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High frequency but low impact of brood parasitism by
the specialist Screaming Cowbird on its primary host,
the Baywing
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Abstract. Brood-parasitic cowbirds (Molothrus spp.) exploit the parental care of other species (hosts) that raise their
offspring. Parasitism by cowbirds reduces host reproductive success in several ways and quantifying such costs is an
important step to better understand evolutionary interactions in host–parasite associations. We estimated the costs of
parasitism by the host-specialist Screaming Cowbird (M. rufoaxillaris) to the reproductive success of its primary host, the

5 Baywing (Agelaioides badius). We tested the effect of Cowbird parasitism on egg survival, hatching success, nestling
survival and body mass at fledging of Baywings in a population of eastern Argentina where the frequency of parasitism by
Screaming Cowbirds exceeds 90% of Baywing nests. Egg survival decreased with the number of Screaming Cowbird eggs
laid during the egg-stage and, on average, host clutch-sizewas reduced by 10%per parasitic event. However, contrary to our
expectations,wedid notfind anyclear effect of parasitismonhatching success, nestling survival andbodymass atfledgingof

10 Baywings. Our results suggest that, despite its high frequency, parasitism by ScreamingCowbirds has a rather little effect on
the viability of Baywing offspring. We discuss how clutch rejection behaviour and flexible nest-provisioning rules of the
hosts might help to explain this paradoxical result.
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Introduction

Brood-parasitic cowbirds (Icteridae :Molothrus spp.) lay their
eggs in the nests of other species (hosts), which provide all
parental care to the parasitic offspring. Unlike other obligate

5 brood parasites, such as most Old World cuckoos (Cuculinae),
New World cuckoos (Neomorphinae) and honeyguides (Indica-
toridae), cowbird hatchlings do not actively evict or kill the host
offspring, but are usually reared in mixed broods alongside host
young (Ortega 1998; Robinson and Rothstein 1998; Davies

10 2000). Yet cowbird parasitism can reduce reproductive success
of hosts in several ways, including the removal or puncturing of
host eggs by parasitic females during visits to nests (Carter 1986;
Sealy 1992; Peer 2006; Gloag et al. 2012), increased hatching
failure of host eggs (Burhans et al. 2000; Hoover 2003; Tuero

15 et al. 2007), increased mortality of host nestlings owing to
competition with cowbird young (Dearborn et al. 1998; Payne
and Payne 1998; Hoover 2003; Hoover and Reetz 2006; Ras-
mussen and Sealy 2006), reduced post-fledging survival of host
young (Payne and Payne 1998; Hoover and Reetz 2006; but see

20 Smith 1981), and increased risk of desertion or depredation of
parasitised broods (Payne and Payne 1998; Dearborn 1999;
Burhans et al. 2000; Hosoi and Rothstein 2000; Smith et al.
2003; De Mársico and Reboreda 2010). Besides these potential

effects on nest productivity, parasitism by cowbirds may have
consequences for host demography if rearing parasitised broods
decreases the chances of survival or future reproduction of host
parents (Hoover and Reetz 2006; but see Payne and Payne 1998),

5or if competition with cowbird nestlings results in sex-biased
mortality of host offspring (Zanette et al. 2005).

The effect of cowbird parasitism can vary considerably be-
tween host species but it is more severe when parasitic nestlings
are larger or hatch earlier than host young (Lorenzana and Sealy

101999; Hauber 2003). Many small hosts of the Brown-headed
Cowbird (M. ater) seldom fledge any of their own young from
parasitised nests (recently reviewed in Peer et al. 2013), which
may result in fitness costs comparable to those imposed by ‘nest-
mate killing’ brood parasites. For medium and large hosts with

15fairly short incubation periods, the major cost of parasitism is
usually the loss of one or a few eggs through the destruction of
eggs by female cowbirds because the viability of their offspring is
likely to be little affected by the presence of parasitic eggs and
nestlings in the brood (Eckerle and Breitwisch 1997; Clotfelter

20and Yasukawa 1999; Sackmann and Reboreda 2003; Astié and
Reboreda2006).However, the effect of parasitism inmediumand
largehosts canbegreater if hosts are regularlyparasitisedmultiple
times (e.g. Trine 2000;DuréRuiz et al. 2008).Given that the costs
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of parasitism are a major determinant of the strength of selection
for anti-parasite defences in host populations, quantifying such
costs at different stages of the nesting cycle appears as a funda-
mental step to understand better the evolutionary interactions

5 between, and population dynamics of, cowbirds and their hosts
(May and Robinson 1985; Lotem and Nakamura 1998; Spotti-
swoode et al. 2012).

In this study we assess the effect of parasitism by the most
specialised of the cowbird species, the Screaming Cowbird

10 (M. rufoaxillaris), on the reproductive success of its primary
host, the Baywing (Icteridae :Agelaioides badius). The Scream-
ing Cowbird almost exclusively parasitises the Baywing, al-
though it uses two other other icterine species as secondary hosts
at some localities (Sick 1985; Fraga 1996; Mermoz and Rebor-

15 eda 1996). The frequency of parasitism of Baywings by Scream-
ing Cowbirds is extremely high (range 83–100%) and most
nests are parasitised multiple times (Hoy and Ottow 1964; Fraga
1998; De Mársico et al. 2010). The intensity of parasitism (i.e.
mean number of parasite eggs per parasitised nest) ranges from

20 three to five, but any single Baywing nest may receive up to 19
parasite eggs (Hoy and Ottow 1964; Fraga 1998). Screaming
Cowbird females lay their eggs before dawn, but they make
‘non-laying’ visits to Baywing nests throughout the day
(M. C. De Mársico et al., unpubl. dataQ1 ). The Baywing is also

25 a host of the Shiny Cowbird (M. bonariensis), but rates of
parasitism by this species are much lower (16–23%; Fraga 1998;
De Mársico et al. 2010). Baywings almost invariably evict the
whole parasitised clutch from the nest, including their own eggs,
when it is twice or more the modal host clutch-size of four eggs,

30 but they typically incubate clutches containing from one to
three cowbird eggs (De Mársico et al. 2013). Screaming Cow-
birds are larger in body mass than Baywings (adult body mass of
Screaming Cowbirds, 50–60; of Baywings, 40–50 g; Fraga
1998) and have a shorter incubation period (12 cf. 13 days;

35 Fraga 1998; De Mársico et al. 2010). Thus, when parasitism
occurs during the laying period of the host, the Cowbird nest-
lings have a head-start in the competition for food delivered by
host parents. Prior studies indicate that multiple parasitism by
Screaming Cowbirds increases the likelihood of nest desertion

40 or clutch rejection by Baywings (Fraga 1998; De Mársico and
Reboreda 2010; De Mársico et al. 2013) but the effect of
multiple parasitism on the viability of the eggs and nestlings
of the hosts has not yet been quantified.

Parasitism by Screaming Cowbirds may decrease the success
45 of host offspring in several ways. Firstly, adult Screaming

Cowbirds are known to puncture host eggs during nest visits
(Hoy and Ottow 1964; Fraga 1998) and it is expected that host
egg survival will decrease with the intensity of parasitism (i.e. a
surrogate of rate of nest visitation). Secondly,multiple parasitism

50 may increase the risk of hatching failures by lowering the
incubation efficiency of host eggs. Finally, it is expected that
survival of host nestlings or body mass at fledging will be
negatively related to the number of parasitic nestlings in the
brood because larger and older Cowbird nestlings strongly

55 compete for foodwith host young andmay increase the likelihood
of brood reduction (Duré Ruiz et al. 2008).We tested these
predictions by analysing the effect of the intensity of Screaming
Cowbird parasitism on the probability of survival of host eggs,
hatching success and nestling survival, and on body mass at

fledging of host young in a Baywing population from eastern
Argentina.

Materials and methods
Study site and data collection

5The study was conducted at the private reserve ‘El Destino’,
located within the Parque Costero del Sur Biosphere Reserve
(MAB-UNESCO, http://www.unesco.org/new/en/natural-scie
nces/environment/ecological-sciences/biosphere-reserves/latin-
america-and-the-caribbean/, accessed 17 June 2014), near the

10town of Magdalena (35�080S, 57�230W), in the province of
Buenos Aires, Argentina, during the breeding seasons
2002–07 and 2009–10. The study area comprises ~300 ha of
flooding grasslands interspersed with patches of woodland dom-
inated by Tala (Celtis ehrenbergiana) and Coronillo (Scutia

15buxifolia). Baywings and Screaming Cowbirds are year-round
residents in the area.

Baywings are single-brooded and breed in the study area from
late November to mid-February. Parasitism by Screaming Cow-
birds occurs throughout the breeding season of the Baywing

20(De Mársico et al. 2010). Baywings seldom build their own nest
but breed instead in old domed nests built by other species (e.g.
Firewood-gatherer, Anumbius annumbi; thornbirds, Phacellodo-
mus spp.; spinetails, Synallaxis spp.; Rufous Hornero, Furnarius
rufus; Great Kiskadee, Pitangus sulfuratus), holes in trees and

25nest-boxes (Fraga 1998; De Mársico et al. 2010). Nearly 25% of
the nests in our samplewere in nest-boxes placed in the study area
before the beginning of the study (see De Mársico et al. 2010 for
further details). Baywings are facultative cooperative breeders,
with nearly 40% of nests having one to three helpers at the nest

30and which typically join the breeding pair after young hatch
(Fraga 1991; Ursino et al. 2011).

We searched thoroughly for Baywing nests within the study
area throughout the breeding season. Nests were found along the
edges of woodland patches or in isolated trees, at heights of

351.5–7m above the ground. Collection of data was limited to nests
built at a height of up to 5m, which could be reached with a
portable ladder. This sample comprises approximately two-thirds
of all nests found and reflects the variety of nest-types used by
Baywings. Wemonitored 202 nests, of which 73 (35%) survived

40to the nestling stage and 43 (22%) produced at least one host or
parasite fledgling. We inspected nests every 1–3 days until the
nestlings fledged or the nest failed. In each visit up until nestlings
10–11 days old (see below), we recorded the contents of the nest
and individuallymarked every egg and nestlingwith a permanent

45marker. We observed parental activities from a distance of ~10m
afterwards to determine whether the young fledged. Baywing
and Screaming Cowbird eggs are very much alike in size and
shape (mean length�width: Baywing, 23.6� 0.1� 17.8� 0.0;
Cowbird, 23.7� 0.1mm� 17.9� 0.0 mm; De Mársico et al.

502010), but can be identified using diagnostic color and patterns
of spotting (Fraga 1983). Nestling and fledgling Screaming
Cowbirds are also very similar to Baywing young, but newly
hatchednestlings canbedistinguishedbydifferences in thecolour
of the skin and bill (Fraga 1979).

55During inspections of nests, we checked every egg for the
presence of punctures caused by Cowbirds. Occasionally, we did
not find punctured eggs but found one or more eggs missing
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along with yolk stains or pieces of eggshell on the surface of the
remaining eggs. In such cases,we assumed that themissing eggor
eggs had been punctured byCowbirds and subsequently removed
by Baywings during nest sanitation on the basis of videorecord-

5 ings showing these behaviours (De Mársico et al. 2013; see
Supplementary material, video recording). Whenever possible,
weweighed nestlings daily or every other day to the nearest 0.1 or
0.5 g using 10- and 60-g capacity Pesola spring scales to respec-
tively weigh nestlings up to 10 g (1–2 days old) and from day 3

10 onwards.We banded them at the age of 10–11 dayswith a unique
combination of coloured plastic bands (A. C. Hughes Ltd.,
Hampton Hill, UK) and a numbered aluminium band (Porzana
Ltd., Icklesham, UK). After that time, we continued to monitor
nests from a distance of ~10 m away from the nest daily or every

15 other day in order to determine the fate of the nest and the number
of host and Cowbird nestlings fledged.

Data analysis
We tested the effect of Screaming Cowbird parasitism separately
on the survival of host eggs, hatching success and nestling

20 survival using generalised linear models (GLM) with binomial
error structure and logit link function. We fitted models by the
iterated re-weighted least-squares method using the ‘glm’ func-
tion in R version 3.0.0 (R Development Core Team 2013). The
response variableswere egg survival (proportion of host eggs laid

25 that remained intact in the nest by the end of incubation), hatching
success (proportion of host eggs at the end of incubation that
hatched), and nestling survival (proportion of host hatchlings that
fledged). Each one was entered in model analysis as a two-vector
response variable comprising the number of ‘successes’ (i.e.

30 number of host eggs that survived or hatched or nestlings that
died) and the number of ‘failures’ (i.e. number of host eggs that
were damaged or failed to hatch or nestlings that died; Crawley
2007).

We modelled egg survival using only nests that were visited
35 daily during laying by the host and that survived to the nestling

stage (n= 40). This subsample excludes nests found after the host
clutch was complete, for which we could not reliably determine
host clutch-size and thus the number of eggs that might be
punctured. We modelled hatching success using nests found

40 before the end of incubation that survived to the nestling stage
(n= 51). Two nests in which the entire host clutch failed to hatch
were excluded from model analysis, as hatching failure in these
cases was probably a result of the Baywing females laying
infertile eggs. To model nestling survival we used nests found

45 before hatching that survived tofledging (n= 38). This subsample
excludes nests that were depredated during the nestling stage.

Explanatory variables in the model analyses were number
of Screaming Cowbird eggs or nestlings (see below), clutch- or
brood-size of host, and initiation date of clutch relative to the first

50 host nesting attempt in the season. Screaming Cowbirds can visit
Baywing nests throughout the nesting cycle. Therefore, our egg-
survival model included the total number of Screaming Cowbird
eggs laid over the egg-stage as a surrogate of the minimum
number of visits by parasitic females that could have resulted

55 in damage to host eggs. To model the effect of parasitism on
hatching success of Baywings, we ran two sets of models: one
including the number of Screaming Cowbird eggs laid during the

host laying period and the other one including the number of
parasitic eggs laid over the egg-stage in order to account for the
potential effects ofboth early and late parasitismon the incubation
efficiency of host eggs. Finally, to model the effect of parasitism

5on survival of host nestlings we considered only the number of
Screaming Cowbird nestlings that hatch before or on the same
day as host young, as those hatched after the youngest Baywing
nestling are less likely to outcompete host young and often die
soon after hatching (Fraga 1998).

10To analyse the effect of Screaming Cowbird parasitism on
body mass of host young at fledging we first estimated the
asymptotic body mass of 89 individual Baywing nestlings that
survived at least to the age of 10 days (n= 36 broods with
complete records of nestling weights) using the logistic

15growth curve:W(t) =A �1 + e–K(t-ti), whereW(t) denotes nestling
body mass at age t, A is the asymptotic body mass, K is a growth
constant, t is nestling age (in days) and ti is the age of maximum
growth (Ricklefs 1967). We obtained parameter estimates for
individual nestlings by fitting daily weights to the logistic growth

20curve using non-linear least-squares regression in SYSTAT 10.0
(SPSS, Chicago, IL).

To assess the effect of parasitism on body mass at fledgling of
host nestlings we fitted a linear mixed model (LMM) by max-
imising the restricted log-likelihood (REML) using the ‘lme’

25function in the ‘nlme’packageofRversion3.0.0 (RDevelopment
Core Team 2013). The explanatory variables were the number of
Screaming Cowbird nestlings hatched synchronously to host
young (see above), host brood-size and the relative initiation
date of clutch.We included nest identity as a random effect as we

30measured 2–5 host nestlings per brood. Screaming Cowbird
nestlings might induce higher provisioning rates by host parents
(Ursino et al. 2011), which in turnmay result in non-linear effects
of parasitism on host body mass. To account for this possibility
we included the number of Cowbird nestlings as a linear and

35quadratic term in the model.
In the GLM and LMM analyses, we first estimated the full

model and then sequentially eliminated non-significant terms
(P> 0.10) until a minimal model was obtained. We derived
P-values for significant terms from the minimal model, and

40non-significant P-values by individually reintroducing each
non-significant term in the minimal model. All statistical tests
were two-tailed.

Results

Baywings suffered losses of eggs attributable to punctures by
45Cowbirds in nine of 40 (22.5%) nests in our sample, of which one

was parasitised only once and eight were parasitised multiple
times. Parasitised nests had a mean of 3.3 Screaming Cowbird
eggs (s.e. 0.3, range 1–9, n= 35). We did not detect punctured or
missing host eggs in unparasitised nests (n= 5). Model analysis

50indicates that survival of host eggs decreased with the number of
Screaming Cowbird eggs laid over the egg-stage (GLM: estimate
s.e. = –0.25� 0.13,Wald z= –1.97,P= 0.049; Fig. 1). Therewas
no significant effect of host clutch-size (estimate� s.e. = 0.51
0.50,Wald z= 1.00,P = 0.31) and relative initiation date of clutch

55(estimate� s.e. = –0.02� 0.02, Wald z= –1.02, P = 0.31) on
survival of host eggs. Host clutch-size at the end of incubation
decreased with intensity of parasitism (Spearman rank correla-

Effect of Screaming Cowbird parasitism Emu C
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tion: r= –0.62, P< 0.0001, n= 40 nests; Fig. 1). On average,
Baywings lost 0.11� 0.04 eggs per parasitic event.

Hatching failures of host eggs occurred at 13 of 51 (25%) nests
that survived to the nestling stage, including three of nine

5 unparasitised nests, two of 12 singly parasitised nests, and eight
of 30 multiply parasitised nests. Mean intensity of parasitism
was 3.1 cowbird eggs per clutch (s.e. 0.3, range 1–9, n= 42 nests)
considering all parasitic eggs laid over the egg-stage, and 1.5 eggs
per clutch (s.e. 0.1, range 1–3, n= 35) considering only the

10 parasitic eggs laid synchronously with laying by the host. Model
analysis showed no significant effect on hatching success of
Baywing eggs of the number of Cowbird eggs laid during the
Baywing laying period (GLM: estimate� s.e .= –0.24� 0.25,
Wald z= –0.94, P = 0.35) and over the egg-stage (estimate�

15 s.e. = –0.08� 0.12, Wald z= –0.62, P= 0.54; Fig. 2), host
clutch-size (estimate� s.e. = –0.21� 0.38, Wald z= –0.55,

P = 0.58) and relative initiation date of clutch (estimate� s.e. =
–0.01� 0.02, Wald z= –0.32, P= 0.75).

Baywing nestling mortality occurred at six of 38 nests (16%)
that survived to the fledging stage, including two of 16 unpar-

5asitised nests, three of 15 singly parasitised nests and one of seven
multiply parasitised nests. In all cases, only a single Baywing
nestling died, usually the youngest in the brood.Mean intensity of
parasitism was 1.4 nestlings (s.e. 0.1, range 1–3, n = 22), con-
sidering only those that hatched synchronously with host young.

10Model results showed no significant effect on host nestling
survival of the number of Screaming Cowbird nestlings (GLM:
estimate� s.e. = –0.12� 0.50, Wald z= –0.24, P = 0.81; Fig. 3),
host brood-size (estimate� s.e. = –0.20� 0.42, Wald z= –0.48,
P = 0.63), and relative initiation date of clutch (estimate�

15s.e. = –0.03� 0.02, Wald z= –1.23, P = 0.22). The number of
host young fledged from Baywing nests was not significantly
correlated with the number of parasitic nestlings in the brood
(Spearman rank correlation: r= –0.23, P = 0.16, n= 38; Fig. 3).

Wedid notfind a significant effect of the number of Screaming
20Cowbird nestlings in the brood (LMM: linear estimate�

s.e. = 0.09� 1.19, F1,31 = 0.91, P = 0.35; quadratic estimate�
s.e. = –0.26� 0.46, F1,31 = 0.31, P= 0.58; Fig. 4), host brood-
size (estimate� s.e. = 0.38� 0.42, F1,31 = 0.79, P = 0.38) and
relative initiation date of clutch (estimate� s.e. = 0.01� 0.02,

25F1,31 = 0.14, P= 0.71) on the estimated body mass at fledging
of Baywing young.

Discussion

Our results indicate that parasitism by Screaming Cowbirds
decreased the viability of Baywing offspring mainly through

30reducing the survival of host eggs, which can be attributed to the
egg-puncturing behaviour of parasitic female Cowbirds during
visits to host nests. In support of this conclusion, the probability of
host eggs surviving to hatching and host clutch-size at the end of
incubation decreased with the number of Screaming Cowbird
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eggs laid,which provides aminimumestimate of the frequency of
visits to nests by Screaming Cowbird females over the egg-stage.
Thisfinding is in agreementwith prior studies showing a negative
effect of parasitismbycowbirdson survival of host eggs in several

5 host species (Sealy 1992;Massoni andReboreda 1998; Clotfelter
and Yasukawa 1999; Astié and Reboreda 2006; Gloag et al.
2012). However, we did not detect egg losses at unparasitised
Baywing nests as is expected to occur if parasitic females damage
host eggs during both laying and non-laying visits to nests (e.g.

10 Astié and Reboreda 2006; Gloag et al. 2012). Given the high
prevalence of Screaming Cowbird parasitism in our study pop-
ulation, it is possible that unparasitised nests in our sample went
completely undetected by female Screaming Cowbirds Also,
although unparasitised and parasitised Baywing nests were com-

15 parable in architecture, location and timing of initiation of clutch,
it is possible that they differed inmore subtle cues used by female
Screaming Cowbirds to decide where to lay, such as host beha-
viours or nest attributes that signal parental quality. Experiments
involving artificial parasitism of unparasitised nests are necessary

20 in order to assess the influence of parental quality on the likeli-
hood of parasitism. Another possibility is that defensive beha-
viours by Baywings at unparasitised nests were effective enough
to prevent female Screaming Cowbirds from puncturing host
eggs and laying their own. Video-recording of Baywing nests

25 obtained as part of another study showed that hosts often sit
tightly on the nest-cup when Screaming Cowbird females arrive
at the nest (De Mársico et al. 2013). Although such behaviour
does not necessarily preclude laying by parasitic females, it
might block their access to the nest contents, thus providing an

30 effective protection for host eggs against parasite attacks (see also
Tewksbury et al. 2002).

In contrast, the extent of damage to host eggs caused by female
Cowbirdsmay reflect a trade-off between the benefits of reducing
competition to the parasitic offspring and the costs of losing

35 assistance to them in stimulating parental care by the host (Kilner
et al. 2004; Gloag et al. 2012). In the Shiny Cowbird there is

evidence that parasitic females from the same population damage
fewer host eggs per parasitic event when parasitising the small
House Wren (Troglodytes aedon) than the large Chalk-browed
Mockingbird (Mimus saturninus), which can be the result of

5individual female Shiny Cowbirds within that population pref-
erentially parasitising one of both host species and exhibiting
egg-puncturing behaviours adjusted to the preferred host (Mahler
et al. 2007;Fiorini et al. 2009;Tueroet al. 2012). Suchbehaviours
seem to be adaptive as Cowbird nestlings reared alongside host

10young survived better or attained a higher body mass than those
reared alone in House Wren nests but not in Chalk-browed
Mockingbird nests (Fiorini et al. 2009; Gloag et al. 2012). The
rather low incidence of host egg-losses found in this study
(0.11� 0.04 host eggs punctured per parasitic event), similar to

15that reported in House Wrens parasitised by Shiny Cowbirds
(0.07� 0.03; Fiorini et al. 2009), indicates that Screaming
Cowbirds may also benefit from a reduced virulence towards
host eggs in Baywing nests, although this hypothesis requires
further study. It is also worthwhile to note that egg-puncturing by

20Screaming Cowbirds may come at the cost of causing nesting
failures, asBaywings aremore likely todesert parasitised clutches
following repeated damage to eggs (De Mársico and Reboreda
2010). From this perspective, it is possible that the potential
benefits of egg-puncturing behaviour to Screaming Cowbird

25females, such as reducing competition for their offspring or
keeping clutch-size below host’s rejection threshold (Fraga
1998; De Mársico et al. 2013), may be outweighed by the costs
of triggering desertion of nests. Such a trade-off would also help
to explain the low frequency of egg-punctures observed in

30Baywing nests.
Contrary to our predictions we did not find a significant effect

of parasitism on hatching success of Baywings. Hatching failures
of host eggs occurred at approximately the same rate in unpar-
asitised (30%) and multiply parasitised nests (27%), and less

35frequently at singly-parasitised nests (17%). This result strongly
suggests that factors in addition to ScreamingCowbird parasitism
might affect the hatching success of Baywing eggs. For instance,
at least some Baywing eggs might have failed to hatch because
they were infertile or contained non-viable embryos rather than

40decreased incubation efficiency as a consequence of parasitism.
Similarly, model results did not support our prediction that
Cowbird parasitism would decrease the survival of Baywing
nestlings. Brood-reduction was infrequent during this study and
results of model analyses showed no significant effect of the

45number of Screaming Cowbird nestlings in the brood on both the
likelihood of survival of host nestlings and bodymass at fledging
of host young. These results were unexpected because Screaming
Cowbirdnestlings that hatch synchronouslywithhost younghave
the potential to outcompete them for food given the parasite’s

50larger size and more intense begging displays (Lichtenstein
2001; De Mársico et al. 2010). It is possible that these results
are a consequence of host parents adjusting their parental effort
in response to parasitism by Cowbirds. If Screaming Cowbird
nestlings are unable to monopolise parental feedings, then an

55increase in the level of nest-provisioning by hosts may reduce the
costs of competition to their offspring at the expense of increasing
the costs of current reproduction to the host parents. Various
studies have shown that nestlings of other cowbird species (i.e.
Brown-headed Cowbird, Shiny Cowbird) beggedmore intensely
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Fig. 4. Mean body mass at fledging (�s.e.) of Baywings in relation to
the number of Screaming Cowbird nestlings in the brood that hatched
synchronously with host young. Sample sizes are given within bars.
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than host young and induced higher levels of parental care
(Dearborn et al. 1998; Hoover and Reetz 2006; Gloag and
Kacelnik 2013; but see Rivers et al. 2010). For example, in the
Red-winged Blackbird (Agelaius phoeniceus), a common host of

5 the Brown-headed Cowbird with facultative biparental care, the
presence of a Cowbird nestling in the brood was positively
associated with rates of food delivery by females and the prob-
ability that males assisted them in nest-provisioning (Grayson
et al. 2013). In this host species, male parental care enhances

10 nestling growth and nest productivity relative to broods attended
by females only (Muldal et al. 1986; Yasukawa et al. 1990) and
thus it is likely to reduce the costs of parasitism to host young
(Grayson et al. 2013).

In Baywings, there is some evidence that rates of nest-provi-
15 sioning and the number of helpers recruited increased with the

number of Cowbird nestlings in the brood (Ursino et al. 2011),
which may help to explain why host nestlings survived equally
well, and leave thenest in similar bodycondition, at unparasitised,
singly parasitised and multiply parasitised nests. In relation to

20 this, it is worthwhile to note that all three host species known so
far for Screaming Cowbirds are cooperative breeders (Orians
et al. 1977; Fraga 1991, 2008), which suggests a role of increased
parental care in driving evolutionary interactions between
Screaming Cowbirds and their hosts. However, further studies

25 are needed to determine whether it is host parents or helpers-at-
the-nest that pay the costs of increased parental care and to what
extent Screaming Cowbirds gain a fitness advantage by prefer-
entially targeting cooperatively breeding hosts (see Canestrari
et al. 2009; Feeney et al. 2013).

30 It has been recently argued that the virulence of parasitic
offspring would be a determinant of the strength of host defences
against parasitism (Spottiswoode et al. 2012). In Baywings,
however, it seems that it is the high frequency of parasitism
rather than the virulence of parasitic young that has selected for

35 anti-parasitic defences at the egg-stage, such as host-rejection
behaviour of entire parasitised clutches (Fraga 1998; DeMársico
et al. 2013). Clutch-rejection behaviour effectively limits the
number of parasitic nestlings reared per nest, and thus the costs of
competition to their own young (Fraga 1998; De Mársico et al.

40 2013). Nevertheless, the fact that Baywings have evolved
discrimination against fledglings that do not resemble their own

Q2 suggests that the fitness costs of rearing parasitic young to
independence may be high enough to select for host defences
at later stages of the nesting cycle (Fraga 1998; DeMársico et al.

45 2012). This might occur if competition with parasitic fledglings
reduces the chances of host young surviving to adulthood
(Rasmussen and Sealy 2006) or if increased post-fledgling pa-
rental care negatively affects the survival or future reproductive
success of host parents (Payne and Payne 1998; Hoover and

50 Reetz 2006). Further studies aimed to assess the costs of para-
sitism during and after the post-fledging period would greatly
contribute to the understanding of coevolutionary interactions
between the Screaming Cowbird and its primary host. Our
results suggest that, although the early lines of defence by

55 Baywings do not eliminate the costs of parasitism entirely, host
clutch-rejection behaviour combined with flexible nest-provi-
sioning by cooperatively breeding groups may allow Baywing
hosts to reduce their fitness losses under extremely high rates of
brood parasitism.

Acknowledgements

We thank Fundación Elsa Shaw for allowing us to conduct the study at
Reserva El Destino, and C. A. Ursino, M. G. Gantchoff and M. Chomnalez
for field assistance during this study.M. C.DeMársico and J. C. Reboreda are

5research fellows of Consejo Nacional de Investigaciones Científicas y Téc-
nicas (CONICET). The study was supported by research grants of Agencia
Nacional de Promoción Científica y Tecnológica (PICT-Raíces 2011-0045)
and Universidad de Buenos Aires (UBACyT W808). Aves Argentinas-
Asociación Ornitológica del Plata provided the aluminium leg bands used

10in this study. The study was conducted with the permission of the Provincial
Organism for Sustainable Development (OPDS, Buenos Aires, Argentina)
and complies with current laws of Argentina.

References

Astié,A.A., andReboreda, J.C. (2006).Costs of eggpunctures andparasitism
15by Shiny Cowbirds (Molothrus bonariensis) at Creamy-bellied Thrush

(Turdus amaurochalinus) nests.Auk 123, 23–32. doi:10.1642/0004-8038
(2006)123[0023:COEPAP]2.0.CO;2

Burhans, D. E., Thompson, F. R. III, and Faaborg, J. (2000). Costs of
parasitism incurred by two songbird species and their quality as cowbird

20hosts. Condor 102, 364–373. doi:10.1650/0010-5422(2000)102[0364:
COPIBT]2.0.CO;2

Canestrari, D., Marcos, J. M., and Baglione, V. (2009). Cooperative breeding
in Carrion Crows reduces the rate of brood parasitism by Great Spotted
Cuckoos. Animal Behaviour 77, 1337–1344. doi:10.1016/j.anbehav.

252009.02.009
Carter, M. D. (1986). The parasitic behaviour of the Bronzed Cowbird in

South Texas. Condor 88, 11–25. doi:10.2307/1367748
Clotfelter, E. D., and Yasukawa, K. (1999). Impact of brood parasitism

by Brown-headed Cowbirds on Red-winged Blackbird reproductive
30success. Condor 101, 105–114. doi:10.2307/1370451

Crawley, M. J. (2007). ‘The R Book.’ (Wiley: Chichester, UK.)
Davies, N. B. (2000). ‘Cuckoos, Cowbirds and Other Cheats.’ (A. &

T. Poyser: London.)
De Mársico, M. C., and Reboreda, J. C. (2010). Brood parasitism increases

35mortality of Bay-winged Cowbird nests. Condor 112, 407–417.
doi:10.1525/cond.2010.090118

De Mársico, M. C., Mahler, B., and Reboreda, J. C. (2010). Reproductive
success and nestling growth of the Baywing parasitized by Screaming
and Shiny Cowbirds. Wilson Journal of Ornithology 122, 417–431.

40doi:10.1676/09-140.1
De Mársico, M. C., Gantchoff, M. G., and Reboreda, J. C. (2012). Host–

parasite coevolutionbeyond thenestling stage?Mimicryofhostfledglings
by the specialist screaming cowbird. Proceedings. Biological Sciences
279, 3401–3408. doi:10.1098/rspb.2012.0612

45De Mársico, M. C., Gloag, R., Ursino, C. A., and Reboreda, J. C. (2013).
A novel method of rejection of brood parasitic eggs reduces parasitism
intensity in a cowbird host. Biology Letters 9, 20130076. doi:10.1098/
rsbl.2013.0076

Dearborn, D. C. (1999). Brown-headed Cowbird nestling vocalizations and
50risk of nest predation. Auk 116, 448–457. doi:10.2307/4089378

Dearborn, D. C., Anders, A., Thompson, F. R. III, and Faaborg, J. (1998).
Effects of cowbird parasitism on parental provisioning and nestling
food acquisition and growth. Condor 100, 326–334. doi:10.2307/
1370273

55Duré Ruiz, N. M., Mermoz, M. E., and Fernández, G. J. (2008). Effect of
cowbird parasitism on brood reduction in the Brown-and-yellow Marsh-
bird. Condor 110, 507–513. doi:10.1525/cond.2008.8428

Eckerle, K. P., and Breitwisch, R. (1997). Reproductive success of the
Northern Cardinal, a large host of Brown-headed Cowbirds. Condor

6099, 169–178. doi:10.2307/1370235
Feeney,W. E., Medina, I., Somveille, M., Heinsohn, R., Hall, M. L., Mulder,

R. A., Stein, J. A., Kilner, R. M., and Langmore, N. E. (2013). Brood

F Emu M. C. De Mársico and J. C. Reboreda

dx.doi.org/10.1642/0004-8038(2006)123[0023:COEPAP]2.0.CO;2
dx.doi.org/10.1642/0004-8038(2006)123[0023:COEPAP]2.0.CO;2
dx.doi.org/10.1642/0004-8038(2006)123[0023:COEPAP]2.0.CO;2
dx.doi.org/10.1650/0010-5422(2000)102[0364:COPIBT]2.0.CO;2
dx.doi.org/10.1650/0010-5422(2000)102[0364:COPIBT]2.0.CO;2
dx.doi.org/10.1650/0010-5422(2000)102[0364:COPIBT]2.0.CO;2
dx.doi.org/10.1016/j.anbehav.2009.02.009
dx.doi.org/10.1016/j.anbehav.2009.02.009
dx.doi.org/10.2307/1367748
dx.doi.org/10.2307/1370451
dx.doi.org/10.1525/cond.2010.090118
dx.doi.org/10.1676/09-140.1
dx.doi.org/10.1098/rspb.2012.0612
dx.doi.org/10.1098/rsbl.2013.0076
dx.doi.org/10.1098/rsbl.2013.0076
dx.doi.org/10.2307/4089378
dx.doi.org/10.2307/1370273
dx.doi.org/10.2307/1370273
dx.doi.org/10.1525/cond.2008.8428
dx.doi.org/10.2307/1370235


PR
OO

F
ON

LY

parasitism and the evolution of cooperative breeding in birds. Science
342, 1506–1508. doi:10.1126/science.1240039

Fiorini, V. D., Tuero, D. T., and Reboreda, J. C. (2009). Shiny Cowbirds
synchronize parasitismwith host laying and puncture host eggs according

5 to host characteristics. Animal Behaviour 77, 561–568. doi:10.1016/
j.anbehav.2008.11.025

Fraga, R. M. (1979). Differences between nestlings and fledglings of
Screaming and Bay-winged Cowbirds. Wilson Bulletin 91, 151–154.

Fraga, R.M. (1983). The eggs of the parasitic ScreamingCowbird (Molothrus
10 rufoaxillaris) and its host, the Baywinged Cowbird (M. badius): is there

evidence for mimicry? Journal of Ornithology 124, 187–193.
doi:10.1007/BF01640164

Fraga, R. M. (1991). The social system of a communal breeder, the Bay-
winged CowbirdMolothrus badius. Ethology 89, 195–210. doi:10.1111/

15 j.1439-0310.1991.tb00304.x
Fraga, R. M. (1996). Further evidence of parasitism of Chopi Blackbirds

(Gnorimopsar chopi) by the specialized Screaming Cowbird (Molothrus
rufoaxillaris). Condor 98, 866–867. doi:10.2307/1369874

Fraga, R. M. (1998). Interactions of the parasitic Screaming and Shiny
20 Cowbirds (Molothrus rufoaxillaris and M. bonariensis) with a shared

host, the Bay-winged Cowbird (M. badius). In ‘Brood Parasites and Their
Hosts: Studies in Coevolution’. (Eds S. K. Robinson and S. I. Rothstein.)
pp. 173–193. (Oxford University Press: New York.)

Fraga, R.M. (2008). Notes on the nesting of Chopi Blackbirds (Gnorimopsar
25 chopi) in Argentina and Paraguay, with data on cooperative breeding

and brood parasitism by Screaming Cowbirds (Molothrus rufoaxillaris).
Ornitologia Neotropical 19, 299–303.

Gloag, R., and Kacelnik, A. (2013). Host manipulation via begging call
structure in the brood-parasitic Shiny Cowbird. Animal Behaviour 86,

30 101–109. doi:10.1016/j.anbehav.2013.04.018
Gloag, R., Fiorini, V., Reboreda, J. C., and Kacelnik, A. (2012). Brood

parasite eggs enhance egg survivorship in a multiply parasitized host.
Proceedings of the Royal Society of London – B. Biological Sciences 279,
1831–1839. doi:10.1098/rspb.2011.2047

35 Grayson, P.,Glassey, B., and Forbes, S. (2013).Does brood parasitism induce
paternal care in a polyginous host? Ethology 119, 489–495. doi:10.1111/
eth.12086

Hauber, M. E. (2003). Hatching asynchrony, nestling competition, and the
cost of interspecific brood parasitism. Behavioral Ecology 14, 227–235.

40 doi:10.1093/beheco/14.2.227
Hoover, J. P. (2003). Multiple effects of brood parasitism reduce the repro-

ductive success of Prothonotary Warblers, Protonotaria citrea. Animal
Behaviour 65, 923–934. doi:10.1006/anbe.2003.2155

Hoover, J. P., and Reetz, M. J. (2006). Brood parasitism increases provision-
45 ing rate, and reduces offspring recruitment and adult return rates, in a

cowbird host.Oecologia 149, 165–173. doi:10.1007/s00442-006-0424-1
Hosoi, S. A., and Rothstein, S. I. (2000). Nest desertion and cowbird

parasitism: evidence for evolved responses and evolutionary lag. Animal
Behaviour 59, 823–840. doi:10.1006/anbe.1999.1370

50 Hoy, G., and Ottow, J. (1964). Biological and oological studies of the
Molothrine cowbirds (Icteridae) of Argentina. Auk 81, 186–203.
doi:10.2307/4082768

Kilner, R. M., Madden, J. R., and Hauber, M. E. (2004). Brood parasitic
cowbird nestlings use host young to procure resources. Science 305,

55 877–879. doi:10.1126/science.1098487
Lichtenstein, G. (2001). Selfish begging by Screaming Cowbirds, a mimetic

brood parasite of the Bay-winged Cowbird. Animal Behaviour 61,
1151–1158. doi:10.1006/anbe.2000.1688

Lorenzana, J. C., and Sealy, S. G. (1999). A meta-analysis of the impact of
60 parasitism by the Brown-headed Cowbird on its hosts. Studies in Avian

Biology 18, 241–253.
Lotem, A., and Nakamura, H. (1998). Evolutionary equilibria in avian brood

parasitism: an alternative to the ‘arms race-evolutionary lag’ concept.
In ‘Brood Parasites and Their Hosts: Studies in Coevolution’. (Eds

S. K. Robinson and S. I. Rothstein.) pp. 223–235. (Oxford University
Press: New York.)

Mahler, B., Confalonieri, V. A., Lovette, I. J., and Reboreda, J. C. (2007).
Partial host fidelity in nest selection by the Shiny Cowbird (Molothrus

5bonariensis), a highly generalist avian brood parasite. Journal of Evolu-
tionary Biology 20, 1918–1923. doi:10.1111/j.1420-9101.2007.01373.x

Massoni, V., and Reboreda, J. C. (1998). Costs of brood parasitism and
the lack of defenses on the Yellow-winged Blackbird–Shiny Cowbird
system.Behavioral Ecology and Sociobiology 42, 273–280. doi:10.1007/

10s002650050439
May, R.M., and Robinson, S. K. (1985). Population dynamics of avian brood

parasitism. American Naturalist 126, 475–494. doi:10.1086/284433
Mermoz,M. E., and Reboreda, J. C. (1996). New host for a specialized brood

parasite, the Screaming Cowbird. Condor 98, 630–632. doi:10.2307/
151369576

Muldal, A. M., Moffatt, J. D., and Robertson, R. J. (1986). Parental care of
nestlings by male Red-winged Blackbirds. Behavioral Ecology and
Sociobiology 19, 105–114. doi:10.1007/BF00299945

Orians, G. H., Orians, C. E., and Orians, K. J. (1977). Helpers at the nest
20in some Argentine blackbirds. In ‘Evolutionary Ecology’. (Eds B.

Stonehouse and C. Perrins.) pp. 137–151. (Macmillan Press: London.)
Ortega, C. P. (1998). ‘Cowbirds and Other Brood Parasites.’ (University of

Arizona Press: Tucson, AZ.)
Payne, R. B., and Payne, L. L. (1998). Brood parasitism by cowbirds: risk

25and effects on reproductive success and survival in Indigo Buntings.
Behavioral Ecology 9, 64–73. doi:10.1093/beheco/9.1.64

Peer, B.D. (2006). Egg destruction and egg removal by avian brood parasites:
adaptiveness and consequences.Auk 123, 16–22. doi:10.1642/0004-8038
(2006)123[0016:EDAERB]2.0.CO;2

30Peer, B.D., Rivers, J.W., andRothstein, S. I. (2013).Cowbirds, conservation,
and coevolution: potential misconceptions and directions for future
research. Chinese Birds 4, 15–30. doi:10.5122/cbirds.2013.0009

R Development Core Team (2013). ‘R: A Language and Environment for
Statistical Computing.’ (R Foundation for Statistical Computing: Vienna,

35Austria.) Available at http://www.R-project.org [Verified 23 June 2014].
Rasmussen, J. L., and Sealy, S. G. (2006). Hosts feeding only Brown-headed

Cowbird fledglings: where are the host fledglings? Journal of Field
Ornithology 77, 269–279. doi:10.1111/j.1557-9263.2006.00053.x

Ricklefs, R. E. (1967). A graphical method of fitting equations to growth
40curves. Ecology 48, 978–983. doi:10.2307/1934545

Rivers, J. W., Loughin, T. M., and Rothstein, S. I. (2010). Brown-headed
Cowbird nestlings influence nestmate begging, but not parental feeding,
in hosts of three distinct sizes. Animal Behaviour 79, 107–116.
doi:10.1016/j.anbehav.2009.10.009

45Robinson, S. K., and Rothstein, S. I. (Eds) (1998). ‘Parasitic Birds and Their
Hosts: Studies in Coevolution.’ (Oxford University Press: New York.)

Sackmann, P., and Reboreda, J. C. (2003). A comparative study of Shiny
Cowbird parasitism of two large hosts, the Chalk-browed Mockingbird
and the Rufous-bellied Thrush.Condor 105, 728–736. doi:10.1650/7194

50Sealy, S. G. (1992). Removal of Yellow Warbler eggs in association with
cowbird parasitism. Condor 94, 40–54. doi:10.2307/1368794

Sick, H. (1985). ‘Ornitologia Brasileira, Uma Introdução.’ (Universidade de
Brasília: Brasília.)

Smith, J. N. M. (1981). Cowbird parasitism, host fitness, and age of the host
55female in an island Song Sparrow population. Condor 83, 152–161.

doi:10.2307/1367420
Smith, J. N. M., Taitt, M. J., Zanette, L., andMyers-Smith, I. H. (2003). How

do Brown-headed Cowbirds (Molothrus ater) cause nest failures in Song
Sparrows (Melospiza melodia)? A removal experiment. Auk 120,

60772–783. doi:10.1642/0004-8038(2003)120[0772:HDBCMA]2.0.CO;2
Spottiswoode, C. N., Kilner, R. M., and Davies, N. B. (2012) Brood

parasitism. In ‘The Evolution of Parental Care’. (Eds N. J. Royle,
P. T. Smiseth and M. Kölliker.) pp. 226–243. (Oxford University Press:
Oxford, UK.)

Effect of Screaming Cowbird parasitism Emu G

dx.doi.org/10.1126/science.1240039
dx.doi.org/10.1016/j.anbehav.2008.11.025
dx.doi.org/10.1016/j.anbehav.2008.11.025
dx.doi.org/10.1007/BF01640164
dx.doi.org/10.1111/j.1439-0310.1991.tb00304.x
dx.doi.org/10.1111/j.1439-0310.1991.tb00304.x
dx.doi.org/10.2307/1369874
dx.doi.org/10.1016/j.anbehav.2013.04.018
dx.doi.org/10.1098/rspb.2011.2047
dx.doi.org/10.1111/eth.12086
dx.doi.org/10.1111/eth.12086
dx.doi.org/10.1093/beheco/14.2.227
dx.doi.org/10.1006/anbe.2003.2155
dx.doi.org/10.1007/s00442-006-0424-1
dx.doi.org/10.1006/anbe.1999.1370
dx.doi.org/10.2307/4082768
dx.doi.org/10.1126/science.1098487
dx.doi.org/10.1006/anbe.2000.1688
dx.doi.org/10.1111/j.1420-9101.2007.01373.x
dx.doi.org/10.1007/s002650050439
dx.doi.org/10.1007/s002650050439
dx.doi.org/10.1086/284433
dx.doi.org/10.2307/1369576
dx.doi.org/10.2307/1369576
dx.doi.org/10.1007/BF00299945
dx.doi.org/10.1093/beheco/9.1.64
dx.doi.org/10.1642/0004-8038(2006)123[0016:EDAERB]2.0.CO;2
dx.doi.org/10.1642/0004-8038(2006)123[0016:EDAERB]2.0.CO;2
dx.doi.org/10.1642/0004-8038(2006)123[0016:EDAERB]2.0.CO;2
dx.doi.org/10.5122/cbirds.2013.0009
http://www.R-project.org
dx.doi.org/10.1111/j.1557-9263.2006.00053.x
dx.doi.org/10.2307/1934545
dx.doi.org/10.1016/j.anbehav.2009.10.009
dx.doi.org/10.1650/7194
dx.doi.org/10.2307/1368794
dx.doi.org/10.2307/1367420
dx.doi.org/10.1642/0004-8038(2003)120[0772:HDBCMA]2.0.CO;2
dx.doi.org/10.1642/0004-8038(2003)120[0772:HDBCMA]2.0.CO;2


PR
OO

F
ON

LY

Tewksbury, J. J., Martin, T. E., Hejl, S. J., Kuehn,M. J., andWajid Jenkins, J.
(2002). Parental care of a cowbird host: caught between the costs of egg-
removal and nest predation.Proceedings of the Royal Society of London –
B. Biological Sciences 269, 423–429. doi:10.1098/rspb.2001.1894

5 Trine, C. L. (2000). Effects of multiple parasitism on cowbird and Wood
Thrush reproductive success. In ‘Ecology and Management of Cowbirds
and Their Hosts’. (Eds J. N. M. Smith, T. L. Cook, S. I. Rothstein,
S. K. Robinson and S.G. Sealy.) pp. 135–144. (University of Texas Press:
Austin, TX.)

10 Tuero,D.T., Fiorini,V., andReboreda, J. C. (2007).Effects of ShinyCowbird
Molothrus bonariensis parasitism on different components of House
Wren Troglodytes aedon reproductive success. Ibis 149, 521–529.
doi:10.1111/j.1474-919X.2007.00676.x

Tuero, D. T., Fiorini, V. D., and Reboreda, J. C. (2012). Do Shiny Cowbird
15 females adjust egg pecking behavior according to the competition

their chicks face in host nests? Behavioural Processes 89, 137–142.
doi:10.1016/j.beproc.2011.10.012

Ursino, C. A., De Mársico, M. C., Sued, M., Farall, A., and Reboreda, J. C.
(2011). Brood parasitism disproportionately increases nest provisioning

5and helper recruitment in a cooperatively breeding bird. Behavioral
Ecology and Sociobiology 65, 2279–2286. doi:10.1007/s00265-011-
1238-7

Yasukawa, K., McClure, J. L., Boley, R. A., and Zanocco, J. (1990).
Provisioning of nestlings by male and female Red-winged Blackbirds,

10Agelaius phoenicius. Animal Behaviour 40, 153–166. doi:10.1016/
S0003-3472(05)80675-X

Zanette, L., MacDougall-Shackleton, E., Clinchy, M., and Smith, J. N. M.
(2005). Brown-headed Cowbirds skew host offspring sex-ratios. Ecology
86, 815–820. doi:10.1890/04-0809

H Emu M. C. De Mársico and J. C. Reboreda

www.publish.csiro.au/journals/emu

dx.doi.org/10.1098/rspb.2001.1894
dx.doi.org/10.1111/j.1474-919X.2007.00676.x
dx.doi.org/10.1016/j.beproc.2011.10.012
dx.doi.org/10.1007/s00265-011-1238-7
dx.doi.org/10.1007/s00265-011-1238-7
dx.doi.org/10.1016/S0003-3472(05)80675-X
dx.doi.org/10.1016/S0003-3472(05)80675-X
dx.doi.org/10.1890/04-0809



