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Abstract.—������������������������������������     ���������������������������������������������������������������        �� ����������� Brood parasitism and predation are two factors that limit seasonal fecundity in grassland songbirds. We removed 
Brown-headed Cowbirds (Molothrus ater) in a switchback experiment to examine the effects of brood parasitism and nest predation 
on the productivity of Dickcissels (Spiza americana). Nesting Dickcissels were monitored at four study plots in northeast Kansas in 
a two-year study. Brown-headed Cowbirds were captured with drop-in traps at two removal plots, two unmanipulated plots were 
reference plots, and treatments were reversed between years. To evaluate the effect of Brown-headed Cowbird removals, we compared 
the percentage of nests parasitized, rates of multiple parasitism, clutch size, daily nest survival rates, and overall productivity per 
nest between removal and reference plots. Removals of Brown-headed Cowbirds successfully reduced the probability of parasitism and 
rates of multiple parasitism, but only in one of two years. Brown-headed Cowbirds did not appear to contribute to nest losses, given 
that few nests were abandoned because of cowbird activity and that the probabilities of nest parasitism and nest survival declined 
simultaneously over the breeding season. Overall, nest productivity showed no difference between treatments in either year, despite 
reduced rates of parasitism at removal plots in 2004. High rates of nest predation minimized the potential benefits of Brown-headed 
Cowbird removals for increasing productivity of Dickcissels. Our results demonstrate that removals can reduce parasitism levels but 
that the success of removal programs may vary annually, particularly in regions where Brown-headed Cowbirds and nest predators are 
abundant. Management actions that minimize parasitism and predation by modifying habitat structure may provide better alternatives 
to programs based on removals. Received 5 August 2006, accepted 25 February 2008.
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Efectos de la Remoción Experimental de Molothrus ater sobre el Parasitismo de Nidada y la Depredación  
de Nidos en un Ave Canora de Pastizal

Resumen.—El parasitismo y la depredación de la nidada son dos factores que limitan la fecundidad estacional en las aves canoras 
de pastizal. Removimos individuos de Molothrus ater para examinar experimentalmente los efectos del parasitismo de la nidada y de 
la depredación de nidos sobre la productividad de Spiza americana. Monitoreamos individuos de S. americana que estaban anidando 
en cuatro parcelas de estudio en el noreste de Kansas durante dos años. Los individuos de M. ater fueron capturados con trampas en 
dos parcelas de remoción y dos parcelas no manipuladas sirvieron de referencia; los tratamientos fueron revertidos entre los años. 
Para evaluar el efecto de la remoción de M. ater, comparamos el porcentaje de nidos parasitados, las tasas de parasitismo múltiple, el 
tamaño de la nidada, las tasas de supervivencia diaria de los nidos y la productividad total por nido entre las parcelas de remoción y las 
de referencia. La remoción de M. ater redujo con éxito la probabilidad de parasitismo y las tasas de parasitismo múltiple, pero sólo en 
uno de los dos años. Esta especie de parásito no pareció contribuir a las pérdidas de nidos, dado que pocos nidos fueron abandonados 
como consecuencia de su actividad y a que las probabilidades de parasitismo y de supervivencia de los nidos disminuyeron a lo largo de 
la estación reproductiva. En total, la productividad de los nidos no mostró diferencias entre los tratamientos en ninguno de los años, 
a pesar de las tasas reducidas de parasitismo en las parcelas de remoción observadas en 2004. Las altas tasas de depredación de nidos 
minimizaron los beneficios potenciales de la remoción de M. ater, que apuntaban a incrementar la productividad de S. americana. 
Nuestros resultados demostraron que la remoción puede reducir los niveles de parasitismo, pero que el éxito de los programas de 
remoción puede variar anualmente, particularmente en las regiones donde M. ater y los depredadores de nidos son abundantes. Las 
acciones de manejo que minimizan el parasitismo y la depredación mediante la modificación de la estructura del hábitat pueden brindar 
mejores alternativas que los programas basados en la remoción.
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Grassland birds are of conservation concern because long-
term monitoring programs have shown that population declines 
are widespread and ongoing (Murphy 2003). Major causes of pop-
ulation declines among species that breed in temperate grasslands 
include widespread loss and fragmentation of breeding habitat 
(Winter and Faaborg 1999, Brennan and Kuvlesky 2005), effects of 
rangeland management on habitat structure (Robbins et al. 2002, 
Patten et al. 2006, Powell 2006), and events at wintering sites 
(Basili and Temple 1999). Effective management of grassland birds 
requires a better understanding of (1) the demographic parameters 
that have the greatest influence on population viability and (2) the 
effects of environmental factors on population demography (Citta 
and Mills 1999, McCoy et al. 1999, Fletcher et al. 2006).

Two factors that limit the seasonal fecundity of songbirds in 
North America are brood parasitism by Brown-headed Cowbirds 
(Molothrus ater; hereafter “cowbirds”) and losses of eggs and young 
to nest predators. Female cowbirds reduce productivity of song-
birds by removing or damaging host eggs in association with para-
sitic egg laying and may destroy complete nests to induce renesting, 
thus gaining additional opportunities for parasitism (Granfors  
et al. 2001, Peer 2006). The presence of parasitic offspring affects 
host productivity by reducing hatching success of host eggs and 
by competitive interactions between host and parasitic young 
(Lichtenstein and Sealy 1998, Zanette et al. 2005). Destruction of 
nests by predators is also a major cause of reproductive loss among 
grassland songbirds (Davis and Sealy 2000, Herkert et al. 2003). The 
effects of parasitism and predation are challenging to disentangle 
for several reasons: mortality of young from cowbird activity can 
resemble losses to natural predators, parasitism may facilitate  
detection of nests by predators, and vulnerability of nests to para-
sitism and predation may covary as a function of nest placement 
or parental defense behavior (Arcese et al. 1996, Dearborn 1999, 
McLaren and Sealy 2000, Zanette et al. 2007). Nevertheless, the 
effects of brood parasitism are greater than those of losses to nest 
predation in some songbirds (Woodworth 1999, Ward and Smith 
2000, Smith et al. 2002, Hoover 2003), whereas the opposite is true 
for other species (Rogers et al. 1997, Schmidt and Whelan 1999, 
Whitehead et al. 2000, Ortega and Ortega 2001). 

Experimental manipulation of cowbird abundance is one of 
the best approaches for investigating the relative effects of para-
sitism and predation on songbird fecundity (Smith et al. 2002). 
Understanding the relative importance of these two factors is par-
ticularly relevant to applied ecology, because cowbird removals 
are an integral part of management for songbirds of conservation 
concern (Robinson et al. 1995, Rothstein and Peer 2005). How-
ever, logistical considerations may constrain the experimental 
design of cowbird removal programs for threatened and endan-
gered species. In some cases, data on host reproduction before 
cowbird trapping may be available, but spatial and temporal vari-
ation in parasitism and predation may be difficult to evaluate if 
unmanipulated reference plots are not established (Braden et al. 
1997, Whitfield et al. 1999, DeCapita 2000). Similarly, the effects 
of cowbird removals alone can be difficult to evaluate if cowbird 
trapping is combined with other interventions such as addling  
of cowbird eggs, removal of cowbird young, or changes in range-
land management (Morrison and Averill-Murray 2002, Kostecke 
et al. 2005, Kus and Whitfield 2005). Cowbird removal experi-
ments for non-endangered songbirds offer greater flexibility for 

experimental design, including opportunities for replication of 
removal and reference plots (Stutchbury 1997, Smith et al. 2002, 
Kosciuch and Sandercock 2008).

We combined experimental cowbird removals and inten-
sive nest monitoring to examine the effects of cowbird parasit-
ism and nest predation on the nest productivity of Dickcissels 
(Spiza americana) and Bell’s Vireos (Vireo bellii; hereafter “vireo”).  
Dickcissels are migratory songbirds that breed in temperate grass-
lands of North America and winter in South America (Basili and 
Temple 1999, Herkert et al. 2003). Dickcissels are a preferred host 
of cowbirds, and parasitism rates can be high (80–95%) because 
Dickcissels routinely accept parasitic eggs (Elliott 1978, Peer et al. 
2000, Jensen and Cully 2005b, Powell 2006). Vireos are also a pre-
ferred host but are parasitized at somewhat lower rates (70–85%), 
possibly because vireos are shrub-nesters or because they desert 
parasitized nests (Parker 1999, Kosciuch et al. 2006). Both song-
birds are designated as “watch list species of continental impor-
tance” by Partners in Flight (Rich et al. 2004). The objectives of the 
present study were (1) to determine the effects of parasitism and 
predation on the productivity of Dickcissels, (2) to test the efficacy 
of cowbird removals as a potential management tool for improving 
productivity of Dickcissels, and (3) to contrast the demographic 
effects of cowbird removals on Dickcissels with our previous work 
on vireos (Kosciuch and Sandercock 2008).

Methods

Field site.—Our study was conducted from May to July in 2004 
and 2005 at Konza Prairie Biological Station in the Flint Hills re-
gion of northeast Kansas��� �������� ���������� �������������������   ���������� ���������� �������������������  (39°05'N, 96°35'W). The northern Flint 
Hills region is characterized by large, unfragmented tracts of tall-
grass prairie, rangeland management that combines cattle graz-
ing with prescribed fire, and high densities of cowbirds (Robbins 
et al. 2002, Jensen and Cully 2005b, Powell 2006). Konza Prairie is 
a 3,487-ha tallgrass prairie preserve and a core research site in the 
Long-term Ecological Research (LTER) program of the National 
Science Foundation. The station is subdivided into ~60 experi-
mental units, and each unit is managed with a different combi-
nation of prescribed fire (since 1981, burned, usually in April, at 
intervals of 1, 2, 4, 10, or 20 years) and rangeland management 
(since 1987, ungrazed or grazed by domestic cattle [Bos taurus] 
or American Bison [Bos bison]). Dickcissels, cowbirds, and vireos 
are the first, second, and fifth most abundant songbird species at 
Konza Prairie (Powell 2006). 

Male Dickcissels arrive at Konza Prairie and begin to estab-
lish breeding territories in early May. Females arrive after territo-
ries are established and begin nesting in late May. Dickcissels use a 
range of different grassland habitats, though densities of birds may 
be reduced in areas that are burned annually (Hughes et al. 1999, 
Powell 2006). Females construct open-cup nests in low-lying forbs 
and grasses, and modal clutch size is four eggs (Zimmerman 1982, 
Winter 1999). Eggs are laid one per day, incubation begins with the 
laying of the penultimate egg and lasts 12–14 days, and brood rear-
ing begins at hatching and lasts 8–10 days (Gross 1921, Long et al.  
1965, Zimmerman 1982, E. L. Hewett unpubl. data). Nestlings  
remain near the nest and are fed by the female for about two to 
three weeks after fledging (Berkeley et al. 2007, Suedkamp Wells 
et al. 2007). For our calculations of nest survival, we estimated that 
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the average duration of the nesting cycle of Dickcissels was 24 days 
(2 days of egg laying + 13 days of incubation + 9 days of brood rear-
ing). To examine seasonal variation in frequency and intensity of 
parasitism, we estimated the date of clutch initiation for each nest 
(accuracy ± 2–3 days) by back-dating from the onset of incubation, 
date of hatching, or size-classes of nestlings (E. L. Hewett unpubl. 
data). We divided the breeding season into 11 one-week periods, 
where week 1 was 16–22 May. The same weekly periods were used 
in analyses for both years. Female Dickcissels will renest after 
nest failure but are normally single-brooded in a breeding season 
(Zimmerman 1982, Walk et al. 2004, Fletcher et al. 2006). 

Experimental procedures.—We selected four experimen-
tal units at Konza Prairie with extensive encroachment of woody 
shrubs and high nesting densities of vireos and studied the nesting 
ecology of Dickcissels and vireos breeding within the boundaries 
of these study plots. The units were 24–36 ha in size, matched by 
habitat type and management regime, and ≥2 km apart (Fig. 1). 
Study plots were ungrazed but were ≤0.5 km from foraging areas 
within the bison enclosure, and female cowbirds could commute 
short distances between foraging and nesting territories (Goguen 
and Mathews 2001, Kostecke et al. 2003). Each year, we conducted 
cowbird removals at a subset of plots in a switchback experiment. 
In 2004, cowbird removals were conducted at two of three plots: 
20B and 20C were removal treatments, and K4B was an unma-
nipulated reference plot. To increase our sample of reference nests 
in 2004, we also monitored 15 Dickcissel nests in nine other plots 
that were ≥2 km from removal treatments. In 2005, we reversed 
our treatments and conducted cowbird removals at two of four 
plots: K4B and 10A/B combined were removal treatments, and 
20B and 20C were reference plots. 

To capture and remove cowbirds, we deployed three large 
wooden drop-in cowbird traps (1.8 × 1.5 × 1.8 m) at the perimeter of 
each removal plot, at a density of one trap per 11 ha. Each cowbird 
trap was initially stocked with two or three live decoy birds. Food, 
water, and shade were provided throughout the season. Traps 
were checked daily to record the number and sex of cowbirds cap-
tured and to release any nontarget species. Surplus cowbirds were  
removed from traps with hand-held nets and euthanized by cervical 
dislocation when traps contained >20 individuals. We started cow-
bird removals in the first week of May, which was about three weeks 

before Dickcissels began nesting. We operated the traps until mid-
July (~70 trap days), when dissection of female cowbirds indicated 
that the ovaries no longer contained developing follicles and egg 
laying had ceased.

We located Dickcissel nests by observing adult behavior, such 
as birds carrying nesting material or food, by flushing of incubating 
females while we traversed study plots, and by discovery of active 
but unattended nests. To minimize observer effects on nest sur-
vival, we marked nest locations in relation to natural features of the 
environment or by placing a small blue flag ≥20 m from the nest site, 
and by recording distance and bearing to the nest site. Nests were 
monitored every three or four days and were visited midday during 
hot, dry conditions to minimize scent trails near nests. 

Demographic parameters.—To determine the effects of cow-
bird removals on the productivity of hosts and brood parasites, we 
compared six demographic parameters between removal and ref-
erence plots: host clutch size, percentage of nests parasitized, rates 
of multiple parasitism, daily nest survival rates, fledging rates, and 
overall productivity per nest. We discarded nests if they were dis-
covered during nest construction but never received host or cow-
bird eggs. We considered nests to be parasitized if they contained 
one or more cowbird young, and unparasitized if they contained 
only Dickcissel young. Eggs and nestlings of the host and parasitic 
young were readily distinguished by coloration. Dickcissel eggs 
are immaculate blue, whereas cowbird eggs are grayish-brown 
with dark speckling. Similarly, the rictal flanges in the mouthparts 
of nestlings were yellow in Dickcissels but white in cowbirds. To 
determine the clutch size of Dickcissels, we restricted our sample 
to nests found during incubation and used the maximum count 
of host eggs observed during all visits to a nest. Our estimate of 
clutch size may be lower than the total number of eggs laid by the 
female if host eggs were removed before we discovered the nest. 
To estimate rates of multiple parasitism, we used the maximum 
count of parasitic eggs. Multiple parasitism can be caused by one 
female cowbird parasitizing a host nest with multiple eggs or by 
different individuals laying eggs jointly (McLaren et al. 2003). 

We considered nests unsuccessful if eggs were abandoned 
in the nest, if signs of predator activity were present (e.g., broken 
eggs, dislodged nesting material), or if the nest contents disap-
peared before the estimated date of fledging. Parents at depre-
dated nests were rarely aggressive, and renesting attempts usually 
began shortly after the failure of the first nest. We considered 
nests successful if they fledged at least one cowbird or host nest-
ling. Nests were considered to have successfully fledged young if 
fledglings were seen after departure near the empty nest or if the 
fledglings were five to eight days old at the last nest visit and par-
ents were later observed to be aggressive in defense of young near 
the nest. We calculated the number of fledglings per successful 
nest by the number of young that were present on the last nest visit 
before fledging. If a nest survived incubation and was successful, 
we calculated fledging rates as the number of fledglings produced 
per egg. Fledging rates <1 were attributable to partial nest preda-
tion, infertile eggs, damaged eggs that failed to hatch, and mor-
tality of chicks and were calculated separately for Dickcissel and 
cowbird young. 

Statistical analyses.—Statistical analyses of demographic  
parameters were conducted with SAS (SAS Institute, Cary, North 
Carolina). As a starting point, we tested for plot-level differences 

Fig. 1.  Location of study plots at Konza Prairie Biological Station, Kansas. 
Cowbird removals were conducted at 20B and 20C in 2004, and at K4B 
and 10A/B in 2005. Study plots were ungrazed but were close to sites 
grazed by native bison (N) or domestic cattle (C).
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within each combination of treatment and year. Replicate plots 
did not differ in the percentage of nests parasitized, in the number 
of cowbird eggs received per parasitized nest, or in the clutch size 
of Dickcissels (results not shown). We pooled study plots within 
treatments by year in subsequent analyses. 

We modeled the probability of parasitism as a function of 
experimental treatment and week of clutch initiation with logis-
tic regression (Proc Genmod in SAS). We included week in our 
model because seasonal variation in brood parasitism has been 
reported for Dickcissels (Zimmerman 1983). We used Hosmer-
Lemeshow tests to examine goodness-of-fit of the global model 
(Proc Logistic). Slope coefficients (β) from logistic regression 
models described the direction of effects, and we used odds ratios 
(eβ) to calculate the magnitude of the effect size. Odds ratios are 
widely used in logistic regression but can be misinterpreted be-
cause they are not equivalent to the probability of an event (Lloyd 
and Martin 2005). We tested for seasonal variation in multiple 
parasitism and Dickcissel clutch size by modeling number of eggs 
as a function of week of clutch initiation with linear regression 
(Proc Glm). Next, we modeled the effects of year and treatment 
on number of eggs with linear models for categorical data (Proc 
Catmod). We compared fledging rates of Dickcissels and cow-
birds with a two-sample t-test (Proc Ttest). All tests were two-
tailed, based on Type III likelihood ratio tests or sums of squares, 
and considered significant at α ≤ 0.05. We dropped nonsignificant 
interactions from factorial models and used main-effects models 
when appropriate.

To estimate daily survival rates (Sd) of Dickcissel nests, we 
used the nest-survival procedure in MARK (G. C. White, Colorado 
State University, Ft. Collins, Colorado). Four input variables were 
included in encounter histories for each nest: the date that the 
nest was discovered (k), the last date that the nest was still active 
(l), the date that the nest fate was determined (m), and the fate of 
the nest ( f ). We included two factors in our candidate models for 
nest survival. First, nests were blocked into four groups for each 
combination of year (2004, 2005) and treatment (removal, refer-
ence). Second, we modeled Sd as a linear effect of season to test for 
possible seasonal trends in nest survival (Zimmerman 1984). All 
models were constructed with logit link function and the design 
matrix procedure of MARK, and the number of parameters (K) in 
each model was set equal to the number of columns in the design 
matrix. In most mark–recapture models, a first step is to adjust 
for any lack of fit of the global model to the encounter histories by 
calculation of a variance inflation factor (ĉ). Adjustments are not 
possible for the nest survival model because the global models are 
saturated and c is not identifiable (Dinsmore et al. 2002). Model 
selection was based on Akaike’s information criterion values cor-
rected for small sample size (AICc). Candidate models were con-
sidered in relation to the minimum AICc model, and models with 
DAICc values ≤2 were considered parsimonious. We used ratios 
of Akaike weights (wi/wj ) to determine the relative support for 
different models in our candidate set.

Dickcissel nests were discovered at different stages of the 
nesting cycle. To obtain an unbiased estimate of productivity per  
nest (Pn) that controlled for variation in nest exposure, we cal-
culated the mean number of fledglings produced per host nest 
by P̂ CS S FPEn d

dur= × × where CS = clutch size, Sd = daily nest 
survival rate, dur = duration of a nesting attempt from laying of 

the first egg to fledging of the brood (24 days), and FPE = number  
of fledglings produced per egg. We calculated P̂n separately for 
Dickcissels and cowbirds in the two years of the study because 
CS, Sd, and FPE varied among species and years. To obtain confi-
dence intervals of P̂n for each of the four combinations of species 
and year, we used parametric bootstrapping (n = 5,000 replicates) 
in MATLAB, version 6.1 (Mathworks, Natick, Massachusetts). To 
model CS, we took a draw from a uniform distribution bounded 
0 to 1, compared the draw with the observed cumulative fre-
quency distribution for clutch size, and converted it to a draw for 
number of eggs. For example, if 30% of nests contained three eggs, 
40% contained four eggs, and all others contained five eggs, draws 
from a uniform distribution in the ranges of 0 to 0.3, >0.3 to 0.7, 
and >0.7 would be converted to draws of 3, 4, and 5 eggs, respec-
tively. We modeled Sd and FPE as draws from beta distributions 
to bound probabilities within the range 0 to 1. To compensate for 
slight discrepancies between the mean estimates and means of the 
bootstrap distributions, we calculated bias-corrected 95% confi-
dence intervals (CI) = F [2 F–1 (F) ± 1.96], where F = the normal 
cumulative distribution, F–1 is the inverse normal cumulative 
distribution, F is the fraction of bootstrap values smaller than the  
estimate of mean productivity per nest (~0.5), and 1.96 is the 
critical value for 95% CI. We tested for differences in nest pro-
ductivity between the removal and reference plots by selecting 
pairs of values from the bootstrap distributions at random, by cal-
culating a distribution of differences (removal minus reference), 
and by calculating the P value as the fraction of difference values 
greater than or equal to the observed difference in mean produc-
tivity (Gotelli and Ellison 2004).

Results

In 2004, we removed 76 adult female, 231 adult male, and 39 juve-
nile cowbirds (n = 346) from plots 20B and 20C between 7 May 
and 14 July. In 2005, we removed 95 adult female, 493 adult male, 
and 46 juvenile cowbirds (n = 634) from plots 10A/B and K4B 
between 3 May and 14 July. We had no incidental mortality among 
nontarget bird species. The first male Dickcissels arrived on 
7–8 May and the first Dickcissel nests were discovered on 27 May 
in both years. We found 53 and 27 Dickcissel nests at removal and 
reference plots in 2004 (n = 80), and 45 and 44 nests at removal 
and reference plots in 2005 (n = 89), respectively. 

Probability of parasitism.—The percentage of nests parasit-
ized was greater at reference plots than at cowbird removal plots in 
2004 (85% vs. 51%, c2 = 8.9, df = 1, P = 0.003, odds ratio = 5.5, 95% CI: 
1.7–18.2; Table 1). In 2005, the percentage of nests parasitized was 
similar at both reference (82%) and removal plots (78%, c2 = 0.3, df = 1, 
P = 0.60, odds ratio = 1.3, 95% CI: 0.5–3.7). Thus, we blocked by year 
to model seasonal variation in the probability of parasitism. 

Goodness-of-fit tests showed that the global logistic regres-
sion model with the effects of treatment, week of clutch initiation, 
and an interaction term was a good fit to the data in 2004 (Hosmer 
and Lemeshow test, c2 = 4.6, df = 6, P = 0.59) and 2005 (c2 = 12.2, 
df = 6, P = 0.06). The interaction between treatment and week was 
not significant in either 2004 (c2 = 0.07, df = 1, P = 0.78) or 2005 
(c2 = 0.90, df = 1. P = 0.65), so we used models with main effects  
only for parameter estimation. In 2004, the probability of para-
sitism differed between treatments (c2 = 10.1, df = 1, P = 0.002) 

07_Sandercock_06-155.indd   823 10/16/08   2:54:40 PM



824	 —  Sandercock, Hewett, and Kosciuch  —	A uk, Vol. 125

and declined with week of clutch initiation (c2 = 11.7, df = 1,  
P < 0.001). The logistic regression equation for the probability of 
parasitism (p) in 2004 was logit (p) = 2.73 + 1.88 (treatment) – 0.49 
(week). The odds of parasitism were 6.6× greater (95% CI: 1.8–23.9) 
at reference than at removal plots, and the odds of parasitism  
declined by 39% per week during the breeding season (odds ratio = 
0.6, 95% CI: 0.4–0.8; Fig. 2A). In 2005, the probability of parasitism 
declined with week of clutch initiation (c2 = 15.1, df = 1, P < 0.001), 

but treatment was not significant c2 = 0.59, df = 1, P = 0.42). The  
equation for probability of parasitism in 2005 was: logit (p) = 
5.03 + 0.45 (treatment) – 0.62 (week of first egg). The odds of par-
asitism were 1.6× (95% CI: 0.5–5.0) greater at reference than at  
removal plots and declined during the breeding season (odds ratio = 
0.5, 95% CI: 0.4–0.8; Fig. 2B). 

Multiple parasitism.—The number of cowbird eggs per par-
asitized Dickcissel nest was lowest at cowbird removal plots in 
2004 (1.7 eggs per nest; range: 1–4) and highest at removal sites 
in 2005 (2.5; range: 1–6; Table 1). The number of cowbird eggs per 
parasitized nest did not covary with week of clutch initiation for 
any combination of year and treatment (linear regression, F < 2.3, 
P > 0.14). Overall, there was a significant interaction between year 
and treatment on the number of cowbird eggs per parasitized nest 
(linear analysis, c2 = 12.6, df = 5, P = 0.027). In 2004, Dickcissel 
nests at cowbird removal plots averaged 0.6 fewer cowbird eggs 
per nest than nests at reference plots, but the difference was not 
significant (c2 = 6.6, df = 3, P = 0.086). In 2005, Dickcissel nests in 
both treatments averaged 2.1 to 2.5 cowbird eggs per nest (c2 = 4.3, 
df = 5, P = 0.51).

Clutch size of Dickcissels.—The average clutch size of Dickcissels 
varied with year and treatment (Table 1). In 2004, mean clutch size 
was 3.4 eggs per nest (range: 1–5) at cowbird removal plots and 
3.3 (1–5) at reference plots. Mean clutch size was smaller in 2005, 
and averaged 2.3 eggs per nest (0–4) at cowbird removal plots and 
2.4 (1–5) at reference plots. Clutch size did not covary with week 
of clutch initiation for any combination of year and treatment 
(F < 1.2, P > 0.28). Year and treatment had no interactive effect 
on clutch size of Dickcissels (c2 = 5.5, df = 5, P = 0.36). In a main- 
effects model, clutch size of Dickcissels averaged 0.9–1.1 fewer 
eggs in 2005 than in 2004 (c2 = 21.5, df = 5, P < 0.001) but did not 
differ between the two treatments (c2 = 1.2, df = 5, P = 0.94).

Lag effects.—To test for lag effects after cessation of cowbird 
trapping, we compared demographic parameters for Dickcissel 
nests at two plots (20B, 20C) used for cowbird removals in 2004 
and then as reference plots in 2005. Benefits of trapping were tran-
sitory. Percentage of nests parasitized increased from 51% to 82% 
(c2 = 10.1, df = 1, P = 0.002), and the odds of parasitism were 4.3× 
(95% CI: 1.7–11.1) greater after cowbird trapping was discontin-
ued. Number of cowbird eggs received increased from 1.7 to 2.1 
eggs per parasitized nest (c2 = 5.1, df = 4, P = 0.28), and clutch size 
of Dickcissels was reduced from 3.4 to 2.3 eggs per nest (c2 = 14.0, 
df = 4, P = 0.007).

Nest survival.—Apparent nest survival was low in both years 
of our study: 34% (n = 73 nests of known fate) and 7% (n = 84) of 
nests were successful in 2004 and 2005, respectively. Most nest 

Fig. 2.  Probability of brood parasitism for Dickcissels in (A) 2004 and 
(B) 2005 at reference plots (2004, n = 27 nests; 2005, n = 44 nests) and 
cowbird removal plots (2004, n = 53 nests; 2005: n = 45 nests) at Konza 
Prairie Biological Station, Kansas. Seasonal variation in the probability of 
brood parasitism was modeled with logistic regression for reference plots 
(open squares, dashed lines) and cowbird removal plots (filled squares, 
solid lines). Sample size of nests in reference plots (R) and cowbird  
removal plots (C) are given at the top of each panel. Week 1 = 16–22 May.

Table 1.  Percentage of Dickcissel nests parasitized by Brown-headed Cowbirds, number of cowbird eggs per parasitized nest, and number of  
Dickcissel eggs per nest (mean ± SE) at treatment plots with cowbird removals and unmanipulated reference plots at Konza Prairie Biological Station, 
Kansas, 2004–2005. Numbers in parentheses are sample sizes of nests (n).

Year Treatment
Percentage of nests 

parasitized
Number of cowbird eggs 

per parasitized nest
Number of Dickcissel 

eggs per nest

2004 Removal 51 (53) 1.7 ± 0.2 (20) 3.4 ± 0.2 (43)
Reference 85 (27) 2.3 ± 0.2 (20) 3.3 ± 0.2 (24)

2005 Removal 78 (45) 2.5 ± 0.2 (32) 2.3 ± 0.2 (42)
Reference 82 (44) 2.1 ± 0.2 (33) 2.4 ± 0.2 (41)
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failures were caused by complete loss of eggs or young (2004: 77%, 
n = 48 failed nests; 2005: 90%, n = 79). In one instance, a Yellow-
bellied Racer (Coluber constrictor) was observed eating a clutch 
of eggs. Less than a quarter of nest failures were attributable to 
abandonment of eggs in the nest after puncture of host egg(s) or 
partial clutch loss (2004: 21%, 2005: 8%). Nest abandonment was 
not caused by addition of parasitic eggs alone. Moreover, appar-
ent nest survival was not related to nest parasitism status in either 
2004 (parasitized: 40% successful, n = 48 nests; unparasitized: 
24%, n = 25; Fisher’s exact test: P = 0.21) or 2005 (parasitized: 9% 
successful, n = 70; unparasitized: 0%, n = 15; Fisher’s exact test:  
P = 0.58). The remaining losses were attributable to flooding of nests 
by heavy rainfall and mortality of young from heat stress (3.1%). 

The minimum AICc model for Sd of Dickcissel nests was a 
main-effects model with year and a linear seasonal trend in Sd 
over the breeding season (Table 2). The two next best models in-
cluded a factorial model with year and a linear seasonal trend and 
a model with year alone. Together, these three models received 
>7× the support of all candidate models that included experimen-
tal treatment (trt) as a factor. The equation for probability of nest 
survival (p) from the minimum AICc model was logit (p) = 2.55 + 
0.57 (year) – 0.19 (linear). Thus, odds of a nest surviving were 1.8× 
(95% CI: 1.2–2.6) greater in 2004 than in 2005, and odds of nest 
survival declined by 17% per day during the breeding season (odds 
ratio = 0.83, 95% CI: 0.70–0.98; Fig. 3). Overall estimates of daily 
survival for Dickcissel nests (from model Sd trt × year) were 0.924 
± 0.013 (SE; nest survival = 15%) and 0.922 ± 0.018 (nest survival = 
14%) for nests in removal and reference plots in 2004, and 0.875 ± 
0.019 (nest survival = 4%) and 0.858 ± 0.021 (nest survival = 3%) for 
nests in removal and reference plots in 2005.

Fledging rates.—We calculated fledging rates for successful 
nests that survived both the incubation and brood-rearing peri-
ods. Few nests survived the 24 days until fledging, and we pooled 
across treatments and years to estimate the number of fledglings 
produced per egg. Fledging rates were higher among parasitic 
cowbirds (0.81 ± 0.08 fledglings per parasitic egg; n = 16 nests) 
than among their Dickcissel hosts (0.61 ± 0.06 fledglings per host 
egg, n = 21), but the difference was marginally nonsignificant 
(t35 = 2.0, P = 0.053). 

Estimates of productivity per nest.—The estimated nest pro-
ductivity of Dickcissels did not differ between nests at cowbird 
removal plots ( P̂n = 0.32 ± 0.16 host fledglings per nest, 95% CI: 
0.09–0.73) and at reference plots in 2004 (P̂n = 0.29 ± 0.18; 95% CI: 
0.07–0.79; bootstrap test, P = 0.49) or between nests at removal  
(P̂n = 0.06 ± 0.05; 95% CI: 0–0.21) and reference plots in 2005 (P̂n = 
0.04 ± 0.04; 95% CI: 0.01–0.16; P = 0.48). Productivity of Dickcis-
sels was significantly lower in the second year of our study because 
our mean estimates of productivity per nest for 2005 were not en-
closed within the 95% CI for the 2004 estimates, and vice versa. 
We found similar patterns in the nest productivity of cowbirds. In 
2004, the estimated productivity of cowbirds was lowered by ~50% 
at removal plots (P̂n = 0.10 ± 0.16 cowbird fledglings per Dickcissel 
nest, 95% CI: 0–0.75) compared to reference plots ( P̂n = 0.22 ± 0.21; 

Fig. 3.  Seasonal variation in daily survival rates (Sd) for Dickcissel nests at 
reference plots (2004, n = 25; 2005, n = 42) and cowbird removal plots 
(2004, n = 48; 2005, n = 41) at Konza Prairie Biological Station, Kansas. 
Estimates of Sd were calculated with the nest-survival procedure in MARK 
and taken from model year × linear (Table 2). Seasonal variation in Sd was 
linear on a logit scale and curvilinear after back-transformation. Confi-
dence intervals are omitted for clarity. Week 1 = 16–22 May.

Table 2.  Model fitting summary for the daily survival rate (Sd) of Dickcissel nests at cowbird removal and reference 
plots at Konza Prairie Biological Station, Kansas, 2004–2005. Model statistics include the deviance (Dev), number of 
parameters (K), Akaike’s information criterion corrected for small sample sizes (AICc), difference from the minimum 
AICc model (ΔAICc), and Akaike weights (wi). Model factors include experimental treatment (trt: cowbird removal or 
reference), year of study (year: 2004 or 2005), and day of season as an unconstrained time (time) or a linear (lin) sea-
sonal trend. Factors were tested in factorial (×) and main-effects models (+). We list candidate models that received 
support (ΔAICc < 5 and wi ≥ 0.03) and selected starting models with the effects of treatment.

Model for Sd Dev K AICc ΔAICc wi ≤

year + lin 477.9 3 483.9 0.0 0.440
year × lin 479.6 4 484.6 0.7 0.310
year 483.0 2 487.0 3.1 0.093
trt + lin 477.5 5 487.5 3.6 0.074
trt + year 482.8 3 488.8 4.8 0.039
trt × year 482.7 4 490.7 6.8 0.015
trt 492.3 2 496.3 12.4 0.001
trt × time 363.1 240 984.8 500.9 0.001
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95% CI: 0–0.80), but the difference was nonsignificant (P = 0.13). In 
2005, productivity of cowbirds was limited by nest predation, and 
similar numbers of parasitic young were produced from nests at re-
moval (P̂n = 0.07 ± 0.08; 95% CI: 0–0.32) and at reference plots (P̂n = 
0.04 ± 0.04; 95% CI: 0–0.21; P = 0.44).

Estimates of population growth.—Our highest rate of nest 
productivity ( P̂n) was 0.32 Dickcissel fledglings per nest at removal 
plots in 2004. We lack data on renesting and survival rates because 
females were not individually marked. Elsewhere, Dickcissels 
renest after clutch loss and average 1.2 nests per female per season  
(Â ; Walk et al. 2004, Fletcher et al. 2006). If the sex ratio at 
fledging is even, maximum seasonal fecundity ( ˆ ˆ ˆ /F APs n= 2 ) for 
our study population may be 0.19 female fledglings per breeding 
female Dickcissel. Adult survival rates of female Dickcissels ( Ŝa ) 
are unknown, but males have return rates of 10–49% (Zimmerman 
and Finck 1989, Fletcher et al. 2006), and juvenile survival rates 
( Ŝ j ) may be as high as 50% of adult survival (McCoy et al. 1999, 
Fletcher et al. 2006). Overall, our most optimistic estimate of the 
finite rate of population change ( l = +F S Ss j a ) for Dickcissels  
at Konza Prairie would be l̂  = 0.54 if Ŝa  = 0.49, and our high-
est estimate of nest productivity would require annual survival 
rates Ŝa  ≥ 0.91 to realize a stationary rate of population change 
(l = 1).

Discussion

Our field study is the first attempt to examine the effects of cow-
bird removals on the productivity of a grassland songbird, and 
our major results were threefold. First, Dickcissels were heavily  
parasitized as a songbird host at our field site in northeast Kansas. 
A high proportion of nests received cowbird eggs, and multiple 
parasitism was common. Second, we reduced the effects of cow-
birds because the odds of parasitism were 1.6–6.6 times greater 
at reference than at removal plots, but the effect was statistically 
significant in only one of two years. Last, the probability of nest 
predation did not differ between removal and reference plots. 
Dickcissels could have benefited from reductions in parasitism 
in 2004, but high rates of nest predation led to low rates of nest 
productivity for host and parasitic young in both years of our 
study.

Parasitism and predation.—Cowbirds were abundant on our 
study plots at Konza Prairie in 2004–2005 (Powell 2006), and tall-
grass prairie sites in northeast Kansas contain some of the high-
est densities of cowbirds in the Flint Hills region (Jensen and Cully 
2005a, b). Our sample of trapped cowbirds was predominantly 
male, which may reflect a male-biased sex ratio among adult cow-
birds (Yokel 1989, Woolfenden et al. 2001) or a greater susceptibility 
to trapping among males (Rothstein et al. 1987). 

Our estimates of the frequency of brood parasitism (>81%) 
and multiple parasitism (>2.1 cowbird eggs per nest) at refer-
ence plots were comparable to previous estimates for Dickcissels 
breeding in northeast Kansas: >79% and >2.5 (Jensen and Cully 
2005b), >84% and >2.0 (Zimmerman 1983), and up to 95% and 2.4 
(Elliott 1978). Source–sink dynamics may be an important part 
of the regional population dynamics of Dickcissels, because the 
frequency and magnitude of cowbird parasitism are much lower 
in southern Kansas, Oklahoma, and Missouri: 0–20% and 0–1.2 

(Jensen and Cully 2005b), 9% and 1.4 (Winter 1999), and 19% (Patten 
et al. 2006). Similarly, our estimates of nest survival (3–15%) were 
comparable to Mayfield estimates of nest survival for Dickcissels 
in Kansas and Iowa (14%; Patterson and Best 1996, Hughes et al. 
1999) but were lower than estimates from Oklahoma and Missouri 
(12–45%, McCoy et al. 1999; 19%, Rohrbaugh et al. 1999; and 30%, 
Winter 1999). The combined effects of parasitism and predation  
in the present study led to estimates of nest productivity for 
Dickcissels (0.04–0.32 fledglings per nest) that were consider-
ably lower than productivity rates reported by previous studies 
(0.72–0.87, Zimmerman 1982; 0.77–1.06, Walk et al. 2004; 1.70, 
Winter 1999). Finally, a simple population model combining our 
highest rates of nest productivity with published estimates of  
demographic parameters indicated that Dickcissel populations at 
Konza Prairie were unlikely to be viable without multiple brood-
ing, immigration, or higher rates of survival.

Despite removal of substantial numbers of cowbirds, high 
rates of nest predation reduced the potential benefits of reductions 
in parasitism for Dickcissels at Konza Prairie. Brood parasitism 
and nest predation have interactive effects in some songbird hosts 
(Arcese et al. 1996, Zanette et al. 2007), but we found little evidence 
that cowbirds were a major source of nest loss for Dickcissels.  
Few Dickcissel nests were abandoned because of cowbird activ-
ity, and nest survival was not affected by parasitism status. More-
over, parasitism and nest survival were not negatively correlated, as 
would be predicted by cowbird activity; instead, both rates declined 
simultaneously over the breeding season. The nest predator was 
determined for only one nest in our study: a clutch depredated by 
a Yellow-bellied Racer. Snakes are documented predators of song-
birds at Konza Prairie; stomach contents have contained Dickcissel 
eggs and nestlings (Cavitt 1999, 2000). We were unable to deter-
mine the relative importance of different species of predators, but 
predator guilds are often diverse in grassland ecosystems, includ-
ing snakes, small rodents, midsized carnivores, and deer (Thompson  
et al. 1999, Pietz and Granfors 2000, Renfrew and Ribic 2003,  
Peer 2006).

Effects of cowbird removals on songbird hosts.—With inten-
sive trapping effort in a region of high cowbird abundance, we 
successfully reduced brood parasitism of Dickcissels from 85% 
to 51%, and multiple parasitism from 2.3 to 1.7 cowbird eggs per 
parasitized nest, in the first year of the study. Despite a two-fold  
increase in the number of cowbirds trapped, cowbird removals 
had no significant effect on parasitism rates in the second year of 
the study. Overall, nest productivity did not differ between treat-
ments in either year. By contrast, vireos nesting in the same study 
plots benefited from cowbird removals in both years. The percent-
age of vireo nests parasitized was reduced from 77–85% at refer-
ence plots to 47–58% at cowbird plots, which doubled the nest 
productivity of vireos from 0.4 to 1.1 fledglings per nest (Kosciuch 
and Sandercock 2008). Elsewhere, two additional studies have 
compared songbird productivity between cowbird removal and 
reference plots. Cowbird removals had little effect on nest produc-
tivity of Hooded Warblers (Wilsonia citrina; Stutchbury 1997) but 
doubled productivity of Song Sparrows (Melospiza melodia) from 
0.5 to >1.0 fledglings per nest at reference and removal plots, respec-
tively (Smith et al. 2002).

The present study demonstrates that the efficacy of cowbird 
removal programs must be evaluated empirically, because effects 
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may vary among species of hosts, including syntopic species of 
songbirds breeding in the same habitat. Dickcissels may have  
received less benefit from cowbird removals than vireos for three 
reasons. First, Dickcissels may be preferentially parasitized  
because this species arrives later in the breeding season and is still 
actively nesting in June, because their grassland nests are more 
easily located by cowbirds, or because cowbird young have higher 
survival in Dickcissel nests (0.81 fledglings per parasitic egg; pres-
ent study) than in vireo nests (0.15 fledglings per parasitic egg; 
Kosciuch and Sandercock 2008). Second, Dickcissels can raise 
mixed broods of parasitic and host young (Zimmerman 1983, 
Peer 2006, present study), whereas vireos suffer complete repro-
ductive failure if a cowbird egg is accepted (Parker 1999, Kosci-
uch and Sandercock 2008). Finally, songbirds may differ in their  
behavioral responses to removal of host eggs by cowbirds. The 
proximate cues for nest desertion by Dickcissels are poorly known 
(Peer et al. 2000). In vireos, nest desertion is driven by removal of 
host eggs and not by addition of cowbird eggs (Kus 1999, Kosciuch 
et al. 2006). Understanding the behavioral ecology of host–parasite 
interactions is critical to predicting the demographic effects of 
cowbird removals. Our cowbird removals unexpectedly increased 
the productivity of cowbirds from vireo nests by reducing nest  
desertion rates, an outcome that would be undesirable in manage-
ment of threatened songbirds (Kosciuch and Sandercock 2008).

Improving the efficacy of cowbird removals.—We deployed 
cowbird traps at high densities (1 trap per 11 ha) and removed large 
numbers of cowbirds per year (>300), yet we concluded that cowbird 
removals may have limited utility for management of Dickcissels. 
The benefits of cowbird trapping were transient, because para-
sitism rates for Dickcissels and vireos at removal plots returned to 
background levels within one year after trapping was discontinued 
(Kosciuch and Sandercock 2008, present study). High rates of par-
asitism could have been caused by immigration of cowbirds from 
surrounding areas or by density-dependent changes in egg produc-
tion among female cowbirds that eluded our traps (Rothstein et al. 
1987, Jensen and Cully 2005a). 

Cowbird removal programs reduce survival rates of juvenile 
and adult cowbirds. Our trapping of female cowbirds could have 
been more effective if we had deployed traps closer to preferred 
foraging sites, used playback of vocalizations to increase conspe-
cific attraction (Dufty 1982, Rothstein et al. 1987), or combined 
cowbird trapping with shooting of females (Kostecke et al. 2003, 
2005). On the other hand, population models suggest that egg sur-
vival may have the greatest influence on the rate of population 
change for cowbirds (Citta and Mills 1999). Removal or addling 
of cowbird eggs and nestlings could benefit Dickcissels through 
improvements in nest productivity (Whitfield et al. 1999; Kus 
1999, 2002; Morrison and Averill-Murray 2002). Still, manipu-
lation of cowbird eggs may be an impractical strategy because 
searching for songbird nests is labor-intensive. 

Development of improved methods for removal of parasitic 
cowbirds or their young may have little benefit for Dickcissels, given 
that predation limited nest productivity, especially in the second  
year of our study. Predation also has greater effects on produc-
tivity than parasitism in other managed populations of songbirds  
(Braden et al. 1997, Stutchbury 1997, Morrison and Averill- 
Murray 2002). To date, few studies have tested the effects of  
predator removals on songbird productivity. Removal of carnivores 

(Raccoon [Procyon lotor], Striped Skunk [Mephitis mephitis], and 
Red Fox [Vulpes vulpes]) did not improve nest survival of grass-
land birds, because of a numerical response in ground squir-
rels (Spermophilus spp.; Dion et al. 1999). However, removals of 
corvids (Magpie [Pica pica] and Carrion Crow [Corvus corone]), 
small mammals (White-footed Mouse [Peromyscus leucopus] and 
Eastern Chipmunk [Tamias striatus]), and mammalian preda-
tors (mustelids, Hedgehogs [Erinaceus europaeus], and Red 
Fox) increased nest survival for farmland songbirds (Stoate and  
Szczur 2001), Veery (Catharus fuscescens; Schmidt et al. 2001), 
and Sky Larks (Alauda arvensis; Donald et al. 2002), respectively. 
At our study site, predator removals may increase productivity 
of host species of songbirds but could also benefit cowbirds, be-
cause parasitism rates were high. To date, no field study has exam-
ined songbird fecundity in response to a factorial manipulation 
of brood parasitism and nest predation. Cowbird removal pro-
grams would be aided by a better understanding of the interac-
tive effects of parasitism and predation on songbird productivity. 

Alternatives to removals of cowbirds and predators.—Pro-
grams that remove cowbirds or native predators for conservation 
purposes are often labor-intensive, result in few long-term ben-
efits, and have ethical considerations (Côté and Sutherland 1997, 
Rothstein and Peer 2005). For Dickcissels in the Flint Hills region 
of eastern Kansas, the best alternatives to cowbird removal pro-
grams may be changes in habitat management. First, protection of 
large grassland tracts is desirable, because rates of brood parasit-
ism and nest predation tend to be lower in large prairie fragments 
(Winter and Faaborg 1999, Davis and Sealy 2000, Herkert et al. 
2003). Second, nest productivity often decreases with proximity to 
shrub and forest edges (Winter et al. 2000, 2005; Jensen and Finck 
2004; Renfrew et al. 2005; Patten et al. 2006), possibly because 
woody plants provide perch sites for nest-searching cowbirds 
(Hauber and Russo 2000, Jensen and Cully 2005a) or cover for 
nest predators (Blouin-Demers and Weatherhead 2001, Renfrew 
and Ribic 2003, Renfrew et al. 2005). Prescribed fire can control 
spread of woody plants and reduce cowbird parasitism (Best 1979, 
Clotfelter et al. 1999, Briggs et al. 2002), though nest predation 
may be higher immediately after a burn (Cavitt 1999, Rohrbaugh 
et al. 1999, Shochat et al. 2005). Finally, intensive grazing can have 
negative effects if livestock trample nests, remove nest cover, or 
provide foraging sites for cowbirds (Morris and Thompson 1998, 
Rohrbaugh et al. 1999). Reductions in cattle densities could benefit 
songbird hosts by reducing cowbird activity, by providing greater 
nest cover, or by increasing mortality of woody plants with hot-
ter fires (Winter 1999, Goguen and Mathews 2001, Kostecke et al. 
2003, Winter et al. 2005). In the future, field tests of rangeland 
practices that reduce parasitism and predation may help to iden-
tify the best management strategies for grassland songbirds of 
conservation concern.
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