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HABITAT SELECTION BY AMERICAN REDSTARTS ALONG A

SUCCESSIONAL GRADIENT IN NORTHERN HARDWOODS FOREST:

EVALUATION OF HABITAT QUALITY

PETER D. HONT!
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ABSTRACT.—To investigate the possible relationship between habitat changes and popu-
lation declines in the American Redstart (Setophaga ruticilla), 1 studied redstart population
structure in habitats spanning a successional gradient in northern hardwoods forests of the
White Mountains, New Hampshire during the summers of 1992 to 1994. Early successional
stands, in general, supported higher densities and a greater percentage of older (ASY) males
than did mature stands. Among mature forests, redstart densities and proportions of ASY
males were lower in stands with greater representation of conifers. Mating success varied
among habitats, primarily for yearling males, which were more likely to obtain a mate in
the early successional habitats and less likely to do so in coniferous habitats. Territories were
significantly smaller in early successional habitats. The combination of high densities, high
proportions of older males, high mating success in yearlings, and small territory size supports
the hypothesis that early successional habitats are more suitable for redstarts than are older
forests. Early successional habitats may be more suitable due to higher prey availability and/
or reduced predation on nests, although conclusive data are not available for either of these
variables. If reproductive success follows a similar pattern, then the loss of early successional
habitats as a result of reforestation in the breeding areas could be a major cause of population
declines of American Redstarts in New England. Received 18 December 1995, accepted 8 May

1996.

RECENT DECLINES in populations of Nearctic-
Neotropical migratory birds have raised con-
cerns about habitat alteration on both the breed-
ing and wintering grounds of these species
(Robbins et al. 1989, Askins et al. 1990, Hagan
and Johnston 1992). Habitat alteration can in-
volve deforestation, resulting in net habitat loss
and the fragmentation of remaining habitat, as
well as natural changes in plant communities
through vegetative succession. These types of
habitat changes can affect regional or local bird
abundance if species experience higher fecun-
dity and survival in some habitats than in oth-
ers. Evidence from the breeding grounds sug-
gests that fragmentation of forest habitats can
lead to low reproductive success through in-
creased nest predation (Wilcove 1985, Small and
Hunter 1988), increased brood parasitism (Brit-
tingham and Temple 1983, Robinson 1992), or
a combination of the two (Robinson et al. 1995b).
Although changes in bird community compo-
sition that accompany vegetative succession are
well documented (Johnston and Odum 1956,
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Bond 1957, Karr 1968, Morgan and Freedman
1986, Holmes 1990), few data are available on
population structure and reproductive success
in those species that occupy a range of succes-
sional stages (but see Probst and Hayes 1987).
If one assumes that a species is rare or absent
from certain stages because it experiences low
fitness there, changes in the availability of the
preferred stage may result in regional popula-
tion changes. An understanding of a species’
habitat distribution, defined as its pattern of
abundance across habitats, thus is critical for
evaluating the potential effects of landscape
change on avian populations.

The American Redstart (Setophaga ruticilla) is
widely distributed in eastern and north-central
North America, where it occurs in deciduous
and deciduous/coniferous habitats. Recent data
suggest that redstart populations are declining
in northeastern North America (Holmes and
Sherry 1988, Witham and Hunter 1992, Peter-
john and Sauer 1994). Litvaitis (1993) proposed
that this decline is related to regional refores-
tation and loss of early successional habitat. With
respect to plant succession, studies of redstart
habitat selection have come to contradictory
conclusions. Some studies have found that red-
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starts reach maximum densities in early succes-
sional (DeGraaf 1991, Westworth and Telfer
1993) or intermediate-aged forests (Bond 1957),
or in forests with smaller trees (DeGraaf and
Chadwick 1987), which may approximate early
to mid-successional habitats. Others have char-
acterized redstart habitat as primarily shrub and
forest edge (Martin 1960, Collins et al. 1982). In
some areas, redstarts are more abundant in areas
with a mixture of stand ages than in nearby
areas containing only mature forest (Welsh and
Healy 1993). At the other extreme, some authors
have found maximum redstart densities in more
mature forests (Ficken and Ficken 1967, Craw-
ford et al. 1981, Morgan and Freedman 1986,
Thompson and Capen 1988). Within mature for-
ests, considerable evidence suggests that red-
starts are less common in areas with higher den-
sities of conifers (Martin 1960, Sabo 1980, Sher-
ry and Holmes 1985, DeGraaf and Chadwick
1987). Given that 7 of these 11 studies found
higher redstart densities in early to middle stages
of succession, or in habitats that were structur-
ally similar to these stages, I hypothesized that
early successional habitats were more suitable
for redstarts than were mature forests.

If early successional habitats are of higher
quality, then they should support higher red-
start densities, have higher percentages of older
males, and be settled earlier in the season. The
latter predictions stem from observations that
older males arrive earlier on the breeding
grounds (Francis and Cooke 1986) and are able
to exclude yearlings from “‘preferred” territo-
ries (Ficken and Ficken 1967, Sherry and Holmes
1989), suggesting that the older birds choose
higher-quality habitats. In addition, because
some yearlings are unable to obtain mates (Proc-
ter-Gray and Holmes 1981, Sherry and Holmes
1989), mating success also may vary among hab-
itats, leading to the prediction that a greater
proportion of males should be mated in early
successional habitats. Finally, Smith and Shu-
gart (1987) showed that territory size can reflect
habitat quality because prey abundance varies
with habitat, leading to the prediction that red-
start territories should be smaller in early suc-
cessional habitats if these habitats are more suit-
able. I tested the hypothesis that early succes-
sional habitats are more suitable for American
Redstarts by measuring a suite of population
parameters that can reflect habitat suitability,
namely density, age ratio, mating success, ar-
rival time, and territory size. Data on habitat
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quality across a variety of habitats are needed
before hypothesized relationships between
habitat changes and population declines can be
evaluated.

METHODS

Study sites.—This study was conducted on 44 forest
stands in the Pemigewasset Ranger District of the
White Mountain National Forest, New Hampshire.
Sites were selected from U. S. Forest Service (USFS)
stand records, based on the following criteria: (1) the
vegetation of the stand was classified by the USFS as
“northern hardwoods association;” (2) the stand was
at least 10 ha in size; (3) the stand was accessible; and
(4) the stand was at least four years old (time since
last harvest). All stands harvested since the 1940s had
been clearcut, and I presumed that most of the older
ones were as well, although information on harvest
methodology was not available for all older sites. The
sites sampled represented a broad range of stand ages,
spanning 4 to 122 years, and thus encompassed a
broad range of possible habitats within a heavily for-
ested region. Although some information on land-
scape characteristics was available for each stand (e.g.
distance to other stands, size and age of adjoining
stands, etc.), it was not considered when choosing
sites or used in any analyses because of potential re-
ductions in sample sizes.

Vegetation sampling.—Habitat characteristics at the
44 census sites were measured using a point-centered
quarter method (Cottam and Curtis 1956), with 10
points per stand. In each quadrant around points, I
measured the distance from the point to the nearest
stem >3 c¢m dbh, and then recorded the species of
tree and its dbh. Numbers of shrubs and saplings were
counted within a 2-m radius of each point. The veg-
etation points were not necessarily the same as the
redstart census points (see below) but were located
in the same part of the stand and reflected the habitat
characteristics of the area censused as a whole. The
distances and tree sizes at each point were used to
calculate densities, basal areas, and relative impor-
tance values for the common tree species in each stand.

Bird censusing.—Numbers of territorial male red-
starts at each census site were determined using a
playback-based point count technique, modified from
Sliwa and Sherry (1992). When stand size and shape
allowed, I censused 10 points per site, all spaced at
least 100 m apart and usually along a transect or grid
line. To minimize detection of birds from different
habitats, points were at least 50 m from the edge of
the stand. At each point I spent 6 min listening and
watching for redstarts; during the last 3 min I used a
portable tape recorder to broadcast redstart song. The
recording consisted of repeat-mode singing (Mac-
Nally and Lemon 1985) by a male redstart recorded
in a previous year in Woodstock, New Hampshire.
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The playback protocol was designed to attract males
so that I could observe their plumage and determine
their age (Johnson et al. 1981). Throughout the 6-min
period, I noted the song types of all redstarts heard
(MacNally and Lemon 1985) and determined the age
class (SY for yearling birds and ASY for birds at least
two years old, distinguished by plumage) of all males
seen. When possible, I sketched breast patterns of
males (see Lemon et al. 1992) to distinguish among
individuals. If the same bird was detected at more
than one point, this was also noted. Censusing activ-
ity occurred between 8 June and 1 July in 1992 (44
sites), 16 June and 1 July in 1993 (35 sites), and 5 June
and 2 July in 1994 (26 sites). All censuses were con-
ducted between 0500 and 1030 EST, and each site was
censused only once a year.

Data were summarized by counting the minimum
number of territorial males on each census. At three
sites where fewer than 10 points were censused (two
sites with 9 points, and one site with 7 points in one
year and 10 points in the other two years), the number
of males was adjusted to represent “males per 10
points,” the measure used in subsequent analyses and
hereafter referred to as “redstart abundance.” The
number of ASY males seen during a census was di-
vided by the total number of males seen to give “%
ASY.” Only sites at which at least 50% of the males
were observed were used in analysis of this variable.

Mating success.—Seventeen of the 44 stands were
intensively surveyed in 1994 in an attempt to measure
the number of males with mates (i.e. mating success).
Sites were chosen based on results of vegetation or-
dination (see below) and represented three habitat
types: early successional forest (six sites), mature de-
ciduous forest (seven sites), and mature deciduous/
coniferous forest (four sites; see Results for habitat
definitions). After each census, [ spent the remainder
of the day observing individual males to determine
whether each was successfully mated with a female.
If a female was not observed with a given male during
the census, that male was monitored for up to 60 min
(Villard et al. 1993) or until he was seen associating
with a female. If I was unable to monitor all males at
a site on the first day, that site was revisited on sub-
sequent days until each male had been observed for
a cumulative total of 60 min (if necessary). When a
female was seen in a territory, but the male continued
singing or otherwise showed no interest in her, the
female was assumed to be wandering from a neigh-
boring territory, and observation of the focal male
was continued. In addition, I recorded song types
(repeat vs. serial mode; MacNally and Lemon 1985)
and rates (for at least 5 min, when possible) for all
males for which a female had not yet been detected,
because singing behavior is a good indicator of mat-
ing status (C. Staicer pers. comm.). Unmated males
repeat the same song type at a rapid rate (8/min),
whereas this rate is significantly slower in mated males
(5/min). Mated males also switch among several song
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types within a singing bout (serial song), a behavior
almost never observed in unmated birds (C. Staicer
pers. comm.). A male was considered mated if: (1) he
was seen associating with a female, or (2) his singing
behavior suggested that he was mated. In the process
of collecting mating-success data, I also was able to
obtain more accurate measures of density and age
ratios, data which later were used to assess the ac-
curacy of the census methodology.

Arrival time.—In 1994, I systematically surveyed 13
of the 44 stands in May and early June to determine
arrival times and changes in abundance in different
habitats. Sites again represented the three habitat
types: (1) early successional forest (n = 5), (2) mature
deciduous forest (n = 5), and (3) mature deciduous/
coniferous forest (n = 3). Each of these sites was vis-
ited, weather permitting, once every three days from
7 May to 3 June, between 0530 and 1330 (five to seven
visits per site). The order in which sites were visited
within a day, and to a lesser extent within a three-
day period, was varied as much as possible within
the logistical constraints of time of day and distance
between sites. Two to six sites were visited each day.
During each visit, I spent one hour systematically
searching for redstarts, and recorded the number seen
and their age, sex, distinguishing markings, behavior,
and general location. The same area of each site was
covered in each visit, and corresponded roughly with
the area used in later censusing.

Territory size.—I measured territory size on three
plots within the Hubbard Brook Experimental Forest,
White Mountain National Forest, New Hampshire.
One 5-ha plot was located within each of two exper-
imental clearcuts, Watersheds 101 and 5, which were
harvested in 1970 and 1984, respectively. The third
plot was a 20-ha portion of the study area used by
Sherry and Holmes (1985, 1992) in their studies of
redstarts. This was situated within a large, contiguous
mature forest (over 80 years since last harvest). Each
plot was marked in a 25-m grid to facilitate territory
mapping.

Territory boundaries on the Hubbard Brook plots
were determined by mapping locations and move-
ments of individual males (identified by color bands
or plumage variation) and recording counter-singing
and boundary disputes among males. The plots were
visited from mid-May to early July in 1992 and 1993
(only 1993 on Watershed 101), with visits lasting from
5 to 8 h. Territory data from the mature forest were
collected as part of an ongoing study of the redstart
population at Hubbard Brook (T. W. Sherry and R. T.
Holmes unpubl. data). All locations of each bird were
transferred to a transparent overlay and territory
boundaries approximated by drawing a convex pol-
ygon around the area where roughly 90% of the ob-
servations were concentrated. Areas were estimated
by overlaying each territory polygon on graph paper
and counting the number of squares within its bor-
ders, with each square scaled to represent 40 m?.
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TABLE 1.
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Results of principal components analysis of relative densities of common tree species on 44 forest

stands in White Mountain National Forest, New Hampshire.

Loadings

Variable PC1 PC2
Sugar maple (Acer saccharum), <10 cm dbh 0.07 -0.19
Sugar maple, =10 cm dbh 0.22 —0.30
Red and striped maple (A. pensylvanicum and A. rubrum) 0.09 0.35
American beech (Fagus grandifolia) 0.44 —0.55
Birches (Betula alleghaniensis, B. papyrifera), <10 cm dbh —0.23 0.14
Birches, =10 ¢cm dbh 0.18 0.41
Pin cherry (Prunus pensylvanica) —0.81 —0.28
Conifers (Tsuga canadensis, Abies balsamea, Picea rubens) 0.06 0.42
Variance explained (%) 59 17

Data analyses.—Principal components analysis (PCA) RESULTS

was used to determine relationships among the veg-
etation variables, resulting in components that were
useful descriptors of habitat gradients. The PCA was
based on the densities of seven common tree species
and the combined densities of three uncommon co-
nifer species (Table 1), all expressed as relative den-
sities (actual density divided by total tree density).
Two taxa (sugar maple and yellow birch; scientific
names in Table 1) showed considerable variation in
size-class distributions among study sites, and I in-
cluded this variation in the PCA by using two den-
sities for each taxa (i.e. trees <10 cm dbh and trees
=10 cm dbh). To determine broad habitat categories, -
I clustered sites based on the calculated values of the
first two principal components. The clustering algo-
rithm used average linkage and Euclidean distances
to compare each variable among all 44 sites.

Variation in redstart population variables along the
vegetation gradients was analyzed in two major ways.
For patterns across all sites, I used multiple regression
to examine the relationships between the vegetation
gradients (scores on PC1 and PC2) and redstart abun-
dance and age ratios. Differences in redstart abun-
dance, age ratio, and mating success among distinct
habitats (based on clustering analysis of vegetation
characteristics) were compared using ANOVA and
t-tests (or Kruskal-Wallis and Wilcoxon tests when
sample sizes were small). All analyses were per-
formed on each year’s data separately, as well as on
means for sites that were censused in all three years.
Means for age ratios are based on sites for which 1
had at least two years of data, because the sample that
met acceptance criteria (at least 50% of males seen) in
all three years was small.

For arrival times, I determined the first date on
which each resident male (i.e. males detected on mat-
ing-success surveys) appeared at each site. I then de-
termined the number of resident males present dur-
ing each subsequent three-day period. Data for each
site were summarized as the number of resident males
present during each three-day period. Mean numbers
per habitat were compared in each three-day period
using either Wilcoxon or Kruskal-Wallis tests.

Vegetation characteristics of the study sites.—Sites
occupied by redstarts initially were character-
ized using principal components analysis based
on densities of common tree species. The first
two principal components collectively ex-
plained 76% of the variation (Table 1). Principal
component one (PC1) explained 59%, with high
negative loadings for pin cherry and small
birches and high positive loadings for sugar
maple and American beech (Table 1). This pat-
tern is consistent with a successional gradient
in northern hardwoods forest in which pin
cherry and small birches are common in early
stages, but eventually are replaced by large
beech, sugar maple, and yellow birch (Marks
1974). PC1 scores also were highly correlated
with forest age (r = 0.8, n = 44, P < 0.001). The
second principal component (PC2) explained
17% of the variance and had positive loadings
for conifers, large birch, and red and striped
maples, and negative loadings for pin cherry,
beech, and sugar maple (Table 1). A similar com-
ponent (i.e. a gradient from red maple/birch/
conifer to sugar maple/beech) was reported by
Sherry and Holmes (1985) within mature forest
at Hubbard Brook, and was interpreted as re-
flecting increasing conifer density in response
to changes in moisture and other physical fac-
tors. Hereafter, I refer to PC1 and PC2 as the
successional gradient and the conifer gradient,
respectively.

Cluster analysis based on the vegetation gra-
dients revealed an initial separation of the 44
sites into two large groups, with the larger group
further divisible into two major subgroups.
When PCl1 was plotted against PC2, stands
younger than 30 years separated from those >30
years old along the successional gradient (Fig.
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1). A similar separation of early successional
and mature stands was reported by Aber (1979),
based on foliage height profiles. Within the ma-
ture forest cluster, two smaller clusters corre-
sponded to sites that separated along PC2, thus
representing habitats with relatively high or
low conifer densities (Fig. 1). All further ref-
erences to the results of the cluster analysis will
refer to the habitat types as “early successional”
and “mature” along the age gradient, and as
“deciduous” and “coniferous” when the mature
habitats are delineated along the coniferous
gradient. Sites classified as early successional
ranged in age from 4 to 22 years, with a mean
of 10.8 years since harvest (* SE of 5.6). Mature
deciduous stands ranged from 20 to 122 years
old (x=72.4 + 5.4 years), and mature coniferous
stands ranged from 36 to 102 years old (¥ = 73
+ 7.1 years).

Redstart abundance.—To assess the reliability
of the census methodology, numbers of red-
starts detected on censuses were compared with
numbers of redstarts detected during mating-
success surveys at the same sites. The two mea-
sures were positively correlated (r = 0.96, P <
0.001, n = 17), indicating that the playback cen-
sus was a reliable method for estimating red-
start abundance. Therefore, I used the playback
census data for assessing redstart abundance,
because it was available for all years and cov-
ered a larger geographic area.

When all three years were analyzed together,
mean redstart abundance declined significantly
along the coniferous gradient (PC2; F = 6.89, P
= 0.01) but did not vary along the successional
gradient (PC1; F = 2.75, P = 0.11; R* = 0.29, df
= 2 and 24 for both). The lack of significance
of PC1 probably resulted from the 1993 data, in
which redstart abundance in mature deciduous
habitats did not differ from that in early suc-
cessional habitats. When the same regression
model was applied to each year’s data individ-
ually, redstart abundance declined as forest age
increased in 1992 (F = 5.66, df = 2 and 42, P =
0.02, R? = 0.24) and 1994 (F = 10.85, df = 2 and
24, P = 0.003, R? = 0.44) but not in 1993 (F =
0.43, df = 2 and 33, P = 0.5, R* = 0.18). Redstart
abundance declined along the coniferous gra-
dient in each of the three years.

An alternative means of investigating the ef-
fects of habitat on redstart populations is to
group sites into the three habitat clusters (early
successional, deciduous, and coniferous) de-
scribed earlier. When habitat-specific abun-
dances were compared in this way, the results
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(Fig. 2A) corroborated the regression analyses
above. At sites censused in all three years, mean
redstart abundance was high in early succes-
sional stands, high to intermediate in deciduous
stands, and low in coniferous stands (F = 4.96,
df = 2 and 23, P = 0.016). Similar patterns were
observed when all sites were included and
within years. Differences between early succes-
sional and coniferous habitats were significant
in all cases.

Age ratios of male redstarts.—I used multiple
regression to test for relationships between age
ratios and the habitat gradients, as represented
by the first two vegetation-based principal com-
ponents. Across years, mean % ASY declined
along the successional gradient (PC1; F = 5.19,
P = 0.04) but not along the coniferous gradient
(PC2; F =221, P =0.16; R2 = 0.34, df = 2 and
16 for both). For the 1992 data, % ASY declined
significantly along both the successional (PC1;
F =1473, P = 0.001) and coniferous gradients
(PC2; F = 441, P = 0.05; R2 = 0.46, df = 2 and
24 for both). This analysis was not performed
for the other years owing to small sample sizes
and the fact that most of the sites that met anal-
ysis criteria (at least 50% of males were seen)
were in early successional habitats.

Age ratios also were examined with respect
to the three habitat clusters. Mean % ASY (across
years) declined from early successional to ma-
ture deciduous to mature coniferous stands (F
= 3.56, df = 2 and 15, P = 0.054; Fig. 2B). These
differences were most apparent in 1992, when
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early successional habitats had a significantly
higher % ASY than both mature habitats (F =
8.37,df = 2 and 23, P = 0.002). Percent ASY was
uniformly high across all sites in 1993, so no
significant differences were detected (F = 0.38,
df = 2 and 19, P = 0.69), although the general
trend resembled that of 1992. Too few sites met
analysis criteria in 1994, although the trend was
again toward more older males in early succes-
sional stands and fewer in coniferous stands,
based on sites visited for mating-success sur-
veys.

Mating success.—Mating success of ASY males
was uniformly high and did not vary signifi-
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cantly among habitats (Kruskal-Wallis test, x> =
3.96, df = 2, P = 0.14; Fig. 2C). Although the
percentage of SY males that obtained mates was
highest in early successional stands, interme-
diate in deciduous stands, and lowest in conif-
erous stands (Fig. 2C), these differences were
not statistically significant (x2 = 4.71, df = 2, P
= 0.10). However, yearling mating success was
significantly higher in early successional hab-
itats when compared to the two mature habitats
combined (x2 = 449, df = 1, P = 0.03). When
both age classes are combined, there were no
significant differences among the three habitats
(x* = 4.0, df = 2, P = 0.14), although the dif-
ferences between early successional and conif-
erous stands were significant when compared
directly (x2 = 5.06, df = 1, P = 0.025). Within
habitats, there was no significant difference be-
tween ASY and SY mating success in early suc-
cessional stands (x? = 3.05, df = 1, P = 0.08),
whereas significantly more ASYs than SYs were
mated in mature habitats (Wilcoxon test, x2 =
6.67, df =1, P = 0.01).

Relationships between density and other popula-
tion parameters.—To determine if density, age
ratio, and mating success showed comparable
trends across all sites, I performed regressions
using mean redstart abundance (i.e. mean of all
three years) as the independent variable. Sites
with higher redstart abundance had both high-
er % ASY (r? = 0.48, P = 0.004; Fig. 3A) and
higher 1994 mating success (r* = 0.30, P = 0.04;
Fig. 3B). These results indicate that high-den-
sity sites also were characterized by high pro-
portions of ASY males and high mating success,
rather than these three variables showing in-
consistent patterns on a site-by-site basis (e.g. a
high-density site dominated by SY males).

Arrival time.—Between 7 and 24 May 1994,
the numbers of males settling in early succes-
sional and deciduous stands did not differ, al-
though there were slightly more in early suc-
cessional stands during the third survey period
(Wilcoxon test, x* = 3.43, df = 1, P = 0.06; Fig.
4). After 24 May, populations in deciduous
stands remained stable, whereas those in early
successional habitats continued to increase into
June, eventually reaching significantly higher
levels in the last sampling period (x* = 4.58, df
=1, P = 0.03; Fig. 4). This increase was due in
part to later-arriving yearlings, which arrived
at mature forest sites at the end of May and at
early successional sites in early June (pers. obs.).
If only ASY birds are used in analysis of arrival
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FIG. 3. Relationships between abundance (three-
year mean) and (A) age ratios and (B) mating success
of male American Redstarts at sites spanning all three
habitat types. Differences in point locations between
(A) and (B) result from different sites being used in
each analysis. Age ratios are from sites censused in
two or three years, whereas mating success is from
1994 only.

time, the divergent pattern is retained, but the
final difference between habitats is not signif-
icant (x> = 2.58, df = 1, P = 0.11). All but one
of the yearlings residing on early successional
and mature deciduous sites arrived after all the
ASYs had established territories, and many were
not recorded until after the arrival-time surveys
(i.e. during the playback census or mating-suc-
cess survey in June). Coniferous stands were
not occupied until 28 May, and they gradually
filled to a level similar to that of the deciduous
stands (x* = 2.18, df = 1, P = 0.14; Fig. 4). Only
two of the birds settling in coniferous sites were
ASYs, and these were not detected until early
June, after or at the same time as the resident
yearlings. There were too few females detected
during the arrival surveys to determine their
arrival patterns.
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sites that supported three or more breeding males
were included in analysis.

Territory size.—Territory sizes averaged 0.17
ha in Watersheds 5 (8-year-old early succes-
sional site; SE = 0.02, n = 21) and 101 (22-year-
old mid-succession site; SE = 0.037, n = 6), and
0.54 ha in the mature forest (>80 years old; SE
= 0.017, n = 27; Fig. 5) and were significantly
smaller in the two younger sites (F = 116.4, df
= 2 and 51, P < 0.001). Territory size did not
vary between years within either Watershed 5
(t =1.26,df =19, P = 0.22) or the mature forest
(t = 0.04, df = 25, P = 0.96). Territory size did
not differ between ASY and SY redstarts within
Watershed 5 (t = 0.54, df = 26, P = 0.59). There
were too few SY territories in Watershed 101
and the mature forest plot to compare territory
size between age classes.

DIsCUSSION

Variation in redstart populations among habi-
tats.—Redstart densities were highest in early
successional habitats and lowest in mature co-
niferous forest (Table 2). The traditional inter-
pretation of such a pattern is that densities are
highest in habitats that are most suitable, in part
because resource levels must be high enough
to support the additional individuals (Brown
1969, Fretwell and Lucas 1969). However, high
densities also could result from large numbers
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Fic. 5. Locations and approximate sizes of American Redstart territories on an early successional plot
(Watershed 5; 8 years post harvest) and a mature forest plot (>80 years post harvest) at Hubbard Brook in

1992.

of subordinate individuals being forced into less
suitable, resource-poor habitats (Van Horne
1983, Vickery et al. 1992). Thus, it is important
to consider variables other than density when
assessing habitat quality.

A better indicator of habitat suitability is re-
productive success, with high-quality habitats
defined as those where individuals produce the
most young. Measuring reproductive success in
a variety of habitats was not attempted in this
study due to the intensive effort needed to ob-
tain sufficient sample sizes. However, a number
of other variables (including age class distri-
butions and mating success) that are positively
correlated with reproductive output can be used
as surrogate measures of habitat suitability
(Lundberg et al. 1981, Alatalo et al. 1985, Van
Balen and Potting 1990, Steele 1992, Holmes et
al. 1996). In the American Redstart, ASY males
are dominant over SY males, and they actively
exclude them from supposedly more suitable
habitats (Ficken and Ficken 1967, Sherry and
Holmes 1989). As a result, the relative abun-
dance of these two age classes serves as a second
measure of habitat suitability, with better hab-
itats dominated by older birds and poorer hab-
itats occupied more by yearlings. In this study,
redstart age ratios supported density assess-
ments: older males predominated in habitats
with high redstart densities (Fig. 3A, Table 2).

This is contrary to the hypothesis that high-
density habitats are occupied primarily by sub-
ordinate, in this case yearling, individuals.
Habitat quality also may vary in terms of the
likelihood that a male will obtain a mate and
thus potentially produce young (Gibbs and Faa-
borg 1990, Holmes et al. 1996). Variation in mat-
ing success thus can serve as a third measure of
habitat quality in that reproductive success
should be higher in habitats where a greater
proportion of males are mated (assuming other
factors, such as predation, do not vary across
habitats). Mating success in American Redstarts
varied with both habitat and age class: older
males almost always were mated irrespective of
habitat, whereas yearlings usually were mated
in early successional habitats and often were
unmated in mature forest habitats (Table 2; see
also Procter-Gray and Holmes 1981, Sherry and
Holmes 1989). These findings suggest that more
females are settling in early successional habi-
tats, resulting in female densities that are high
enough to allow most males to obtain a mate.
In mature forest, successfully mated SY males
produce the same number of young as mated
ASYs (Procter-Gray and Holmes 1981, T. W.
Sherry pers. comm.). Thus, when combined with
the higher redstart densities in early succes-
sional habitats, higher mating success should
result in greater productivity per unit area, sup-
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TABLE 2. Summary of habitat suitability measures for male American Redstarts in three habitats within

northern hardwoods forest.

Habitat
Early Mature Mature
Variable successional deciduous coniferous More suitable habitat
Density High High-med. Low E-S or M-D
Predominant age class ASY Variable SY E-S
ASY mating success High High High All equal
SY mating success High Low Low E-S
Territory size Small Large No data E-S
Arrival time Early Early Late E-S or M-D
Nest predation High Low Low M-D or M-C

* More suitable habitat defined as that leading to greater reproductive output, either per individual or on habitat-wide basis. E-S = early

successional; M-D = mature deciduous; M-C = mature coniferous.

porting the hypothesis that high-density hab-
itats are more productive. Data on per capita
reproductive success in these different habitats
are needed to confirm these interpretations and
to provide an ultimate assessment of habitat
suitability.

Another measure that may reflect habitat
quality is territory size, which often is assumed
to reflect underlying resource levels (Smith and
Shugart 1987). Specifically, birds in habitats with
more concentrated or higher-quality food may
not need as much space to meet their resource
needs, defending smaller territories as a result
(although experimental food manipulations
have failed to achieve this result; see Franzblau
and Collins 1980). Because some evidence sug-
gests that insects are more abundant in early
successional habitats (Edwards-Jones and Brown
1993), the finding that redstart territories were
significantly smaller in early successional hab-
itats than in mature forest (Fig. 5, Table 2) is
consistent with the hypothesis that territories
may be smaller in resource-rich habitats. Alter-
natively, reduced territory size may result from
high redstart densities rather than being a con-
sequence of higher resource levels. In extreme
cases, it is possible that such reduced territories
may not contain enough food to support repro-
duction, as might be the case if high-density
habitats are primarily overflow areas for indi-
viduals excluded from more suitable habitats.
Although densities in this study were higher
in the habitats with smaller territories, there
were always unoccupied areas of habitat (Fig.
5), suggesting that territories were not being
compressed or constrained by the presence of
neighboring birds. In addition, there were no
detectable differences in vegetation between
redstart territories and unoccupied areas in ear-

ly successional habitats (Hunt 1995), implying
that most of the available area was equally suit-
able. These data strongly suggest that territory
size, at least in early successional habitats, is not
affected by redstart density (acting through ter-
ritory compression) or by intra-habitat vegeta-
tion differences (as measured by Hunt 1995),
leaving resource quality as a likely possibility.

If birds can accurately assess habitat quality,
they might be expected to arrive at and establish
territories in high-quality habitats before low-
quality habitats, as predicted by the ideal free
and ideal despotic distributions (Fretwell and
Lucas 1969). The despotic model predicts that,
as successively poorer habitats become filled,
additional settlers will be forced into habitats
where they cannot reproduce, or where they
experience lowered reproductive success (Brown
1969). Data on arrival times for American Red-
starts in my study support the conclusion that
mature coniferous habitats were relatively un-
suitable, in that such habitats were not settled
until late in the arrival period.

The distinction between early successional
and mature deciduous habitats, however, is not
clear. Both habitats filled at equal rates early in
the arrival period, suggesting that redstarts were
not distinguishing between them at this time.
Later in the season, however, densities in ma-
ture habitats leveled off, while densities in early
successional habitats continued to increase.
These late-settling individuals could be choos-
ing early successional habitat for one of two
reasons: (1) this habitat was of higher quality;
or (2) these individuals were excluded from oth-
er, presumably more suitable habitats. If the
birds settling in early successional habitats late
in the arrival period were being excluded from
more suitable habitats, then I would have ex-
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pected them to be primarily subordinate birds,
particularly SY males. Although SY males were
the late arrivals in early successional habitats,
their exclusion from the arrival analysis did not
eliminate the divergent pattern mentioned
above, although the differences between habi-
tats were less extreme. In addition, uniformly
high mating success for both age classes in early
successional habitats is inconsistent with SYs
being excluded from more suitable habitats. In
contrast, although SYs actually arrived slightly
earlier in mature habitats, they often were un-
mated. Late-arriving ASYs in mature habitats,
even at more coniferous sites, obtained mates
even when SYs that already were present did
not obtain mates. The latter suggests mate choice
by females, a subject that is beyond the scope
of this study (but see Procter-Gray and Holmes
1981, Morris and Lemon 1988, Lemon et al. 1992).
Finally, the last “arrival period” in these anal-
yses represents a much broader range of dates
(from census and mate survey data), and as such
lacks the temporal resolution of the actual ar-
rival surveys. As a result, I do not know when
the last males on each site actually arrived. It is
possible that some of these males dispersed into
my sites after experiencing nest failure else-
where, further confounding analysis of arrival
time. Overall, I believe that the arrival data are
not sufficient to distinguish differences be-
tween early successional and mature deciduous
habitats. Thus, additional study of arrival pat-
terns and within-site habitat selection are need-
ed to clarify the possible relationships among
habitat quality, territory selection, and arrival
time.

Environmental factors influencing habitat suit-
ability. —Two broad classes of environmental
variables potentially can influence habitat suit-
ability: predation pressure and resource char-
acteristics (Smith and Shugart 1987, Martin 1995,
Robinson et al. 1995b). Nest predation, in par-
ticular, can have a major effect on reproductive
success. If nest predation varies consistently
among habitats, then habitats with lower pre-
dation risk could be considered more suitable.
Iam aware of no data comparing predator abun-
dances across successional stages. Experiments
using artificial nests generally have shown that
predation on shrub and sapling nests tends to
be higher in early successional than in mature
habitats (Yahner and Cypher 1987, Seitz and
Zegers 1993, Hunt 1995), suggesting that nest
predation in early successional habitats could
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be relatively high (making these habitats less
suitable for redstarts). However, reported pre-
dation rates may be misleading because artifi-
cial nest experiments are not always accurate
measures of natural predation rates (Storaas
1988, Willebrand and Marcstrom 1988, Haskell
1995), especially when structurally different
habitats are being compared (Hunt 1995). Thus,
the possibility exists that predation rates esti-
mated in these studies do not reflect real dif-
ferences between early successional and mature
forest habitats. If this is the case, then the role
of nest predation in determining habitat quality
for American Redstarts must be evaluated with
further experimentation or with studies of pre-
dation on real redstart nests across an array of
habitats.

Brood parasitism by Brown-headed Cowbirds
(Molothrus ater) is analogous to nest predation
because it reduces the likelihood that a nest will
produce young. Parasitism also shows patterns
similar to those recorded for nest predation; i.e.
higher rates near edges and in habitat frag-
ments (Robinson 1992; Robinson et al. 1995a,
b). Although early successional habitats appear
suitable for cowbirds, cowbirds were not de-
tected at any of the sites surveyed in this study,
probably because the surrounding forest land-
scape was poor feeding habitat for cowbirds. As
a result, it is unlikely that brood parasitism is
an important component of habitat suitability
in my study area, and perhaps in most heavily
forested areas in northern New England.

Like predation, resource abundance can affect
habitat suitability by influencing reproductive
output (Holmes et al. 1991, Rodenhouse and
Holmes 1992), although the importance of such
effects in maintaining population levels re-
mains to be tested (Martin 1991). Food resources
also may affect population density. If birds oc-
cupying habitats with more abundant food de-
fend smaller territories, then these habitats will
support higher densities. All else being equal,
if an individual’s territory has sufficient re-
sources for reproduction, then per capita re-
productive output may not vary among habi-
tats. In such cases, redstarts would not neces-
sarily choose one habitat over another, and high-
density habitats would be considered more suit-
able simply because they support a greater pro-
portion of the population. The initial similarity
in redstart arrival patterns, where birds ap-
peared to settle evenly between early succes-
sional and mature deciduous habitats, is con-
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sistent with this latter possibility. In addition,
even if resources are equally abundant in all
habitats, qualitative differences (e.g. insect phe-
nologies or growth rates) could affect repro-
ductive success and thus the habitats selected
by individual birds.

Measurements of several variables indicate
that early successional forest habitats are more
suitable for American Redstarts than are later
seral stages. In particular, redstarts in early suc-
cessional habitats are characterized by high
densities, high proportions of ASY males, and
high mating success among yearling males. My
results do not support the hypothesis that high-
density habitats are dominated by nonbreeding
subordinates, and they also contradict previous
studies that found higher redstart densities in
mature forest (e.g. Morgan and Freedman 1986,
Thompson and Capen 1988). The latter differ-
ences may be due in part to differences in sam-
pling effort, based on my observation that den-
sities in both early successional and mature de-
ciduous habitats vary over roughly the same
range. If relatively few sites are investigated,
there is a greater chance of choosing sites that
do not contain representative densities for a
given habitat. It also is important to consider
interannual variation in the relationship be-
tween habitat use patterns and density. For ex-
ample, if only the 1993 data were considered,
my conclusions would have been very different.
With respect to redstarts, 1993 was an outlier,
probably because of regionally high rates of
nest predation in 1992 resulting in low yearling
recruitment (see Sherry and Holmes 1992), low
redstart densities, and high proportions of ASY
males. The latter observation also points out the
need to measure other important indicators of
suitability such as age ratios, mating success,
and arrival time—variables that have been ne-
glected in previous studies of redstart habitat
selection.

Higher redstart densities in early succession-
al habitats may result largely from smaller ter-
ritories, possibly because resources are more
abundant in such habitats. Thus, if territory size
reflects minimum resource needs, habitats with
more territories will produce more young per
unit area, making them more suitable in terms
of their contribution to regional population dy-
namics. In a related study, output from math-
ematical models incorporating such variation in
carrying capacity showed that redstart popu-
lations declined as early successional habitats
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matured (Hunt 1995). In addition, these simu-
lated populations showed trends very similar
to those of redstart populations in northern New
England (Breeding Bird Survey data) when his-
torical data on vegetation changes were includ-
ed in the model. It is thus possible that, as early
successional forests mature into less-suitable
habitats, redstart populations may decline as a
result of decreasing regional productivity. Fur-
ther research on redstart populations in early
versus late successional habitats is needed to
determine the relationships among resource
levels, nest predation, and reproductive suc-
cess. Such research also could lead to a better
understanding of the relationships between
habitat selection and population changes in mi-
gratory birds.

ACKNOWLEDGMENTS

I thank Joshua Rose, Fred Parent, and Scott Sillett
for field assistance, and Richard Holmes, Pete Marra,
Steve Baird, Tom Sherry, Carol Folt, and David Peart
foradvice and intellectual support during this project.
For permission to work in Hubbard Brook and sur-
rounding areas I thank the Northeast Forest Experi-
ment Station and White Mountain National Forest.
Richard Holmes, Tom Sherry, Peter Marra, Therese
Donovan, Jeffrey Parrish, and Robert Payne provided
useful comments on the manuscript. This research
was supported in part by the Manomet Observatory
for Conservation Science through the Kathleen An-
derson Award, and NSF grants to Richard T. Holmes
at Dartmouth College and Thomas W. Sherry at Tu-
lane University.

LITERATURE CITED

ABER, ]J. D. 1979. Foliage-height profiles and succes-
sion in northern hardwood forests. Ecology 60:

18-23.
ALATALO, R. V., A. LUNDBERG, AND S. ULFSTRAND.

1985. Habitat selection in the Pied Flycatcher
Ficedula hypoleuca. Pages 59-83 in Habitat selec-
tion in birds (M. L. Cody, Ed.). Academic Press,

Orlando, Florida. :
AskKINS, R. A., ]J. F. LYNCH, AND R. GREENBERG. 1990.

Population declines in migratory birds in eastern
North America. Current Ornithology 7:1-57.
BonD, R.R. 1957. Ecological distribution of breeding
birds in the upland forests of southern Wiscon-
sin. Ecological Monographs 27:351-384.

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

BROWN, J. L. 1969. Territorial behavior and popu-
lation regulation in birds. Wilson Bulletin 81:
293-329.



886

CoLLINs, S. L., F. C. JaMEs, AND P. G. RISSER. 1982.
Habitat relationships of wood warblers (Paruli-
dae) in northern central Minnesota. Oikos 39:50-
58.

CortraM, G, AND J. T. Curtis. 1956. The use of dis-
tance measures in phytosociological sampling.
Ecology 37:451-460.

CrawrOrRD, H. S., R. G. HOOPER, AND R. W.
TITTERINGTON. 1981. Songbird population re-
sponse to silvicultural practices in central Ap-
palachian hardwoods. Journal of Wildlife Man-
agement 45:680-692.

DEGRAAF, R. M. 1991. Breeding bird assemblages in
managed northern hardwood forests in New En-
gland. Pages 153-171 in Wildlife and habitats in
managed landscapes (J. E. Rodiek and E. G. Bolen,
Eds.). Island Press, Covelo, California.

DEGRAAF, R. M, AND N. L. CHADWICK. 1987. Forest
type, timber size class, and New England breed-
ing birds. Journal of Wildlife Management 51:
212-217.

EDWARDS-JONES, E., AND V. K. BROWN. 1993. Succes-
sional trends in insect herbivore population den-
sities: A field test of a hypothesis. Oikos 66:463~
471.

FICKEN, M. S., AND R. W. FICKEN. 1967. Age-specific
differences in the breeding behavior and ecology
of the American Redstart. Wilson Bulletin 79:188-
199.

FraNcis, C. M., AND F. Cooke. 1986. Differential
timing of spring migration in wood warblers (Pa-
rulinae). Auk 103:548-556.

FRANZBLAU, M. A., AND J. P. COLLINS. 1980. Test of
a hypothesis of territory regulation in an insec-
tivorous bird by experimentally increasing prey
abundance. Oecologia 46:164-170.

FRETWELL, S. D., AND H. L. Lucas, JrR. 1969. On ter-
ritorial behavior and other factors influencing
habitat selection in birds. I. Theoretical devel-
opment. Acta Biotheoretica 19:16-36.

GrBBs, J. P., AND J. FAABORG. 1990. Estimating the
viability of Ovenbird and Kentucky Warbler pop-
ulations in forest fragments. Conservation Biol-
ogy 4:193-196.

HAGAN, ]J. M., III, AND D. W. JOHNSTON (Eds.). 1992.
Ecology and conservation of Neotropical migrant
landbirds. Smithsonian Institution Press, Wash-
ington, D.C.

HaskeLL, D. G. 1995. Forest fragmentation and nest
predation: Are experiments with Japanese Quail
eggs misleading? Auk 112:767-770.

Houmes, R. T. 1990. The structure of a temperate
deciduous forest bird community: Variability in
time and space. Pages 121-139 in Biogeography
and ecology of forest bird communities (A. Keast,
Ed.). SPB Academic Publishing, The Hague.

Houmes, R. T., P. P. MARRA, AND T. W, SHERRY. 1996.
Habitat-specific demography of breeding Black-

PETER D. HUNT

{Auk, Vol. 113

throated Blue Warblers (Dendroica caerulescens):
Implications for population dynamics. Journal of
Animal Ecology 65:183-195.

HorMes, R. T., AND T. W. SHERRY. 1988. Assessing
population trends of New Hampshire forest birds:
Local vs. regional patterns. Auk 105:756-768.

Hovrmes, R. T., T. W. SHERRY, AND F. W. STURGEs. 1991.
Numerical and demographic responses of tem-
perate forest birds to annual fluctuations in their
food resources. Pages 1559-1567 in Acta XX Con-
gressus Internationalis Ornithologici (B. D. Bell,
Ed.). Christchurch, New Zealand, 1990. New Zea-
land Ornithological Congress Trust Board, Wel-
lington.

HunT, P.D. 1995. Habitat selection in the American
Redstart (Setophaga ruticilla): The importance of
early successional habitat and the role of land-
scape change in population declines. Ph.D. dis-
sertation, Dartmouth College, Hanover, New
Hampshire.

JoHNSON, R. R., B. T. BROWN, L. T. HAIGHT, AND J. M.
SIMPSON. 1981. Playback recordings as a special
avian censusing technique. Pages 68-75 in Esti-
mating numbers of terrestrial birds (C. J. Ralph
and J. M. Scott, Eds.). Studies in Avian Biology
No. 6.

JoHuNsTON, D. W., AND E. P. ODUM. 1956. Breeding
bird populations in relation to plant succession
on the piedmont of Georgia. Ecology 37:50-62.

KARR,J.R. 1968. Habitatand avian diversity on strip-
mined land in east-central Illinois. Condor 70:
348-357.

LeMON, R. E., D. M. WEARY, AND K. J. NORRIs. 1992.
Male morphology and behavior correlate with
reproductive success in the American Redstart
(Setophaga ruticilla). Behavioral Ecology and So-
ciobiology 29:399-403.

LrTvartis, J. A. 1993. Response of early successional
vertebrates to historic changes in land use. Con-
servation Biology 7:866-873.

LUNDBERG, A., R. V. ALATALO, A. CARLSON, AND S.
ULFSTRAND. 1981. Biometry, habitat distribution
and breeding success in the Pied Flycatcher Fi-
cedula hypoleuca. Ornis Scandinavica 12:68-79.

MAcNaALLy, R. C, aND R. E. LEMON. 1985. Repeat
and serial singing modes in American Redstarts
(Setophaga ruticilla): A test of functional hypoth-
eses, Zeitschrift fiir Tierpsychologie 69:191-202.

MARkS, P. L. 1974. The role of pin cherry (Prunus
pensylvanica L.) in the maintenance of stability in
northern hardwood ecosystems. Ecological
Monographs 44:73-88.

MARTIN, N. D. 1960. An analysis of bird populations
in relation to forest succession in Algonquin Pro-
vincial Park, Ontario. Ecology 41:126-140.

MAaRTIN, T. E. 1991. Food limitation in terrestrial
breeding bird populations: Is that all there is?
Pages 1595-1602 in Acta XX Congressus Inter-



October 1996]

nationalis Ornithologici (B. D. Bell, Ed.). Christ-
church, New Zealand, 1990. New Zealand Or-
nithological Congress Trust Board, Wellington.

MARTIN, T. E. 1995. Avian life history evolution in
relation to nest sites, nest predation, and food.
Ecological Monographs 65:101-127.

MORGAN, K., AND B. FREEDMAN. 1986. Breeding bird
communities in a hardwood forest succession in
Nova Scotia. Canadian Field-Naturalist 100:506-
519.

MOoRrris, R. F., AND R. E. LEMON. 1988. Mate choice
in American Redstarts: By territory quality? Ca-
nadian Journal of Zoology 66:2255-2261.

PETERJOHN, B. G., AND J. R. SAUER. 1994. Population
trends of woodland birds from the North Amer-
ican Breeding Bird Survey. Wildlife Society Bul-
letin 22:155-164.

ProssT, J. R, AND J. P. HAYES. 1987. Pairing success
of Kirtland’s Warblers in marginal vs. suitable
habitat. Auk 104:234-241.

PROCTER-GRAY, E., AND R. T. HOLMES. 1981. Adaptive
significance of delayed attainment of plumage in
male American Redstarts: Tests of two hypoth-
eses. Evolution 35:742-751.

RosBINS, C. S, ]J. R. SAUER, R. S. GREENBERG, AND S.
DROEGE. 1989. Population declines in North
American birds that migrate to the Neotropics.
Proceedings of the National Academy of Sciences
USA 86:7658-7662.

ROBINSON, S. K. 1992. Population dynamics of breed-
ing Neotropical migrants in a fragmented Illinois
landscape. Pages 408-418 in Ecology and conser-
vation of Neotropical migrant landbirds (J. M.
Hagan, III and D. W. Johnston, Eds.). Smithson-
ian Institution Press, Washington, D.C.

ROBINSON, S. K., S. J. ROTHSTEIN, M. C. BRITTINGHAM,
L.]J. PETIT, AND J. A. GRZYBOWSKL. 1995a. Ecology
and behavior of cowbirds and their impact on
host populations. Pages 428-460 in Ecology and
management of Neotropical migratory birds (T.
E. Martin and D. M. Finch, Eds.). Oxford Uni-
versity Press, New York.

ROBINSON, S. K., F. R. THOMPSON III, T. M. DONOVAN,
D. R. WHITEHEAD, AND J. FAABORG. 1995b. Re-
gional forest fragmentation and the nesting suc-
cess of migratory birds. Science 267:1987-1990.

RODENHOUSE, N. L., AND R. T. HOLMES. 1992. Results
of experimental and natural food reductions for
breeding Black-throated Blue Warblers. Ecology
73:357-372.

SABO, S. R. 1980. Niche and habitat relations in sub-
alpine bird communities of the White Mountains
of New Hampshire. Ecological Monographs 50:
241-259.

SErTz, L. C., AND D. A. ZEGERS. 1993. An experimental
study of nest predation in adjacent deciduous,
coniferous, and successional habitats. Condor 95:
297-304.

Habitat Selection in American Redstarts

887

SHERRY, T. W., AND R. T. HOLMES. 1985. Dispersion
patterns and habitat responses of birds in north-
ern hardwoods forests. Pages 283-309 in Habitat
selection in birds (M. L. Cody, Ed.). Academic
Press, Orlando, Florida.

SHERRY, T. W, AND R. T. HOLMES. 1989. Age-specific
social dominance affects habitat use by breeding
American Redstarts (Setophaga ruticilla): A remov-
al experiment. Behavioral Ecology and Socio-
biology 25:327-333.

SHERRY, T. W, AND R. T. HOLMES. 1992. Population
fluctuations in a long-distance Neotropical mi-
grant: Demographic evidence for the importance
of breeding season events in the American Red-
start. Pages 431-442 in Ecology and conservation
of Neotropical migrant landbirds (J. M. Hagan,
Il and D. W. Johnston, Eds.). Smithsonian Insti-
tution Press, Washington, D.C.

SLIwA, A, AND T. W. SHERRY. 1992. Surveying win-
tering warbler populations in Jamaica: Point
counts with and without broadcast vocalizations.
Condor 94:924-936.

SMALL, M. F., AND M. L. HUNTER. 1988. Forest frag-
mentation and avian nest predation in forested
landscapes. Oecologia 76:62-64.

SMITH, T. M., AND H. H. SHUGART. 1987. Territory
size variation in the Ovenbird: The role of habitat
structure. Ecology 68:695-704.

STEELE, B. B. 1992. Habitat selection by breeding
Black-throated Blue Warblers at two spatial scales.
Ornis Scandinavica 23:33-42.

STORAAS, T. 1988. A comparison of losses in artificial
and naturally occurring Capercaillie nests. Jour-
nal of Wildlife Management 52:123-126.

THOMPSON, F. R. III, AND D. E. CAPEN. 1988. Avian
assemblages in seral stages of a Vermont forest.
Journal of Wildlife Management 52:771-777.

VAN BALEN, J. H., AND R. P. J. POTTING. 1990. Com-
parative reproductive biology of four Blue Tit
populations in the Netherlands. Pages 19-38 in
Population biology of passerine birds (J. Blondel,
A. Gosler, ].-D. Lebreton, and R. McCleery, Eds.).
Springer-Verlag, Berlin.

VAN HORNE, B. 1983. Density as a misleading in-
dicator of habitat quality. Journal of Wildlife
Management 47:893-901.

VICKERY, P. D., M. L. HUNTER, JR., AND J. W. WELLS.
1992. Isdensity an indicator of breeding success?
Auk 109:706-710.

VILLARD, M.-A., P. R. MARTIN, AND C. G. DRUMMOND.
1993. Habitat fragmentation and pairing success
in the Ovenbird (Seiurus aurocapillus). Auk 110:
759-768.

WELsH, C. J. E,, AND W. M. HeALY. 1993. Effect of
even-aged timber management on bird species
diversity and composition in northern hard-
woods of New Hampshire. Wildlife Society Bul-
letin 21:143-154.



888

WESTWORTH, D. A, AND E. S. TELFER. 1993. Summer
and winter bird populations associated with five
age-classes of aspen forest in Alberta. Canadian
Journal of Forest Research 23:1830-1836.

WILCOVE, D. S. 1985. Nest predation in forest tracts
and the decline of migratory songbirds. Ecology
66:1211-1214.

WILLEBRAND, T., AND V. MARCSTROM. 1988. On the
danger of using dummy nests to study predation.
Auk 105:378-379.

WITHAM, ]J. W., AND M. L. HUNTER. 1992. Population
trends of Neotropical migrant landbirds in

PETER D. HUNT

[Auk, Vol. 113

northern coastal New England. Pages 85-95 in
Ecology and conservation of Neotropical migrant
landbirds (J. M. Hagan, III and D. W. Johnston,
Eds.). Smithsonian Institution Press, Washing-
ton, D.C.

YAHNER, R. H., AND B. L. CYPHER. 1987. Effects of
nest location on depredation of artificial arboreal
nests. Journal of Wildlife Management 51:178-
181.

Associate Editor: L. |. Petit



