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_ " Abstract
•____ .Size of a forest patch is a useful predictor of density and reproductive success of Neotropical migratory birds

_ --,_"_:_ in much of eastern North America. Within these forested landscapes, large forest tracts appear to be sources

- fra__mentsin which surpluses of offsprin,zare produced and can potentiallv colonize new fra_,zmentsincludin__
,.d

_ _ woodlot sinks where reproduction fails.to balance adult mortality. Within agricultural landscapes of the midwestem
' U.S., where forests are severely fragmented, high levels of brood parasitism by brown-headed cowbirds (Molothrus

ater) and intense predation on nests generally result in low reproductive success for Neotropical mi_ants regard-
less of forest size. In some midwestern U.S. landscapes, however, the variation in reproductive success among

: forest fragments suggests that 'source" habitat could still exist for Neotropical migrants. We used vegetation,
fragment and landscape metrics to develop multivariate models that attempt to explain the variation in abundance
and reproductive success of Neotropical migrants nesting in an agi'icultural landscape in northern Indiana, USA.
We produced models that reasonably described the pattern of species richness of Neotropical migrants and the

• abundance of wood thrushes (Hylocichla mustelina) and several other Neotropical migrant species within 14 forest
fragments. In contrast, we were unable to produce useful models of the reproductive success of wood thrushes
breeding in the same forest fragments. Our results suggest that (l) abundance patterns of Neotropical mi_ants
are probably influenced by both landscape- and fragment-scale factors: (2) multivariate analyses of Neotropical
migrant abundance are not useful in modeling the corresponding patterns of reproductive success: and (3) the

• location of any remaining 'source' habitat for Neotropical migrants breeding within agricultural landscapes in. . .

North America will be difficult to predict with indirect measures such as vegetation composition or landscape
context. As a result, the potential for developing conservation strategies for Neotropical migrants will be limited
without labor-intensive, direct measurements of demographic parameters.

.

' Introduction continuous forests within the same geographical re-
gion (e.g., the midwestern U.S.; Donovan et al. 1995)

• Growing evidence implicates habitat fragmentation as or landscape (e.g., a county; Porneluzi et al. 1993:
•a major factor contributing to population declines of Hoover et al. 1995). Lower reproductive success in
several Neotropica[ migratory birds breeding in North forest fragments (often 0-0.6 fledglings per nesting at-
American forests (reviewed in Askins et al. 1990; tempt vs. 1-2 fledglings in continuous forests)occurs
Faabo_ et al. 1995). For example, lower reproductive primarily because of high levels of brood parasitism
success has been observed in fragmented compared to by brown-headed cowbirds (Molothnts ater) and fre-
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quent nest losses due to predhtors such as blue jays " Recent quantification of the spatial patterns of

(Cyanocitta cristata), raccoons (Procyon Iotor). and habitats using Geographic Information Systems te.g..
opossums (Didelphis marsupial(s: e.g.. Brittingham O'Neill et al. 1988: Turner et al. 1991- Gustafson
and Temple 1983). High densities of cowbirds and 1998) has made it easier to investi_,ate the effects

predators occur in forest fragments because of their of landscape context on distributions, breeding den-
low ratios of forest-interior to forest-edge habitat fa- sity. and reproductive success of bird populations. For
vored by these species (e.g.. Bdttingham and Temple example. Gustafson et al. (1994) found that proxim-
1983. Paton 1994). ity index, a measure of habitat patch clustering, was

Reproductive success of many Neotropical mi- effective in classifying the suitability, of habitat for
grants in landscapes with fragmented forests is cons(s- wild turkey (Meleagris gallopavo) in the midwestem
tent with source-sink d_[namics: some forest patches U.S. Flather and Sauer (1996) found that Neotropical

• sul_port siable populations (sources). whereas other migrants were sensitive to regional habitat structure.
patches (sinks) contain populations that are not self- and stressed the importance of landscape attributes
maintaining in the absence of immigration from other in designing conse_'ation strategies for this group of
forested tracts (Pull(am 1988). In eastern North Amer- birds.

, (ca.. large forest patches appear to be source habitat. In this paper we attempt to model source habitat
- whereas small woodlots are typically categorized as for wood thrushes (Hylocichla mustelina)_ a common.

• .

sinks for Neotropical migrants (e.g.. Pomeluzt et al. but declining Neotropical migrant in .the midwestem
I993" Hoover et al. 1995. but see Roth and Johnson U.S. (Sauer et al. 1997). using landscape and vegeta-
l 993: Gale et al. 1997). As a result, forest size is gen- (ion metrics derived from GIS and traditional sampling
erally a good predictor of the reproductive success of methods. Our goal was to explore possible associa-
Neotropical migrants in eastern North America (e.g.. (ions of bird abundances and reproductive success with

Hoover et al. 1995). In contrast, forest size does not attributes of the study sites including their spatial po-
predict reproductive success in the midwestem U.S. sition in the landscape. In particular, we attempted

• (e.g.. Fauth 2000). to identify useful predictors of reproductive success
Robinson et al. (1995) found that reproductive that would allow wildlife managers to readily screen

success of Neotropical migrants in the midwestem agricultural landscapes for potential source habitat and
U.S. can be predicted by at least one landscape- implement appropriate conservation efforts for wood
scale variable: percent forest cover within a l0 km thrushes and possibly other Neotropical migrants.
radius of study sites was negatively related to cow-
bird parasitism and predation rates for several forest-
breeding Neotropical migrants. Although conserva- _Iethods
tion strategies for Neotropical migrants in the mid-
western U.S. may be most effective at broad scales Study sites

li.e. regions within states), the restoration of large We established 15 study sites in 14 different for-
blocks of forested land in a__ricultural landscapes is" est fragments ranging from 7 ha to nearly 500 ha
often impractical. Moreover. in some midwestem U.S. in the Indian-Pine Watershed. Tippecanoe and War-
landscapes, reproductive success of Neotropical mi- ren Counties. Indiana. U.S.A. (Fig. 1). Within the
grants varies among individual forest patches (Trine 58,000-ha watershed, forests of various sizes remain

1998: Fauth 2000). In northern Indiana. for example, along drainages embedded in predominately agricul-
some forest fragments appear to support populations rural matrices. Overall. less than 9% of the watershed

of Neotropical migrants that produce enough offspring is forested and 60% is planted in agricultural crops "
tO act as potential sources, although the landscape as (primarily soybean and corn: Fig. l).

' a whole appears to be part of a regional, midwestem

U.S. sink (Fauth 2000). The ability to identify remain- Dependent variables
ing "sources" in midwestem U.S. is the first step in

conserving Neotropical migrants and reducing the im- We modeled species richness of Neotropical migrants.
pact Of these agricultural landscapes as sinks draining the abundance of female brown-headed cowbirds, the

individuals from the regional population (Robinson abundance of all potential hosts to cowbirds, the abun-
et al. 1995: Brawn and Robinson 1996). dance of individual Neotropical migrant species, and

the reproductive success of wood thrushes (Table 1).
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Figure I. Landcover maps showing forested habitats of Indiana, and in more detail, the Indian-Pine Watershed in northern Indiana. The
Indian-Pine Watershed map was derived from satellite imagery collected in April 1986. Regions depicted in black are forested (approximately

9% of the area). Non-forest vegetation (depicted in gray) includes winter wheat, golf courses, fallow fields_and urban areas. Wood Thrushes
were studied in the 15 study sites labeled on the map. The watershed comprises about 58,000 ha.

We derived all measures of abundance from the mean We distinguished between male and female cow-

number of individuals detected during 6-min, 70-m ra- birds using 'rattle' calls (Rothstein et al. 1988), and
dius point-count surveys (Hutto et al. 1986)conducted used the mean number of female cowbirds detected
on fair-weather days from 05:30-09:30 in late-May per point count as our measure of cowbird abundance.
through mid-June 1994 and 1995. Point-count sur- Cowbird hosts included all species known to accept

• veys are standardized sampling techniques commonly cowbird eggs in Illinois (Robinson 1993), including
used by researchers and wildlife managers to establish 73% of the Neotropical migrants breeding in northern
indices of bird abundance assuming equal detectabil- Indiana. We estimated reproductive success of wood
ity of birds among forest fragments. We established thrushes in two ways" (1) the probability of raising
the maximum number of points within each fragment at least one wood thrush fledgling per nesting attempt
.(range 4-8 points), such that survey points were ap- (Mayfield 1975), and (2) the mean number of wood
proximately 150 m apart and at least 70 m from the thrush fledglings produced per nesting attempt (Fauth

' nearest forest edge. We used this regular placement 2000).

-of survey points so that there was no overlap be-
' tween points, and the area sampled by our surveys Independent variables

was completely within forested habitat. We surveyed
We sampled vegetation within each fragment usingeach point three times during the breeding season, a
methods modified from James and Shugart (1970).seasonal effort that might be used by wildlife man-

' .agers. We sampled six fragments in both 1994 and This sampling protocol is widely used by avian ecol-
1995, and used two-year means for these sites. We ogists and wildlife managers to provide easily quan-

.sampled the remaining sites in either 1994 or 1995 be- tifiable estimates of vegetation metrics important to
•cause of logistical constraints. We defined Neotropical breeding birds. We used an area-dependent number
migrants as species that breed in North America and of 10-m radius sampling points (,at and between each

• migrate to the Caribbean, Mexico and southward for point-count survey) at the study sites (range 8-17
winter (as in DeGraaf and Rappole 1995). We mod- points). Vegetation metrics are described in Table 2.
eled the abundance of four such species parasitized by We derived landcover data for the Indian-Pine
Cowbirds: wood thrushes, indigo buDtings (Passerina Watershed from a Landsat Thematic Mapper (TM)
cyanea), acadian flyCatchers (Empidonax virescens), image (pixel width = 30 m) collected on April 12,

and red-eyed vireos (Vireo olivaceus). 1986 using PC-ERDAS image-processing software
. (see Gustafsonet al. 1994).Weusedsupervisedand

..... --
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Table 1. Descriptions of the dependent variables used to model bird abundance and reproductive success of wood thrushes in a northern
Indiana landscape.

Dependent variable Description
..

Avian community a

Neotropjcal migrant richness b Total number of Neotropical migrant species (species richness) detected at each site.

Abundance of cowbird hosts Mean number of detections per point count of all species that are parasitized by brown-
headed cowbirds.

•Abundance of cowbirds Mean number of detections per point count of female cowbirds.

Abundance of indigo buntings, red-eyed Mean number of detections of each species per point count.
vireos, and acadian flycatchers

Wffod thrushes c
J

Abundance of wood thrushes Mean number of wood thrushes detected per point count.

Nesting success of wood thrushes Probability that a nesting attempt results in the production of at least one wood thrush
fledgling. Based on Mayfield (1975).

Number of.wood thrush fledglings Mean number of wood thrush fledglings produced per nesting attempt.

.- a Based on 6-minute, 70 m-radius point-count surveys. Details in text and in Fauth (2000).
b A list of Neotropical migrant species recorded during point counts is in Fauth (1997).
c Details in Fauth (2000).

unsupervised classification techniques (Lillesand and fragment and landscape metrics, but instead selected

' Kieffer 1987) to assign the raster data to 5 classes" measurements that are often used by, or could be
Water, urban, forest, bare soil (mainly soybean and easily collected by wildlife managers and researchers
corn fields), and non-forest vegetation (consisting of interested in assessing the source-sink status of forest
shrubs, fallow fields, lawns, winter wheat, and scat- fragments (reviewed in Freemark et al. 1995). We used

tered trees or shrubs). We assessed the accuracy of a scale in which to calculate landscape structure based
classification by comparing randomly selected points on the extent of our northern-Indiana landscape. For

• (1.03% of all points) on the classification map to example, we couldnot use the 10-kmradius plots em-
" 1:40,000 color-infrared aerial photos. The accuracy ployed by Robinson et al. (1995) because nearly all

determined by this comparison was as follows: water- the sites would have the same values for the landscape
100.0%, urban-45.9%, forest-94.4%, bare soil-98.2%, metrics.

and non-forest vegetation-95.7%; an overall accuracy

•of 95.3%. Although our accuracy in classifying ur- Statistical analyses
ban landcover could be improved, its influence on
our results is minimal because only 5% of the land- We entered all independent variables (Table 2) into a

• , scape contained components of the built environment, stepwise regression analysis (SAS Institute 1995) to

We classified forest patches as clusters of vertically derive multivariate models that explained the variation
or horizontally adjacent pixels (but not diagonally) as observed in each of the dependent variables (Table 1).
in other studies (e.g., Gardner et al. 1987" Gustafson We used logl0 and arcsin transformations as necessary

. et al'. 1994), producing 3688 forest patches in the land- so each variable met the assumptions of linear regres-
scape. To reduce computation time, we eliminated all sion (Sokal and Rohlf 1981). The stepwise regression
forest fragments < 0.45 ha (5 pixels) from the classi- procedure is a modification of the forward-selection
fication map before calculating the landscape metrics, technique in that a variable added to the model in one
This 'sieve' process served to eliminate the smallest step may be removed if it does not produce a signif-

• fragments that were not used by wood thrushes (Fauth, icant F statistic in a later step. We used P = 0.15
unpubl, data) and reduced the number of fragments to as the significance level for entry into the model and
869, but did not affect the representation of openings P -- 0.10 for retention, because we wanted to
within forest fragments. We used HISA (Gustafson screen, but not eliminate the independent variables
and Parker 1994) and FRAGsTATS (McGarigal and that explained some of the variation in the dependent
Marks 1995) to measure the forest fragment and land- variables and could be used as predictors in other mid-
scape metrics listed in Table 2. We did not examine all western U.S. landscapes. We did not include P-values

_ _ m
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Table 2. Descriptions of the independent variables used to model bird abundance and reproductive success of wood thrushes ira a northern

Indiana landscape.

Independent variable Description

Vegetation a

Tree density Mean number of trees per I0 m2 (> 10 cm in diameter at 1.5 m from the grbund).

Tree basal area Mean basal area of trees at 1.5 m above ground (m2/ha).

Forest heterogeneity Standard error of the mean tree density. Used as an index of the uniformity of the tree
- distribution.

Subcanopy/canopy cover Mean proportion of transects covered by vegetation. Based on 20 point surveys taken
, perpendicular to and at 1.5 m above ground along a randomly selected 20 m transect

within each sampling point (James and Shugan 1970).

Ground cover Mean proportion of transects covered with herbaceous vegetation. Based on 20 point
. surveys taken at a randomly selected 20 m transect on the ground within each sampling

' point (James and Shugart 1970).

Shrub/sapling density Mean number of shrub and sapling stems per 10 m2 (< 10 cm in diameter.at 1.5 m above
• ",,zround).

• Proportion of oak/hickory Proportion of the trees sampled that.were oak (Quercus) or hickory (Cao'a). Used as a
. ' crude index of soil moisture in the forest: soil moisture tends to be lower in fragments

. containing high proportions of'oak and hickory in this landscape.

Fragment b

• Area • Area (ha) of horizontally or vertically (not diagonally) connected pixels (30 m 2)
representing a forest fragment.

Core area x Area (ha) within a fragment greater than x from the boundary between the fragment under

investigation and another landcover class, where x is either 60 m or 120 m (i.e.. two
. separate measures). These measures are within the distance class with the highest level of

parasitism by cowbirds reported by Temple and Cary (1988).

Proportion of Core x Proportion of the fragment area considered as core area within the same x distances as
above.

Perimeter Total distance (m) measured along the outer-most pixels of a forest fragment.

Shape index A measure of patch shape irregularity based on a square as a reference shape. Shape index
= (0.25 * perimeter)/_/are_i.

• Edge density The ratio of perimeter to area of a forest fragment (m/ha).

- Landscape metrics b

Proportion of forest within x km Proportion of area within x radius of the fragment under investigation that is covered by
forest, where x is either 0.9 and 3 km (i.e. two separate measures). These distances were
selected among several possibilities because they were most strongly correlated with tl_e

. dependent variables of interest and within the scale of our study. •

Proportion of nonforest vegetation within x Proportion of area within x radius of the fragment under investigation that is covered I>y
. km lawns, winter wheat, fallow fields, shrubs, or scattered trees using the same distances as

" above.

Proximity index within x krn An index to distinguish isolated fragments from those in a complex of patches: Px =
4

area/ where area/ -- the area of fragment i distance/ -- the distance betweendistancei"
i=l
the fragment under investigation and fragment i, and x = the number of patches whose

edges are within 0.9 or 3 km radius of the fragment under investigation. Small, isolated
. patches have low and large complexes of patches have high proximity values (Gustafson

and Parker 1994).

Number of near neighbors Number of fragments within 0.9 km of the fragment of interest.

aModified from James and Shugart (1970). The number of sampling points was area-dependent and ranged from 8-17. Each sampling point
was a 10 m-radius circular plot.

bCalculated using HISA (Gustafson and Parker 1994) and FRAGSTATS software (McGarigal and Marks 1995).
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" (a). Neotropicalmigrantspec'_esrichness of multiple variables at multiple spatial scales, and ex-
" 18"

- • plained> 53% of the variancein abundanceof each
g _ n6-- _ species (Table 3). The total abundance of cowbird

_ • hosts was modeled by the proportion of the fragment
z _ n.- _ • more than 60 m from a forest edge. edge density--- n0 •
.- _ (ratioof perimeterto area of the fragment),and the
t._ gg

• _- s o proportion of forest cover within 0.9 km of the fra,z-,_
• _ 6 • ments (Table 3). Combined these variables accounted

z 4 ..... for 68% of the variation in cowbird-host abundance.
0 100 ,_00 300 400 .,00 The abundance of female cowbirds was modeled with

. Forest fragment area (ha) a single variable: proportion of forest within 0.9 km
of the study sites (Table 3). Nonetheless. this model

(b). Reproductive succesgofwoodthrushes explained less than 40% of the variation in cowbird
!.4 abundanceat thestudy sites. Weproduceda modelthat

. --- n._, • accounted for much of the variation in the abundance
' r, of wood thrushes based on vegetation and fragment

• • metrics (R z$ _ • = 0.89, Table 3). In contrast, fragment
• :_ 0.s • • " o size was not a useful predictor of the reproductive

,7.2. 0.6 • success of wood thrushes (R 2 < 0.07. P > 0.38,
• . • •

'-_, 0.4 • • Figure 2b). In fact, the model that best explained the
• ° variation in the reproductive success of wood thrushes

0.2 • " , ' • ' ,

0 •n00 200 300 400 5oo (R 2 < 0.30) would not be useful to wildlife man-

Forest fragment area (ha) agers trying to predict potential source habitat in this

Figure 2. (a) Positive relationship betv,een forest fragment area and landscape.
.- the species richness of Neotropical migratory birds detected dur-

in.a point counts in northern Indiana. and (b) lack of a relationship

between forest area and reproductive success of wood thrushes men- Discussion
sured as number of fledglings produced per nesting attempt. Details
about wood thrushes .breeding in the Indian-Pine Watershed are
found in Fauth (2000). Our ability to model the patterns of Neotropical mi-

grant abundance and reproductive success required
that the scale of the dependent variables matched the

with our model results as we consider these analyses scale of our fragment and landscape metrics (Wiens
" as exploratory rather than inferential (see James and 1994; Freemark et al. 1995; Gustafson 1998). Habitat

McCulloch 1990). selection by breeding Neotropical migrants involves a
series of choices at hierarchical levels: territory, frag-

ment, landscape and region (Wiens et al. 1987; Steele
Results 1992; Probst and Weinrich 1993; Freemark et al.

' 1995).Populationdynamicswithinlandscapescon-
The stepwise regression models constructed for each taining fragmented forests could also influence habitat

• , of the dependent variables are described in Table 3. selection because of interspecific competition for pre-
Model parameters included a small subset of the veg- ferred habitat (Layton and Thompson 1986, Probst
etation, fragment and landscape metrics entered into and Hayes 1987, Hill 1988). altered dispersal patterns
the stepwise regression analyses, and about half of the (Villard et al. 1995), conspecific attraction (Smith and

' models consisted of a single variable. Landscape met- Peacock 1990). or differential mortality rates among
tics most frequently incorporated into the models were habitat patches (Gibbs and Faaborg 1990). Neotropi-

• measures of landcover composition within 0.9 km of cal migrant populations in the midwestern U.S. show

the fragments (Table 3). population dynamics consistent with the source-sink
The species 'richness of Neotropical migrants model of Pulliam (1988) at the level of a landscape

• within the study sites was positively related to frag- (Villard et al. 1995)or within a larger geographic re-

ment area (Table 3, Figure 2a). Models for the abun- gion (e.g., midwestern U.S.; Robinson et al. 1995"
dance of each Neotropical migrant species consisted Brawn and Robinson 1996; Trine 1998). Until the
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. Table 3. Results of the stepwise regression procedures for predicting avian abundance and reproductive success of
. wood thrushes in 14 forest patches in a northern Indiana landscape. Variables required P < 0. I0 to be retained in the ..

model.

Dependent variable Intercept Model parameters Estimate a Adj. Model
R" R 2

Avian community

• Neotropical migrant species richness .--...-.'"__' Area --4.26 0.62 0.62

Abundance of cowbird hosts --23.4 Proportion core 60 m -8.49 0.33 0.68

Edge Density - 7.41 0.23

Proportion forest 0.9 km .--1.20 0.1 i

• . _ Abundance of female cowbirds -+-0.05 Proportion forest 0.9 km --0.59 0.38 0.38

Abundance of indigo -- 1.31 Proportion forest 0.9 km - 1.20 0.59 0.9z

_ buntings ' Proximity index 0.9 km -0.12 0.12

Proportion oak/hickory -0.67 0.19

" Proportion ground cover -0.43 0.04

Abundance of red-eyed +0.73 Proportion nonforest 0.9 km + 1.35 0.28 0.53

" vireos • Shrub/sapling density -0.09 0.25

• Abundance of acadian -0.34 Density of trees +0.19 0.62 0.75

. flycatchers Proportion of forest: 0.9 km +4.52 0. !3
+

Wood thrushes

Abuntlance of wood +8.44 Shrub/sapling stems +0.09 0.55 0.89

thrushes Proportion core 60 m -3.65 0.20

Edge Density - 3.20 0.14

- Wood thrush nesting success -0.02 Tree density +0.70 0.30 0.30

Number of wood thrush + 1. !7 Shrub/sapling stems -0.07 0.26 0.26

fledglings per attempt

•aThe sign.of estimates in models with > 2 independent variables may not be the same as that of the correlation between

the dependent and independent variables due to correlations among independent variables ISokal and Rohlf 1981n

• dispersal behavior of adults and juveniles is better un- Donovan et al. 1995: Brawn and Robinson 1996; Trine
" derstood, the appropriate scale at which to investigate 1998: Fauth 2000).

possible source-sink dynamics and its consequences
on habitat selection by Neotropical migrants will be Neotropical migrant richness and abundance

. difficult to ascertain. Given the imprecise information
about dispersal and the impracticality of broad-scale Species richness of forest-breeding Neotropical mi-

. experiments involving entire landscapes, we believe grants was positively related to fragment size. This
that using statistical procedures involving different is consistent with several other studies conducted in
vegetation, fragment and landscape metrics may be landscapes with fragmented forests (e.g., Whitcomb
the only means Of screening plausible predictors of et al. 1981. Ambuel and Temple 1983: Lynch and
Neotropical migrant abundance and reproductive suc- Whigham 1984; Blake and Karr 1987; Robbins et al.
cess within agricultural landscapes of the midwestern 1989). Large forests tend to support many forest-

' U.S., and perhaps similar landscapes elsewhere in the interior species(sensu Whitcomb et al. 1981) that are
breeding range. Moreover. the importance of predict- absent in smaller woodlots, possibly because of micro-

, ing the location of remaining 'sources' for Neotropical climatic or vegetation differences related to patch area
migrants in such landscapes warrants our exploratory (Freemark and Merriam 1986; Saunders et al. 1991 ) or
approach, particularly if management strategies can their effect on food abundance (Burke and Nol 1998).
reduce or reverse the effect of large-scale sinks such We also developed models that explained much _
as those in the midwestem U.S. (Robinson et al. 1995" of the variation in abundance of three Neotropical

• migrants: indigobuntings,acadianflycatchers,and
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red-eyed vireos. These models incorporated vegeta- P < 0.001), but we used both variables in the model. .

tion metrics that could influence habitat selection by because we believe other agricultural landscapes will
these species or correlate with such metrics (Table 3). find a similar correlation between these two variables
Inaddition, all models contained landscape-level mi_t- and the combined model produced reasonable predic-

-- R 2rics. suggesting the importance of fragment pattern in tive utility (R 2 0.68 vs. < 0.33 using only
the habitat selection of many Neotropical migrants, one of the variables: Table 3).
Fauth (1997) also suggested that habitat selection by

..

some migrant birds during fall could be a result of Wood thrush abundance and reproductive success
both landscape-level (fragment isolation) and within-

fragment (food resources) characteristics of forest Variation in abundance of wood thrushes was mod-
Patches in the same midwestern U.S. landscape. Sim- eled by vegetation and fragment-level variables. The

• ilarly. Pearson (1993) found landscape variables that abundance of wood thrushes within this landscape
explained the variation in.the abundance of wintering was also negatively related to fragment size (Fauth
birds within forest openings. 2000). The measures of core area incorporated into the

. model were correlated with fragment size (r > 0.53"

_' Cowbird and cowbird-host abundance P <_ 0.05), so these parameters may reflect the ap-
• parentpreferenceofwoodthrushestobreedinsmaller

• The abundance of female cowbirds was* modeled by fragments of the midwestem U.S. (Donovan et al.

' the proportion of forest within 0.9 km of the study 1995; Fauth 2000). The inclusion of shrub and sapling
sites. Robinson et al. (1995) also showed that cow- density in the model is consistent with the preference

• bird parasitism can be predicted on a landscape level of wood thrushes to nest in dense pockets of shrubs
• using the same metric on a broader geographic scale and saplings within mesic forests.
(10 km). The extent of our landscape metrics was Reproductive success of wood thrushes showed no
constrained by the dimensions of our study area; how- relationship with any of our landscape variables. In
ever, we were still able to explain a modest amount of fact, neither measure of the reproductive success of

' variation in cowbird abundance. Cowbird abundance wood thrushes was explained adequately by our mod-

could also be influenced by host abundance within els (R 2 < 0.30). This is in strong contrast with

landscapes with fragmented forests (Robinson et al. the results of Hoover et al. (1995)" more than 85%
1999). We suggest that cowbird habitat choice is hi- of the reproductive success of wood thrushes in a
erarchical within the scale of our study. Cowbirds may forested landscape of the eastern U.S. was explained

prefer locations within agricultural landscapes that by size of forest fragments. Brawn and Robinson
contain a high proportion of forest habitats because (1996) also suggested that reproductive success of

of their apparent preference for forest-nesting rather Neotropical migrants was not strongly related to patch
than grassland-nesting host species (Hahn and Hatfield size in agricultural landscapes of the midwestern U.S.
1995), and then select territories with a high abun- In fact, Trine (1998) found that even the largest forest

dance of potential hosts. The fact that no vegetation tracts in Illinois (1100-2200 ha) were sink habitats
measures contributed to the explanation of cowbird for wood thrushes. Our findings suggest/hat vegeta-

variance is consistent with Brittingham and Temple tion, fragment, or landscape predictors of the breeding
- (1996) who found that, of 16 vegetation variables success of wood thrushes, and perhaps other Neotrop-

measured, only canopy closure was significantly dif- ical migrants, will be difficult to find in agricultural
ferent between sample plots containing parasitized and landscapes of North America, and could require more

unParasitized acadian flycatcher nests, extensive or fine-grained descriptions of vegetation
Variation in the abundance of cowbird hosts was composition and structure.

' explained by a model that included two measures of
edge-to-interior habitat within forest fragments and Limitations of the models
the proportion of forest within 0.9 km of the frag-
ments. The model suggests that many cowbird hosts Wood thrushes share many characteristics with other
in this landscape prefer edge habitat, such as northern forest-breeding Neotropical migrants, such as a short

• cardinals (Cardinalis cardinalis) and indigo buntings, breeding season, relatively small clutch sizes and vul-
Both of the edge-interior variables that were included nerability to cowbird parasitism. Wood thrushes have
in the model were highly correlated (r = -0.96, been extensively studied because they nest in the

°
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shrub-subcanopy layer and their nests are easily ob- periodically 're-calibrate" the models based on new
served. In addition, general patterns of nest parasitism demogi'aphic data.
and predation observed for wood thrushes are sim-
ilar to those reported for other Neotropical migrant Conclusions
species such as red-eyed vireos, acadian flycatchers.
indigo buntings and ovenbirds _Seiurus aurocapilhts: The statistical procedures we have employed do not
e.g.. Robinson et al. 1995" Donovan et al. 1995). permit inferences about the factors causing the pat-
Nonetheless, wood thrushes may not be an ideal terns of Neotropical migrant abundance and repro-
'model" for all species of forest-breeding Neotropical ductive success in the midwestern U.S. or in similar
migrants. In addition to their less-restrictive nesting landscapes dominated by agriculture. We considered
habits, wood thrushes can successfully raise as many easily quantifiable variables that described the land-
as three broods per season and produce both their own scape at different spatial scales and could be useful
and cowbird offspring in each attempt (Donovan et al. in predicting source habitat for Neotropical migrants.

1995" Trine 1998; Fauth 2000). Smaller Neotropical Our goal was to collect the type and extent of data that
migrants, such as red-eyed vireos, are less resistant to might be used by wildlife managers tr?'ing to assess

" cowbird parasitism and as a result often have lower the population stability of forest-breeding Neotropical
daily survival rates than wood thrushes (Robinson migrants in agricultural landscapes in North America.
et al. 1995; Donovan et al. 1995). Conclusions about Our success was limited; we produced statistical mod-

the _quality' of breeding habitat based on the demog- els that accounted for the majority of variation in the
raphy of wood thrushes must be carefully applied to, abundance of wood thrushes and other Neotropical
other species of Neotropical migrants. Moreover, the migrants, but could not construct models to explain
ability to predict the location of high-quality breeding the reproductive success of wood thrushes breeding in
habitat may be possible for other species of Neotrop- the midwestern U.S. In these agricultural landscapes,
ical migrants, particularly those with more specific cowbirds and predators have saturated forest habitats,

• habitat requirements, reduced the reproductive success of Neotropical mi-
' Our general conclusion that the reproductive suc- grants (Brawn and Robinson 1996), and could also

cess of Neotropical migrants cannot be easily modeled affect habitat selection by adults (Roth and Johnson
may be limited to agricultural landscapes in the breed- 1993, Villard et al. 1995). The reproductive suc-
ing range of these birds. For example, Friesen et al. cess of Neotropical migrants in some midwestern U.S.
(1999) found generally high reproductive success for landscapes shows interpatch variation consistent with
wood thrushes in an agricultural landscape in south- landscape-level source-sink dynamics (Fauth 2000).
western Ontario, Canada. but unlike more forested Nonetheless, the results of our study suggest that lo-

regions in eastern North America (e.g.. Hoover et al. cating remaining 'source' habitat within this region,
1995). reproductive success was not related to frag- and perhaps similar agricultural landscapes elsewhere,
ment size. In agricultural landscapes throughout the will require nothing less than extensive field woi'k to
range of these forest-breeding Neotropical migrants, document the demography of these birds and the fac-
the dynamics of nest predators and parasites appear tors influencing cowbird and predator distributions and
complex and unpredictable, and may hamper efforts behavior.
to identify the highest-quality breeding habitats based

• only vegetation and landscape metrics.
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