17.6 = 0.2 mm,
n = 25). We used Picui Ground-Dove white
eggs instead of Shiny cowbird white eggs be-
cause we did not have enough eggs of this
morph for conducting the experiments. Picui
Ground-Dove eggs used in these experiments
were collected from deserted nests and did not
differ significantly from Shiny Cowbird eggs of
the white morph found in our study site. In each
experiment the egg was placed inside the nest
during egg laying. Following Rothstein (1975),
we considered that the parasitic egg had been
accepted if it remained in the nest for at least 5
days after the experimental introduction. We did
30 artificia parasitism experiments in mocking-
bird nests, 22 of which provided complete data,
suitable for analysis (the nest was not depredat-
ed during the following 5 days after artificial
parasitism). Similarly, we did 31 experimentsin
thrush nests, 20 of which we could analyze.

Shiny Cowbird parasitism in the Chalk-browed Mock-
ingbird (open bars) and the Rufous-bellied Thrush
(striped bars) in Buenos Aires Province, Argentina.
Bars show the number of available nests through the
breeding season. Black circles and sguares show re-
spectively the proportion of mockingbird and thrush
nests that were parasitized in each period.

STATISTICAL ANALYSIS

We used nonparametric statistics due to small
sample sizes and lack of normality of the data
Statistical tests were performed using StatView
5.0 (SAS Ingtitute Inc. 1998) with P < 0.05.
Values reported are means = SE.

RESULTS

NEST AVAILABILITY AND INCIDENCE OF
PARASITISM

First nesting attempts occurred in early Septem-
ber for mockingbirds and in late September for
thrushes. For both species nesting attempts
peaked during late October (Fig. 1). The fre-
quency of parasitism in mockingbirds was 50%
(25 of 50 nests); in thrushes it was 66% (27 of
41 nests, x4, = 1.6, P > 0.2). Considering only
the months during which both species nested
(October, November, and December), the fre-
quency of parasitism was similar (65% for
mockingbirds and 68% for thrushes). To test for
a seasonal effect on frequency of parasitism we
performed a logistic regression between occur-
rence of parasitism in a nest (dependent vari-
able) and time of the breeding season at which
the first egg was laid (independent variable). For
this analysis we divided the breeding season into
15-day periods. In both species there was a sig-
nificant increase in the frequency of parasitism
with time of breeding (mockingbirds: x2, = 3.9,
P < 0.05; thrushes: x4, = 4.3, P < 0.05; Fig.
1).
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The intensity of Shiny Cowbird parasitism in
mockingbird nests was 2.0 = 0.3 eggs (n = 25);
in thrush nests it was 1.7 = 0.2 eggs (n = 25,
Mann-Whitney U-test, Z = —0.7, P > 0.4). In
both species approximately 50% of the parasit-
ized nests received more than one parasite egg
(13 of 25, range 2-5 eggs for mockingbirds and
11 of 25, range 2—4 eggs for thrushes). We did
not detect a seasonal effect on intensity of par-
asitism in either mockingbirds (Kruskal-Wallis
test, H, = 3.0, P > 0.2) or thrushes (Kruskal-
Wallis test H; = 3.9, P > 0.2).

NEST SURVIVAL AND NESTING SUCCESS

For both hosts, daily nest mortality rates were
higher during incubation than during the nestling
stage (mockingbirds: 0.054 = 0.010 vs. 0.011 +
0.006, x?%, = 12.1, P < 0.001, thrushes: 0.065 =
0.013 vs. 0.022 *= 0.011, x?, = 6.6, P < 0.01),
but stage-specific mortality rates did not differ
between hosts (egg stage: x%, = 0.4, P > 0.5,
nestling stage: x?, = 0.7, P > 0.5). Nest survival
during egg and nestling stages was 0.43 and 0.87
for mockingbirds and 0.37 and 0.77 for thrushes.
Overall nesting success was 0.38 and 0.28 for
mockingbirds and thrushes respectively.

IMPACT OF SHINY COWBIRD PARASITISM ON
HOST REPRODUCTIVE SUCCESS

There were no differences in daily nest mortality
rates during the egg stage between unparasitized
and parasitized nests (mockingbirds: 0.052 *+
0.016 vs. 0.056 = 0.014, x3, = 0.04, P > 0.8;
thrushes: 0.074 = 0.024 vs. 0.060 + 0.016, x?,
= 0.24, P > 0.6). Nest surviva during the egg
stage in unparasitized and parasitized nests was
0.45 and 0.42 for mockingbirds and 0.32 and
0.39 for thrushes.

For both hosts, the main cost of parasitism
was egg punctures inflicted by Shiny Cowbirds
when they visited the nests. The percentage of
mockingbird nests with egg punctures was 29%
(14 of 48) while for thrushes it was 46% (17 of
37). Egg punctures were more frequent in par-
asitized than in unparasitized mockingbird nests
(11 of 23 vs. 3 of 25, respectively, Fisher's exact
test P < 0.01), but there was no difference be-
tween groups in thrushes (13 of 24 vs. 4 of 13,
respectively, Fisher's exact test P > 0.3).

Clutch size of mockingbirds did not differ be-
tween unparasitized and parasitized nests (3.2 =
0.1 eggs, n = 25 vs. 3.0 = 0.1 eggs, n = 24,
Mann-Whitney U-test, Z = —1.3, P > 0.1) but
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FIGURE 2. Proportions (mean = SE) of host eggs
that survived until hatching, host chicks that hatched,
and host chicks that fledged in unparasitized (white
bars) and parasitized (striped bars) nests of (A) the
Chalk-browed Mockingbird and (B) the Rufous-bellied
Thrush. Sample size (nests) is indicated at bar center.

N

0.4

0.2

as aresult of egg punctures, the number of eggs
at hatching was lower in parasitized than in un-
parasitized nests (2.2 = 0.3 eggs, N = 24 vs. 2.8
+ 0.2eggs, n =25 Z= —-25 P < 0.01). Al-
though egg survival was lower in parasitized
nests (Z = —2.5, P < 0.01), we did not detect
differences between groups either in hatching
success (Z = —1.2, P > 0.2) or chick survival
(Z= -04, P> 07, Fig. 2 A).

Clutch size in thrushes did not differ between
unparasitized and parasitized nests (2.8 = 0.1
eggs, N = 13vs. 27 £ 01l eggs, n = 24, Z =
-0.9, P > 0.3). Similarly, because egg punc-
tures affected both unparasitized and parasitized
nests we did not detect differences between
these groups in the number of eggs at hatching
(unparasitized: 2.2 = 0.3 eggs, n = 13; parasit-
ized: 1.9 + 0.2 eggs, n =24, Z= —-0.9, P >
0.3). In this species, egg survival, hatching suc-
cess, and chick survival did not differ between
unparasitized and parasitized nests (Z = —0.3, P
>07,Z2=08 P >04,2Z=09 P> 03,
respectively, Fig. 2B).
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Egg survival in parasitized nests was similar
in mockingbirds and thrushes (Z = —0.01, P >
0.9), but egg survival in unparasitized nests
tended to be lower in thrush nests (Z = —-1.7, P
= 0.08, Fig. 2).

HOST DEFENSES

Nest attentiveness. The attentiveness index was
0.67 (n = 60) for mockingbirds and 0.68 (n =
50) for thrushes. There were no differences in
the attention index between morning and after-
noon for either mockingbirds (0.69 vs. 0.62, x?
= 0.08, P > 0.7) or thrushes (0.61 vs. 0.67, x?
= 0.05, P > 0.4). In severa instances we found
a thrush sitting in the nest before laying had
started, but we never observed this behavior in
mockingbirds.

Nest defense. Mockingbirds responded in
three of nine trials with high levels of aggression
toward the cowbird model (in these three cases
the model was presented first). This aggressive
behavior consisted of hovering over the model
and attacking it with pecks and leg-strikes while
emitting alarm calls. In the other six trials one
or both birds stayed close to the nest watching
the cowbird model. The same response was ob-
served toward the control speciesin al thetrials.
For thrushes, in al cases one or both birds re-
mained close to the nest and emitted alarm calls
when the cowbird or the control model was pre-
sented (independent of the order of model pre-
sentation). The thrushes never sat on the nest as
a response to the cowbird or the control model.
We observed severa instances of mockingbirds,
but not thrushes, attacking live cowbirds. The
only agonistic interactions of thrushes that we
observed were intraspecific.

Egg reection. Mockingbirds rejected white
eggs in all 12 cases and spotted eggs in 0 of 10
cases (Fisher's exact test, P < 0.001). White
eggs were rejected within the first 24 hr after we
parasitized the nest. On two occasions we ob-
served the mockingbird rejecting the egg during
its first visit to the nest. In these cases the bird
grasped the egg, flew approximately 10 m away,
and dropped it. Thrushes rejected white eggs in
9 of 12 cases and spotted eggs in 0 of 8 cases
(Fisher's exact test, P < 0.001). In this species
egg rejections occurred up to 4 days after we
parasitized the nest.

We found Shiny Cowbird white eggs in 9%
of mockingbird nests (4 of 45). We found two
of these eggs in nests where laying had not start-
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FIGURE 3. Proportions (mean = SE) of parasite
eggs that survived until hatching, parasite chicks that
hatched, and parasite chicks that fledged in nests of
the Chak-browed Mockingbird (white bars) and the
Rufous-bellied Thrush (striped bars). Sample size
(nests) is indicated at bar center.

ed, one in a nest during laying, and the other in
a nest in incubation. The two nests parasitized
before the host had started laying were deserted.
We did not find white eggs in thrush nests.

Shiny Cowbird spotted eggs in naturally par-
asitized nests were significantly smaller than
host eggs. For this analysis we compared the
parasite egg (or the largest parasite egg in nests
with multiple parasitism) with the smallest host
egg. Shiny Cowbird eggs in mockingbird nests
were 23.6 = 0.4 mm long and 18.2 = 0.2 mm
wide. Host eggs were 27.6 = 0.2 mm long and
20.5 = 0.2 mm wide (n =19 nests, Wilcoxon
signed-ranks tests, both Z = —3.7, P < 0.001).
Similarly, Shiny Cowbird eggs in thrush nests
were 229 = 0.4 mm long and 17.9 = 0.2 mm
wide while host eggs were 29.2 = 0.2 mm long
and 21.3 = 0.2 mm wide (n = 22 nests, Wil-
coxon signed-ranks tests, both Z = —4.0, P <
0.001).

REPRODUCTIVE SUCCESS OF THE PARASITE

In both hosts survival of parasite eggs during
incubation was high (0.88-0.95), but hatching
success and chick survival were lower (Fig. 3).
We did not detect significant differences be-
tween hosts in survival of parasite eggs (Mann-
Whitney U-test, Z = —1.1, P > 0.2), hatching
success (Z = —0.4, P > 0.7), or survival of par-
asite chicks (Z = —0.7, P > 0.5, Fig. 3). Shiny
Cowhbird chicks that fledged had on average two
mockingbird nestmates (range 0—4) and 1.3
thrush nestmates (range 0—2). The success of
Shiny Cowbird eggs estimated as the product of
egg survival, hatching success, and chick sur-
vival was 0.4 in mockingbird nests and 0.6 in
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thrush nests. Taking into account host nesting
success (estimated from daily nest mortality
rates), the proportion of Shiny Cowbird chicks
fledged per egg laid in mockingbird nests was
0.15, while in thrush nests it was 0.17.

DISCUSSION

Shiny Cowbirds parasitized mockingbirds and
thrushes with a similar frequency and intensity.
The small difference between hosts may be ac-
counted by early mockingbird nesting attempts
avoiding parasitism. The frequency of parasitism
we observed in mockingbird nests (50%) was
lower than that reported by Salvador (1984) in
a study conducted in the province of Cordoba,
Argentina (86%), and by Fraga (1985) in a study
conducted in the province of Buenos Aires, Ar-
gentina (73%). The frequency of thrush parasit-
ism we observed (66%) was larger than that re-
ported by Lichtenstein (1998) aso in Buenos
Aires Province (49%). Our results confirm that,
although these species are considerably larger
than Shiny Cowbirds, they are common hosts.
The frequencies of parasitism we measured may
underestimate actual values because some nests
recorded as unparasitized could have been par-
asitized (with white eggs) that were rejected be-
fore we detected them.

For both hosts, the main cost of parasitism
was the destruction of eggs. Parasitized mock-
ingbirds and thrushes did not suffer losses from
hatching success or nestling competition. This
result as well as those from studies of smaller
(Massoni and Reboreda 1998, 2002) and larger
(Mermoz and Reboreda 1994) hosts, indicates
that the main impact of Shiny Cowbirds on host
reproductive success is the destruction of eggs
in both parasitized and unparasitized nests.

Ancther potential cost of brood parasitism is
the decrease in nesting success as a result of the
desertion of parasitized nests (Petit 1991, Clot-
felter and Yasukawa 1999, Massoni and Rebo-
reda 1998). We did not detect differencesin dai-
ly mortality rates between unparasitized and par-
asitized nests of either species. However, mock-
ingbirds deserted nests that were parasitized
before laying had started, which can be consid-
ered a cost of parasitism.

Considering that the main impact of parasit-
ism for these hosts was the puncture of eggs,
one would expect them to have developed de-
fenses that minimize this cost (i.e., nest atten-
tiveness and defense). However, neither nest at-
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tentiveness nor the agonistic displays towards
the parasite were important. Both species spent
65-70% of their time attending the nest, less
time than spent by the Scarlet-headed Blackbird
(Amblyramphus holosericeus). In this species, at
least one of the parents remains close to the nest
during 95-98% of the laying and incubation
time, and this high level of nest attentiveness is
associated with a very low frequency of para-
sitism (Mermoz and Fernandez 1999). In addi-
tion, nest attentiveness in mockingbirds and
thrushes was not higher during the morning,
when most parasitism occurs (Hoy and Ottow
1964). In terms of nest defense behavior, only
the mockingbird showed differential responses
toward parasite and control models, and only in
some cases.

The most clear antiparasitic defense in these
hosts was the rejection of parasite eggs of the
white morph. Egg ejection can only eliminate
part of the costs associated with lower hatch-
ability of host eggs in parasitized nests, or com-
petition between parasite and host chicks, which
were not significant for these hosts. Both hosts
accepted parasite eggs of the spotted morph
even though they were significantly smaller than
host eggs. Thus, difference in size did not cue
egg discrimination in these hosts, as happens in
the Rufous Hornero (Furnarius rufus, Mason
and Rothstein 1986). It is likely that the simi-
larity between host eggs and spotted parasite
eggs made it difficult for hosts to discriminate
between them. In addition, at the time the par-
asite egg is laid the host has aready paid the
main cost of parasitism (egg punctures). There-
fore, alow selection pressure favoring rejection
of spotted eggs may be expected.

The frequency of white eggs in mockingbird
nests (9%) was lower than that reported in hosts
that do not reject white eggs such as the Rufous-
collared Sparrow (Zonotrichia capensis; 50%
white eggs in nests, Fraga 1978) and the Yellow-
winged Blackbird (Agelaius thilius; 20%, Mas-
soni and Reboreda 1998). This differenceis con-
sistent with the mockingbird tendency to reject
white eggs, which we observed in our experi-
ments. It is also possible that Shiny Cowbird fe-
males that lay white eggs avoided parasitizing
these hosts because they reject white eggs. Al-
though we cannot reject this possibility, thiswas
not the case for Shiny Cowbirds parasitizing the
Brown-and-yellow Marshbird (Pseudoleistes vi-
rescens), another host that rejects white eggs and
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accepts spotted ones (Mermoz and Reboreda
1999).

The main factors that affected Shiny Cowbird
success in nests that fledged chicks were hatch-
ability and chick survival. Although there was a
high percentage of multiply parasitized nests, we
observed few cases of parasitic eggs with punc-
tures (1 of 25 in each host). Survival of Shiny
Cowhbird chicks in mockingbird nests (0.62) was
similar to Fraga's (1985) survival rate of 0.60,
but the value we observed in thrushes (0.79) was
considerably higher than that reported by Lich-
tenstein (1998). In Lichtenstein’s (1998) study,
cowbird chicks died of starvation in 69% of ex-
perimentally created broods containing one host
and one cowhbird chick. Lichtenstein (2001) also
reported that parasitic chicks were fed signifi-
cantly less than host young and that the poor
success of Shiny Cowbird chicks was not simply
due to competition with their larger nestmates,
but may aso have involved parental discrimi-
nation. The effects of competition between
chicks and parental discrimination were not very
important in our study, as successful Shiny
Cowbird chicks had on average only 1.3 thrush
nestmates.

Taking into account the survival of host nests,
the reproductive success of Shiny Cowbirds was
approximately 15% in mockingbird and 17% in
thrush nests. These values are probably an over-
estimate of the actual reproductive success of
Shiny Cowhbirds, because both hosts reject par-
asite eggs of the white morph. The frequency of
white eggs in Buenos Aires province varies be-
tween 20% and 50% (Fraga 1978, Massoni and
Reboreda 1998). However, even considering a
frequency of white eggs of 50% (and therefore
an overestimation of 100% in Shiny Cowbird
reproductive success), the host quality of mock-
ingbirds and thrushes is similar or better than
that observed in hosts smaller than the parasite
that do not reject white eggs, like Rufous-col-
lared Sparrows (7%, Fraga 1978) or Yellow-
winged Blackbirds (3%, Massoni and Reboreda
1998). Thus, the high frequency of parasitism
we observed in these hosts is not contradictory
with the relatively low survival rate of parasite
chicks in their nests. The quality of mocking-
birds and thrushes as hosts is not only deter-
mined by Shiny Cowbird chicks success at
competing for food with their nestmates. Other
factors, such as host antiparasitic defenses and
nest survivorship, should be considered.
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