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APPARENT SURVIVAL OF MALE OVENBIRDS IN FRAGMENTED AND

FORESTED BOREAL LANDSCAPES
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Abstract. From 1996 to 1999, apparent annual survival of male Ovenbirds (Seiurus
aurocapillus) was compared in forest fragments created by forestry (n = 3) and agriculture
(n = 14) to plots in continuous boreal forest of central Saskatchewan (n = 3). For 398
male Ovenbirds, Cormack-Jolly-Seber models indicated that apparent annual survival was
lower (34%) in small forest fragments (<15 ha) in the agricultural landscape than in forestry
fragments (56%) or continuous forest (62%). Our results suggested that lower nesting and
pairing success in small forest fragments caused individuals to permanently disperse in
search of new territories, rather than fragmentation increasing mortality. Regardless of the
mechanism, increased turnover of adult males altered the age structure of the population
in small forest fragments, as more males were first-time breeders in fragments in the
agricultural landscape (59%) than in forestry fragments (47%) or continuous forest (45%).
Males recruited into fragments in the agricultural landscape were more likely (90%) to be
first-time breeders than in forestry fragments (74%) or continuous forest (64%). Our results
suggest that adult dispersal differs with the amount and type of fragmentation and may
play an important role in the population dynamics of boreal forest songbird populations.
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INTRODUCTION

Theoretical and empirical research into the effects
of forest fragmentation on bird populations has focused
on the consequences of differential reproductive suc-
cess between habitats (Donovan et al. 19954, b, Hoover
et al. 1995, Robinson et al. 1995, Trine 1998). Less is
known about the effects of habitat fragmentation on
adult survival or dispersal (Porneluzi and Faaborg
1999). However, many species of forest songbirds show
a high degree of breeding-site fidelity (Greenwood and
Harvey 1982, Holmes and Sherry 1992). Reproductive
success in a previous year is often a good predictor of
return rate, with birds unsuccessful at breeding being
less likely to return to sites than birds that raised young
(Roth and Johnson 1993, Murphy 1996, Haas 1998).
Reproductive success of many forest songbirds is high-
er in large tracts of forest than in smaller, more frag-
mented forest patches (Wilcove 1985, Donovan et al.
1995b, Robinson et al. 1995), suggesting that return
rates to fragmented areas should be lower than in con-
tinuous forest.

Lower breeding success in fragmented landscapes
relative to continuous forest can be caused by several
factors, but often results from increased nest predation
(Wilcove 1985, Paton 1994, Bayne and Hobson 1997).
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Higher nest predation in forest fragments is typically
caused by increased numbers of nest predators and
changes in the composition of predator communities
relative to continuous forest (Morrell and Yahner 1995,
Oehler and Litvaitis 1996, Bayne and Hobson 1997,
Kurki et al. 1998). If nest predators common to agri-
cultural landscapes also kill adult songbirds, then adult
songbirds may suffer higher rates of mortality in small
fragments relative to continuous forest. Regardless of
the mechanism (i.e., direct mortality or increased dis-
persal), understanding how habitat fragmentation in-
fluences our estimation of adult survival is crucial, be-
cause differential patterns of apparent survival among
habitats can have a strong effect on the way we interpret
landscape-levei population models.

Previous demographic comparisons of passerine
populations have shown that poor-quality habitats are
maintained through immigration of young birds breed-
ing for the first time (Holmes et al. 1996, Petit and
Petit 1996). Young birds are assumed to colonize poor-
quality habitat because they are preempted from breed-
ing in high-quality habitat by older birds (Sherry and
Holmes 1989, Pulliam 1996). However, most studies
examining differences in the age structure of bird pop-
ulations have compared adjacent vegetation types.
Whether preemptive territory behavior functions at a
landscape scale and leads to differences in age structure
of populations in fragmented and continuous forest re-
mains poorly understood (but see Graves 1997, Huhta
et al. 1998).

Many landscape-level factors influence habitat qual-
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PLATE |. Male Ovenbird banded in Prince Albert Na-
tional Park, Saskatchewan, Canada. Photograph by Dan Ma-
zerolle.

ity for forest songbirds. Forest interior passerines are
typically less abundant in small, isolated forest patches
(reviewed by Walters 1998). However, the majority of
landscape-level studies on bird communities have been
conducted in highly fragmented agricultural land-
scapes. Less is known about the way birds react to
landscapes fragmented by forestry (Andrén 1995).
Rates of predation on natural and artificial songbird
nests at edges of clearcuts are often similar to those in
the interior of forest patches, suggesting that fragmen-
tation effects caused by forestry may be less severe
than fragmentation by agriculture (Hanski et al. 1996,
King et al. 1996, Bayne and Hobson 1997). However,
few studies have compared the effects of landscape
fragmentation by different anthropogenic processes in
the same geographic region, so previous differences
among studies could be the result of regional effects
rather than differences between landscapes fragmented
by forestry and agriculture per se.

The objective of our study was to compare aspects
of Ovenbird (Seiurus aurocapillus; see Plate 1) de-
mography among landscapes fragmented by agriculture
and forestry to sites in continuous boreal mixed-wood
forest of central Saskatchewan. We hypothesized that
reproductive success would be lower in landscapes
fragmented by agriculture than in landscapes frag-
mented by forestry or in continuous forest. We ex-
pected that males in the fragmented agricultural land-
scape would have lower apparent survival than in con-
tinuous forest because of permanent dispersal from
sites where reproductive success was low. Low appar-

“ent survival of adults in forest fragments in the agri-
cultural landscape was expected to cause a shift in the
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age structure of Ovenbird populations, with a greater
percentage of younger individuals occurring in forest
fragments than in continuous forest.

METHODS
Study area

Our study was conducted in the southern boreal

.mixed-wood forest of central Saskatchewan (Canada)

from 1996 to 1999 (Fig. 1). Sites in continuous forest
were located in Prince Albert National Park (PANP),
a 387 500-ha protected area surrounded by agricultural
land and commercial forest (53°57' N, 106°22" W).
Sites in the agricultural landscape were in the rural
municipality of Paddockwood (53°31’ N, 105°34’ W),

~a 135000-ha area of privately owned land, of which

70% is used for agriculture and 25% is forest frag-
ments. Sampling in the harvested landscape was con-
ducted in the eastern block of Weyerhaeuser Canada’s
Forest Management Area (FMA) near Candle Lake,
Saskatchewan (53°50' N, 105°18" W). ‘Clear-cutting

"had removed ~25% of the mature forest in the har-

vested landscape since 1969. Forests in all landscapes
were dominated by trembling aspen (Populus tremu-
loides) and white spruce (Picea glauca), with some
black spruce (Picea mariana), jack pine (Pinus bank-
siana), balsam poplar (Populus balsamifera), and white
birch (Betula papyrifera). The shrub layer was variable
in density and composition, with beaked hazelnut (Cor-
ylus cornuta), red osier dogwood (Cornus stolonifera),
green alder (Alnus crispa), and white spruce saplings
being the most common shrub species.

Sites were selected from 1:12 500 aerial photo and
forest inventory maps, based on tree composition, age,
lack of disturbance (e.g., cattle grazing or selective
timber harvest), and area. Sites in all landscapes were
dominated by aspen, with some sites containing ~25%
white spruce. All stands had naturally regenerated fol-
lowing fire and were 70-110 yr old. Farm fragments
were completely isolated from other fragments by a
field or pasture and ranged from 5 to 42 ha (Table 1).
The distance among sampled patches was =1 km. Each
forestry fragment was isolated by a major-haul road on
one side, a clearcut <5 yr old (at the start of the project)

-on the adjacent corner, and regenerating clearcuts <20

yr old on the remaining two sides. Continuous forest
sites were chosen from forest inventory maps for PANP
and were located in -upland forests similar in age and
composition to those surveyed in the fragmented land-
scapes.

Capture methodology

In forest stands within each landscape, we created a
series of grids using flagging to identify 50 X 50 m
cells. In the continuous forest, two 25-ha grids were
surveyed from 1996 through 1999, with an additional
12.25-ha grid added in 1998. Each grid was =100 m
from any hiking trail, road, or body of water. In frag-
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Location of the study area in Saskatchewan, Canada. The dark area within circles represents the amount of forested

land within a 5-km radius of one site in each landscape. Light areas represent bodies of water in the continuous forest,
clearcuts made since 1980 in the harvested landscape, and hay fields or cropland in the agricultural landscape.

ments surrounded by clearcuts, a 32-ha and a 20-ha
grid were surveyed every year, with an additional
12.25-ha grid added in 1998. Fourteen grids were es-
tablished in forest fragments in the agricultural land-
scape. All fragments were completely isolated by ag-
ricultural fields and were =50 m from the next forest
patch. In the agricultural landscape, grids covered the
entire fragment. Seven grids in the agricultural land-
scape were surveyed in all years, with the remainder
added in the second and third years of study (Table 1).

At each grid, song playback was used to attract males
into mist nets. Once captured, all Ovenbirds received
a U.S. Fish and Wildlife Service aluminum band and
three leg bands made of colored plastic to form a unique
band combination. Most Ovenbirds were captured
within 2-3 wk after arrival from spring migration.
Upon capture, right wing chord (in millimeters) and
mass (in grams) were measured and the third right rec-
trix was plucked to determine age. Each grid was vis-
ited at least three times per season to determine the
status of the Ovenbirds that were present.

The age of each Ovenbird was determined using the
~wear pattern of the third rectrix (Donovan and Stanley
1995), with each individual being classified as either

a second-year (SY) or an after-second-year (ASY) bird.
Individuals with tip angles <78° were classified as SY
and individuals with tip angles =90° were classified as
ASY. Using these criteria, Donovan and Stanley (1995)

TABLE 1. Landscape attributes and time period when each
site in Saskatchewan was surveyed for the Ovenbird mark—
recapture study.

Area Forest
Site (ha) cover (%) Period
Farm fragments
Bossemaier 5 25 1996-1999
Cabin 5 64 1998-1999
Triangle 1 5 18 1997-1999
Triangle 2 5 19 1997-1999
Carruthers 7 33 1996-1999
Connolly 7 26 1996-1999
Horvath 10 22 1996-1999
Hulit 10 63 1998-1999
Church 11 16 1997-1999
Dinius 11 21 1996-1999
Dump 12 44 1998-1999
Dean 15 30 1997-1999
Bader 20 45 1996-1999
McConnell 42 22 1996-1999
Forestry fragments
Bear 35 49 1996-1999
Clarine Lake 25 62 1998-1999
Snowfield 25 50 1996-1999
Continuous forest
Namekus Lake 100 1998-1999
Mud Creek 100 1996-1999
Powerline 100 1996-1999

Note: The size of each fragment and the percentage of the
surrounding landscape within 1 km of each fragment that was
covered by forest are also provided.
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accurately classified 99% of known-aged Ovenbirds.
Individuals with feather tip angles that were between
these values were excluded from initial analyses (Don-
ovan and Stanley 1995). One person, with no knowl-
edge of where feathers were collected, measured all
feathers. To maximize precision, all feathers were mea-
sured in the laboratory by scanning each feather into
a computer and expanding the image 700 times. Images
were printed and the angle of the feather tip was mea-
sured using grid paper and a protractor.

As part of another study examining the effects of
forest fragmentation on pairing success of male Ov-
enbirds, we established the pairing and/or breeding sta-
tus of a subset of males. Detailed information on meth-
ods used to collect these data are given in Bayne and
Hobson (2001). In brief, 164 of the banded males were
followed for a period of up to 90 min to determine if
a female was present on their territory. Of these males,
136 were paired and 28 were unpaired. During our
pairing-success observations, we also discovered Ov-
enbird nests, which were monitored every 2—4 d until
their fate was established. We also observed some
males feeding young that had fledged, which we con-
sidered evidence of a successful nesting attempt. Based
on these observations, we assessed whether return rate
was influenced by the previous year’s pairing status
and/or nesting success.

Statistical analysis

To determine if apparent annual survival of male
Ovenbirds varied within and among landscapes, we fit
Cormack-Jolly-Seber (CJS) models to the mark—recap-
ture data. CJS models estimate survival by correcting
the observed return rate by the recapture probability.
Recapture probability is the likelihood that a bird will
be recaptured or resighted in a particular year, given
that it is alive (White and Burnham 1999). For example,
if a bird is initially captured in year 1, not seen in year
2, but recaptured in year 3, it had to be alive in year
2 but simply was not counted in that year. By correcting
return rate for recapture probability, CJS models pro-
vide more precise estimates of survival than do simple
return rates. Although CJS models correct for tempo-
rary emigration, they do not distinguish mortality from
permanent emigration, and represent minimum esti-
mators of true survival (Lebreton et al. 1993).

Maximum likelihood estimates of apparent annual
survival and recapture probability were calculated with
the computer program MARK (White and Burnham
1999). Using MARK, we determined if sites within
each landscape had similar apparent survival and re-
capture estimates and could be pooled to derive more
precise survival estimates. For each landscape, we be-
gan with a fully parameterized global model that in-
cluded site, year, and the site X year interaction. One
of the forestry fragments and one of the continuous
forest sites were examined for only a 2-yr period
(1998-1999); hence, we were unable to generate a re-
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capture probability for these sites and they were ini-
tially excluded from analysis. For the global model in
the agricultural landscape, site was replaced with frag-
ment size (in hectares). Fragment size was treated as
a continuous covariate. We chose to use fragment size
as a continuous covariate rather than to create site-
specific estimates of survival in each fragment in the
agricultural landscape, because small sites had too few
individuals to generate precise survival estimates. For
example, the 5-ha farm fragments had a maximum of
four unique individuals captured over the length of the
study, which is insufficient to create a site-specific es-
timate of survival. To create the most parsimonious
model that explained the most variation in the data, all
possible combinations of independent variables were
examined (Kleinbaum et al. 1988). Based on the Akaike
Information Criterion corrected for small sample size
(AIC,), we selected the model that required the fewest
parameters to explain the most variance (i.e., had the
lowest AIC_; Burnham and Anderson 1998). When two
or more models had similar AIC_ values (<2), the mod-
el with the fewest parameters was chosen. A likelihood
ratio test (LRT) was used to determine if inclusion of
a particular effect resulted in a significant change in
the deviance explained. For LRT testing, we compared
the model that contained the effect of interest, in both
the survival and recapture sides of the equation, against
the model that contained the effect for survival but
treated recapture as constant, and vice versa (Lebreton
et al. 1992). We did not calculate apparent survival for
each site in each year and use these survival values in
an ANOVA (e.g., Porneluzi and Faaborg 1999), be-
cause survival estimates from the same site in different
years are not independent (Lebreton et al. 1993).

For each landscape, nest success was calculated us-
ing the Mayfield method (Hensler and Nichols 1981).
Mayfield estimates weight the importance of each nest,
based on the stage when the nest was discovered and
the number of days that the nest was observed. Daily
survival probability was estimated using the 50% mid-
way assumption, in which a nest was assumed to have
fledged or been destroyed midway between subsequent
visits. Insufficient data were available to generate pre-
cise Mayfield estimates for each site and year. There-
fore, data were pooled among sites within landscapes.
The Mayfield estimates for each landscape were com-
pared using the program CONTRAST (Sauer and Wil-
liams 1989).

To determine if the age structure of Ovenbird pop-
ulations differed among landscapes, a weighted least-
squares (WLS) ANOVA was used (Neter et al. 1985).
In this analysis, the dependent variable was the per-
centage of SY males per site in each year, whereas the
independent variables were landscape and year. We
used a WLS approach because the variance in the per-
centage of SY male Ovenbirds was inherently higher
in small fragments, simply because fewer males were
present in these sites (i.e., estimates of age structure
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TaBLE 2. Reduced m-array of male Ovenbirds marked and
recaptured in each landscape.

Land-
scape
and year R; 1997 1998 1999 r;
Farm fragments
1996 42 12 2 1 15
1997 60 24 2 26
1998 67 23 23
m; 12 26 26
Forestry fragments
1996 47 23 2 0 25
1997 46 14 5 19
1998 62 23 23
m; 23 16 28
Continuous forest
1996 52 20 4 1 25
1997 79 27 7 34
1998 71 27 27
m; 20 31 36
All sites
1996 141 55 8 2 65
1997 185 65 14 79
1998 200 73 73
m; 55 73 89

J

Notes: Numbers are pooled over all sites within each land-
scape. R; is the number of marked individuals released in year
i, including newly marked and previously marked individuals.
Annual values are the numbers of individuals from a given
release cohort that were first recaptured in that year; r; is the
total number of individuals from a release cohort captured at
least once; and m; is the total number of recaptures in a given
year.

were less precise in small than in larger fragments).
Each data point was multiplied by the reciprocal of the
number of individuals per site (Neter et al. 1985). A
similar analysis was done to determine if the age of
new recruits differed among landscapes. Recruits were
defined as Ovenbirds not previously captured at sites
where banding had taken place in previous years.

To determine if mass or right-wing length of male
Ovenbirds differed among landscapes, we created a se-
ries of linear regression models. Independent variables
included in these analyses were landscape, year, age,
and all two-way interactions. Time and Julian date were
also included in models for predicting mass. Because
many (79%) of the returning Ovenbirds were resighted
rather than recaptured, only mass and right-wing length
at first capture were used in these analyses. All possible
combinations of variables were examined and the mod-
el with the lowest AIC_ was selected.

A two-factor Kruskal-Wallis test was used to deter-
mine if the distance moved between subsequent capture
locations differed among landscapes and for males that
returned in successive years vs. males that “‘skipped”
a year (i.e., males that were absent from sites in the
year following banding, but were detected in a future
year). For males that returned to a site more than once,
the distances between the initial capture location and
first return location were used in analyses. A Kruskal-
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Wallis test was also used to determine if the distance
moved between successive capture locations was dif-
ferent between males whose nests were destroyed rel-
ative to those that fledged young. All results are means
+ 1 SE unless otherwise reported.

RESULTS
Apparent annual survival

Overall, 398 male Ovenbirds were captured over the
four years of study and 163 returned to the same site
at least once (Table 2). In continuous forest, 151 males
were captured and 67 returned to the same site at least
once. For the two continuous forest sites surveyed from
1996 to 1999, we could detect no difference in apparent
survival or recapture probability among sites (x> = 1.9,
df =1, P =0.17; and x> = 0.8, df = 1, P = 0.39,
respectively) or years (x> = 0.1, df = 1, P = 0.76; and
x? = 0.1, df = 1, P = 0.88). Pooling data from the
three continuous forest sites, apparent annual survival
of male Ovenbirds was 62 * 6%, with a recapture
probability of 58 * 8%. In forestry fragments, 116
males were captured and 50 returned to the same site
at least once. For the two forestry fragments surveyed
from 1996 to 1999, we could detect no difference in
apparent survival or recapture probability among sites
(x*=05,df=1,P=048;and x2=1.6,df =1, P
= 0.21) or years (x> = 2.6, df = 1, P = 0.11; and x?
=43,df = 1, P = 0.12). Pooling data from all three
forestry fragments, apparent annual survival of male
ovenbirds was 56 = 6%, with a recapture probability
of 70 = 9%. In farm fragments, 131 males were cap-
tured and 46 returned to the same site at least once.
The most parsimonious model indicated that fragment
size was positively correlated with apparent annual sur-
vival (B = 0.8, x> = 5.4, df = 1, P = 0.02) and neg-
atively correlated with recapture probability (8 = —1.8,
x? = 83,df =1, P = 0.004).

Pooling all sites within a landscape to derive our
survival estimates, we could not detect a difference in
apparent survival of male Ovenbirds among farm frag-
ments (49 * 6), forestry fragments (56 * 6), or con-
tinuous forest (62 = 6: x> = 1.5, df = 1, P = 0.48),
nor could we detect a difference in recapture proba-
bility (x> = 0.6, df = 1, P = 0.73). However, farm
fragment size was an important predictor of apparent
annual survival and recapture probability, suggesting
that Ovenbirds in small farm fragments had lower ap-
parent survival than in larger farm fragments. To assess
the importance of fragment size, we separated the two
largest sites (>20 ha) in the agricultural landscape from
the 12 smaller farm fragments (<15 ha). Although this
split was arbitrary, it provided two groups with ap-
proximately equal numbers of males in each category.
Apparent survival of male Ovenbirds was significantly
higher in the two largest farm fragments (58 * 8%)
than in the 12 smaller farm fragments (34 + 5%: x? =
6.0, df = 1, P = 0.01). The low apparent survival of
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F1G. 2. Apparent annual survival probability of male Ov-
enbirds in each landscape. Error bars represent 95% confi-
dence intervals for each estimate.

Ovenbirds in small farm fragments resulted, in part,
from the high recapture probability in small farm frag-
ments (100%) relative to large farm fragments (61 *
12%: x> = 4.7, df = 1, P = 0.01). Treating the two
largest fragments as a separate category, we found that
apparent survival differed significantly between land-
scapes (x* = 8.6, df = 3, P = 0.04: Fig. 2). However,

the difference in recapture probability was not signif- -

icant among these four groups (x> = 6.2,df = 3, P =
0.09). The most parsimonious description of our data
is that apparent survival (x> = 8.0, df = 1, P = 0.005)
was significantly lower and recapture probability was
significantly higher (x> = 5.2, df = 1, P = 0.02) in

“small farm fragments (34 = 5) than in all other sites
combined (59 * 3).

Breeding success and return rate

Over four years, 68 Ovenbird nests were located.
Brood parasitism by Brown-headed Cowbirds did not
occur in the continuous forest or forestry fragments,
but occurred in 17% of nests in farm fragments, with
all but one nest being parasitized in 1997. Daily nest
success was greatest in the continuous forest (97.9 =
0.8%), intermediate in forestry fragments (96.7 =*
1.3%), and lowest in farm fragments (95.8 = 1.1; Table
3). However, we could not detect a statistically signif-
icant difference in nest success among landscapes (x?
=2.7,df =2, P = 0.29).

Using contingency table analysis, we found that the
probability of a male returning in a subsequent breed-
ing season was dependent on pairing success in the
previous year (x> = 9.4, df = 1, P = 0.002). Unpaired
Ovenbirds were less likely to return in a subsequent
year (11% of 28 males) than were paired males (41%
of 136 males). The probability that a male would return
in a subsequent breeding season when his nest was
destroyed (29% of 21 males) was.not significantly dif-
ferent from that of males with successful nests or that
were observed with young (46% of 50 males; x* = 1.9,
df =1, P = 0.17).

Ecology, Vol. 83, No. 5

Age structure and body condition

There was some evidence that the percentage of SY
male Ovenbirds in the population differed among land-
scapes (F,4 = 2.7, P = 0.08). A larger percentage of
the population in farm fragments (47 £ 4%) were SY
males relative to continuous forest (37 = 4%)- or for-
estry fragments (33 * 4%). This pattern was consistent
over the duration of the study because year was not a
significant predictor of the population age structure
(Fy46 = 0.6, P = 0.95). However, considerable numbers
(23%) of individuals had intermediate feather angles
and were classified as unknowns. Differences in the
age structure among landscapes were stronger when all
individuals captured were classified as either SY or
ASY males (SY = 84° and ASY > 84°). Using the new
criteria, farm fragments had a significantly greater per-
centage of SY males (59 = 4%) than did forestry frag-
ments (47 = 4%) or continuous forest (45 * 4%: F,,;
= 4.1, P = 0.02; Fig. 3A). Donovan and Stanley (1995)
found that, using this less stringent classification, 90%
of known-aged birds were classified accurately.

The percentage of SY Ovenbirds recruited into the
population differed among landscapes (F,,s = 5.9, P
= 0.009). More SY males were recruited into farm
fragments (90 = 5%) than forestry fragments (73 *
5%) or continuous forest (70 = 4%). This pattern re-
mained when the less stringent age classification was
used, as farm fragments had a significantly greater per-
centage of SY recruits (90 * 5%) than forestry frag-
ments (74 = 5%) or continuous forest (64 * 4%; F,,
= 9.4, P = 0.001; Fig. 3B).

Controlling for the other variables retained in the
models, we detected no differences in mass (F, 35 =
1.5, P = 0.22) or wing length (F, 35 = 0.1, P = 0.92)
of male Ovenbirds in the different landscapes (Table
4). Mass at first capture was different among years
(Fy,305 = 5.1, P = 0.007). The interacting effect of year
and landscape on mass was also significant (Fg 35 =
3.0, P = 0.007), although no clear trend existed in the
data (Table 4). Mass at first capture was positively cor-
related with time of day (B = 0.24, F, 305 = 24.5, P <
0.001) and Julian date (B = 0.18, F, 303 = 11.0, P <
0.001). Age was not related to mass (F, 33 = 0.7, P
= 0.42). In contrast, ASY males had slightly longer
primary feathers than SY males. (76.9 = 0.1 mm vs.

TABLE 3. Number of Ovenbird nests located in each land-
scape and the fate of those nests. Daily survival probability
(%=1 sE) is based on a Mayfield estimate.

Fledged Exposure Daily survival

Landscape  young Destroyed days probability

Farm 14 15 358 0.958 = 0.011
fragments

Forestry 11 6 180  0.967 * 0.013
fragments

Continuous 15 7 326 0.979 * 0.008
forest
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in each landscape of: (A) the total Ovenbird population that
were second-year (SY) males; and (B) recruits that were SY
males. Recruits were unbanded individuals captured at sites
where banding had taken place in previous years. Error bars
represent 95% confidence intervals. SY males had a third
rectrix with a tip angle of =84°.

76.0 = 0.2 mm, respectively; F, ;o3 = 5.2, P = 0.02).
Correcting mass for wing length, time of day, and date
measured, we observed no differences in body condi-
tion among landscapes (F, 35 = 1.8, P = 0.16), al-
though body condition differed among years (F, 305 =
4.6, P = 0.01). The interacting effect of landscape and
year also affected body condition (Fy 35 = 2.9, P =
0.008), although no clear trend existed.
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Distances between subsequent territories

There was no difference in the median distance
moved between subsequent capture locations for males
that returned in successive years (50 m; range 10-300
m, n = 136) vs. males that skipped a year (60 m; range
10250 m, n = 24, H = 0.55, P = 0.47). Most returning
males (88%) were relocated <100 m from their location
in previous years. There was no difference among land-
scapes in the distance moved by returning males (H =
0.68, P = 0.88). Median distance moved by males
whose nests were destroyed (30 m; range 10—-100 m,
n = 9) vs. males that fledged young (50 m; range 10—
280, n = 23) was also not different (H = 2.2, P =
0.14).

DiscuUsSION

Apparent annual survival of male Ovenbirds was
lower in small farm fragments than in all other land-

- scapes. We suspect that low reproductive success in

small farm fragments resulted in increased dispersal
from this habitat relative to the other landscapes, rather
than adult mortality being higher in small fragments.
In support of such a dispersal hypothesis, males that
fledged young were more likely to return in a subse-
quent year than males that failed to raise young. Un-
paired males seemed most likely to disperse, as they
had an apparent annual survival probability of only
11%. Males that fledged young tended to return more
often than males whose nests failed, although this dif-
ference was not statistically significant. In Missouri,
Porneluzi and Faaborg (1999) found that 41% of Ov-
enbird males observed with fledglings returned the next
year, whereas only 10% of males not observed with
fledglings returned. In Saskatchewan, some of the
males whose nests were destroyed may have returned
in subsequent years because a later nesting attempt was
successful.

Ovenbirds with a lower probability of reproducing
may also have been in poorer body condition, and
therefore more likely to die between breeding seasons
(Haas 1998). However, this does not seem to be a likely

TABLE 4. Mean (* 1 SE) wing length, mass, and body condition for second-year (SY) and
" after-second-year (ASY) male Ovenbirds in each landscape.

Landscape and  No. males Wing length Body
age class measured (mm) Mass (g) conditionf

Farm fragments

SY 96 76.2 = 0.20 19.0 = 0.11 —0.15 = 0.10

ASY 35 76.9 * 0.45 19.2 = 0.19 —-0.01 = 0.16
Forestry fragments

SY 74 76.3 = 0.23 19.1 = 0.12 -0.09 * 0.13

ASY 42 76.8 = 0.39 19.3 = 0.14 0.02 = 0.14
Continuous forest

SY 94 76.3 = 0.19 19.3 £ 0.10 0.09 = 0.10

ASY 57 76.6 = 0.29 19.4 = 0.12 0.19 = 0.12

+ Body condition values were the residuals from a linear regression model correcting mass
for time when captured, date captured, and wing length.
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explanation for our results, as we observed no differ-
ences in body condition for paired vs. unpaired males
(Bayne and Hobson 2001) or among males in the dif-
ferent landscapes. Alternatively, Ovenbirds in small
farm fragments may have experienced increased over-
winter mortality because of energetic stresses caused
by renesting (Haas 1998). However, unpaired males
probably expended less energy than breeding males
because they did not have to care for young, yet they
almost never returned.

Dispersal from sites was not always permanent. The
probability of recapturing Ovenbirds in each landscape
ranged from 60% to 100%. In continuous forest, males
that were not recaptured every year may have been
present, but missed, because of small changes in ter-
ritory location (e.g., they moved just off the grid). It
is unlikely that males were missed in large farm or
forestry fragments; changes in territory location among
years would not influence the recapture/resighting
probability because the entire forest patch was searched
at least three times. In addition, the numbers of Ov-
enbirds present on each grid each year were similar,
suggesting that we had accounted for all males present.
That male Ovenbirds did not have perfect recapture
probabilities suggests that some individuals dispersed
to new breeding sites and then, for whatever reason,
returned to sites where they had previously bred (Le-
breton et al. 1993).

Increased immigration into small farm fragments by
young males seemed to compensate for the low return
rate to small fragments. High turnover of males in small
farm fragments influenced the age structure of the pop-
ulation, as young males made up a larger percentage
of the population in small farm fragments than in the
other landscapes. Possibly, older males in larger forest
stands forced young Ovenbirds to breed in small farm
fragments by preemptive territory selection in contin-
uous forest (Holmes et al. 1996). Alternatively, young
males with no prior breeding experience may not have
recognized the lower suitability of small farm frag-
ments and simply filled vacancies left by males that
did not return to sites where breeding success was low
(Wilcove 1985).

Where Ovenbirds that dispersed from small frag-
ments went in subsequent years is unknown. Ovenbirds
may have ‘“‘learned” that small fragments were poor-
quality habitat and may have sought territories in con-
tinuous forest. Alternatively, Ovenbirds may be ‘‘hard-
wired,”” automatically dispersing after failed breeding
attempts and filling any available breeding habitat that
they encounter. Males colonizing territories in contin-
uous forest tended to be older, suggesting that males
from small forest fragments dispersed to continuous
forest in subsequent years. However, whether this rep-
resents ‘‘learning’ is unclear because the continuous
forest and agricultural landscape in this study were
close together. Thus, dispersing individuals from small
farm fragments had a relatively high probability of ran-
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domly encountering continuous forest. In addition,
nonterritorial floaters were more common in our con-
tinuous forest sites than in farm fragments (Bayne and
Hobson 2001). The larger percentage of ASY males
recruited into continuous forest populations could have
resulted from floaters obtaining territories as they get
older, rather than from failed breeders dispersing from
the small farm fragments to the larger forest blocks
(Sherry and Holmes 1989).

Although we had insufficient nests to statistically
demonstrate reduced nesting success in the agricultural
landscape, our data are consistent with other studies
arguing that forest fragmentation reduces nesting suc-
cess of Ovenbirds (Robinson et al. 1995). A larger data
set from 12 species of songbirds and an artificial nest
study conducted in our study area support this conclu-
sion; both found significant differences in nest success
between fragments in the agricultural landscape rela-
tive to continuous forest (Bayne and Hobson 1997,
Hobson and Bayne 2000a). These results suggest that
increased dispersal of male Ovenbirds from small farm
fragments may be driven in part by high nest predation.
Assuming that nest predation is a key determinant of
breeding dispersal, populations of Ovenbirds in other
fragmented regions may be even more prone to dis-
perse. In a large-scale study across the midwestern
United States, Robinson et al. (1995) found that daily
nest survival in continuous forest was similar to what
we observed in the boreal forest (~0.97 vs. 0.98, re-
spectively). In contrast, daily nest survival in land-
scapes with ~30% forest cover was considerably lower
in the American midwest (~0.93) than in our frag-
mented agricultural landscape (0.96).

The impacts of anthropogenic fragmentation in for-
ested landscapes on Ovenbird demography probably
depend on the type, amount, and time since distur-
bance. Similar to our results, studies in mature forestry
fragments surrounded by regenerating clearcuts often
have found no differences in density, pairing success,
or nesting success of Ovenbirds relative to continuous
forest (King et al. 1996, Sabine et al. 1996, Lambert
and Hannon 2000). In contrast, Ovenbird density and
pairing success tended to be lower within 150 m of
gravel roads relative to forest interiors in Vermont (Or-
tega and Capen 1999). In Maine, Ovenbirds holding
territories in forest stands adjacent to clearcuts created
in the preceding winter suffered low pairing success
relative to Ovenbirds occupying stands in unharvested
areas, because of increased territorial competition from
Ovenbird males that were displaced by timber har-
vesting (Hagan et al. 1996). Clearly, forestry activities
can affect Ovenbird demography, but whether these
effects persist in the long term is not clear. Unlike
agricultural landscapes where fragmentation effects are
permanent and change predator communities, the ef-
fects of fragmentation caused by harvesting may be
more ephemeral and less likely to increase nest pre-



http://www.jstor.org/page/info/about/policies/terms.jsp

May 2002

dation (Rudnicky and Hunter 1993, Bayne and Hobson
1997).

Forest fragmentation is having negative impacts on
Ovenbird populations in many areas of North America
(Donovan et al. 19955, Porneluzi and Faaborg 1999).
Increasing nest predation and cowbird parasitism has
created vast areas of sink habitat where breeding pro-
ductivity seems to be insufficient to compensate for
adult mortality. However, many highly fragmented ar-
eas still support high densities of Ovenbirds. The ob-
servation of more SY Ovenbirds in small farm frag-
ments than in the other landscapes suggests that Ov-
enbird populations in small farm fragments are being
rescued by immigration of excess juveniles produced
in other less fragmented areas. The larger number of
ASY recruits in continuous forest in our study area also
suggests that failed breeders from small farm fragments

may be dispersing to continuous forest. However, the

continuous boreal forest is a heterogeneous system with
a wide variety of forest stand types, many of which are
utilized by Ovenbirds (Hobson and Bayne 2000b). Var-
iation in site quality associated with stand type un-

doubtedly influences Ovenbird demography, such tha -y

some of the dispersal/recruitment patterns that we ob-
served might also be occurring at a smaller scale within
a landscape. Regardless, our results suggest that con-
version of forest to agricultural land and the resulting
fragmentatiion of the remaining forest habitat are hav-
ing negative consequences for Ovenbirds and probably
many other species of forest songbirds.

ACKNOWLEDGMENTS

E. Cumming, S. Van Wilgenburg, B. Chruchz, S. Wyshyn-
ski, D. Jones, C. Oliarnyk, J. Ball, D. Mazerolle, T. McGregor,
and H. Carlisle assisted in the field. R. Madro measured feath-
er angles. Funding was provided by the Canadian Wildlife
Service (CWS), Prince Albert National Park, and Prince Al-
bert Model Forest (Project 211). Personal support to E. M.
Bayne was provided by CWS, a Natural Sciences and En-
gineering Research Council of Canada scholarship, and a
graduate fellowship from the University of Saskatchewan.
Special thanks from E. M. Bayne to the Canadian Wildlife
Service for providing logistical support and office space.
Thanks also to the landowners who allowed us to conduct

this work on their land. The comments of M.-A. Villard, G =t

Bortolloti, FE Messier, J. Romo, D. Neal, and two anonymous
reviewers improved previous drafts of the manuscript. All
Ovenbirds were captured under permits from Environment
Canada and the University of Saskatchewan Animal Care
Committee.

LITERATURE CITED

Andrén, H. 1995. Effects of landscape composition on pre-
dation rates at habitat edges. Pages 225-255 in L. Hansson,
L. Fahrig, and G. Merriam, editors. Mosaic landscapes and
ecological processes. Chapman and Hall, New York, New
York, USA.

Bayne, E. M., and K. A. Hobson. 1997. Comparing the effects
of landscape fragmentation by forestry and agriculture on
predation of artificial nests. Conservation Biology 11:
1418-1429.

=+ Bayne, E. M., and K. A. Hobson. 2001. Effects of habitat

fragmentation on pairing success of Ovenbirds: the im-

FRAGMENTATION AND SURVIVAL OF OVENBIRDS

1315

portance of male age and floater behavior. Auk 118:380-
388.

Burnham, K. P, and D. R. Anderson. 1998. Model selection
and inference. A practical information theoretic approach.
Springer-Verlag, New York, New York, USA.

Donovan, T. M., R. H. Lamberson, A. Kimber, E R. Thomp-
son, and J. Faaborg. 1995a. Modeling the effects of habitat
fragmentation on source and sink demography of Neotrop-
ical migrant birds. Conservation Biology 9:1396-1407.

Donovan, T. M., and C. M. Stanley. 1995. A new method of
determining Ovenbird age on the basis of rectrix shape.
Journal of Field Ornithology 66:247-252.

Donovan, T. M., E R. Thompson, J. Faaborg, and J. R. Probst.
1995b. Reproductive success of migratory birds in habitat
sources and sinks. Conservation Biology 9:1380-1395.

Graves, G. R. 1997. Geographic clines of age ratios of Black-
throated Blue Warblers (Dendroica caerulescens). Ecology
78:2524-2531.

Greenwood, P. J., and P. H. Harvey. 1982. The natal and
breeding dispersal of birds. Annual Review of Ecology and
Systematics 13:1-21.

Haas, C. A. 1998. Effects of prior nesting success on site
fidelity and breeding dispersal: an experimental approach.
Auk 115:929-936.

Hagan, J. M., IlII, W. M. Vander Haegen, and P. S. McKinley.
1996. The early development of forest fragmentation ef-
fects on birds. Conservation Biology 10:188-202.

Hanski, I. K., T. J. Fenske, and G. J. Niemi. 1996. Lack of
edge effect in nesting success of breeding birds in managed
forest landscapes. Auk 113:578-585.

Hensler, G. L., and J. D. Nichols. 1981. The Mayfield method
of estimating nesting success: a model, estimators and sim-
ulation results. Wilson Bulletin 93:42-53.

Hobson, K. A., and E. M. Bayne. 2000a. Effects of forest
fragmentation by agriculture on avian communities in the
southern boreal mixedwoods of western Canada. Wilson
Bulletin 112:373-387.

Hobson, K. A., and E. M. Bayne. 2000b. Breeding bird com-
munities in boreal forests of western Canada: consequences
of “‘unmixing’’ the mixedwoods. Condor 102:759-769.

Holmes, R. T., P. P. Marra, and T. W. Sherry. 1996. Habitat-
specific demography of breeding Black-throated Blue War-
blers (Dendroica caerulescens): implications for population
dynamics. Journal of Animal Ecology 65:183-195.

Holmes, R. T., and T. W. Sherry. 1992. Site fidelity of mi-
gratory warblers in temperate breeding and Neotropical
wintering areas: implications for population dynamics, hab-
itat selection, and conservation. Pages 563-578 in J. W.
Hagan, III and D. W. Johnston, editors. Ecology and con-
servation of Neotropical migrant landbirds. Smithsonian
Institution Press, Washington, D.C., USA.

Hoover, J. P, M. C. Brittingham, and L. J. Goodrich. 1995.
Effects of forest patch size on nesting success of Wood
Thrushes. Auk 112:146-155.

Huhta, E., J. Jokimaki, and P. Rahko. 1998. Distribution and
reproductive success of the Pied Flycatcher Ficedula hy-
poleuca in relation to forest patch size and vegetation char-
acteristics; the effect of scale. Ibis 140:214-222.

King, D. I., C. R. Griffin, and R. M. Degraaf. 1996. Effects
of clearcutting on habitat use and reproductive success of
the Ovenbird in forested landscapes. Conservation Biology
10:1380-1386.

Kleinbaum, D. G., L. L. Kupper, and K. E. Muller. 1988.
Applied regression analysis and other multivariate meth-
ods. PWS-Kent Publishing Company, Chapel Hill, North
Carolina, USA.

Kurki, S., A. Nikula, P. Helle, and H. Linden. 1998. Abun-
dance of red fox and pine marten in relation to the com-
position of boreal forest landscapes. Journal of Animal
Ecology 67:874-886.



http://www.jstor.org/page/info/about/policies/terms.jsp

1316

Lambert, J. D., and S. J. Hannon. 2000. Short-term effects
of timber harvest on abundance, territory characteristics,
and pairing success of Ovenbirds in riparian buffer strips.
Auk 117:687-698.

Lebreton, J. D., K. P. Burnham, J. Clobert, and D. R. An-
derson. 1992. Modeling survival and testing biological hy-
potheses using marked animals: a unified approach with
case studies. Ecological Monographs 62:67-118.

Lebreton, J. D., R. Pradel, and J. Clobert. 1993. The statistical
analysis of survival in animal populations. Trends in Ecol-
ogy and Evolution 8:91-95.

ERIN M. BAYNE AND KEITH A. HOBSON

Ecology, Vol. 83, No. 5

and population consequences. Pages 45-69 in O. E.
Rhodes, Jr., R. K. Chesser, and M. H. Smith, editors. Pop-
ulation dynamics in ecological space and time. University
of Chicago Press, Chicago, Illinois, USA.

Robinson, S. K., E R. Thompson, III, T. M. Donovan, D. R.
Whitehead, and J. Faaborg. 1995. Regional forest frag-
mentation and the nesting success of migratory birds. Sci-
ence 267:1987-1990.

Roth, R. R., and R. K. Johnson. 1993. Long-term dynamics
of a Wood Thrush population breeding in a forest fragment.
Auk 110:37-48.

=+ Morrell, T. E., and R. H. Yahner. 1995. Proportion of are:=+ Rudnicky, T. C., and M. L. Hunter. 1993. Avian nest pre-

occupied by Great Horned Owls in southcentral Pennsyl-
vania. Wildlife Society Bulletin 23:733-737.
Murphy, M. T. 1996. Survivorship, breeding dispersal and
mate fidelity in Eastern Kingbirds. Condor 98:82-92.
Neter, J., W. Wasserman, and M. H. Kutner. 1985. Applied
linear statistical models: regression, ANOVA, and exper-

dation in clearcuts, forests, and edges in a forest-dominated
landscape. Journal of Wildlife Management 57:358-364.

Sabine, D. L., A. H. Boer, and W. B. Ballard. 1996. Impacts
of habitat fragmentation on pairing success of male Ov-
enbirds, Seiurus aurocapillus, in southern New Brunswick.
Canadian Field-Naturalist 110:688-693.

imental designs. Irwin Press, Homewood, Illinois, USA. =+ Sauer, J. R., and T. C. Williams. 1989. Generalized proce-

Oehler, J. D., and J. A. Litvaitis. 1996. The role of spatial
scale in understanding responses of medium-sized carni-

dures for testing hypotheses about survival or recovery
rates. Journal of Wildlife Management 53:137-142.

vores to forest fragmentation. Canadian Journal of Zoology =+ Sherry, T. W.,, and R. T. Holmes. 1989. Age-specific social

74:2070-2079.

=+ Ortega, Y. K., and D. E. Capen. 1999. Effects of forest roads
on habitat quality for Ovenbirds in a forested landscape.
Auk 116:937-946.

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

Petit, L. J., and D. R. Petit. 1996. Factors governing habitat
selection by Prothonotary Warblers: field tests of the Fret-
well-Lucas models. Ecological Monographs 66:367-387.

Porneluzi, P, and J. Faaborg. 1999. Season-long fecundity,
survival, and viability of Ovenbirds in fragmented and un-
fragmented landscapes. Conservation Biology 13:1151-
1161.

Pulliam, H. R. 1996. Sources and sinks: empirical evidence

dominance affects habitat use by breeding American Red-
starts (Setophaga ruticilla): a removal experiment. Behav-
ioral Ecology and Sociobiology 25:327-333.

Trine, C. L. 1998. Wood Thrush population sinks and im-
plications for the scale of regional conservation strategies.
Conservation Biology 12:576-585.

Walters, J. R. 1998. The ecological basis of avian sensitivity
to habitat fragmentation. Pages 181-192 in J. M. Marzluff
and R. Sallabanks, editors. Avian conservation: research
and management. Island Press, Washington, D.C., USA.

White, G. C., and K. P. Burnham. 1999. Program MARK:
survival estimation from populations of marked animals.
Bird Study 46:120-138.

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



http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. 1307
	p. 1308
	p. 1309
	p. 1310
	p. 1311
	p. 1312
	p. 1313
	p. 1314
	p. 1315
	p. 1316

	Issue Table of Contents
	Ecology, Vol. 83, No. 5 (May, 2002), pp. 1175-1478
	Front Matter
	Concepts & Synthesis: Emphasizing New Ideas to Stimulate Research in Ecology
	The Role of Herbivores in the Evolution of Separate Sexes from Hermaphroditism [pp.  1175 - 1184]
	Species Diversity Patterns Derived from Species-Area Models [pp.  1185 - 1198]

	Reports
	Root Dynamics and Spatial Pattern in Prairie and Forest [pp.  1199 - 1203]
	Fine-Scale Predictability of Forest Community Dynamics [pp.  1204 - 1208]
	The Fitness Consequences of Interspecific Eavesdropping between Plants [pp.  1209 - 1213]

	Masting by Eighteen New Zealand Plant Species: The Role of Temperature as a Synchronizing Cue [pp.  1214 - 1225]
	Phenology of Sex Expression and Gender Variation in a Heterodichogamous Maple, Acer japonicum [pp.  1226 - 1238]
	A Physically Based Model of Macroalgal Spore Dispersal in the Wave and Current-Dominated Nearshore [pp.  1239 - 1251]
	Intra- vs. Interspecific Latitudinal Variation in Growth: Adaptation to Temperature or Seasonality? [pp.  1252 - 1262]
	Cryptic Trophic Cascade along a Gradient of Lake Size [pp.  1263 - 1270]
	The Importance of Meiofauna in Food Webs: Evidence from an Acid Stream [pp.  1271 - 1285]
	Stable Isotopes Reveal That Saguaro Fruit Provides Different Resources to Two Desert Dove Species [pp.  1286 - 1293]
	Expansion vs. Compression of Bird Altitudinal Ranges on a Mediterranean Island [pp.  1294 - 1306]
	Apparent Survival of Male Ovenbirds in Fragmented and Forested Boreal Landscapes [pp.  1307 - 1316]
	Spatial Scale, Species Diversity, and Habitat Structure: Small Mammals in Australian Tropical Rain Forest [pp.  1317 - 1329]
	The Costs of Apprehensive Foraging [pp.  1330 - 1340]
	Kill Rates and Predation by Wolves on Ungulate Populations in Białowieża Primeval Forest (Poland) [pp.  1341 - 1356]
	The Importance of Functional Form in Optimal Control Solutions of Problems in Population Dynamics [pp.  1357 - 1371]
	Relevance of Community Structure in Assessing Indeterminacy of Ecological Predictions [pp.  1372 - 1385]
	Late Holocene Stand-Scale Invasion by Hemlock (Tsuga canadensis) at Its Western Range Limit [pp.  1386 - 1398]
	In Situ Development of a Satyrid Butterfly on Calcareous Grassland Exposed to Elevated Carbon Dioxide [pp.  1399 - 1411]
	Phenological Adaptation of Ant-Dispersed Plants to Seasonal Variation in Ant Activity [pp.  1412 - 1420]
	Scale-Dependent Effects of Landscape Context on Three Pollinator Guilds [pp.  1421 - 1432]
	Recruitment Limitation and Population Density in the Harvester Ant, Pogonomyrmex occidentalis [pp.  1433 - 1442]
	Bottom-up Forces Mediate Natural-Enemy Impact in a Phytophagous Insect Community [pp.  1443 - 1458]
	Does an Autoparasitoid Disrupt Host Suppression Provided by a Primary Parasitoid? [pp.  1459 - 1469]
	Book Reviews
	Global Biodiversity Scenarios for the 21st Century [p.  1470]
	Comparing Experiments across Different Scales [pp.  1471 - 1472]
	Waiting for the Homogecene [pp.  1472 - 1473]
	An Imperfect Solution to Optimality: Taking the Fun out of Adaptation [pp.  1473 - 1475]
	Tropical Mysteries and the Scientists Who Study Them: An Island Perspective [pp.  1475 - 1476]

	Spotlight: Recent Publications of Particular Interest [p.  1476]
	Books and Monographs Received through December 2001 [pp.  1477 - 1478]
	Back Matter





