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RESPONSES OF NESTING BOBOLINKS (DOLICHONYX ORYZIVORUS)

TO HABITAT EDGES

Eric K. BoLLINGER!? AND THOMAS A. GAvIN®

"Department of Biological Sciences, Eastern [llinois University, Charleston, lllinois 61920, USA; and
*Department of Natural Resources, Cornell University, Ithaca, New York 14853, LISA

ABsTRACT. — Avoidance of habitat edges may be contributing to reduced densities of grass-
land birds in small habitat patches. Nest densities for grassland-nesting Bobolinks (Dolichonyx
oryzivorus) were much lower than expected within 25 m of forest edges at three sites in New
York, and that pattern (“edge avoidance”) extended to 100 m at one site. Nests located within
50 m of forest or wooded hedgerow edges had lower daily survival rates, compared with nests
>100 m from any habitat edge. Bobolinks tended to move away from forest edges when renest-
ing after nest failure; that pattern was especially evident in females that placed their first nest
within 50 m of a forest or wooded hedgerow edge. Second nests of all seven of those females
were farther from that edge type than their first nests. However, nest placement in relation to
wooded edges did not vary significantly between years for those philopatric females nesting at
our study sites for more than one year. Bobolinks also avoided nesting near road edges, even
though nest survival rates were not lower near that edge type. However, Bobolinks did not
appear to avoid nesting near edges adjacent to old fields or pastures. Nest survival near those
edge types was higher than near wooded edges and similar to or higher than survival of nests
>100 m from any edge. Thus, responses of Bobolinks to habitat edges were inconsistent, and
nest success was dependent on type of edge. Received 16 February 2003, accepted 28 March 2004.

ResumeN. —El hecho de evitar los habitats de borde puede estar contribuyendo a reducir las
densidades de aves de pastizal en parches de pequerio tamafio. Las densidades de nidos de
Dolichonyx oryzivorus fueron mucho menores dentro de los 25 m desde el borde del bosque en
tres sitios en Nueva York y este patron ("de evitar el borde”) se extendié hasta 100 m en un sitio.
Los nidos ubicados a menos de 50 m del borde del bosque o de setos arbolados tuvieron tasas
de sobrevivencia diaria menores que los nidos que se ubicaron a mas de 100 m de cualquier
borde. Los individuos de D. oryzivorus tendieron a alejarse de los bordes en sus intentos de re-
nidificacion luego de un intento de nidificacion fallido. Este patron fue especialmente evidente
para hembras que pusieron su primer nido a menos de 50 m del borde del bosque o de un seto
arbolado. Los segundos nidos de estas siete hembras estuvieron mas alejados de ese tipo de
borde que sus primeros nidos. Sin embargo, la ubicaciéon del nido en relacion con los bordes
boscosos no vario significativamente entre afios para las hembras filopatricas que nidificaron
por més de un afio en nuestros sitios de estudio. D. oryzivorus también evitoé nidificar cerca del
borde de los caminos, aunque la sobreviviencia de los nidos no fue menor cerca de este tipo
de borde. Sin embargo no parecieron evitar nidificar cerca de otros tipos de borde como de
campos de cultivo abandonados o pastizales. La sobreviviencia de los nidos ubicados cerca de
esos tipos de borde fue mayor que la de aquellos ubicados cerca del borde de bosques, y similar
o mayor que la sobrevivencia de nidos ubicados a mas de 100 m de cualquier borde. Por estas
razones las respuestas de D. oryzivorus a los bordes de habitat no fueron consistentes y el éxito
de nidificacion dependio del tipo de borde.

NEGATIVE EFFECTS OF habitat edges have been
known in forest-nesting birds for >20 years
(Gates and Gysel 1978). Those effects include
elevated predation rates (Gates and Gysel 1978)
and increased rates of brood parasitism by cow-
birds (Brittingham and Temple 1983) for nests
near forest edges or in small forest fragments
(Paton 1994, Donovan et al. 1995, Robinson et al.

3E-mail: cfekb@eiu.edu

1995). Many forest-nesting species apparently
avoid edges by restricting their distribution
to interior areas of large fragments (i.e. “area-
sensitive” species; Whitcomb et al. 1981,
Robbins et al. 1989).

The same effects occur in grassland-nesting
birds (Johnson and Temple 1986, 1990; Winter et
al. 2000; Walk 2001; Herkert et al. 2003) and may
be contributing to the well-documented declines
of those species (Bollinger and Gavin 1992,
Knopf 1994, Herkert 1997, Helzer and Jelinski
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1999, Vickery and Herkert 1999). For example,
Winter et al. (2000) reported greater activity by
mid-sized mammalian carnivores in grasslands
within 50 m of forest edges, and lower survival
of artificial nests within 30 m of those edges
(see also Burger et al. 1994; but see Davison
1998). Natural nests of grassland species may
also experience elevated predation rates near
forest edges (Johnson and Temple 1990, Winter
et al. 2000) or in smaller fragments (Herkert et
al. 2003). In addition, both Johnson and Temple
(1986, 1990) and Walk (2001) reported higher
rates of Brown-headed Cowbird (Molothrus ater)
parasitism in grasslands near forest edges (but
see Herkert et al. 2003). Finally, many grassland
birds exhibit area sensitivity in that they are
absent from or have reduced densities in small
grassland patches (Herkert 1994, Vickery et al.
1994, Bollinger 1995, Helzer and Jelinski 1999,
Johnson and Igl 2001).

Edge avoidance—defined here as having
lower-than-expected density near an edge—has
been detected by some investigators (Wiens 1969,
Lima and Valone 1991, Delisle and Savidge 1996,
Helzer 1996, O'Leary and Nyberg 2000, Winter
et al. 2000, Fletcher and Koford 2003), and that
phenomenon can produce area sensitivity (“dis-
tributional edge-sensitivity”; Winter et al. 2000).
However, the degree to which edge avoidance
extends to edge types other than forest edges is
unclear, and recent work by Kershner (2001) and
Walk (2001) suggests that edge avoidance may
not occur in many grassland birds at row-crop
agricultural edges.

Edge avoidance in grassland birds may result
from any combination of a variety of factors. It
may be a learned response to poor reproductive
success near edges or simply an innate require-
ment for open habitat. Vegetation or microcli-
matic differences near edges (Mesquita et al.
1999) could also be involved either directly or
indirectly (e.g. through reduced insect densi-
ties; see Burke and Nol 1998). Birds could also
be competitively excluded from edge habitat by
other species.

Bobolinks (Dolichonyx oryzivorus) have con-
sistently been reported to be area sensitive
(e.g. Herkert 1994, Bollinger 1995, Johnson
and Igl 2001) and to avoid wooded (O'Leary
and Nyberg 2000, Fletcher and Koford 2003),
road (Fletcher and Koford 2003), and suburban
edges (Bock et al. 1999). They were also among
the species reported by Johnson and Temple
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(1986, 1990) to experience elevated predation
and parasitism rates near forests. However,
most of those studies were based on small
sample sizes (e.g. <50 nests) or they did not
have marked populations to distinguish renest-
ing attempts and limit pseudoreplication. Here,
we report responses of Bobolinks to habitat
edges in intensive studies of marked popula-
tions, with data on >300 nests at three sites in
New York. We address the following questions:
(I) Do Bobolinks avoid nesting near forest
edges? (2) If such behavioral edge avoidance
(or distributional edge-sensitivity; Winter et al.
2000) exists, does it occur at all types of edges?
(8) Do reduced nest success and increased
brood parasitism near forest edges, as found
in Bobolinks by Johnson and Temple (1990),
occur at our sites? (4) Is nest success reduced
near other types of edges? (5) Do individual
females change their nest location, relative to
forest edges, when they renest after a nest fails,
or return to nest in a subsequent year?

METHODS

Study sites.—We studied Bobolinks at three sites in
New York. Sites were hayfields and meadows domi-
nated by cool-season grasses, such as timothy (Phleum
pratense). Sites consisted of up to four nearby or adja-
cent fields and were studied for 3 to 8 years, produc-
ing data on 71-169 nests per site (Table 1). Edge types
(edge is defined here as a “junction between two dis-
similar habitat types”; Faaborg et al. 1993) included
forests (trees >12 m tall, habitat 210 m wide), wooded
hedgerows (trees >8 m tall, habitat <5 m wide), old
fields (vegetation dominated by goldenrod [Solidago
spp.] and aster [Aster spp.], with scattered shrubs [e.g.
Viburnum spp.] <2 m tall), pastures (heavily grazed,
grass-dominated, with vegetation mostly <0.5 m tall),
and roads (paved or graveled two-lane county roads
with mowed fescue borders). None of those habitats
supported nesting bobolinks. However, Bobolinks
were sometimes seen in those habitats (e.g. forag-
ing in pastures and old fields, singing from trees in
hedgerows and forest).

Capture, marking, nest location, and monitoring.— At
each site, we captured adults in mist nets, banded
them (federal bands), and uniquely marked them
by painting stripes on their tails (see Gavin 1984,
Bollinger and Gavin 1989). We captured many males
using playback of song near a mist net; others (and
some females) were captured incidentally in nets
placed in their territories. Females were often cap-
tured in nets adjacent to their nests. In all years at all
sites, >90% of territorial males and nesting females
were captured and marked.
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TasLE 1. Description of study sites including locations, years studied, edge types, nest densities,

and reproductive success.

Bald Hill Moore Road Shackelton Point
Location 43°21'N, 76°23'W 43°08'N, 75°55'W 43°10'N, 75°56'W
Description Four adjacent hayfields ~ One hayfield Two adjacent meadows
Years studied 1982-1985 1984-1986 1981-1985, 1990-1992
Total size (ha) 21.5 19 26
Edge types Forest, wooded Forest, wooded Forest, road
hedgerow hedgerow, old field,
pasture
Number of nests 71 169 135
Mean annual 0.83 3.57 0.64
nest density (ha™)
Exposure days 763 2,033 2,025
Daily survival rate ~ 0.944° 0.983° 0.980°

*® Daily survival rates with the same letter are not significantly different (P < 0.05, z-test; Johnson 1979).

All sites were gridded with permanent, color-
coded metal stakes at either 40- or 50-m intervals to
facilitate mapping of territories and nest locations. At
all sites in all years, all or virtually all Bobolink nests
were found during intensive daily searches by two
or more biologists per site. Most nests (>70%) were
found early in incubation. However, it is possible that
a few nests that failed during egg laying or early in
incubation were not found. Each nest was checked
every 1-3 days until it was no longer active. A nest
was considered successful if it fledged at least one
nestling. It was considered depredated if all or some
of the eggs disappeared between nest checks and
the nest was no longer active. We considered a nest
abandoned if it was not depredated yet was inactive
(i.e. no adults seen at the nest site) for three successive
nest checks. In addition, a few nest losses were attrib-
uted to weather (e.g. hail storms). Daily nest survival
rates (DSR) were calculated using the Mayfield (1975)
method (see also Johnson 1979).

Nest densities near edges.— Edge avoidance was tested
for each edge type at each site, independent of other
edge types, with chi-square tests using Bonferroni’s
correction for multiple tests. We tallied numbers of
nests in the following distance categories (in meters
from edge): 0-25, 26-50, 51-100, and >100. We then
compared those observed nest numbers with numbers
expected by chance given the area of fields at each site
in the same four distance intervals. For that analysis,
all renesting attempts were omitted, as were nests (in
subsequent years) of philopatric females. We analyzed
each edge type separately because we had no a priori
predictions concerning how one edge type might influ-
ence another. However, we recognize that other edge
types can influence nest locations relative to the edge
type in question, especially at field corners.

In addition, we determined the average distance of
each nest at each site to the nearest three neighboring
nests. Mean nearest-neighbor distance was then used
as the dependent variable in a stepwise multiple-

regression analysis in which distances of each nest
to each edge type (at that site) were the indepen-
dent variables (PROC GLM; SAS Institute 1995). We
predicted that distances to avoided edge types would
be negatively correlated with mean nearest-neighbor
distance because nests located near avoided edge
types would have few neighboring nests nearby.

Nest success near edges.—We used two approaches
to determine effect of field edges on nest success. First,
we used the z-test of Johnson (1979) to compare daily
survival rates for nests at various distance intervals
from habitat edges. Sample sizes were often small,
especially close to forest edges, which necessitated
combining data across years and sites. Typically, we
compared survival rates for nests within 50 m of an
edge with those >100 m from any edge. Only sites con-
taining nests in both distance categories were includ-
ed in those analyses, and we omitted nests abandoned
because of human activities (e.g. nest abandoned im-
mediately after being found or immediately after fe-
male was captured at nest). Second, we used stepwise
logistic regression (PROC LOGISTIC, SAS Institute
1995; see also Winter et al. 2000) to determine which
explanatory variables (see below) were most impor-
tant in influencing nest success. For those analyses,
nest success was a binary (1 if nest fledged >1 young,
0 if nest failed) dependent variable. Independent
variables were (1) exposure days—number of days a
nest was active (Mayfield 1975); (2) site—one of our
four study sites; (3) first egg date—date when first
egg in a clutch was laid (1 =1 May, 32 = 1 June, etc.);
(4) forest edge —distance (m) to edge of nearest forest;
(5) forest or hedgerow edge —distance (m) to edge of
nearest forest or wooded hedgerow; and (6) nearest
edge—distance (m) to nearest field edge, regardless
of edge type. Renests and nests in subsequent years of
philopatric females were omitted from logistic regres-
sion analyses, as were human-caused nest abandon-
ments. Exposure days were included to correct for
nests found at different stages in the nesting cycle.
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TasLE 2. Results of stepwise logistic regression analyses, in which nest success (1 if nest successful, 0 if nest
failed) was the dependent variable and exposure days, site, first egg date, distance (m) to forest edge (“Forest
edge”), distance (m) to nearest forest or hedgerow edge (“Forest or hedgerow edge”), and distance (m) to
nearest edge of any type were the potential independent variables. Only variables explaining a significant
amount of variation in nest success (P < 0.05) are shown.

Study sites Fraction of
included Number of nests® Variable entered® concordant pairs®
All sites 277 +Exposure days, +forest or hedgerow edge, —egg date 83%

Bald Hill only 47 +Exposure days, +forest edge 87%
Moore Road only 128 +Exposure days, +forest or hedgerow edge 83%
Shackelton Point only 102 +Exposure days, +forest edge? 81%

“Renests, nests in subsequent years of philopatric females, and nests failing because of human disturbance are omitted.

*Variables are listed in the order they were entered into the model. A “+” indicates a positive correlation with the dependent variable.

Similar to the percentage correctly classified, fraction of concordant pairs is calculated by considering all possible pairs of observations with
different values of the dependent variable. Concordant pairs are those for which the observation with the larger observed value of the dependent
variable has higher predicted probability than does the other observation.

“No wooded hedgerow edges occurred at this site (thus, forest and forest and hedgerow edge are the same).

for distance to wooded hedgerows (first nests,
mean = 84 m; second nests, mean =86; df=31, P>
0.50). When we restricted analyses to only those
females whose first (failed) nest was within 50 m
of a forest edge (1 =7), those females, on average,
more than doubled their distance from forest
edge for their second attempt (36 vs. 75 m); all
seven increased their distance from forest edge
(P =0.016, sign test).

Nest locations of philopatric females relative
to forest edges were very similar between their
first and second years at our study sites. Nests
werelocated, on average, 174 m from forest edge
in the first year and 169 m in the second (t = 0.06,
df = 51, P > 0.50). Furthermore, distance to for-
est edge was consistent for individual females
between years (r = 0.84, df = 50, P < 0.01). The
pattern was similar if we restricted our analyses
to consider only females that were unsuccessful
their first year (yet still returned the next). Here,
distances to forest edge averaged 208 m in the
first year and 186.3 in the second (¢ = 1.35, df =
9, P> 0.20).

Nest locations versus date.—We ran correla-
tions between the various “edge variables”
used in logistic regression analysis (see above)
and first egg date for each year at each site
(total of 19 “site-years”). Overall, those analy-
ses failed to detect any temporal pattern in nest
locations relative to habitat edges. For example,
only 1 of the 15 correlations (that for distance
to forest edge) was statistically significant (P <
0.05). Furthermore, only 6 of those 15 correla-
tions were negative. Results were very similar
for distance to nearest edge (of any type; 1 of 15
statistically significant, 6 of 15 negative).

DiscussioN

Avoidance of forest edge.—Bobolinks rarely
nested near forest edges. That result was consis-
tent across all three sites. Helzer (1996), O’'Leary
and Nyberg (2000), and Fletcher and Koford
(2003) also reported avoidance of forest edges
by Bobolinks, but that was based primarily on
locations of males’ territories and not nests.
However, avoidance of forest edges by other spe-
cies of grassland birds based on nest locations
has been reported (e.g. Delisle and Savidge 1996,
O’Leary and Nyberg 2000, Winter et al. 2000).
Edge avoidance, therefore, is likely to be par-
tially responsible for the consistent area sensitiv-
ity of Bobolinks and perhaps of other grassland
species (e.g. Bollinger 1995, Helzer and Jelinski
1999, Johnson and Igl 2001).

There are at least six possible explanations
for edge avoidance of (or distributional edge-
sensitivity to) forest edges, as found here and in
the other studies mentioned above. (1) Reduced
nest densities near forest edges may be attrib-
utable to competition with dominant species
for edge habitat, which may have excluded
Bobolinks from nesting near forest edges. It is
possible that Red-winged Blackbirds (Agelaius
phoeniceus), a species that is dominant over
Bobolinks (E. K. Bollinger pers. obs.), excluded
them from edge habitat. However, there were
only two or three male Red-winged Blackbirds
per year at two of our sites (MR and BH), yet
Bobolinks still avoided forest edges at those
sites. (2) Vegetation near forest edges may have
been different from that of grassland interiors
and less appropriate habitat for Bobolinks.
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Unfortunately, we have no data to address that
question at our New York sites, but data from
an Illinois site suggest that it is unlikely to be
a major factor (E. K. Bollinger et al. unpubl.
data; see also Fletcher and Koford 2003).
(3) Microclimatic differences created by forest
might contribute to markedly reduced nesting
density near forest. Certainly, shade at forest
edges could reduce temperatures experienced
at edges relative to interiors. (4) Indirect edge
effects may be important (e.g. Murcia 1995);
microclimatic differences near forest edges
may indirectly affect Bobolinks by leading to
reduced populations of insects that are eaten
or fed to nestlings. (5) Bobolinks may have
an innate preference for open habitats or an
innate avoidance of forest, being a species of
the tallgrass prairie ecosystem (Cody 1985). If
so, that innate avoidance may be the product of
natural selection, given that the present study
and others (e.g. Gates and Gysel 1978, Johnson
and Temple 1990, Winter et al. 2000) have found
increased predator activity and nest predation
rates near forest edges. Individuals nesting
near edges would tend to leave fewer offspring
than those nesting in the grassland interior. (6)
Finally, Bobolinks may learn to avoid nesting
near forest edges. That explanation is sup-
ported by our detection of movement of renest-
ing Bobolinks away from forest edges. Females
that initially nested within 50 m of a forest edge
more than doubled their distance from that
edge type for their second nest. However, it is
unclear whether that potentially learned edge
avoidance is retained through the next breeding
season, because nest locations for philopatric
females (relative to distance from forest edges)
were similar between years. Unfortunately, few
unsuccessful females returned to our sites, and
only one of those built her first nest within
50 m of a forest edge; that female increased her
distance from the edge from 31 to 45 m. That
Bobolinks may learn to avoid nesting near for-
est edges is also supported by the higher preda-
tion rates near that edge type found here as well
as in other studies (Johnson and Temple 1990,
Winter et al. 2000). Although they were virtu-
ally absent from our sites, higher parasitism
rates by Brown-headed Cowbirds near forest
edges (Johnson and Temple 1990, Walk 2001;
but see Herkert et al. 2003) would also provide
impetus for renesting Bobolinks to increase
their distance from forest edges.
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Those six explanations are not mutually
exclusive. However, we feel that competition
with other species for edge habitat and vegeta-
tive and microclimatic differences near edges
are all, at most, minor influences on the patterns
of edge avoidance we found. Thus, we are left
with both innate and learned avoidance of for-
est edges, resulting from elevated predation
and parasitism rates, as our best explanation
for avoidance of nesting near forest edges. It
is unclear, however, why magnitude of edge
avoidance varied among sites. Perhaps, at sites
like BH, where regional Bobolink populations
are high, nesting females are making the best of
a bad situation. However, that does not explain
why avoidance was fairly pronounced at MR,
where both regional and site densities were
high. Furthermore, if edge-nesting Bobolinks
were merely making the best of a bad situation,
then we should have detected more consistent
and stronger negative correlations between first
egg date and distance to forest edge. Instead,
magnitudes of those correlations were small
and mostly positive, which suggests that the
females that nested near forests had not been
forced to do so by earlier nesters.

Wooded hedgerows were not as strongly
avoided as forests (though they were pres-
ent only at two sites). In fact, observed nest
numbers were not significantly different from
expected numbers at one of the sites (BH).
Hedgerows at BH, however, separated hay-
fields used by nesting Bobolinks and were
only a few meters wide. Nevertheless, the
lack of strong avoidance was surprising given
relatively high rates of nest predation for nests
near that edge type.

Other edge types.—Bobolinks consistently
avoided edges with roads (see also Fletcher and
Koford 2003). It is unclear why that occurred,
especially given that nest success near that
edge type appeared to be as high as in interior
areas. One possibility was that Bobolinks were
avoiding not the road, but rather habitat on the
other side of the road (e.g. forest). However,
that explanation seems unlikely, because
only one road edge (at SP) was bordered on
the opposite side by forest. Other road edges
were bordered by pasture (at SP) or old field
(at MR). Edges directly adjacent to those two
habitat types (i.e. without a road in between)
were not avoided by nesting Bobolinks, yet the
road edges were. Thus, it may be that vehicular
traffic was responsible for the avoidance, even
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though those county roads were lightly trav-
eled. Alternatively, chemical runoff from the
road or pesticides applied to road edges may
have reduced insect populations near roads.

Bobolinks did not appear to avoid nesting
near edges of old fields and pastures. Those
habitat types were not used by Bobolinks for
nesting, and territory borders often ran along
the edges. Observed nest numbers in all cases
were greater than those expected on the basis of
field areas, which suggests that Bobolinks may
be somewhat attracted to those edges. However,
Bollinger and Switzer (2002) have shown that
such a pattern (higher nest densities near edges)
can occur even when edges are not attractive (if
nests are uniformly dispersed). It is noteworthy
that nest success was as high along each of those
edge types as in interior areas. Similar results
regarding row-crop edges have been found
by Davison (1998), Kershner (2001), and Walk
(2001) for artificial nests, Eastern Meadowlarks
(Sturnella magna), and Dickcissels (Spiza ameri-
cana), respectively. Furthermore, we have also
found a lack of avoidance of row-crop edges
by Bobolinks nesting in Conservation Reserve
Program fields in Illinois (and similar nest suc-
cess as found for interior nests; E. K. Bollinger et
al. unpubl. data). Those results suggest not only
that grasslands embedded in an agricultural
matrix may provide habitat for grassland birds,
but that the birds enjoy relatively high repro-
ductive success in such habitat.

Conservation  implications.—Bobolinks  re-
sponded to habitat edges in both expected and
unexpected ways. They predictably avoided
forest (and to a lesser extent wooded hedgerow,
edges where reproductive success was low, dis-
playing both distributional and demographic
edge-sensitivity (Winter et al. 2000). Thus,
small grasslands (especially those <10 ha) sur-
rounded by forest are poor habitat for Bobolinks.
Even sites that are larger, such as BH (with a
total grassland area of 21.5 ha), if dissected by
wooded hedgerows, may be unlikely to support
self-sustaining populations. Bobolinks may (at
least within a year) “learn from their mistakes”
if they choose to nest within 50 m of a forest
edge, and more than doubled their distance
from that edge type when renesting. Also, they
avoided edges with roads, though it is unclear
(given high reproductive success) why they did
so. Surprisingly, however, Bobolinks showed no
avoidance of pasture and old field edges. The

-
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fact that nest success was as high near those
edges as in interior habitats is good news from a
conservation perspective; it suggests that grass-
land fragmentation may not be as detrimental as
forest fragmentation unless sites are fragmented
by roads or trees. Those results also suggest
that grasslands created in agricultural regions,
such as the midwestern U.S. (where population
declines have been especially severe; Herkert
1997), may be beneficial to Bobolinks, even if
the areas are relatively small. Finally, the lack
of avoidance of nonwooded edges suggests that
factors other than edge avoidance may be con-
tributing to the consistent area sensitivity found
in Bobolinks.

ACKNOWLEDGMENTS

We thank Eastern Illinois University’s Council for
Faculty Research, the U.S. Fish and Wildlife Service,
and Hatch Grants 147426 and 147429 from Cornell
University for partially funding this study. We also
thank J. L. Forney and E. Mills, directors of the Cornell
Biological Field Station, for financial and logistical as-
sistance and K. C. Kruse, S. ]. Meiners, S. J. Mullin,
M. A. Schlaepfer, P. ]. Sullivan, and P. V. Switzer for
manuscript review. This project could not have been
completed without the help of a small army of field
assistants and the cooperation of numerous private
landowners.

LiteraTUrRE CITED

Bock, C. E., ]J. H. Bock, anp B. C. BEnNETT. 1999.
Songbird abundance in grasslands at a sub-
urban interface on the Colorado High Plains.
Studies in Avian Biology 19:131-136.

=+ BoLLInGER, E. K. 1995. Successional changes and

habitat selection in hayfield bird communities.
Auk 112:720-730.

BorLLInGER, E. K., anp T. A. Gavin. 1989. The ef-
fects of site quality on breeding site fidelity in
Bobolinks. Auk 106:584-594.

BoLLinGER, E. K., anp T. A. Gavin. 1991. Patterns
of extra-pair fertilizations in Bobolinks.
Behavioral Ecology and Sociobiology 29:1-7.

Borringer, E. K., anp T. A. Gavin. 1992. Eastern
Bobolink populations: Ecology and conser-
vation in an agricultural landscape. Pages
497-506 in Ecology and Conservation of
Neotropical Migrant Landbirds (J. M. Hagan
III and D. W. Johnston, Eds.). Smithsonian
Institution Press, Washington, D.C.

BoLLinGER, E. K., anD P. V. Switzer. 2002. Modeling
the impact of edge avoidance on avian nest
densities in habitat fragments. Ecological
Applications 12:1567-1575.



July 2004}

BrirringHAM, M. C., AND S. A. TEMPLE. 1983. Have
cowbirds caused forest songbirds to decline?
BioScience 33:31-35.

Burcer, L. D., L. W. Burcer, anp ]. FaaBora.
1994. Effects of prairie fragmentation on
predation of artificial nests. Journal of Wildlife
Management 58:249-254.

Bobolinks and Edges

775

M. WiNTER, ]. L. ZimmerMaN, W. E. JENSEN,
E. J. Finck, R. R. Kororp, D. H. Wotsg, S. K.
SHERROD, M. A. JENkins, J. FAaBORG, AND S. K.
Rosinson. 2003. Effects of prairie fragmenta-
tion on the nest success of breeding birds in the
midcontinental United States. Conservation
Biology 17:587-594.

Burkg, D. M., anp E. Nor. 1998. Influence of fooc=+ Jounson, D. H. 1979. Estimating nest success: The

abundance, nest-site habitat, and forest frag-
mentation on breeding Ovenbirds. Auk 115:
96-104.

Copy, M. L. 1985. Habitat selection in grassland
and open-country birds. Pages 191-226 in
Habitat Selection in Birds (M. L. Cody, Ed.).
Academic Press, New York.

Davison, W. B. 1998. A comparison of predation
rates on real and artificial nests of grassland
birds. M.S. thesis, Eastern Illinois University,
Charleston.

DeLisLg, J. M., aND J. A. Savipge. 1996. Reproductive
success of Grasshopper Sparrows in relation to
edge. Prairie Naturalist 28:107-113.

Donovan, T. M., E. R. Tuomrson 1II, J. FAaBORG,
AND J. R. ProssT. 1995. Reproductive success of
migratory birds in habitat sources and sinks.
Conservation Biology 9:1380-1395.

FaaBorg, J., M. BritTinGgHAM, T. M. DONOVAN, AND
J. BrLake. 1993. Habitat fragmentation in the
temperate zone: A perspective for managers.
Pages 331-338 in Status and Management of
Neotropical Migratory Birds (D. M. Finch
and P. W. Stangel, Eds.). U.S. Department of
Agriculture, Forest Service General Technical
Report RM-229.

FLETCHER, R.]., Jr., AND R. R. Kororp. 2003. Spatial
responses of Bobolinks (Dolichonyx oryzivorus)
near different types of edges in northern lowa.
Auk 120:799-810.

Gates, J. E., anp L. W. Gyser. 1978. Avian nest
dispersion and fledging success in field—-forest
ecotones. Ecology 59:871-883.

Gavin, T. A. 1984. Broodedness in Bobolinks. Auk
101:179-181.

HEevrzer, C. 1996. The effects of wet meadow frag-
mentation on grassland birds. M.S. thesis,
University of Nebraska, Lincoln.

Herzer, C., anp D. E. JeLinski. 1999. The relative
importance of patch area and perimeter-area
ratio to grassland breeding birds. Ecological
Applications 9:1448-1458.

HerxerT, J. R. 1994. The effects of habitat fragmen-
tation on midwestern grassland bird commu-
nities. Ecological Applications 4:461-471.

Herkert, ]. R. 1997. Bobolink Dolichonyx ory-
zivorus population decline in agricultural
landscapes in the midwestern USA. Biological
Conservation 80:107-112.

Herkerr, J. R., D. L. Reinking, D. A. WIEDENFELD,

Mayfield method and an alternative. Auk 96:
651-661.

-+ Jounson, D. H,, anp L. D. Igr. 2001. Area require-

ments of grassland birds: A regional perspec-
tive. Auk 118:24-34.

Jounson, R. G., anp S. A. TEmPLE. 1986. Assessing
habitat quality for birds nesting in frag-
mented tallgrass prairies. Pages 245-249 in
Wwildlife 2000: Modeling Habitat Relationships
of Terrestrial Vertebrates (J. Verner, M. L.
Morrison, and C. ]. Ralph, Eds.). University of
Wisconsin Press, Madison.

Jounson, R. G., anD S. A. TEmpLE. 1990. Nest preda-
tion and parasitism of tallgrass prairie birds.
Journal of Wildlife Management 54:106-111.

KerSHNER, E. 2001. Conservation of grassland birds
in an agricultural landscape: The importance
of habitat availability and demography. Ph.D.
dissertation, University of lllinois, Urbana-
Champaign.

Knorg, F. L. 1994. Avian assemblages on altered grass-
lands. Studies in Avian Biology 15:247-257.
Lima, S. L., aND T. J. VaLONE. 1991. Predators and avi-
an community organization: An experiment in a

semi-desert grassland. Oecologia 86:105-112.

MagrTIN, S. G. 1974, Adaptations for polygynous
breeding in the Bobolink Dolichonyx oryzivorus.
American Zoologist 14:109-119.

MagrTIN, S. G., anD T. A. Gavin. 1995. Bobolink
(Dolichonyx oryzivorus). In The Birds of North
America, no. 176 (A. Poole and F. Gill, Eds.).
Academy of Natural Sciences, Philadelphia,
and  American  Ornithologists’  Union,
Washington, D.C.

MavrieLp, H. F. 1975. Suggestions for calculating
nesting success. Wilson Bulletin 87:456-466.

Msesquita, R. C. G.,, P. DeLamonica, anD W.
F. Laurance. 1999. Effect of surrounding
vegetation on edge-related tree mortal-
ity in Amazonian forest fragments. Biological
Conservation 91:129-134.

Murcia, C. 1995. Edge effects in fragmented for-
ests: Implications for conservation. Trends in
Ecology and Evolution 10:58-62.

O’LEeary, C. H., anp D. W. Nysera. 2000. Treelines
between fields reduce the density of grassland
birds. Natural Areas Journal 20:243-249.

Paton, P. W. C. 1994. The effect of edge on avian
nest success: How strong is the evidence?
Conservation Biology 8:17-26.



776

Roseins, C. S., D. K. Dawson, anp B. A. DoweLL.
1989. Habitat area requirements of breed-
ing forest birds of the middle Atlantic states.
Wwildlife Monographs, no. 103.

Rosinson, S. K., E R. Teompson III, T. M.
Donovan, D. R. WhiTeHEAD, AND |. FaaBORG.
1995. Regional forest fragmentation and the
nesting success of migratory birds. Science
267:1987-1990.

SAS Instrtute. 1995. SAS/STAT User’s Guide,
Release 6.03 ed. SAS Institute, Cary, North
Carolina.

Vickery, P. D., anp J. R. Herkert, Eps. 1999.
Ecology and conservation of grassland birds
of the Western Hemisphere. Studies in Avian
Biology, no. 19.

Vickery, P. D., M. L. HUNTER, Jr., AND S. M. MELVIN.
1994. Effects of habitat area on the distribution
of grassland birds in Maine. Conservation
Biology 8:1087-1097.

Wark, J. W. 2001. Nesting ecology of grassland
birds in an agricultural landscape. Ph.D.

BOLLINGER AND GAVIN

[Auk, Vol. 121

dissertation, University of Illinois, Urbana-
Champaign.

Wartcoms, R. F., J. F. Lynch, M. K. Kruimkiewicz, C.
S. Rossins, B. L. WHiTCcOMB, AND D. BysTraK.
1981. Effects of forest fragmentation on avi-
fauna of the Eastern deciduous forest. Pages
125-206 in Forest Island Dynamics in Man-
dominated Landscapes (R. L. Burgess and B.
M. Sharpe, Eds.). Springer-Verlag, New York.

WIiENs, J. A. 1969. An approach to the study of eco-
logical relationships among grassland birds.
Ornithological Monographs, no. 8.

WinTER, M., D. H. JounsoN, anDp J. FaaBorag. 2000,
Evidence for edge effects on multiple levels in
tallgrass prairie. Condor 102:256-266.

WITTENBERGER, ]. F. 1982. Factors affecting how
male and female Bobolinks apportion parental
investments. Condor 84:22-39.

Associate Editor: K. G. Smith



	Eastern Illinois University
	The Keep
	July 2004

	Responses of Nesting Bobolinks (Dolichonyx oryzivorus) to Habitat Edges
	Eric K. Bollinger
	Thomas A. Gavin
	Recommended Citation



	Cit r634_c634:1: 
	Cit r633_c633:1: 
	Cit r655_c655:1: 
	Cit r654_c654:1: 
	Cit r648_c648:1: 
	Cit r646_c646:1: 
	Cit r640_c640:1: 


