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Abstract. Previous work has shown that the rate at which Brown-headed Cowbirds (Molothrus ater) 
parasitize forest nesting birds is affected by the proportion of a local landscape that is forested. 
However, much of the previous work has been restricted to a relatively small part of the cowbird’s 
range, and has looked at forest coverage in very restricted areas around study plots. We used data 
from a wider geographical area, the entire width of the United States, and examined forest coverage 
in relatively large areas (lo-km and 50-km radii) around study plots to determine if forest coverage 
is a generally useful statistic for predicting rates of brood parasitization. As was found in previous 
studies, we showed that increased amounts of forest coverage within 10 km of an area resulted in 
lower rates of parasitization by cowbirds. This pattern held not only among widely separated sites, 
but also within local clusters of study plots. However, we found that increased amounts of forest 
within 50 km of a study site resulted in slightly increased rates of parasitization in sites west of the 
Great Plains, contrary to previous research findings. Forest structure, as indicated by the relationship 
between forest coverage and other measures of forest distribution and abundance, differed across the 
United States. However, differences in forest structure were not obviously related to differences in the 
manner that parasitization and forest coverage covaried from east to west across the continent. Even 
given the variable patterns found, management for higher proportions of forest within IO-km radius 
areas should result in decreased rates of parasitization of host species; however, the impact of such a 
management strategy will vary across the continent. 
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Areas containing a greater proportion of forest 
have a lower abundance of Brown-headed Cow- 
birds (Molothrus ater) (Donovan et al. 1997, 
Donovan et al. in press, Tewksbury et al. 1998), 
and show a lower rate of parasitization of the 
nests of host species (Robinson et al. 1995b, 
Thompson et al. in press). The conclusion of this 
previous research is that larger proportions of 
forest, relative to all terrestrial habitats (the land- 
scape), will result in a lower impact of Brown- 
headed Cowbirds on their hosts. 

However, the majority of work relating forest 
coverage to rates of parasitization is from the 
eastern edge of the Great Plains (e.g., Robinson 
et al. 1995b, Donovan et al. 1997, Donovan et 
al. in press, Thompson et al. in press; but see 
Coker and Capen 1995, Tewksbury et al. 1998 
for exceptions). We might expect the relation- 
ship between forest coverage and parasitization 
to differ away from the Midwest for a number 
of reasons. Variation in cowbird abundance may 
not only affect absolute rates of parasitization 
(Thompson et al. in press), but also the pattern 

*Ordering of names of authors subsequent to T. E. 
Martin determined using a random number generator. 

of variation in parasitization rate with varying 
forest coverage. Cowbirds in different parts of 
the continent encounter communities of hosts 
with different lengths of exposure (e.g., May- 
field 1965) and responses (e.g., Briskie et al. 
1992) to parasitization, and host species with 
longer exposure to cowbirds may be resistant to 
parasitization regardless of the proportion of for- 
est in a landscape. 

Geographical variation in the relationship be- 
tween forest coverage and parasitization rate 
also may result because of geographical differ- 
ences in the pattern of forest in a landscape. 
Cowbirds may respond to the amount of edge 
(Gates and Gysel 1978, Brittingham and Temple 
1983, Thompson et al. in press), distance from 
foraging sites (Donovan et al. in press), or other 
features correlated with forest coverage. Within 
a region, the proportion of forest in a landscape 
may correlate well with measures such as the 
amount of edge (Robinson et al. 1995b). How- 
ever, land-use practices and topography vary 
across the continent, such that the relationship 
between forest coverage and features such as 
edge may vary across the continent. 

The relationship between cowbird parasitiza- 
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tion and forest coverage may vary as a function 
of the local area over which forests were mea- 
sured, in addition to varying among widely sep- 
arate regions of the continent. Research relating 
forest coverage to rates of cowbird parasitization 
initially examined effects of variation in the size 
of individual forest patches and distance from 
forest edges (e.g., Paton 1994) and only recent- 
ly has looked at local landscapes around indi- 
vidual forest patches (e.g. Robinson et al, 1995b, 
Donovan et al. in press, Tewksbury et al. 1998). 
Within these local areas, forest coverage varied 
in its power to predict parasitization, depending 
on the size of the area over which forest cov- 
erage was measured (Donovan et al. in press, 
Tewksbury et al. 1998). However, it is still not 
clear whether the range of areas measured (up 
to lo-km radius) encompass those that give the 
best predictions of the rate of parasitization. Lo- 
cal variation in forest coverage may only affect 
the movements of individual cowbirds (func- 
tional responses). Better predictions of the rate 
of cowbird parasitization may be provided by 
measuring forest coverage over larger areas than 
previously considered, if forest coverage over 
larger regions predict the abundance of cowbirds 
(a numeric response) and rates of parasitization 
are better predicted by cowbird abundance than 
the behavior of individual cowbirds. Knowledge 
of the most appropriate scale on which to man- 
age forest coverage is essential for informed de- 
cisions about land management. 

Differences in forest coverage may not predict 
the same change in the rate of parasitization de- 
pending on whether the sites being compared are 
widely separated. To date, studies have looked 
at variation in cowbird abundance or parasitiza- 
tion in relation to either local (e.g., Tewksbury 
et al. 1998) or regional (e.g., Robinson et al. 
1995b, Thompson et al. in press) variation in 
forest coverage, but not both simultaneously. It 
is still unclear whether parasitization rates vary 
with local differences in forest coverage in the 
same manner as they respond to differences in 
forest coverage among more widely spaced 
sites, because the proportion of forest in a local 
landscape may be highly correlated with the pro- 
portion of forest within a far wider region. 

This paper examines four questions: (1) does 
the relationship between forest coverage and 
other measures of landscape structure (e.g., 
amount of edge, size of forest patches) vary 
across the continent? (2) do changes in forest 
coverage over small distances predict the same 
variation in parasitization rates as changes in 
forest coverage among sites more widely sepa- 
rated? (3) does the relationship between forest 
coverage and cowbird parasitization vary with 
the size of the region over which forest coverage 

is measured? and (4) does the relationship be- 
tween forest coverage and parasitization differ 
among the eastern, central, and western United 
States? In conducting our analyses, we had no 
prior expectations of the patterns that would 
emerge. Our goal was to document patterns that 
could affect the way land managers use the pre- 
viously described pattern of lower cowbird par- 
asitization in areas containing a higher propor- 
tion of forested land. 

METHODS 

The data on parasitization rates of forest birds 
come from the Breeding Biology Research and 
Monitoring Database (BBIRD), with data from 
23,448 individual nests being represented in our 
analyses. BBIRD is a collaborative project in 
which researchers across the United States have 
monitored nests and recorded data following a 
standardized protocol (Martin et al. 1997). There 
were 26 study sites (Fig. 1) on which the nesting 
success of forest-nesting birds was monitored. 
Data from five sites were previously used in the 
analyses of Robinson et al. (1995b). Each study 
site included 2 to 31 separate study plots (me- 
dian = 9), with a total of 366 study plots in the 
data set. The spatial arrangement of study plots 
into local groups (termed “study sites”) allowed 
us to contrast the effects of local (within tens of 
kilometers), and large-scale (across hundreds of 
kilometers) variation in forest coverage. This 
comparison was made by examining the rela- 
tionship between forest coverage and the rate of 
parasitization both within study sites and among 
study sites. 

The data obtained from each study plot were 
the proportion of nests containing cowbird eggs 
or young; potential hosts were only included 
when at least one nest of a species was recorded 
as having been parasitized in our database. Pro- 
portions were calculated across all species of 
hosts combined. Roughly 75% of all variance in 
the rate of parasitization occurred among plots 
within individual study sites (calculated follow- 
ing Sokal and Rohlf [1981:216]; we excluded 
data from sites on which cowbirds were not 
present). Given the high proportion of variance 
in parasitization rate that occurred within indi- 
vidual sites, we treated each of the study plots 
as an independent data point; i.e., we treated the 
data from each study plot as independent esti- 
mates of the rate of parasitization within the area 
that encompassed the separate study plots that 
compose a site. 

The data on landscape structure came from an 
ARC/INFO GIS layer that was produced for the 
USDA Forest Service’s Forest and Rangeland 
Renewable Resources Planning Act (RPA) 1993 
Assessment Update (Anonymous no date). Data 
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FIGURE 1. Locations of study sites. Diamond-shaped points indicate sites designated as “eastern”, triangles 
as “Midwestern”, and squares as “western”. Each site plotted on this map is composed of several independent 
study plots. 

were derived from NOAA satellite images 
(AVHRR data), with the Forest Service project 
being completed at the end of 1992. The finest 
resolution of the GIS layer is a 1 km square that 
is classified as either water, non-forest, or forest; 
within forested areas the type of forest was spec- 
ified as one of 22 types (e.g., oak-hickory, pin- 
yon-juniper). The relatively coarse resolution of 
the GIS layer placed constraints on our use and 
interpretation of the data on forest coverage. 
Each one of the l-km squares could easily rep- 
resent multiple patches of forest, detail that 
would be lost from our analyses. Additionally, 
our circles were approximate, with edge pixels 
from the GIS layer being included within a “cir- 
cle” if >50% of that pixel was included within 
the circle. Because of the coarse resolution of 
the GIS layer, we used circles of lo-km radius 
(over 300 km*) as the minimum area in which 
forest coverage was measured. We made this de- 
cision in order to average measurement errors 
caused by individual pixels in the GIS layer con- 
taining fractions of both forested and non-for- 
ested land. However, in interpreting our results, 
we do not know what fraction of the unex- 
plained variance in parasitization rates was 
caused by variation in the spatial arrangement of 
forest at a resolution finer than was provided by 
our GIS layer. 

Statistics describing landscape structure were 
obtained using FRAGSTATS (McGarigal and 
Marks 1995). The areas in which landscape 
structure was described were circles of IO-km 
and 50-km radius surrounding each study plot. 
The lo-km radius, chosen to allow comparison 
with Robinson et al. (1995b), was based on ob- 
servations of distances that female cowbirds fly 
between feeding and nesting areas in the Mid- 
west (Thompson 1994). Although female cow- 
birds have also been found flying distances of 
under 10 km in California (Rothstein et al. 
1984), work in New Mexico (C. B. Goguen and 
D. R. Curson, unpubl. data) has found female 
cowbirds flying in excess of 10 km between for- 
aging and nesting sites. Thus landscape structure 
further than 10 km from study plots can poten- 
tially affect cowbirds’ presence and abundance. 
Fifty km was arbitrarily chosen to represent larg- 
er spatial scales. The circles of 50-km radius 
contain 25 times the surface area as the IO-km 
circles and roughly 9 times greater area than was 
used in any previous study examining effects of 
forest coverage on cowbird abundance (Dono- 
van et al. 1997). We did not use data from 50- 
km circles in comparisons of the rate of parasit- 
ization within study sites, because within indi- 
vidual study sites the study plots were often so 
closely spaced that 50-km forest coverage were 
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essentially identical among the plots within a 
single study site. In analyses examining pres- 
ence and absence of parasitization among study 
sites, forest coverage for each site was calculat- 
ed as the weighted average forest coverage 
around each study plot. Forest coverages were 
weighted by the proportion of a site’s potential 
hosts that were found on each plot. 

The proportion of a landscape in forest was 
used as the primary measure of landscape struc- 
ture in this paper following the conventions of 
previous studies (e.g., Robinson et al. 1995b). 
However, other metrics generated by FRAG- 
STATS were also collated for each study plot: 
size of largest patch (as a proportion of the land- 
scape), number of forest patches, mean size of 
forest patches, standard deviation in patch size, 
edge density (m/ha of edge), and the number of 
types of forest. Some of these metrics require 
further explanation because our FRAGSTATS 
calculations were done separately for each of the 
types of forest recognized in the original data 
set. As a result, we calculated edge density as 
the amount of non-forest edge, assuming that 
most non-forest edges were with forest. Addi- 
tionally, the largest patch of forest in a landscape 
may be contiguous with other areas of forest of 
a different type, and the number of patches may 
not represent the actual number of discrete units 
of forest because patches of one type of forest 
may be nested within another type of forest. 
Still, these metrics represent some aspects of the 
spatial complexity of a landscape. Mean and 
standard deviation of patch size were calculated 
by decomposing the mean and SD for each for- 
est type into sums and sums of squares and then 
calculating an overall mean and SD by combin- 
ing this information across forest types. 

Analyses relating parasitization rates to forest 
coverage were of two types: those examining 
whether variation in forest coverage affected 
whether any nests were parasitized, and those 
examining variation in the rate of parasitization 
given that at least some nests were parasitized. 
The former analyses concerned the presence or 
absence of parasitization, and we tested for pat- 
terns using logistic regression. For the latter 
analyses we used generalized linear models, and 
excluded sites on which no parasitization was 
found. Plots varied in the number of nests mon- 
itored, and thus the accuracy of our estimates of 
parasitization rates also varied. This varying ac- 
curacy was taken into account in our analyses 
by weighting each data point by USE of the es- 
timated rate of parasitization, which resulted in 
greater importance being placed on those data 
that were estimated with the greatest accuracy. 
In all analyses, continent-wide geographical 
variation in patterns were examined by dividing 

study sites into three regions (Fig. 1): west of 
the Great Plains, Midwest (eastern edge of the 
Great Plains), and east. Data were also divided 
into two categories, east or west of the Great 
Plains, to test if better predictions were made 
when two or three regions were used in analy- 
ses. 

Data from all sites were used simultaneously 
in analyses that tested for variation in parasit- 
ization rate within individual sites. To use data 
from all sites in a single analysis, we standard- 
ized forest coverages and rates of parasitization 
to have a mean value of zero within each group 
of study plots. This standardizing eliminated 
overall differences in forest coverage and rate of 
parasitization among these sites, and thus anal- 
yses of within-site variation exclusively examine 
variation relative to the average parasitization 
rate and forest coverage for a site. Forest cov- 
erages used in this analysis were within a lo- 
km radius of each study. 

All statistical analyses were conducted using 
SPSS 7 (SPSS 1996). We refer to results from 
statistical tests as being “statistically signifi- 
cant” when P 5 0.05. However, because statis- 
tical significance is not necessarily an indication 
of biological reality or importance (e.g., Thomas 
1997), we have also noted instances in which 
the results of statistical tests approached but did 
not meet the arbitrary criterion of P = 0.05. In 
these instances, we have presented confidence 
limits (e.g., Greenland 1988, Steidl et al 1997, 
Thomas 1997) around parameters estimated in 
the analyses as a more refined indication of the 
potential biological significance of results. 

RESULTS 

Our results are divided into three sections. 
First, we examined landscape structure to show 
that landscape structure differed across the con- 
tinent These differences could provide a biolog- 
ical explanation for differences in the relation- 
ship between forest coverage and rates of cow- 
bird parasitization across the continent. The sec- 
ond set of analyses examined whether variation 
in forest coverage was associated with the pres- 
ence or absence of cowbird parasitization in a 
study area. Finally, where cowbirds were pres- 
ent, we show how the rate at which nests were 
parasitized was associated with forest coverage. 
These last two sets of analyses tested for geo- 
graphical variation in parasitization rates, as well 
as for differences in the predicted effects of for- 
est coverage that resulted from varying the area 
over which forest coverage was measured. 

We examined the relationship between forest 
coverage and parasitization rates, both within lo- 
cal clusters of study plots and among widely 
separated study areas. The within-site analyses 
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FIGURE 2. Relationship of forest coverage mea- 
sured on different scales for the same study plots. Re- 
gression coefficients are given in Table 1. Regions not- 
ed in the legend correspond to those shown in Fig. 1. 

were used to determine whether parasitization 
varied with local variation in landscape struc- 
ture, whereas the among-site analyses show 
whether parasitization rates varied with differ- 
ences in average forest coverage among widely 
separated regions. 

RELATIONSHIPS AMONG FOREST METRICS 

Measuring forest coverage at one scale pre- 
dicts forest coverage at other scales, but the sta- 
tistical relationships differed among geographi- 
cal regions across the continent (Table 1). Low 
forest coverages, measured within IO-km radii 
of study plots, indicated even lower proportions 
of forest within 50 km in the Midwest than in 
either eastern or western landscapes (Fig. 2). 

The relationship between forest coverage and 
most of the other measures of landscape struc- 
ture that we compiled also differed across the 
United States. The only exception was mean size 
of forest patches; as the proportion of forest in 
the landscape increased, the mean size of forest 
patches increased consistently across the United 
States. Edge density was always highest at in- 
termediate levels of forest coverage, and for a 
given amount of forest cover the amount of edge 
was highest in eastern forests and lowest in 
western forests (Fig. 3). 

All other forest metrics varied linearly with 
increasing forest coverage, and the patterns were 
typically that landscapes with greater forest cov- 
erage also contained a larger number of forest 
types, larger size for the biggest forest patch, 
greater variation in patch size, and greater num- 
ber of forest patches (Table I). The one excep- 
tion was for numbers of forest patches; in east- 
em and western sites greater forest coverage 
meant a larger number of patches, but in the 
Midwest greater forest coverage meant fewer 
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FIGURE 3. Relationship between forest coverage 
and edge density in different regions. Regions noted 
in the legend correspond to those shown in Fig. 1. 

patches. This relationship at least partially re- 
sulted from different types of forest being treat- 
ed as separate patches, in combination with the 
number of forest types remaining relatively un- 
changed with increased forest coverage in the 
Midwest (Table 1). 

FOREST COVERAGE AND PRESENCE OF 
COWBIRD PARASITIZATION 

We found no indication that local variation in 
forest coverage affected the presence or absence 
of cowbird parasitization on a given study plot. 
Twelve of 26 sites had plots both with and with- 
out detected cowbird parasitization. For each of 
these 12 sites, we determined whether increased 
forest coverage (measured within a lo-km radius 
of each study plot) resulted in a change in the 
probability of finding cowbird eggs or nestlings. 
No single regression was statistically significant 
(range P = 0.11 to P = 0.99), which may reflect 
the low statistical power resulting from the small 
number (N = 5-31) of data points in each anal- 
ysis. 

Further, we also found no indication of an ef- 
fect even when results from individual analyses 
were combined in a meta-analysis. The meta- 
analysis used the regression coefficients from 
the individual logistic regressions as data points. 
Each regression coefficient was weighted by l/ 

SE of the coefficient, meaning that the coeffi- 
cients that were estimated more precisely were 
given greater importance in the analysis. These 
weighted regression coefficients were used in a 
l-sample t-test to determine if on average great- 
er forest coverage lead to a greater or lower 
probability of detection of parasitization on 
study plots. The results of the meta-analysis 
were not significant (P = 0.64, df = 11, weight- 
ed mean regression coefficient = -0.0121 + 
0.025 SE), again indicating that when cowbirds 
were present in a region (i.e., at least one nest 
was parasitized on a study plot within a site) 
they did not avoid parasitizing nests on specific 
study plots in relation to local variation in forest 
coverage. 

Sites with greater forest coverage tended to 
have a lower chance of cowbird parasitization, 
although the pattern only approached statistical 
significance (Table 2). For this analysis each of 
the separate study sites was treated as a single 
data point. The probability of detecting cowbird 
parasitization was not significantly affected by 
forest coverage on either scale of measurement 
(lo-km or 50-km radii; Table 2). However, con- 
fidence limits around the regression coefficients 
showed a 95.3% probability that increased forest 
coverage within 10 km of study plots resulted in 
a decreased likelihood of cowbird parasitization 
at that site. Confidence limits also indicated a 
92.7% probability that sites east of the Great 
Plains were less likely to have any cowbird par- 
asitization. 

FOREST COVERAGE AND THE RATE 
OF PARASITIZATION 

Although we found some evidence that forest 
coverage affected the presence or absence of 
cowbird parasitization (above), we found more 
consistent evidence that the proportion of nests 
that were parasitized was related to forest cov- 
erage. Hosts were parasitized at lower rates 
when there was greater forest coverage, in com- 
parisons both among study plots within the same 
study site and among widely separate study 
sites. 

We examined the effects of local variation in 
forest coverage on the rate of brood parasitiza- 

TABLE 2. VARIATION IN FOREST COVERAGE, AND PRESENCE OR ABSENCE OF COWBIRD PARASITIZATION. RESULTS 
ARE FROM LOGISTIC REGRESSIONS 

% Forest Region’ 

Scale, forest coverage P Sh P P SE P 

IO-km radius -0.055 0.033 0.09 1.55 1.07 0.15 
50-km radius -0.0088 0.019 0.64 1.33 0.93 0.64 

a Denotss whether slks wrre east or west of the Great Plains; results were similarly non-significant when data were divided into east, Midwest, and 
west. Regression corfficient is for data east of Great Plains; regression coefficient for west of Great Plains IS zero. 
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TABLE 3. VARIATION IN FOREST COVERAGE AND THE PROPORTION OF NESTS PARASITIZED. RESULTS ARE FROM 
GENERALIZED LINEAR MODELS 

5% Forest RlZgHXl Interaction’ 

Test P \, P P SI. P P SE P R2 

Within Site -0.00099 0.0003 <O.OOl -0.01 la 0.013 0.7 1 0.08 

(10 km) -0.004b 0.010 

Among Site -0.00054 0.0003 0.001 0.23Y 0.070 0.003 -0.0020a 0.001 0.031 0.13 

(10 km) -0.004b 0.038 0.0004b 0.001 

Among Site 0.0014 0.0005 0.082 0.317a 0.079 <O.OOl -0.0046a 0.001 <O.OOl 0.16 

(50 km) 0. 103b 0.036 -0.0019b 0.0007 

a Regression coefficients for eastern sttes (see Fig. I). 
h Regression coefficients for s~tcc from the Midwest. Coefficients for western sites were set to zero in the analysis. 
c Statistical interaction between I Forest and Region. 

tion by comparing forest coverage and the rate 
of parasitization among study plots within the 
same study site. A 10% increase in forest cov- 
erage was predicted to result in a roughly 1% 
decrease in the proportion of nests that were par- 
asitized (Table 3). This effect did not vary across 
the continent, either when sites were divided as 
east or west of the Great Plains, or east, Mid- 
west, and west. We added forest coverage as a 
quadratic term to the statistical model to test for 
non-linear relationships between forest coverage 
and parasitization rate. No quadratic effect ap- 
proached statistical significance, and we con- 
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FIGURE 4. Variation in the rate of parasitization of 
nests as a function of forest coverage. Different point 
and line styles correspond to the legends in Figs. 2, 3. 

elude that non-linearity in the relationship was 
minimal. 

Both forest coverage and geographical loca- 
tion affected the rate of parasitization in com- 
parisons among widely separate regions; addi- 
tionally, the effect of forest coverage varied with 
the scale at which forest coverage was measured 
(Table 3). The typical pattern was as expected: 
the rate of parasitization was lower with in- 
creased forest coverage. However, an increase in 
parasitization with increased forest coverage was 
found from sites west of the Great Plains, but 
only when forest coverages were measured with- 
in 50-km radii of study plots (Table 3, Fig. 4). 
Confidence intervals around this regression co- 
efficient indicate that there was only a 0.4% 
chance that the true pattern was for parasitiza- 
tion to be lower in areas of higher forest cov- 
erage. Regression models better fit the data 
when study sites were divided into 3 regions 
than when only categorized as being either east 
or west of the Great Plains. When forest cov- 
erage was added as a quadratic term to the mod- 
els, the goodness of fit of regressions was iden- 
tical or improved over the relationships given in 
Table 3. However, the qualitative patterns shown 
in Fig. 4 remained unchanged. 

The magnitude of the effect of forest coverage 
on parasitization rate (i.e., slope of the regres- 
sion) was greater when differences in forest cov- 
erage were measured among widely separated 
sites; however, this result was not robust. Within 
a given geographical region, the slopes of the 
within- and among-site regressions were within 
2 SE (a roughly 95% confidence interval) of each 
other, with confidence intervals calculated as- 
suming that the main and interaction effects in 
the among-site analyses were independent. To 
further test for differences within and among 
sites, we calculated separate regressions for each 
geographic region, both within and among sites; 
in this case, regression coefficients within a re- 
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gion all overlapped in confidence limits of 1 SE 

(roughly 68% confidence limits). 

DISCUSSION 

Generally, we found that rates of parasitiza- 
tion were lower in areas of greater forest cov- 
erage (Fig. 4), as previously described (Robin- 
son et al. 1995b, Donovan et al. in press, Tewks- 
bury et al. 1998). This pattern was perhaps min- 
imally due to increased forest coverage tending 
to result in a lower probability of any cowbird 
parasitization (Table 2). However, the clearer ef- 
fect was a statistically significant decrease in the 
proportion of nests parasitized with increasing 
forest coverage (Table 3, Fig. 4). The relation- 
ship between greater forest coverage and lower 
rates of parasitization held regardless of whether 
we examined variation in forest coverage among 
plots within a local area or among widely sep- 
arated study sites (Table 3). The presence of a 
relationship between forest coverage and para- 
sitization rate, even within single study sites, 
suggests that behavioral decisions of individual 
cowbirds were at least partially responsible for 
the larger-scale variation in parasitization rate 
previously found (e.g., Robinson et al. 1995b). 

However, the generalization that lower rates 
of parasitization are associated with a greater 
proportion of forest is not universal; greater rates 
of parasitization were found in areas of greater 
forest coverage in sites west of the Great Plains 
(Fig. 4, bottom panel) when forest coverage was 
measured within a 50-km radius of study plots. 
We suspect that traits other than landscape struc- 
ture, such as human land-use practices (e.g., 
Tewksbury et al. 1998) may be responsible for 
our findings (Fig. 4, bottom panel). This result 
was not an artifact of a narrower range of forest 
coverages from the western sites (Fig. 4), nor 
did data from a single site create the pattern. 
Although landscape structure varied with 
changes in forest coverage across the continent 
(Table 1; Figs. 2, 3), we found no traits for 
which western forests differed qualitatively from 
both eastern and mid-western forests. Hence, we 
do not think that our results (Fig. 4) were due 
to differences in landscape structure east and 
west of the Great Plains. Neither are we aware 
of any substantial differences in the behavior 
and habitat requirements among the races of 
Brown-headed Cowbird (Lowther 1993). We 
also do not think that our results (Fig. 4) were 
an artifact of combining data from all host spe- 
cies into a single measure of parasitization, be- 
cause an artifact of differing species composi- 
tion would be manifested at both scales of mea- 
surement of forest coverage (top and bottom 
panels of Fig. 4). Finally, although cowbird 
abundance declined westward, away from the 

center of the cowbird’s range (Thompson et al. 
in press), the lower abundance of cowbirds in 
the west should simply lower the rate of para- 
sitization but not cause a completely opposite 
response of parasitization rate to variation in for- 
est coverage. 

Our results indicate that the predicted rate of 
parasitization can be affected by the area over 
which forest coverage is measured (Table 3; Fig. 
4, compare top and bottom panels). Previous 
work (Donovan et al. in press, Tewksbury et al. 
1998) has shown that some scales of measuring 
forest coverage provide better predictions of the 
rate of parasitization than other scales. Our re- 
sults indicate that not only the goodness of fit 
(measured as a correlation), but the actual pre- 
dicted rates of parasitization (regression inter- 
cept and slope) were dependent on the scale at 
which forest coverage was measured (Table 3). 
However, we were not able to estimate the ef- 
fects of variation in forest coverage on parasit- 
ization with great accuracy. The 95% confidence 
limits around the effect of forest coverage (lo- 
km radius) in the eastern U.S. (Table 3) showed 
that the estimated effect could be somewhere 
within a 35-fold range of values! If this variation 
is due to insufficient sampling, the variation is 
probably sufficiently large to make the current 
estimates unsuitable for attempts to model (i.e., 
Hilbom and Mange1 1997, Starfield 1997) the 
demographic consequences to host species of 
modifying forest coverage. If the variation is bi- 
ologically real, then our results indicate that re- 
lying on measurement of forest coverage to ac- 
curately predict rates of parasitization is proba- 
bly not a fruitful endeavor. 

The low accuracy of estimates is an indication 
that forest coverage explains only a small frac- 
tion of variation in the rate of parasitization (Ta- 
ble 3). As noted above, roughly 75% of all vari- 
ance in the rate of parasitization was within local 
clusters of study plots, even though less than 
23% of all variance in forest coverage was found 
among study plots within these same local clus- 
ters. While some of the within-site variance in 
the rate of parasitization was due to sampling 
error, variation in species composition of hosts 
among plots, and other random effects, we feel 
that the importance of non-forest landscape fea- 
tures (e.g., Tewksbury et al. 1998) should not be 
underestimated. One known reason is the need 
by female cowbirds to have both feeding sites 
and breeding areas in close proximity (Rothstein 
et al 1984, Thompson 1994, Donovan et al. in 
press), and feeding sites are often human-related 
features of landscapes (Vemer and Ritter 1983, 
Airola 1986). 

The one consistent finding of this study was 
that lower rates of parasitization of host species 
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occurred with greater forest coverage within 10 
km of a location, a result that held in spite of 
the different communities of hosts and their his- 
tories of exposure to cowbirds (Mayfield 1965) 
from east to west across the continent. This con- 
sistent result suggests that management for 
greater forest coverage even over relatively 
small spatial extents can decrease rates of brood 
parasitization. However, managers should real- 
ize that variation in forest coverage may show 
qualitatively different relationships with the rate 
of parasitization across the continent (Table 3, 
Fig. 4). The most extreme case was the sites 
from west of the Great Plains (Fig. 4), but we 
feel that data from additional sites are needed to 
substantiate the relationship between larger scale 
(50~km radius) forest coverage and rates of par- 
asitization that we have found. 

Nevertheless, it is clear that patterns found in 
one part of the continent should not be blindly 
extrapolated to other regions. Managers should 
also be aware that non-forest features such as 
feeding sites can play an important role in de- 
termining the rate of parasitization by cowbirds 
in a region (e.g., Airola 1986, Tewksbury et al. 
1998, Thompson et al. in press). The effects of 
non-forest features should be carefully examined 

if demographic modeling is to be a useful part 
of a research and management strategy (e.g., 
Starfield 1997), because the effects of forest 
coverage alone on rates of parasitization are 
variable enough that accurate predictions of par- 
asitization rate were not possible, even with a 
data set as large as was available for this study. 
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