
ORIGINAL ARTICLE

Hierarchical cues in brood parasite nest selection

Michael A. Patten • Dan L. Reinking •

Donald H. Wolfe

Received: 17 September 2009 / Revised: 11 August 2010 / Accepted: 21 October 2010 / Published online: 24 November 2010

� Dt. Ornithologen-Gesellschaft e.V. 2010

Abstract Numerous hypotheses have been developed to

explain how a brood parasite selects a host nest into which

it lays its eggs. Most hypotheses address various aspects of

nest placement. We used an extensive dataset to tease apart

the relative strength of various hypotheses associated with

nest placement and timing. These data were from North

American tallgrass prairie and included nearly 2,000 nests

of 17 host species known to accept eggs of the brood

parasitic Brown-headed cowbird Molothrus ater. Regres-

sion tree analyses, with host species as a categorical

covariate built around successive logistic regressions,

implied that the ‘‘edge effect’’ and ‘‘perch proximity’’

hypotheses, the latter assessed as distance to woody veg-

etation, received the strongest support. Hypotheses con-

cerning nest height, livestock proximity, habitat density,

nest exposure, laying date, and host clutch size received

weaker or subsidiary support, the latter meaning that the

hypotheses received significant support only after edge

effects or distance to woody vegetation were accounted for

first. Host species was associated significantly with para-

sitism rate, but host species was itself correlated with

various vegetation and landscape variables that we asses-

sed. Brood parasitism rate and nest height were associated

non-linearly. In addition to a clear hierarchical pattern

among factors associated with rates of parasitism, several

key explanatory variables had marked interactions, such as

prairie edge and extent of woody vegetation or nest height

and nest exposure. Such interactions, including between

host species and certain landscape and vegetation variables,

such as nest height and distance from woody vegetation,

suggest caution is warranted when assessing the various

competing hypotheses, which are not mutually exclusive.

Keywords Brood parasitism � Edge effects �
Molothrus ater � Nest placement � Regression trees

Zusammenfassung Es gibt zahlreiche Hypothesen zur

Erklärung, wie ein Brutparasit ein Nest für die eigene

Eiablage aussucht, wobei sich die meisten dieser Hypo-

thesen an der spezifischen Lage der Nester ausrichten. Wir

benutzten eine umfangreiche Datensammlung, um die re-

lative Stärke derjenigen Hypothesen zu entwirren, die sich

auf Nestlage und Eiablage-Zeitpunkt beziehen. Die Daten

stammten aus der nordamerikanischen Tallgrass-Prärie,

von fast 2000 Nestern 17 unterschiedlicher Wirtsarten, von

denen bekannt ist, daß sie Eier des Brutparasiten Braun-

kopf-Kuhstärling (Molothrus ater) in ihren Nestern ak-

zeptieren. Regressionsbaumanalysen mit den Wirtsspezies

als kategorialen Kovariaten, um sukzessive logistische

Regressionen herum gerechnet, unterstützten am stärksten

die Hypothesen zum,, Rand-Effekt‘‘ und zur ,,Sitzplätze-

Nähe‘‘ (Entfernung zu Gebüsch-Vegetation). Andere

Hypothesen, die die Nesthöhe, die Nähe zu Vieh, die

Habitatdichte, die Nestlage, oder den Zeitpunkt der Eiab-

lage und die Gelegegröße des Wirtes heranziehen, wurden

schwächer oder nur ,,subsidiär‘‘ unterstützt – wobei letz-

teres bedeutet, dass diese Hypothesen nur dann signifikant

unterstützt wurden, wenn die ,,Rand-Effekte‘‘ oder die

Nähe zu buschiger Vegetation als erstes berücksichtigt

wurden. Die Wirtsspezies hingen signifikant mit der
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Parasitismus-Rate zusammen, aber die Wirtsspezies selbst

korrelierten mit diversen, ebenfalls untersuchten Vegeta-

tions-und Landschafts-Variablen. ,,Brutparasitismus-Rate‘‘

und ,,Nesthöhe‘‘ hingen nicht-linear voneinander ab. Zu-

sätzlich zu einem klaren hierarchischen Muster derjenigen

Faktoren, die mit der Brutparasitismus-Rate verknüpft sind,

stellten sich einige Schlüsselfaktoren als miteinander ver-

knüpfte Variablen heraus, wie z.B. die Lage an Prärie-

Rändern und die Ausprägung buschiger Vegetation, oder

Nesthöhe und -lage. Solche Zusammenhänge, inklusive der

zwischen Wirtsspezies und bestimmten Landschafts- und

Vegetations-Variablen wie der Nesthöhe und der Entfer-

nung zu den nächsten Gebüschen, raten bei der Untersu-

chung der verschiedenen miteinander konkurrierenden,

sich nicht gegenseitig ausschließenden Hypothesen zur

Vorsicht.

Introduction

A mere 1% of the *10,000 species of birds are obligate

brood parasites, species that lay their eggs solely in the

nests of other species (Rothstein 1990). Hosts act as foster

parents to the young brood parasites and thus incur a

possible cost to their own fitness (Rothstein and Robinson

1998; Lorenzana and Sealy 1999). This cost implies that

hosts ought to evolve defences to thwart parasites (e.g.,

nest abandonment); consequently, parasites must evolve

mechanisms to continue to fool hosts (e.g., mimicry of host

eggs). These competing forces create a classic coevolu-

tionary arms race (Rothstein 1990; Rothstein and Robinson

1998; Davies 2000). Apart from perhaps rejection of a

brood parasite’s eggs—which may involve risks (Winfree

1999)—all post-parasitism defences carry a cost (Moskát

and Honza 2000). A host’s best strategy, then, is to avoid

being parasitized. As a result, where a potential host places

its nest may be subject to strong natural selection. How a

brood parasite locates a nest, therefore, may provide criti-

cal clues into exactly what factors influence its selection of

targets.

Various hypotheses have been proffered to explain how

brood parasites locate suitable nests (Table 1), and these

hypotheses have received various levels of support

(Clotfelter 1998; Clarke et al. 2001; Antonov et al. 2007).

For example, Wiens (1963) reported that parasitism rates

were not associated with nest height, whereas Fleischer

(1986) reported that rates declined with increased nest

height. Decreased nest exposure was reported to decrease

brood parasitism rates in some studies, but reported to be

unrelated to parasitism rates in others (Clotfelter 1998;

Moskát and Honza 2000; Shaffer et al. 2003). Proximity to

woody vegetation has been found to have a major effect on

parasitism rates (Moskát and Honza 2000; Røskaft et al.

2002; Patten et al. 2006) or a relatively minor effect (Pietz

et al. 2009). Other hypotheses, such as degree of host

aggression (‘‘nesting cue’’; Table 1), have not received

much support (Clotfelter 1998). Teasing apart which

hypotheses are well supported—meaning which factors

most influence a brood parasite localizing and selecting a

nest—requires analyses across both species and explana-

tory variables. Species may respond differently, and vari-

ables may interact in unappreciated ways; indeed, the key

hypotheses are not mutually exclusive.

We used an extensive data set from a 5-year study of

avian reproductive ecology in tallgrass prairie habitat to

test the set of hypotheses addressing nest placement and

timing (Table 1). We analyzed parasitism rates by the

Brown-headed cowbird Molothrus ater using regression

Table 1 Key hypotheses

presented to explain how brood

parasites locate suitable host

nests (Clotfelter 1998; Goguen

and Mathews 2000; Clarke et al.

2001; Patten et al. 2006;

Antonov et al. 2007)

Hypothesis Chief prediction

Nest placement

Perch proximity Nests nearer woody vegetation are at higher risk of parasitism

Nest exposure Nests less hidden are at higher risk

Edge effect Nests nearer habitat edges are at higher risk

Surrounding habitat Nests in more open habitats fail to hide host movements and are therefore

at higher risk

Nest height Higher nests are nearer parasite perches and thus at higher risk

Livestock proximity For cowbirds: nests nearer livestock, which attract foraging cowbirds,

are at higher risk

Host behavior

Nesting cue Hosts more aggressive to adult brood parasites are at higher risk

Host activity More active or conspicuous hosts are at higher risk

Nest timing

Laying date Nests later in the breeding season are at higher risk
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trees to assess hierarchical effects of the various factors,

thus allowing us to infer a ‘‘relative strength’’ of each

hypothesis even for cases in which multiple factors acted.

We also determined the extent to which certain factors

covary; for example, how do nest height and nest exposure

vary across the landscape and in turn how do these vari-

ables together relate to rates of brood parasitism? Specific

predictions, on the basis of previous studies (Øien et al.

1998; Goguen and Mathews 2000; Moskát and Honza

2000; Patten et al. 2006; Antonov et al. 2007), were that

woody vegetation would exert a particularly strong influ-

ence on nest selection and that cowbirds would more

heavily parasitize nests along roadsides (edges) than nests

in unfragmented prairie, with the caveat that managed

prairie (i.e., grazed by cattle, whether burned or not) would

yield higher parasitism rates than undisturbed prairie.

Moreover, we predicted that nests placed at intermediate

height would suffer the highest rates of brood parasitism

(i.e., nest height would be a good predictor of parasitism

rate but the relationship would be non-linear) and nest

exposure would associate linearly with rates of parasitism.

Our predictions derive both from studies of cowbirds and

from studies of cuckoos in Europe. Brood parasite systems

of the Common Cuckoo Cuculus canorus and Brown-

headed cowbird, the two most intensively studied in the

world, differ in fundamental ways, not least because the

cuckoo system is much older and thus coevolution has had

a longer time to shape parasite attacks and host defences

(Rothstein et al. 2002). Nonetheless, our goal was to search

for general patterns of nest searching by a brood parasite,

so we used information from both systems to derive our

hypotheses.

Methods

Study area and sampling

From 1992 to 1996, we surveyed 18 16-ha plots in tallgrass

prairie habitat in Osage and Washington Counties of

northeastern Oklahoma (Fig. 1). Half the plots were loca-

ted on The Nature Conservancy’s Tallgrass Prairie Pre-

serve, the other half on private ranches. We identified three

treatments on the basis of management intensity: burned,

grazed, and undisturbed. ‘Burned’ plots were subjected to

prescribed fires in spring followed by intensive livestock

grazing, whereas ‘grazed’ plots were only grazed.

Management was mutable between years; as a result, we

surveyed two additional undisturbed plots in 1993 to bal-

ance a proliferation of burned plots that year. Vegetation

on all plots was typical of tallgrass prairie, being domi-

nated by forbs and tall ([50 cm) perennial grasses and

supporting few woody shrubs of any stature.

We addressed edge effects during these same years by

surveying 32 0.5-km reaches of country road through

tallgrass prairie in Osage County (Fig. 1). We surveyed a

3- to 10-m-wide right-of-way bordered by road on one side

and fence on the other. Vegetation along roadside strips

was dominated by forbs and tall grasses with a sparse

overstorey of shrubs and trees. Adjacent prairie was burned

on both sides of the road, burned on only one side of the

road, or left undisturbed. Grazing did not take place on an

edge plot itself but often occurred on land bordering a plot,

particularly if it had been burned. See Shochat et al.

(2005a, b) for more details about study sites.

Twice a week from 1 April to 31 July, we surveyed each

plot intensively in an effort to locate every nest. We

monitored nests regularly through mid-August until their

outcome was known. This monitoring included recording

cause of failure, host clutch size, hatching success, number

of fledglings produced, and parasitism by the Brown-

headed cowbird. We gathered data on placement of each

nest, including its height above the ground (cm) and its

extent of exposure, the latter being an ordinal variable

ranging from 0 (exposed completely) to 4 (concealed

completely) assessed from above, below (if applicable),

and from each cardinal direction, with 1 = 25%, 2 = 50%,

and 3 = 75% concealed. We also conducted two 10-min,

67-m fixed-radius point counts on prairie plots, one in mid-

May, the other in mid-June.

Statistical analyses

During the 5-year study we located 4,483 nests of 47

species, although for analyses herein we focussed solely on

passerine species known to accept cowbird eggs (Table 2).

We used a model comparison approach to examine effects

on parasitism rates of three dichotomous predictors (edge

vs. prairie, grazed vs. ungrazed, burned vs. unburned) and

four continuous predictors [(log)nest height, exposure

above the nest, exposure laterally, mean exposure] with

sufficient data. We restricted analyses to nests for which we

had complete data for all seven predictors (n = 1,903).

Moreover, we assessed nest density and parasitism rates

per plot across years by means of Kendall’s coefficient of

concordance, and we calculated simple proportions of

parasitized nests for each dichotomous predictor (burned

vs. grazed vs. undisturbed vs. edge).

At a finer scale, we constructed regression trees (Brei-

man et al. 1984; Patten et al. 2006), which enabled us to

parse hierarchically the effects of different predictors on

parasitism rates, using logistic regression with parasitism

by nest (yes/no) as the response and a series of individual

predictors. We included species as a categorical covariate

in all models (Hilbe 2009); doing so assumed that there

may be species-specific attributes of the host, such as
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agonistic behavior (Smith et al. 1984) or conspicuousness

(Barber and Martin 1997), that cue a female cowbird

searching for a nest. Nest data were gathered unevenly,

confounding model comparison. We used the coefficient of

determination (R2) to rank models. Use of R2 may be

problematic; however, we began by adjusting AIC values

on the basis of three relationships: all else being equal, AIC

� n, AIC � [likelihood ratio v2]-1, and v2 � n. In other

words, for any ‘‘equally good’’ model, AIC and the v2 will

increase with sample size, and AIC will increase with the

inverse of v2. On the basis of these relationships, we

adjusted a model comparison statistic as ln[(AIC�v2)/n2],

minimum values of which, like AIC, correspond to the best

model. Unlike AIC, the adjusted statistic had the valuable

property of being largely independent of sample size, but it

proved to be highly correlated (r = 0.99) with R2. Among

the resulting set of models, we ranked the model with the

highest R2 as the ‘‘best,’’ although we retained a split only

if the model’s Wald v2 was statistically significant

(a = 0.05); i.e., our stopping rule was obtaining a non-

significant model fit. Our strategy was stepwise: after a

model was chosen, we conducted logistic regressions on

Fig. 1 Study area in northeastern Oklahoma, US, where roadside transects and prairie plots were located. Soft gray lines represent roads (many

of them dirt or gravel). Tallgrass prairie was the predominant habitat in our study area
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the reduced set of predictors, excluding those yielding the

best model in prior runs (Roff and Roff 2003). At each split

on a tree, we present the rate of brood parasitism

(% ± SE), sample size, and results of the Wald v2 for the

best model.

Predictors for nest placement were: plant height (cm)

surrounding the nest; nest height (cm) at the rim; nest

exposure above, below, and laterally, as well as mean

exposure (see below); diameter at breast height (DBH)

(cm); distance from vegetation margin to nest (cm); dis-

tance from vegetation centre to nest (cm); number of

supporting branches; diameter of vegetation supporting the

nest (cm) at nest height; vegetation density at nest\10 cm,

10–50 cm, and [50 cm above ground (hits on a vertical

rod); and distance (m) to the nearest woody vegetation,

water, road, and fence. Exposure was estimated on an

ordinal scale: 0 = 80–100% visible; 1 = 60–80%;

2 = 40–60%; 3 = 20–40%; 4 = 0–20%. Lateral nest

exposure was taken as the harmonic mean of visibility at

the four cardinal directions. We used the harmonic rather

than arithmetic mean because the former emphasizes low

values, and we assumed that increased exposure in one

direction disproportionately increased the risk of brood

parasitism. We calculated overall nest exposure similarly:

as the harmonic mean laterally and from above the nest.

Beyond the nest placement variables, we also considered

laying date and clutch size during regression tree con-

struction. We built trees both with all species (Table 2) and

for individual species with large sample sizes (n [ 250

nests).

We further examined the effects of nest height and nest

exposure on the probability of parasitism by means of a

logistic regression with parasitism (yes/no) as the response.

All statistics were calculated with SAS Statistical Software

ver. 9.1.3, in a Quattro Pro X4 spreadsheet, or in SigmaPlot

10.0.

Results

Nest density per plot was moderately consistent across the

5 years of the study (Kendall’s W = 0.44, P \ 0.01); i.e.,

certain plots tended to have more or fewer nests through

the study. Likewise, parasitism per plot was moderately

consistent across the 5 years (yearly Kendall’s W ranged

from 0.38 to 0.44, 0.01 \ P \ 0.025). On the basis of our

point count data, cowbird density itself varied with treat-

ment: for prairie plots: cowbird density was high if burned

(0.95 ± 0.27; mean ± SE/plot) and fairly high if grazed

(0.68 ± 0.34) but was low if undisturbed (0.26 ± 0.13).

By contrast, host density (birds/ha) did not vary by treat-

ment (ANOVA: F2,36 = 0.05, P [ 0.90). The overall par-

asitism rate was 12.7% (359 of 2,820 nests).

Parasitism rates varied little across years but consider-

ably across treatments. As predicted, host nests at edges

(roadsides) incurred significantly higher rates of brood

parasitism than nests in prairie, and within tallgrass prairie

nests on burned or grazed plots incurred significantly

higher—confidence intervals do not overlap—rates of

parasitism than those in undisturbed prairie (Table 3).

Taken separately, parasitism rates on burned plots, which

were always also grazed, were like those at edges, whereas

rates on undisturbed prairie were only a third as much

(Table 3). Rates on plots grazed but not burned were

intermediate. The higher incidence of parasitism along

edges and on grazed prairie was supported by comparison

Table 2 Passerine hosts

(n = 2,823 nests) breeding in

tallgrass prairie habitat in

northeastern Oklahoma that

accept eggs from the brood

parasitic Brown-headed cowbird

(Molothrus ater)

Sample sizes are the number of

nests included in this study, and

rates of egg acceptance are from

Peer and Sealy (2004)

English name Scientific name n Acceptance

rate

Eastern Phoebe Sayornis phoebe 55 0.94

Bell’s Vireo Vireo bellii 21 0.89

Blue-gray Gnatcatcher Polioptila caerulea 2 1.00

Common Yellowthroat Geothylpis trichas 2 0.89

Summer Tanager Piranga rubra 2 1.00

Field Sparrow Spizella pusilla 11 1.00

Lark Sparrow Chondestes grammacus 23 1.00

Grasshopper Sparrow Ammodramus savannarum 245 1.00

Henslow’s Sparrow Ammodramus henslowii 24 1.00

Northern Cardinal Cardinalis cardinalis 7 0.92

Blue Grosbeak Passerina caerulea 5 1.00

Dickcissel Spiza americana 1,164 0.89

Red-winged Blackbird Agelaius phoeniceus 433 0.97

Eastern Meadowlark Sturnella magna 573 0.71

Common Grackle Quiscalus quiscula 51 0.88

Orchard Oriole Icterus spurius 46 1.00
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among all competing models with six predictors (edge,

burned, grazed, visibility above nest, visibility laterally,

and nest height): each model with a high or moderate

probability of being the best included edge, the presence of

grazing, and nest height (Table 4). Whether burning or nest

visibility has an additional effect is open to question given

that one of the two models effectively tied for the ‘‘best’’

did not include these predictors (Table 4).

Nests in or adjacent to (\1 m) woody vegetation expe-

rienced more than double the parasitism rate of nests far-

ther away (Fig. 2). Host species covaried significantly with

distance to woody vegetation (Wald v2 = 28.24,

P \ 0.02), meaning that certain species were more likely to

be parasitised by virtue of nest placement in the landscape

(Fig. 3). For this initial fork in the tree, the covariate was

significant (P \ 0.0001) for seven other predictors, plant

height, nest height, nest exposure both laterally and overall,

vegetation density both \10 cm and 10–50 cm above

ground, and distance to nearest water, meaning that these

predictors, too, varied with host species (Fig. 3). Regard-

less of distance from woody vegetation, plant height—an

additional uncorrelated (r = -0.06) indicator of extent of

woody vegetation that is highly correlated with nest height

(r = 0.91)—was associated positively with rate of para-

sitism (Figs. 2, 3): nests in vegetation taller than 77 or

85 cm were parasitised [29 more than nests in shorter

vegetation. Other factors influencing parasitism rate were

associated with vegetation density, including the number of

stems supporting the nest, or proximity to water, which is

correlated with woody vegetation (r = 0.13, P = 0.0001).

For no subsequent fork in the regression tree did host

species covary significantly with the predictor that yielded

the top-ranked model (i.e., the best split). With proximity

to woody vegetation excluded as a predictor (tree not

shown), nest selection by cowbird nonetheless was asso-

ciated with plant or nest height and vegetation density. Size

of woody vegetation (e.g., DBH, bole) and proximity to

fences were seldom important indicators of parasitism rate,

and nest exposure played a minor role relative to habitat

features (Fig. 2; but see below).

Table 3 Rates of Brown-headed cowbird Molothrus ater parasitism—presented as % (sample size)—across the landscape

English name Scientific name Edge Prairie Burned Grazed Undisturbed

Eastern Phoebe Sayornis phoebe 7.3 (55)

Bell’s Vireo Vireo bellii 12.5 (8) 50.0 (13) 66.7 (7) 33.3 (6)

Lark Sparrow Chondestes grammacus 0.0 (1) 13.6 (22) 16.7 (18) 0.0 (3) 0.0 (1)

Grasshopper Sparrow Ammodramus savannarum 100.0 (1) 6.2 (273) 7.6 (172) 3.0 (67) 5.9 (34)

Henslow’s Sparrow Ammodramus henslowii 8.3 (24) 8.3 (24)

Dickcissel Spiza americana 27.0 (101) 16.2 (1,107) 21.8 (513) 20.8 (192) 6.7 (402)

Red-winged Blackbird Agelaius phoeniceus 22.1 (235) 7.5 (226) 14.3 (84) 6.5 (31) 2.7 (111)

Eastern Meadowlark Sturnella magna 14.3 (49) 4.8 (582) 7.4 (299) 0.8 (123) 3.1 (160)

Orchard Oriole Icterus spurius 13.5 (37) 11.1 (9) 0.0 (4) 0.0 (3) 50.0 (2)

Common Grackle Quiscalus quiscula 0.0 (42) 0.0 (9) 0.0 (8) 0.0 (1)

Total 18.6 (261) 11.3 (2,043) 15.2 (1,023) 11.6 (397) 5.4 (623)

Lower CI 15.6 10.1 13.2 8.9 4.0

Upper CI 22.1 12.7 17.4 14.9 7.3

Edge nests were along roadsides, whereas Prairie nests were in burned and grazed, grazed only, or undisturbed tallgrass prairie. Only host

species with n C 20 nests are displayed, but the total includes all species in Table 2; blanks signify n = 0. Confidence intervals were computed

using the uncorrected score method (Newcombe 1998)

Table 4 The eight best models for predicting the rate of brood par-

asitism by the Brown-headed cowbird (Molothrus ater) in the

southern Great Plains as a function of landscape features and nest site

attributes

Additional parameters AIC k Di wi

Visibility

Burned Above Lateral

x 1426.564 4 0.000 0.260

1426.631 3 0.067 0.251

x x 1428.193 5 1.629 0.115

x x 1428.480 5 1.916 0.100

x 1428.546 4 1.982 0.097

x 1428.572 4 2.008 0.095

x x x 1430.099 6 3.535 0.044

x x 1430.487 5 3.923 0.037

Models with Di [ 10 are not reported because their probability of

being the best model is ‘‘essentially none’’ (Burnham and Anderson

2002, p. 70). Models with Di \ 2 have a substantial probability of

being the best model. The predictors edge, grazed, and [log] nest
height appeared in all eight models

AIC Akaike Information Criterion, k total number of predictors in

model, Di AIC differences, wi Akaike weights
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Taken alone, nest height was an excellent predictor of

probability of brood parasitism (logistic regression: Wald

v2 = 15.21, P \ 0.001), the relationship being negative;

i.e., taken over all heights an increase in nest height meant

a decrease in parasitism. However, the relationship is not

linear—the probability of parasitism peaks for nests

between 10 cm and 1 m above the ground (Fig. 4a); it is

markedly lower for nests below 15 cm and lower still for

nests above 2 m, hence the overall negative trend. Mean

nest height was significantly higher (ANOVA: F3, 1,900 =

350.65, P \ 0.0001, r2 = 0.37) at edges (170.3 cm ±

7.2; mean ± SE) but did not differ among burned

(30.0 cm ± 2.6), grazed (31.3 cm ± 4.0), and undisturbed

(25.9 cm ± 1.1) plots (Tukey–Kramer).

Decreased nest exposure decreased the probability of

parasitism (logistic regression: Wald v2 = 4.52, P \ 0.05),

a relationship evident even with exposure grouped into

categories (Fig. 4b). Exposure laterally was correlated

highly with exposure above the nest (Fig. 5a; frequency

table correlation: r = 0.56, P \ 0.0001). Even so, only

exposure above the nest was associated with the probability

of parasitism (Wald v2 = 9.24, P \ 0.01); on its own lat-

eral nest exposure had no effect (Wald v2 \ 0.01,

P [ 0.95). Mean nest exposure was significantly lower

along edges relative to both burned and undisturbed plots

(ANOVA: F3, 1,900 = 48.81, P \ 0.0001), but the effect

size was fairly small (r2 = 0.08). Nest exposure was cor-

related negatively with nest height (Fig. 5b; r = -0.30,

P \ 0.0001, n = 1,904). Parasitism rate as a function of

nest height and exposure further showed how parasitism

peaks at mid heights and suggests that nest exposure

matters only when a nest is extensively concealed—i.e.,

nest exposure is a threshold effect, with an equal rate of

brood parasitism below *50% (1.9 on the 4-point scale)

exposure (Fig. 3).

Laying date of a host’s first egg (Wald v2 = 15.23,

P \ 0.0001) and host clutch size (Wald v2 = 67.96,

P \ 0.0001) were associated significantly with the proba-

bility of parasitism, in each case with a significant species

covariate as well. Yet regardless of branch point in the

regression tree, neither predictor explained more variation

in parasitism rate than did at least one habitat variable.

This pattern held when four species with large sam-

ples—the Grasshopper sparrow, Dickcissel, Eastern

meadowlark, and Red-winged Blackbird (see Table 2 for

scientific names)—were analyzed separately. Regression

trees for the sparrow and meadowlark were simple, the

dominant feature being a branch for nest height. Each

species nests on or near the ground, but some nests are

placed a short distance above the ground, usually on a

bunchgrass tussock. The few nest placed above 14 or

16 cm, respectively (n = 5 and 9), were parasitized much

more heavily (40.0% ± 24.5 and 33.3% ± 16.7; mean ±

SE) than those below these heights (5.6% ± 1.8 and

4.5% ± 1.2). Other habitat attributes, such as distance

from woody vegetation, had little effect on parasitism rates,

which were generally low for the Grasshopper sparrow

(6.9% ± 1.5) and the Eastern meadowlark (6.2% ± 1.0).

Fig. 2 Regression trees relating

nest placement to rates of

parasitism by the Brown-headed

cowbird Molothrus ater,

represented as mean % ± SE.

Numbers below branch splits

are Wald v2 values (and

probabilities of rejecting the H0

of no association) for the best

model, as obtained from logistic

regression with host species

included as a categorical

covariate. Note that sample

sizes at later steps may not sum

to the prior total because not all

predictors were measured for

each nest (i.e., sample sizes may

drop considerably at each

branch, tending to make the

resultant tree conservative)
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Parasitism rates were substantially higher for the two

shrub-nesting species with large samples, regression trees

for which were dominated by factors associated with

woody vegetation (Fig. 6). As with the overall tree (Fig. 2),

nest exposure had a subsidiary effect on parasitism rate.

Distance from woody vegetation did not appear in the Red-

winged Blackbird tree (Fig. 6b)—it was associated signif-

icantly with parasitism (Wald v2 = 6.90, P \ 0.01), but

model fit was questionable because of the (statistical) dis-

tribution of parasitized nests relative to sample size, so we

excluded this branch from the tree.

Discussion

Our data demonstrate that female Brown-headed cowbirds

search for suitable nests within a distinct range of possi-

bilities: nests across a landscape are not targeted equally or

are at equal risk. Instead, nests in or near woody vegeta-

tion, nests above the ground (but not too high), and nests

placed along habitat edges experienced disproportionately

high rates of brood parasitism. In this respect, the ‘‘perch

proximity’’ and ‘‘edge effect’’ hypotheses (Table 1)

received strong support, whereas the ‘‘nest height’’

hypothesis received mixed support. Other correlates of

woody vegetation, such as plant height, number of sup-

porting branches, and distance from water, also played key

roles in selection of host nests, implying some support for

the ‘‘surrounding habitat’’ hypothesis. By contrast, the

‘‘nest exposure’’, ‘‘livestock proximity’’, and ‘‘laying date’’

hypotheses received only subsidiary support; taken alone,

plant height (cm)
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Fig. 3 Parasitism rates by the Brown-headed cowbird Molothrus ater
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as well as for other species in Table 2

Nest Exposure
0.5-1.0 1.0-1.5 1.5-2.0 2.0-2.5 2.5-3.0 3.0-3.5 3.5-4.0 4.0

msitisara
Pfo

ytilibabor
P

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

log 10 (nest height + 1) (cm)
0.0 0.01-0.5 0.5-1.0 1.0-1.5 1.5-2.0 2.0-2.5 2.5-3.0

msitisara
Pfo

ytilibabor
P

0.00

0.03

0.06

0.09

0.12

0.15
A

B
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parasitizes a nest as a function of a nest height (quadratic regression:

y = -0.36x2 ? 0.098x ? 0.059, r2 = 0.84) and b nest exposure

(0 = completely exposed, 4 = completely concealed; linear regres-

sion: y = -0.011x ? 0.130, r2 = 0.82)
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each produced a significant model for the probability of

brood parasitism, but at least one other explanatory vari-

able yielded a better model, even when host species are

considered separately (Fig. 6).

The association with woody vegetation was strong, a

result supported by past research (Johnson and Temple

1990; Clotfelter 1998; Røskaft et al. 2002; Jensen and

Finck 2004; Patten et al. 2006; Antonov et al. 2007) but

contradicted by a recent study in the northern Great Plains

(Pietz et al. 2009). Reasons for the discrepancy are

unclear, although parasitism rate may be sensitive to even

minuscule (1%) changes in tree cover across a landscape

(Pietz et al. 2009); moreover, Pietz et al. (2009) focussed

specifically on trees whereas we considered all woody

vegetation, and their study encompassed a much broader

spatial scale than our study (2 km vs. 0.1 km). It is also

worth considering that the perch from which a brood

parasite selects a host nest is not necessarily the perch

nearest the nest (Honza et al. 2002). Regardless, distin-

guishing between the ‘‘edge effect’’ and ‘‘perch proxim-

ity’’ hypotheses in our study area is confounded because

woody vegetation is concentrated at habitat edges. With

both edge and distance to woody vegetation included in

regression tree construction, the former prevailed, but the

latter yielded the first branch point when edge was

excluded.

Unlike Wiens (1963) and Clotfelter (1998), we found

that nest height affected the probability of brood parasit-

ism: the probability decreased as nest height increased, a

finding consistent with that reported by Fleischer (1986) for

nests of the Dickcissel and Red-winged Blackbird in

Kansas. However, the relationship was non-linear. Nests

below *10 cm and above *100 cm experienced lower

rates of parasitism than did nests between those heights

(Fig. 3), a finding consistent with results of a cowbird study

in coastal Virginia (Kilgo and Moorman 2003). Accord-

ingly, studies of parasitism rates in areas or of species that

lack the full range of nesting substrates may fail to detect

effects of nest height or vegetation height. The decline in

rates of parasitism on nests below 10 cm is difficult to

explain, although the pattern seems to be real. Sutton

(1967:558) noted that ‘‘only one instance of parasitism has

been reported for [the] Eastern meadowlark’’ whereas ‘‘no

parasitism of… [the] Grasshopper sparrow… has been

reported.’’ For the meadowlark, at least, the difference may

lie in its greater tendency to reject cowbird eggs. Peer et al.

(2000) reported that the Dickcissel (n = 9) rejected only

11% of artificial eggs sized and colored like a cowbird’s

whereas the Eastern meadowlark (n = 14) rejected 36% of

such eggs, although neither species rejected naturally laid

cowbird eggs (and none of the sparrows studied rejected

natural or artificial cowbird eggs). Ground nesters or spe-

cies that routinely nest in undisturbed grassland (e.g., the

Grasshopper and Henslow’s sparrows) may avoid detection

by female cowbirds because (1) suitable perches for female

cowbirds are not available nearby, or (2) the secretive

habits of the hosts—such as running along the ground

through rank vegetation when approaching their nest—

allows a nest to escape detection. Our data offer support for

the former hypothesis, particularly in that proximity to

woody vegetation did not appear in regression trees for the

Grasshopper sparrow or Eastern meadowlark, but we were

unable to test the ‘‘host activity’’ hypothesis. Likewise,

regression trees for the Dickcissel and Red-winged

Blackbird (Fig. 6) featured proximity to woody vegetation

or its correlates (e.g., DBH). Adding a wrinkle to this
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Fig. 5 Association between a nest exposure above the nest and
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varies in proportion to the number of nests found in each category

(e.g., in the lower right of a, a low proportion of nests exposed

completely from above are hidden completely in a lateral view)
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picture is that the Brown-headed cowbird is adapted to

foraging behind grazing ungulates, including cattle (Gog-

uen and Mathews 1999), and our data support the view that

hosts nesting in grazed patches are likely to be at greater

risk simply because cowbirds congregate there (the ‘‘live-

stock proximity’’ hypothesis).

That nest height varied across the landscape, essentially

in that nests along edges were placed much higher on

Fig. 6 Regression trees relating

nest placement to rates of

parasitism by the Brown-headed

cowbird Molothrus ater of the

Dickcissel Spiza americana and

Red-winged Blackbird Agelaius
phoeniceus. See Fig. 2 for

details on regression tree

format. DBH Diameter at breast

height, in cm
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average, implies that cowbird nest selection will vary

across the landscape concomitantly. This finding, coupled

with lower probability of low nests being parasitized,

implies that an edge effect will be strong. In tallgrass

prairie, edges support more woody vegetation because

grazing is reduced there, windrows are often planted along

roads, and fences provide perches for frugivores that dis-

perse seeds of invasive species such as the eastern red

cedar Juniperus virginianus (Holthuizjen and Sharik 1985).

Near elimination of the extent and frequency of fire, a

natural part of grassland ecosystems, has led to a marked

increase in the extent of woody vegetation in the prairie

(Briggs et al. 2002). In combination, an increase in edge

(e.g., more roads) and a decrease in fire creates habitat

nearer the preferred search image of a female cowbird,

meaning that even if cowbird density does not increase

parasitism rates may increase. Because cowbirds use tall

perches to scan for host nests (Norman and Robertson

1975), the presence of trees or tall shrubs may have a

greater impact on birds nesting near them than those

nesting in a grass-dominated prairie. Importantly, so long

as individual hosts disperse enough between undisturbed

prairie and patches with high cover of woody vegetation,

anti-parasite defences may not evolve (Røskaft et al. 2006).

The benefit ground nesters receive in lower rates of brood

parasitism may offset the costs in increased predation

(Shochat et al. 2005b).

It is perhaps surprising that we found a less striking

effect of nest exposure on rates of brood parasitism relative

to habitat factors correlated with woody vegetation,

although Clotfelter (1998) reported no support for the ‘‘nest

exposure’’ hypothesis. In our study, nest exposure corre-

lated with nest height (Fig. 4b), which likely explains why

it was significantly lower for nests along edges. Although

high nest exposure can lead to significantly higher risk of

parasitism in some systems (e.g., Moskát and Honza 2000;

Antonov et al. 2007), we suggest that exposure by itself has

little overall effect on rates of parasitism, excepting when a

nest is mostly hidden (Figs. 3 and 6). In other words, nest

exposure is a threshold effect: any exposure, whether lat-

erally or from above, increases the probability that a nest

will be parasitized. In our study, parasitism rate for nests

concealed completely (4.81%) was nearly half that for

nests more or less exposed (9.05%). Even so, exposure was

a good predictor of parasitism rates when edge effects,

grazing presence, and nest height were accounted for first,

suggesting at least a subsidiary role for the ‘‘nest exposure’’

hypothesis.

The role of individual host species is more difficult to

assess. As noted above, we lacked data on host behavior, so

we could not test the ‘‘host activity’’ hypothesis. It is

possible that some host species are more conspicuous to

brood parasites, such as various vireos (Vireo sp.), males of

which often sing while incubating (Barber and Martin

1997). We can neither support nor refute this possibility.

By contrast, although host density may correlate with

parasitism rates (Barber and Martin 1997, cf. Jensen et al.

2005), densities did not differ across our treatments.

Despite our limited data, we can state that (1) although host

species yielded a significant logistic regression model for

parasitism rate (Wald v2 = 4.01, P \ 0.05), sixteen other

predictors yielded a better model, and (2) host species

covaries in a complex manner with predictors we assessed

(e.g., Fig. 3). We conclude that host species has an effect

on rates of brood parasitism, but this effect is confounded

with vegetation and landscape attributes peculiar to that

species’s ecology—both in terms of habitat selection and

nest placement—enough so that host species per se has

little additional effect.

It would thus appear that edge effects and proximity to

woody vegetation jointly are the key factors associated

with how a female cowbird locates a suitable host nest.

Nest height and proximity to livestock also play roles, but

are notable only after the above effects were taken into

account. Likewise, nest concealment exerts its effect only

after all of the above factors are taken into account. We

posit that other brood parasite species will show a similar

hierarchical pattern in their nest selection process.
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