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ABSTRACT.--We assessed avian nesting success in two forested landscapes (Chippewa and 
Superior National Forests) in northern Minnesota. We found 311 nests of 33 species in the 
Chippewa study area and 36 nests of 13 species in the Superior study area. Each nest was 
classified into one of three general habitat types: open (clearcuts with vegetation <2 m high), 
regenerating aspen (2-8 m high), or forested (trees > 8 m high). Mayfield nesting success for 
the most common species in the Chippewa (all of which had open-cup nests) averaged 0.43. 
Nesting success ranged from 0.18 for the Red-eyed Vireo (Vireo olivaceus) to 0.76 for the 
Yellow Warbler (Dendroica petechia). Nest predation was the most common mortality factor, 
causing 89.2% of known failures. Nest predation among ground-nesting birds was signifi- 
cantly higher in the Chippewa (55%) than in the Superior (15%) study area (P = 0.038). Nest 
predation was highest (P = 0.015) in the forest (62.2%) and lowest in open (42.2%) and 
regenerating (47.4%) habitat types. Only canopy cover explained differences in nesting suc- 
cess, which was higher in more open canopies. Distance to forest edge, nest height, and nest 
concealment had no effect on nesting success in both forested and open habitats. Brown- 
headed Cowbird (Molothrus ater) parasitism was low (9.6% in the Chippewa study area), and 
parasitized nests were relatively unsuccessful (only 1.7% yielded cowbird fledglings). Neither 
cowbirds nor nest parasitism was observed in the Superior study area. Received 30 May 1995, 
accepted 20 August 1995. 

CONCERN ABOUT THE DECLINE of forest song- 
birds during past decades has stimulated many 
studies to unravel the factors causing the de- 
cline (e.g. Whitcomb et al. 1981, Brittingham 
and Temple 1983, Wilcove 1985, Askins et al. 
1990, Rappole and McDonald 1994). Habitat 
fragmentation, both on the breeding grounds 
and in Neotropical wintering areas, is purport- 
ed to affect breeding productivity and survival, 
therefore influencing bird populations. The 
spread of human settlement and the increase in 
agricultural land continue to be important fac- 
tors causing forest fragmentation and loss of 
forest area. However, forest management also 
has a major influence on landscape patterns. 
Intensive forestry has created mosaics of mature 
stands mixed with successional stands of vari- 

ous ages. This has increased the amount of edge 
among stands. 

Nest predation is the most important factor 
causing nesting failures and, thus, reduction in 
the production of young (e.g. Ricklefs 1969, 
Martin 1993). Numerous studies on natural and 
artificial nests have shown that forest fragmen- 
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tation increases nest predation and reduces 
breeding success (e.g. Wilcove 1985, Small and 
Hunter 1988). Fragmentation increases the 
amount of edge, and nests located near the for- 
est edge may suffer higher predation than nests 
in the forest interior (see Paton 1994). However, 
an edge effect has not been found in all studies 
(e.g. Ratti and Reese 1988, Storch 1991, Berg et 
al. 1992, Nour et al. 1993, Rudnicky and Hunter 
1993). 

Most of the studies on nesting success in re- 
lation to fragmentation have been done in for- 
ests within agricultural landscapes (Paton 1994). 
Increased predation near the edges of fields and 
grasslands has been explained by a higher den- 
sity of generalist predators that are able to pen- 
etrate the forest and prey on nests. In addition, 
some predator species may concentrate their 
nesting and prey searching at forest edges (An- 
dr•n 1992, Nour et al. 1993). In contrast, studies 
of nesting success in forests fragmented by 
clearcuts, or in young regenerating forests, are 
few (but see Chasko and Gates 1982, Yahner 
and Wright 1985, Small and Hunter 1988, Storch 
1991, Yahner 1991, Rudnicky and Hunter 1993). 
Furthermore, only a few studies support the 
hypothesis that nest predation within forested 
landscapes is higher near the forest edge (Chas- 
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ko and Gates 1982, Small and Hunter 1988). 
Most studies in forested habitats have found no 

edge effect (Boag et al. 1984, Yahner and Wright 
1985, Yahner 1991, Rudnicky and Hunter 1993). 
Indeed, Storch (1991) found that artificial nests 
survived better near edges than in the forest 
interior. 

Here, we report results on nesting success of 
forest birds at two sites in northern Minnesota. 

Our objectives were to: (1) assess nesting success 
of the most common forest songbirds, and (2) 
determine the effect of forest fragmentation and 
nest-site location on nesting success. 

METHODS 

We selected two study plots of about 60 ha each for 
nest searching. One was in the Chippewa National 
Forest (hereafter "Chippewa;" 46o55 ' N, 94o30 ' W) and 
the other in the Superior National Forest ("Superior;" 
47045 ' N, 91o20 ' W) in north-central and northeastern 
Minnesota, respectively. Each plot was located within 
a larger 2.56-km 2 area in which birds were censused. 
Forests in both study plots are managed by the U.S. 
Forest Service. 

The Chippewa plot was dominated by various age 
classes of quaking aspen (Populus tremuloides) and pa- 
per birch (Betula papyrifera) cover types. Age classes 
were divided into forest (trees >8 m high), regen- 
erating aspen (2-8 m high), and open (recent clearcuts 
with trees <2 m high). Other hardwood species in- 
cluded red maple (Acer rubrum), basswood (Tilia amer- 
icana), and red oak (Quercus rubra). Deciduous and 
mixed deciduous-coniferous forests surrounded the 

plot; the closest agricultural field was approximately 
3 km from the plot. 

In the Superior plot, the common cover types were 
aspen and aspen-jack pine (Pinus banksiana) forests. 
This study plot included one clearcut and a stand of 
red pine (P. resinosa) saplings. Deciduous forest, mixed 
deciduous and coniferous forest, and coniferous for- 

est were typical of the area surrounding the plot. The 
closest agricultural land was > 10 km from the plot. 

Two to four people searched for nests daily in both 
study sites from mid-May until the end of July 1994. 
Plots were marked with parallel lines of flagging 
spaced 100 m apart and with coordinates to help locate 
nests. The location of each nest was marked with a 

flag that was usually placed at least 10 m from the 
nest. Nests were checked every three to four days 
until just before fledging, when they were checked 
every day. When checking nests, we strived to avoid 
damaging vegetation and making trails near nests. 
Nests that fledged at least one young were considered 
successful. Nests that were too high above ground to 
be checked directly were considered successful if the 
parents were seen feeding nestlings and if they at- 

tended the nest long enough to cover the incubation 
and nestling periods typical for the species. When 
calculating success rates, failures of high nests that 
we were not able to check were classified as depre- 
dated, although these "failures" may have included 
a few deserted nests. Nests that were found outside 

the 60-ha searching plots (15% in the Chippewa) were 
included in the analyses. 

We measured nest height and vegetation at each 
nest in July. Vegetation measurements included total 
canopy cover, nest cover 1 m above the nest, and nest 
cover on each of four sides of the nest. By necessity, 
measurements of vegetation cover were estimated for 
high nests. When measuring variables of nest loca- 
tion, we followed the guidelines for the minimum 
nesting productivity variables of the Breeding Biol- 
ogy Research and Monitoring Database (BBIRD; 
Anonymous 1994). After the breeding season, the lo- 
cation of each nest was determined with a global 
positioning system and entered into a geographic in- 
formation system database. 

We analyzed the Chippewa data in more detail than 
the Superior data. We defined edges by the contrasts 
between the three forest age classes (forest, regen- 
erating, and open). Besides clearcuts and young aspen 
stands, the open area included a powerline right-of- 
way and small bogs. We calculated the distance from 
each nest to the two nearest edge types. The open, 
regenerating, and forest cover types comprised 33%, 
14%, and 53% of the area where the nests were found, 

respectively. 
We calculated three logistic regression models to 

evaluate nesting success: (1) using all nests combined; 
(2) using all nests in open areas; and (3) using all nests 
in forests. The models were calculated with forward, 

backward, stepwise, and score methods to achieve the 
best model (SAS Institute 1990). All the methods 
yielded similar results. The variables included in the 
models were total canopy cover; vegetation cover 1 
m above the nest; mean cover on each of four sides 

of the nest; nest height; area of habitat stand where 
a nest was located; distance to the nearest edge; and 
distances to open areas, regenerating aspen, and for- 
est edge. Only bird species that build an open-cup 
nest were included in the analyses. The number of 
nests from regenerating aspen stands was too low 
(n = 19) for a separate analysis. Nesting success was 
estimated using the Mayfield method (Mayfield 1961, 
1975) for species with a sample size of 10 or more 
nests. 

To evaluate whether tl•e relationship between nest- 
ing success and distance to open edge was indepen- 
dent of bird species, log-linear models were fitted to 
three-way contingency tables using data from the three 
most abundant species nesting in the forest cover 
type. Nests were divided into contingency classes as 
follows: (1) bird species (Least Flycatcher [Empidonax 
minimus], Red-eyed Vireo [Vireo olivaceus], and Amer- 
ican Redstart [Setophaga ruticilla]); (2) nest fate (suc- 
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TABLE 2. Fate of nests found in the Superior National Forest study plot in 1994. See Table 1 for definitions 
of column headings. 

Species 

Fate of nest Propor- 
tion 

Success- that 
n ful Failed Unknown failed 

American Woodcock (Scolopax minor) 
Ruby-throated Hummingbird (Archilochus colubris) 
Pileated Woodpecker (Dryocopus pileatus) 
Brown Creeper (Certhia americana) 
Red-breasted Nuthatch (Sitta canadensis) 
Hermit Thrush (Catharus guttatus) 
Red-eyed Vireo (Vireo olivaceus) 
Nashville Warbler (Vermivora ruficapilla) 
Chestnut-sided Warbler (Dendroica pensylvanica) 
Ovenbird (Seiurus aurocapillus) 
Chipping Sparrow (Spizella passerina) 
Song Sparrow (Melospiza melodia) 
White-throated Sparrow (Zonotrichia albicollis) 

Total or mean 

1 1 -- -- 0.00 

1 -- -- 1 -- 
1 1 -- -- 0.00 

1 1 -- -- 0.00 

1 1 -- -- 0.00 

3 1 1 1 0.50 
2 2 -- -- 0.00 

2 2 -- -- 0.00 

9 4 5 -- 0.56 
5 5 -- -- 0.00 

5 4 1 -- 0.20 
2 1 1 -- 0.50 

3 1 1 1 0.50 
36 24 9 3 0.25 

cessful or failed); and (3) distance to open edge (0 to 
25 m, >25 to 50 m, and >50 m). Nests of Least Fly- 
catchers, Red-eyed Vireos, and American Redstarts 
constituted 69.3% of all nests found in the forest cover 

type. 

RESULTS 

We found and monitored 311 nests in the 

Chippewa (33 species) and 36 nests in the Su- 
perior (13 species) study plots (Tables 1 and 2). 
Nests abandoned before egg laying were ex- 
cluded from analyses. In the Chippewa plot, 
nests of the 10 most common species (Least Fly- 
catcher, Veery [Catharus fuscescens], Cedar Wax- 
wing [Bornbycilla cedrorurn], Red-eyed Vireo, 
Chestnut-sided Warbler [Dendroica pensylvani- 
ca], Yellow Warbler [D. petechia], Ovenbird 
[Seiurus aurocapillus], American Redstart, Rose- 
breasted Grosbeak [Pheucticus ludovicianus], and 
Song Sparrow [Melospiza melodia]) comprised 
75% of all nests found. Nesting success was low 
in the Chippewa plot, averaging 0.43 for the 10 
most common species (all open-cup nesters; Ta- 
ble 1). Nesting success varied among individual 
species, with the lowest values for Red-eyed 
Vireos (0.18), Least Flycatchers (0.24), and Song 
Sparrows (0.24) and the highest for Chestnut- 
sided Warblers (0.59) and Yellow Warblers (0.76). 
For several species (i.e. Veery, Ovenbird, and 
Song Sparrow), sample sizes may have been too 
small to calculate reliable Mayfield estimates. 
In the Superior plot, sample sizes for all species 
were too small to calculate May field estimates. 

Nest predation was the most common cause of 
nesting failures, accounting for 89.2% of all 
known failures (both study sites combined, n = 
102). The remaining nest failures were classified 
as deserted, mostly when we found cold eggs 
or dead nestlings in the nest. 

We compared predation of ground nests that 
were found during building or incubation be- 
tween the Chippewa and Superior plots (de- 
serted nests omitted). Nest predation (i.e. per- 
cent of nests depredated) for ground nests was 
significantly higher at Chippewa (55%, n = 29) 
than at Superior (15%, n = 13; X 2 with Yates 
correction = 4.29, df = 1, P = 0.038). Nest-pre- 
dation data in three distance categories from 
the forest edge and in three height classes are 
presented for the Chippewa study plot in Table 
3. Nest predation differed significantly among 
the three habitat classes (X 2 = 8.44, df = 2, P = 
0.015; Fig. 1), being lowest in open areas (42.2%) 
and regenerating stands (47.4%) and highest in 
forests (62.2%). If abandoned nests are included 
in the analysis, the difference is still significant 
(X 2 = 7.38, df = 2, P = 0.025). 

Based on logistic regression, only one vari- 
able, total canopy cover, was significant in ex- 
plaining nesting success for all nests (X z = 12.59, 
df = 1, P = 0.004). The parameter estimate was 
negative, indicating that nests located in sites 
with high canopy cover were less successful 
than those in sites with low cover. In the open 
area and forest, no models were significant. 
Thus, none of the characteristics of the nest site 

(e.g. nest height, nest concealment, or nest lo- 
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TABLE 3. Nest predation relative to habitat type, nest 
height, and distance from open edge (forest nests) 
and from forest edge (open habitat nests) in the 
Chippewa National Forest, 1994. 

Percent of 
nests 

n depredated 

Open 
Total 83 42.2 

Nest height (m) 
0 to 0.3 17 47.1 
>0.3 to 2.0 59 40.7 
>2.0 7 42.9 

Distance from edge (m) 
0 to 25 37 43.2 
>25 to 50 23 39.1 
>50 23 43.5 

Regenerating aspen 
Total 19 47.4 

Forest 

Total 127 62.2 

Nest height (m) 
0 to 0.3 ' 12 41.7 
>0.3 to 2.0 43 62.8 
>2.0 72 65.3 

Distance from edge (m) 
0 to 25 36 58.3 
>25 to 50 51 66.7 

>50 40 60.0 

cation in relation to edge) explained nesting 
success. The result for all nests can be explained 
by the higher success at nests in open areas with 
little canopy cover (Fig. 1), especially because 
canopy cover was not significant in the models 
calculated separately for open and forest cover 
types. 

Using data from three most common species 
in the forest cover type (i.e. Least Flycatcher, 
Red-eyed Vireo, and American Redstart), the 
best log-linear model obtained (see Toft 1984) 
indicated that nest fate was dependent on bird 
species, but that neither nest fate nor the in- 
teraction (bird species and nest fate) was de- 
pendent on distance to the nearest open edge 
(G = 13.30, df = 12, P = 0.38). 

Brown-headed Cowbirds (Molothrus ater) par- 
asitized only 17 of 178 nests (9.6%) in the Chip- 
pewa study plot (Table 1). Three of these nests 
(1.7%) yielded cowbird fledglings. Parasitism by 
Brown-headed Cowbirds probably caused four 
nest desertions in the egg-laying and incuba- 

8O 

6O 

40 
Z 

20 

FIG. 1. 

Successful 

I Failed 

Open Regenerating Forest 
aspen 

Number of successful and alepredated nests 
in three cover types. Only open-cup nests included. 

tion stages, including desertions at three Red- 
eyed Vireo nests and one Yellow Warbler nest. 
Neither parasitized nests nor adult Brown- 
headed Cowbirds were observed in the Supe- 
rior study plot. 

DISCUSSION 

Nesting failure of open-cup-nesting birds was 
high, especially in the Chippewa study plot. 
There seemed to be regional differences in nest- 
ing success, but the data from the Superior plot 
are too few to draw definitive conclusions. Nest 

predation was the most common factor causing 
failure, as has been found in several other stud- 
ies (e.g. Ricklefs 1969, Martin 1993). The mean 
nesting success of the 10 most common species 
was 43%, which is similar to the success rate 

that Martin (1992) reported in open-nesting 
Neotropical migrants (i.e. 39%). However, suc- 
cess rates varied widely among species, from a 
low of 18% in the Red-eyed Vireo to a high of 
76% in the Yellow Warbler. 

Absence of edge effects.--In both forest and open 
habitats, we found no evidence that nesting 
success was influenced by proximity to the edge. 
This result can be interpreted in at least three 
ways. First, edges may indeed have no effect on 
nest predation at the Chippewa study site. Sec- 
ond, the forests at Chippewa may be comprised 
of relatively small patches so that few areas can 
be designated as interior or nonedge habitat. In 
essence, the effect of the edge may extend to all 
parts of the forest. Third, because our study was 
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conducted for only one year, the results may 
not be representative of the long-term average. 

The results of other studies in forested land- 

scapes generally support the first explanation; 
i.e., no edge effect was detected (see Introduc- 
tion). Furthermore, the effect of the edge seems 
to extend up to 50 m into the forest (see Paton 
1994). In our study, 31% of the forest nests were 
located more than 50 m from the edge, but pre- 
dation was not lower at these nests. 

Nest predator behavior and forested landscapes.- 
Most studies on nesting success in relation to 
edge and forests have occurred in landscapes 
fragmented by agriculture (see Paton 1994). 
Cutting forests for agricultural land has created 
permanent open areas that are favored by pred- 
ators of open nests such as striped skunks (Me- 
phitis mephitis) and species of the family Cor- 
vidae (Andr•n 1992, Picman and Schriml 1994). 
The increased nest predation at the forest edges 
is caused by a combination of forest-dwelling 
predator species and open-habitat species that 
are able to penetrate the edges of forests. In 
contrast, Rudnicky and Hunter (1993) empha- 
sized that edge types and the density and spe- 
cies composition of predator assemblages in for- 
ested landscapes often differ from those found 
in agricultural landscapes. Therefore, higher 
nest predation near edges may not be a general 
rule for all habitats (Berg et al. 1992). This idea 
receives support from most of the nest-produc- 
tivity studies that have been conducted in for- 
ested landscapes (see above) and from the fact 
that predator assemblages differ among differ- 
ent habitats (Picman and Schriml 1994). 

Following timber harvest, landscapes often 
go through a short-lived open stage, which is 
rapidly followed by succession and later canopy 
closure. The open stage may be too brief to per- 
mit grassland nest predators to colonize the har- 
vested area. It also is unlikely that there are any 
species of nest predators that are specialized for 
living in clearcuts. In contrast, there may be 
forest-inhabiting predators that forage in edges, 
and they may benefit from edges created by 
forest cutting. This could increase the overall 
predator density at edges. 

Natural regeneration of forests following dis- 
turbance may have been sufficient to allow the 
evolution of edge preferences for some preda- 
tor species. Natural forests are characterized by 
disturbances such as forest fires and wind blow- 

downs, which create a mosaic of open, early 

successional, and mature forest types (e.g. Zack- 
risson 1977, Heinselman 1981). Forest cutting 
may partly imitate natural disturbances by cre- 
ating young successional stages. However, the 
structure of successional stages following nat- 
ural disturbances and that following forest 
management differ from each other in many 
important ways (Pastor and Mladenoff 1992, 
Syrj•nen et al. 1994, Hutto 1995). 

Nest predators and nest habitat.--Nest preda- 
tion was lower in open habitats than in forests. 
This result supports the idea that there are few- 
er predators in clearcut areas and possibly few, 
if any, specialist predators in clearcuts and young 
successional stands. A similar pattern was found 
by Yahner and Wright (1985) and Seitz and Ze- 
gers (1993). 

Besides the location of nests within the forest 

or their position in relation to edges, other fac- 
tors may affect nest survival. The selected nest 
site, its concealment, or its height may affect the 
vulnerability of the nest to predation (e.g. Mar- 
tin 1992 and references therein). Many studies 
have found that well-concealed nests are less 

vulnerable to predation than are more exposed 
open nests (see Martin 1992), but we did not 
find this. A plausible explanation is that nest 
concealment has a minor effect on vulnerability 
to predation, especially if the main predators 
are mammals that use olfactory cues to locate 
nests (see below). 

Nest height and nest predation also were not 
related. Several authors have found differences 

in nest predation among ground, shrub, and 
tree nests, but no general trend exists (Ricklefs 
1969; Nilsson 1984; Martin 1992, 1993). Appar- 
ently, more important than nest height per se 
are the density and local structure of the pred- 
ator assemblage. This notion is supported by 
the results of some nest-predation experiments 
with artificial nests. Nest predation differed be- 
tween sites (even though habitats were similar) 
because the spatial distribution of predators dif- 
fered (e.g. Reitsma et al. 1990, Leimgruber et al. 
1994, Fenske 1995). 

Potential nest predators.--Adjacent to the 
Chippewa plot, we placed two automatic cam- 
eras near artificial ground nests to identify spe- 
cies preying on nests (Fenske 1995). Eight spe- 
cies of mammals were recorded preying on 
Northern Bobwhite (Colinus virginianus) eggs in 
the nests: fisher (Mustela pennanti; 8 cases), east- 
ern chipmunk (Tamias striatus; 5), red-backed 
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vole (Clethrionomys gapperi; 4), deer mouse (Pero- 
myscus maniculatus ; 3), red squirrel ( Tamiasciurus 
hudsonicus; 3), black bear (Ursus americanus; 2), 
gray squirrel (Sciurus carolinensis; 1), and striped 
skunk (1). In addition, a flying squirrel (Glau- 
comys sp.) was observed once at a nest, but it 
did not eat eggs. No avian predators were iden- 
tified with the cameras, but Blue Jays (Cyanocitta 
cristata) were nesting and commonly seen in 
our study plot. These results indicate that mam- 
malian predators were responsible for most nest 
losses on the forest floor. Because birds use oth- 

er cues besides olfaction for finding nests (e.g. 
behavior of adults near the nest), they may prey 
on active nests on the ground. Although only 
ground nests were monitored with cameras, the 
local abundance of chipmunks and tree squir- 
rels may partially explain the high frequency 
of nest predation observed in tree-nesting spe- 
cies like the Least Flycatcher and Red-eyed Vir- 
eo. 

Brown-headed Cowbirds.--Nest parasitism 
seemed to have a minor effect on the nesting 
success in the Chippewa study plot and prob- 
ably no effect in the Superior plot during our 
study. Brown-headed Cowbirds often parasitize 
open nests in agricultural landscapes (Brit- 
tingham and Temple 1983). Cowbirds forage on 
agricultural land, lawns, and bare ground and 
can parasitize nests up to 6.7 km from their 
foraging areas (Rothstein et al. 1984). At our 
study plots, most open areas created by forest 
management do not provide appropriate for- 
aging habitat for cowbirds and, generally, do 
not support large numbers of cowbirds. The 
nearest fields and pastures were only 3 km from 
the Chippewa plot, which is well within the 
foraging range documented for Brown-headed 
Cowbirds. The consequences of parasitism to 
nesting success may be overestimated if one 
looks at the parasitism rate alone (Martin 1992). 
This is because, as we found, most of the par- 
asitized nests were lost to nest predators (see 
Table 1). 

Conclusions.--The results of our study support 
many of the earlier findings that the proximity 
of nests to the edge has no effect on nesting 
success for birds with open-cup nests in forest- 
ed landscapes. Studies on natural nests are rel- 
atively scarce, and more studies are needed, es- 
pecially in different forest types and in land- 
scapes that are changed through forestry prac- 
tices. To adequately evaluate the factors that 
affect nest productivity in forest birds, more 

nesting studies need to be coupled with data 
on local predator assemblages, especially data 
on predator densities, searching tactics, spacing 
behavior, and densities of alternate prey. 
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