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ABSTRACT

The Kirtland's Warbler (Setophaga kirtlandi) is a formerly endangered habitat specialist that breeds mainly in young jack pine (Pinus banksiana) forests in
northern Lower Michigan, USA. The species is conservation-reliant and depends on habitat management. Management actions have primarily focused
on creating jack pine plantations, but the species also breeds in red pine (Pinus resinosa) plantations in central Wisconsin, USA. However, the plantations
were not intended as breeding habitat and have suboptimal pine densities. While nesting success is similar between low-density red pine plantations
and optimal jack pine habitat, it is not clear if low-density red pine plantations support high fledging survival. If high-quality nesting and post-fledging
habitat are not synonymous, fledgling survival and breeding population recruitment may be low. We characterized survival, habitat use, and movement
patterns of dependent Kirtland's Warbler fledglings in Wisconsin red pine plantations and compared fledgling survival between Wisconsin and Michigan.
Mayfield cumulative survival estimates at 30 days post-fledging were 0.20 for Wisconsin fledglings and 0.43-0.78 for Michigan fledglings. Logistic
exposure cumulative survival estimates for Wisconsin fledglings were 0.23-0.34 at 30 days post-fledging. Fledglings in Wisconsin used areas where
vegetation cover and density of red and jack pine were high relative to available areas but not at greater proportions than what was available. Our findings
demonstrate that red pine plantations with low pine densities were not equally suitable as nesting and post-fledging habitat, as fledgling survival rates
were low. We hypothesize that reduced habitat structure, and not particular pine species, likely contributed to reduced fledgling survival in Wisconsin.
Thus, we recommend including red pine as a component in managed Kirtland's Warbler habitat only if tree densities approach optimal levels.
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LAY SUMMARY

e Kirtland's Warblers historically nested in young jack pine forests in Michigan, USA.

e Habitat loss and brood parasitism led to species decline and designation as Federally Endangered.

e Following management, numbers increased, and they were Federally delisted in 2019 by US Fish and Wildlife Service.

e They expanded into Wisconsin (~450 km west of Michigan) where they nest in young red pine plantations.

e Even at low red pine densities, nest success is like that in jack pine, but the influence on fledgling survival is unclear.

* \We observed fledglings after they left the nest to study their survival and habitat use.

¢ \We found that fledglings in Wisconsin red pine had lower survival than in Michigan jack pine, and used areas of high pine and vegetation density.
* Management actions should focus on creating habitat with high pine and herbaceous vegetation density to increase fledgling survival.

Baja supervivencia de volantones de Setophaga kirtlandii en las plantaciones de Wisconsin en
relacion con las plantaciones de Michigan

RESUMEN

Setophaga kirtlandii es una especie especialista de habitat que se encontraba en peligro de extincién, y que se reproduce principalmente en
bosques jévenes del pino Pinus banksiana en el norte del Bajo Michigan, EEUU. La especie es dependiente de la conservacion y estd supeditada
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a la gestion del habitat. Las acciones de gestién se han centrado principalmente en la creaciéon de plantaciones de R banksiana, pero la especie
también se reproduce en plantaciones de P resinosa en el centro de Wisconsin, EEUU. Sin embargo, las plantaciones no fueron concebidas
como hébitat de reproduccion y tienen densidades de pino sub-6ptimas. Si bien el éxito de anidacion es similar entre las plantaciones de P
resinosa de baja densidad y el habitat 6ptimo de P banksiana, no esté claro si las plantaciones de P resinosa de baja densidad soportan una
alta supervivencia de volantones. Si la anidacion de alta calidad y el habitat posterior al emplumamiento no son sindnimos, la supervivencia
de los volantones y el reclutamiento de la poblacion reproductora pueden ser bajos. Caracterizamos la supervivencia, el uso del habitat y los
patrones de movimiento de los volantones dependientes de S. kirtlandii en las plantaciones de P resinosa de Wisconsin y comparamos la
supervivencia de los volantones entre Wisconsin y Michigan. Las estimaciones de supervivencia acumulada de Mayfield a los 30 dias posteriores
al emplumamiento fueron de 0,20 para los volantones de Wisconsin y de 0,43 a 0,78 para los volantones de Michigan. Las estimaciones
de supervivencia acumulada por exposicion logistica para los volantones de Wisconsin fueron de 0,23 a 0,34 a los 30 dias posteriores al
emplumamiento. Los volantones en Wisconsin usaron areas donde la cobertura vegetal y la densidad de P resinosa 'y F banksiana eran altas
en relacién con las areas disponibles, pero que no estaban en proporciones mayores a las disponibles. Nuestros hallazgos demuestran que las
plantaciones de P resinosa con bajas densidades no fueron igualmente adecuadas como habitat de anidacion y post-emplumamiento, ya que
las tasas de supervivencia de los volantones fueron bajas. Nuestra hipdtesis es que la estructura reducida del habitat, y no las especies de pino
en particular, probablemente contribuyd a la reduccion de la supervivencia de los volantones en Wisconsin. Por lo tanto, recomendamos incluir
a P resinosa como un componente en el habitat manejado de S. kirtlandii solo si las densidades de arboles se acercan a los niveles éptimos.

Palabras clave: dependiente de la conservaci n, Pinus resinosa, Setophaga kirtlandii, supervivencia posterior al emplumamiento, uso del hkbitat posterior al

emplumamiento, Wisconsin

INTRODUCTION

In different life stages and across the annual cycle,
passerine birds may use habitats with vastly different char-
acteristics. Habitats in which high numbers of nestlings are
produced may not support survival of the greatest number of
independent juveniles (Eng et al. 2011, Shipley et al. 2013,
Young et al. 2019), and the assumption that high nest success
equates to high-quality habitat over the breeding season may
not be true. If high-quality nesting habitat is all that is avail-
able but is not synonymous with high-quality post-fledging
habitat, post-fledging survival may be low. The post-fledging
period is an understudied yet important life stage because
post-fledging survival limits first-year survival and recruit-
ment into the breeding population (Cox et al. 2014, Naef-
Daenzer and Griiebler 2016, Streby et al. 2016). Because
songbird population growth rates may be more responsive
to variation in fledgling survival than nest success (Streby
and Andersen 2011), and given that fledgling survival has
been shown to be associated with habitat management (Cox
et al. 2014), understanding how post-fledging survival re-
sponds to a range of nesting habitat conditions is important
for informing management actions that can bolster popula-
tion growth.

Fledgling habitat use and parental habitat use during nesting
may differ, as constraints associated with nest location end
after young become independent (Rappole and Ballard 1987,
Vitz and Rodewald 2006, Streby and Andersen 2013, Streby
et al. 2015b). During nesting, adult foraging strategy depends
on several factors, including food patch distance, energy con-
tent, handling efficiency, density of food items, and depreda-
tion risk (Fagerstrom et al. 1983, Houston and McNamara
1985, Orians and Wittenberger 1991, Ydenberg 1994).
After fledging, family units can move to areas with abundant
food (Moreno 1984, White and Faaborg 2008, Streby and
Andersen 2013) and reduced depredation risks (King et al.
2006, Vitz and Rodewald 2010, Streby and Andersen 2013).
Post-fledging habitat use and movement may also be influ-
enced by brood division, the splitting of a brood into smaller
units, each attended by one parent (Smith 1978, Edwards
1985, Byle 1990). In some species, sub-broods occupy spa-
tially distinct areas (McLaughlin and Montgomerie 1989,
Wheelwright et al. 2003, Peterson et al. 2016). Fledgling
movements may be influenced by the parent’s breeding terri-
tory affinity, familiarity with the area, or territory quality (van
Overveld et al. 2011). If sub-broods use different habitat fea-

tures due to parent differences, their habitat use and survival
probability could differ.

The Kirtland’s Warbler (Setophaga kirtlandii) breeds
mainly in young (approximately 5-20 years old), dense jack
pine (Pinus banksiana) forests in Michigan, USA. Historically,
frequent stand-replacing wildfire created a shifting mosaic
of jack pine forest of different ages (Donner et al. 2008). As
Euroamerican settlement increased, breeding habitat was
lost due to wildfire suppression and land use conversion,
and brood parasitism increased as Brown-headed Cowbirds
(Molothrus ater) expanded into formerly forested areas of
the upper Midwest (Mayfield 1960, Walkinshaw 1972, Ryel
1981). Populations of Kirtland’s Warbler declined over time
(Mayfield 1972, 1983, Probst and Weinrich 1993, Bocetti
1994), and the species was included on the United States
Endangered Species List in 1966 (Federal Register 1967).
Establishment of jack pine plantations that mimicked the
structure of natural habitat (Kepler et al. 1996), combined
with actions to reduce Brown-headed Cowbird numbers
in Kirtland’s Warbler breeding areas (Shake and Mattsson
1975, Kelly and DeCapita 1982, Cooper et al. 2019), re-
sulted in population recovery and removal from the Federal
List of Endangered and Threatened Wildlife in 2019 (Federal
Register 2019).

With population size increases and a stable amount of
breeding habitat in Lower Michigan (Probst 1986, Donner
et al. 2008), Kirtland’s Warblers expanded into the Upper
Peninsula of Michigan in 1994 (Donner et al. 2008), and into
Ontario, Canada in 2007 (Richard 2014), and Adams County,
Wisconsin in 2007 (Trick et al. 2008). In Ontario, Canada
and Adams County, Wisconsin, Kirtland’s Warblers breed in
red pine (Pinus resinosa) plantations (Trick et al. 2008, Anich
et al. 2011, Richard 2014). Nesting success in Wisconsin
red pine plantations is similar to that in traditionally used
jack pine habitat in Michigan (Wisconsin = 0.43, Olah et al.
2022; Michigan = 0.32, Bocetti et al. 2020). The number of
young fledged per nest is also similar between Wisconsin red
pine plantations and Michigan jack pine habitat (Wisconsin
= 2.5-2.8, Olah et al. 2022; Michigan = 2.8-3.9; Shake and
Mattsson 1975, Kelly and DeCapita 1982, Bocetti 1994,
Rockwell et al. 2012, van Dyke et al. 2022). Additionally, the
mean number of young fledged in red pine habitat adjacent
to jack pine habitat in Michigan was 21% higher than in jack
pine stands (4.7 vs. 3.9; van Dyke et al. 2022). Notably, the
red pine habitat adjacent to jack pine habitat in Michigan had
greater tree densities (approaching or exceeding 6,000 trees
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ha™!; van Dyke et al. 2022) than red pine plantations occupied
by Kirtland’s Warblers in Wisconsin (~1,900 trees ha™'; Olah
et al. 2022). However, there is little quantitative information
about the suitability of red pine plantations for fledglings,
which habitat features fledglings utilize, and whether habi-
tat structure that is suitable for successful nesting (i.e., tree
density) also supports high fledgling survival (Walkinshaw
and Faust 1974, Walkinshaw 1983, Probst 1986, Probst and
Hayes 1987). Understanding the factors that influence fledg-
ling survival is necessary for maintaining and facilitating an
expanded range for this conservation-reliant species.

Because the Kirtland’s Warbler is no longer endangered
yet relies on human-created breeding habitat, management
agencies such as Michigan Department of Natural Resources
are evaluating cost savings and potential sources of revenue
that may result from different arrangements of suitable habi-
tat for the species, such as the inclusion of red pine in man-
aged plantings (van Dyke et al. 2022). The inclusion of red
pine in managed habitat can allow for greater management
flexibility and may provide greater revenue that can support
management actions (van Dyke et al. 2022). The inclusion
of red pine in managed habitat can allow for greater man-
agement flexibility and may potentially provide greater rev-
enue that can support management actions due to the higher
stumpage value of red pine than jack pine (van Dyke et al.
2022). Understanding habitat use of red pine plantations by
fledglings, and their associated survival rates, can thus inform
future habitat management plans incorporating red pine into
jack pine plantations. For example, habitat use may be in-
fluenced by food abundance, fledgling foraging ability, and
depredation risks (Mayfield 1960, Probst 1988, Bocetti et
al. 2020), all of which can vary due to habitat structure and
characteristics. Movements by family units can also differ,
with sub-broods occupying different areas (Mayfield 1960,
Bocetti et al. 2020). If fledgling and nest survival are associ-
ated with different habitat features, fledgling survival could
be increased through targeted management actions (Cox et
al. 2014). Without a full understanding of habitat use from
nest initiation to fledgling independence, management actions
aimed at maintaining populations may be ineffective.

We sought to fill this knowledge gap by estimating sur-
vival rates of dependent Kirtland’s Warbler fledglings in
Adams County, Wisconsin in relation to fledgling age and
habitat features, and to compare survival rates between
fledglings in Wisconsin and in Michigan. We expected that
(1) daily survival rates in Wisconsin would increase with
fledgling age, given that songbird fledgling mortality gen-
erally occurs within the first 3 weeks post-fledging (Cox et
al. 2014); (2) fledgling survival would increase with an in-
crease in cover of wild blueberry, herbaceous vegetation, and
tree density because these features may mitigate depredation
risk and increase food abundance; and (3) fledgling survival
rates in Wisconsin would not differ substantially from those
in Michigan because nest success is similar. Our second ob-
jective was to characterize habitat features used by fledg-
lings in Wisconsin. We expected fledglings to use areas with
greater cover of herbaceous vegetation and wild blueberry,
and greater tree densities compared to areas that were not
used but were available to fledglings, because these habitat
features may provide greater protection from depredation
or offer more abundant food resources. Our third objective
was to characterize movement patterns of dependent fledg-
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lings (through 41 days old, or ~4 weeks after fledging) in
Wisconsin. We expected that distances moved away from
the nest would increase with (1) fledgling age as fledglings
became more capable of flight; and (2) female parental at-
tendance because females may move sub-brood farther away
from natal territories than males.

METHODS

Study Area

Our study area in Adams County, Wisconsin, USA
(44.111555°N, 89.878420°W; Figure 1) is part of a gla-
cial outwash plain, with little topographic relief, deep, well
drained sandy soil, and a continental climate (Wisconsin
Department of Natural Resources 2015a). Vegetation is of a
mixture of dry jack pine and scrub oak (Quercus spp.) bar-
rens and forest, dry pine and oak savanna, dry prairie, jack
pine and red pine plantations, agriculture, and wetlands
(Wisconsin Department of Natural Resources 2015a).

Our study area is located ~415 km west of Kirtland’s
Warbler breeding areas near Grayling, Michigan, ~420
km west of breeding areas near Roscommon, Michigan,
and ~460 km west of breeding areas near Mio, Michigan,
USA. Kirtland’s Warblers occupied 10 red pine plantations
during our study (2016-2018), which were under a conser-
vation easement with the Wisconsin Department of Natural
Resources (Michigan Department of Natural Resources et
al. 2015). The plantations were planted between 2005 and
2009 and ranged in size from 2.7 ha to 46.9 ha ( =24.8 ha),
with a combined area of 248.1 ha. The plantations occupied
during this study were commercial timber plantations and
were not created as Kirtland’s Warbler habitat. As such, red
pine was planted in straight rows, with wide row spacing (~2
m) but no openings, and tree densities were relatively low to
be considered optimal for Kirtland’s Warblers (<2,000 trees
ha!'; Donner et al. 2008). Jack pine and oak were naturally
regenerating in the red pine plantations, and often grew in
between rows or where red pine trees had died (Trick et al.
2008, Anich et al. 2011).

We conducted our research in eight of the 10 occupied
plantations, which were clustered together and separated
by roads (approximately 6-27 m wide) or by 75-480 m of
non-suitably aged red pine plantations (Figure 1). Occupied
plantations were embedded in a matrix of variously aged red
and jack pine plantations, natural forest, wetland, agricul-
ture, and private residences. Occupied red pine plantations
had an average tree height of 4.1 m, average density of 1,937
trees ha™!, and consisted of 70% red pine, 28% jack pine, and
2% oak (black oak/northern pin oak [Quercus velutina/Q.
ellisoidalis], white oak [Q. alba], burr oak [Q. macrocarpal;
Olah et al. 2022).

Field Methods
Nest monitoring.

Most male Kirtland’s Warblers in the study area were iden-
tifiable by a unique combination of 3 colored plastic leg
bands and an aluminum U.S. Geological Survey (USGS)
band, applied as part of monitoring efforts that have con-
tinued since 2008 (Refsnider et al. 2009, Trick et al. 2009,
Anich et al. 2011). During our study, we captured unbanded
males through targeted mist-netting in late May of each year
(Refsnider et al. 2009).
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FIGURE 1. (A) Our study area in Wisconsin is located in the Upper Midwestern United States. (B) Our study area (irregularly shaped polygon) located
within the square in central Wisconsin in relation to other known Kirtland'’s Warbler breeding locations in northern Wisconsin (circles), Michigan
(triangles), and Canada (squares). (C) Our study area is located within the Central Sands Ecological Landscape in Adams County, Wisconsin. (D) Patches
of red pine-dominated plantation occupied by Kirtland's Warblers during the breeding seasons of 2016-2018 in our study area, overlaid on an aerial photo

of the area.

To identify nest locations, we monitored individually identifi-
able singing males, approximately every 4 days, beginning with
the first observation of a male during the season. We recorded
the location of their singing perches using handheld GPS units
after they had left the perch. We noted behaviors indicating they
were paired. Ultimately, their behaviors led us to the vicinity of
the nest, and then close observation of the area revealed the pre-
cise vegetation patch in which the nest was located. We observed
nests (about every 2 days) from a distance of ~10 m, which al-
lowed us to observe adults’ movements near the nest. Because
of their endangered status during the study (Federal Register
1967, Wisconsin Department of Natural Resources 2015b), we
inferred nest stage and contents using adult behavioral cues and,
for a subset of nests, made a brief close approach. We found
some nests incidental to other research activities. When this hap-
pened the nest contents, nest stage (eggs vs. nestlings), and esti-
mated nestling age (if present) were noted and photographed if
possible. Detailed information about determining chick age and
nest stage can be found in the supplemental material.

If approached nests contained eggs, if we did not get a clear
look at nestlings, or we did not approach a nest, we used
adult behavioral cues to infer nest stage and estimate nestling

age. On average, we observed nests every 2 days, and often
could determine the day or day range when eggs hatched
based on shifts in adult behaviors. From that date/date range,
we estimated fledging dates as hatch date + 9.4 days (the aver-
age number of days from hatching to fledging; Bocetti et al.
2020). We used the estimated fledging date as a guideline for
when to approach the nest for banding and radio-tag attach-
ment, aiming for when nestlings were 6-9 days old. Once
nests were approached, we could more accurately age nest-
lings based on published nestling descriptions.

Radio-tagging and telemetry.

We attached radio-tags to 19 nestlings from 15 nests during
our study (2016 = 4, 2017 = 6, 2018 = 9). We preferentially
selected nests with a full brood (5 chicks; Bocetti et al. 2020),
of 6-9 days old nestlings. Our rationale was that broods
with fewer than 5 nestlings may have already been partially
depredated, increasing the chances that remaining nestlings
could be at high risk of depredation after banding and at-
tachment of radio-tags. We also wanted to draw from as wide
a selection of nestlings to potentially radio-tag as possible.
Within a brood we chose the heaviest nestlings to radio-tag to
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fledglings model. In 2016 and 2017 only 1 fledgling per brood
was radio-tagged but in 2018 2 broods had 2 radio-tagged fledg-
lings each. We included a total of 15 untagged siblings (2016 = 4,
2017 = 10,2018 = 2 siblings) from 10 broods (2016 = 2,2017 =
6,2018 = 2 broods). The average number of un-tagged siblings
per brood included in the all fledglings model was 1.1 (SD = 0.9).

We used the number of days between fledging and the last
observation date to determine which fledglings to include in
the next survival model. The final survival model included
only one fledgling from each brood that was observed the
greatest number of days post-fledging (7 = 14, “long” model).
In the long model we included 11 radio-tagged fledglings
(2016 = 4, 2017 = 5, 2018 = 2), and three un-tagged fledg-
lings (2016 = 0,2017 = 1, 2018 = 2). We could not model the
relationship between fledgling survival and habitat features,
because we only had vegetation data for one radio-tagged
fledgling that was known to have died.

We used a logistic exposure model (Shaffer 2004, Streby
and Andersen 2011, Streby et al. 2016, Martin et al. 2018) to
model fledgling survival. Logistic exposure models are bino-
mial models with a customized link function to account for
exposure days (¢ = the number of days between successive

observations):
ot
0) =log, | ——
£(6) = log (19:)

We created a logistic exposure model using the R package
MASS (Venables and Ripley 2002). The model included fledg-
ling age as the explanatory variable. We also predicted daily,
and cumulative survival based on the logistic exposure model.

Mayfield survival estimation.

To compare fledgling survival between our study area and
Michigan, we used Mayfield survival estimation. We used
historical data on fledglings from Michigan to compare sur-
vival rates of the Michigan population with survival rates
of fledglings in our study (7 = 64 fledglings). We estimated
fledgling survival rates by adapting the Mayfield nest sur-
vival method (Mayfield 1961, 1975), which has been used
to calculate survival of precocial chicks (Flint et al. 1995,
McGowan et al. 2009). Historical Kirtland’s Warbler fledg-
ling data in Michigan (1 = 3,664 fledglings total across three
datasets) was obtained from Walkinshaw and Faust (1975)
and Walkinshaw (1983). For each fledgling, we identified the
number of days between fledging and the last time it had been
observed (exposure period). If a fledgling was known to have
fledged but was not observed when siblings were observed
later, we considered it to be lost, and gave it an exposure
period length of 40% of that of its siblings (Johnson 1979).
We used 40% of the exposure period, which is recommended
when there are long intervals (approximately 9-30 days) be-
tween observations (Johnson 1979). For all fledglings in a
study, we then summed the exposure periods to get a total
number of exposure days. We calculated daily mortality rates
by dividing the number of lost fledglings by the sum of the
exposure days. Daily survival rate was then 1-mortality rate.
We calculated the standard errors of Mayfield daily survival
estimates using the following equation (Johnson 1979):

(>~ exposure days)® !
(>~ exposure days — losses) x losses

A. Olah et al.

We then calculated approximate 95% confidence intervals
(95% CI) for the Mayfield survival estimates (+2 xstandard
error [SE]). We calculated period survival rates by raising
the estimated daily survival rates to the power of the num-
ber of days since fledgling. To generate cumulative survival
estimates, we raised the 95% confidence limits to the power
of the number of days since fledgling. Detailed information
about our assumptions when using the Mayfield survival
method can be found in the Supplementary Material.

Modeling habitat use.

We compared habitat at fledgling locations (7 = 139) and un-
occupied (7 = 139) locations using generalized linear models
with a logit-link function. We included habitat data from all
radio-tagged fledglings for which we had data, regardless of
their fate. Fledgling locations with associated vegetation data
used in habitat analyses were from 10 radio-tagged fledg-
lings (2017 = 5; 2018 = 5) from 8 broods (2017 = 5; 2018
= 3). In 2017, fledglings were all from separate broods. In
2018, 4 fledglings were from 2 separate broods (2 each) and
1 fledgling was from a third brood. We created a global habi-
tat model using the R package MASS (Venables and Ripley
2002). We created all resulting possible variable combinations
using the R package MuMIn (Barton 2018) and ranked the
models by Akaike information criterion corrected for small
sample size (AIC). The global habitat model included the
following variables, none of which were strongly correlated
(Spearman’s rank correlation < 0.7): average foliage height di-
versity, average low branch height, average herbaceous vege-
tation height, percent cover of bare ground, percent cover
of blueberries, percent cover of shrubs, and percent cover of
tree branches. We considered models with AIC_ differences <
2 AAIC, from the minimum AIC, model to be top candidate
models (Burnham and Anderson 2004).

We compared candidate habitat models using Akaike
weights (w) and evidence ratios (Burnham and Anderson
2004). We calculated variable importance (the sum of AIC,
weights of all models containing a variable) over the candidate
set and the entire model set (Burnham and Anderson 2004).
As measures of model fit, we calculated generalized R? values
(Nakagawa and Schielzeth 2013) with the MuMIn package
(Barton 2018), and the area under the receiver operator curve
(AUC) using the modEvA package (Barbosa et al. 2016). We
considered variables within individual models to be signifi-
cant if P < 0.1, in the spirit of Arnold (2010). To examine the
effect of individual explanatory variables, we made predic-
tions from the most parsimonious model in the candidate set
using the minimum and maximum values of each explanatory
variable while holding other variables constant at their mean
for continuous data or at a given factor level for categorical
data (Shaffer and Thompson 2007). To assess if perch loca-
tion (ground or tree) changed in relation to fledgling age, we
used the /me4 package (Bates et al. 2015) to create a mixed
effects logistic regression model with fledgling ID as the ran-
dom effect.

Fledgling movements and adult attendance.

Using telemetry data from fledglings that were radio-tagged
in 2017-2018 and observed =5 times (nz = 10), we described
fledgling movements and adult attendance patterns. We did
not use data from 2016 because radio-tags fell off within
48 hr. To assess how parental attendance changed with
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fledgling age, we calculated the proportion of observations
for each age in which we observed adults with fledglings. We
calculated distances moved away from the nest during the de-
pendent period in two ways. First, we averaged the observed
straight-line distances moved from the nest for each fledg-
ling age. Second, we used linear regression to test whether
distances moved were influenced by fledgling age or sex of
the attending parent. Because the distances moved increased
non-linearly with increasing fledgling age, we square-root-
transformed the distances to meet normality assumptions.
For ease of interpretation, we then back transformed the es-
timates of distance moved. All analyses were conducted in R
3.6.2 (R Core Team 2019).

RESULTS

Fledgling Survival

Mortality and radio-tag signal loss.

During our study, 7 radio-tagged fledglings died or their sig-
nals were lost. In 2016, 1 of 4 radio-tagged fledglings was
depredated one day after fledging, likely due to a raptor. In
2017, 5 of the 6 radio-tagged fledglings were observed until
independence (x = 40.8 days old), and 1 radio-tag signal was
lost 4 days after fledging and before expected battery failure.
In 2018, radio-tagged fledglings were observed for a max-
imum of 20 days after fledging (min = 1 day, x = 10.4 days),
with the oldest fledglings being observed until 29 days old.
In 2018, 9 fledglings were radio-tagged with 5 being lost. In
2018, 1 died 2 days after fledging due to exposure or starva-
tion, one was depredated (likely a raptor) 2 days after fledging,
2 radio-tag signals were lost within 3 days of fledging and be-
fore expected battery failure, and 1 radio-tag signal was in an
8-m tall red pine for 3 days at 19 days post-fledging without
obvious signs of depredation or entanglement.

Logistic exposure survival estimates.

We were only able to model the relationship between fledg-
ling survival and fledgling age because we only had vegetation
data for 1 radio-tagged fledgling that was known to have died.
Cumulative survival estimates from the model that included
all observed fledglings per brood (n = 31) were lower than cu-
mulative survival estimates for the model that included only a
single fledgling per brood, but both models had overlapping
95% confidence intervals (Figure 2). For the model that in-
cluded all fledglings per brood, we estimated daily survival to
be 0.48 (95% CI: 0.32,0.65) at 7 days old (the earliest fledging
age), and 1.0 from 15 through 41 days old (age of independ-
ence; Figure 2). Cumulative survival was estimated to be 0.48
(95% CI: 0.32, 0.65) at 7 days old, and 0.23 (95% CI: 0.09,
0.44) from 14 through 41 days old (Figure 2). From the model
that included one fledgling per brood observed for the great-
est number of days post-fledging (7 = 14), we estimated daily
survival to be 0.60 (95% CI: 0.41, 0.76) at 7 days old, and 1.0
from 15 through 41 days old (Figure 2). Cumulative survival
for that model was estimated to be 0.60 (95% CI: 0.41, 0.76)
at 7 days old, declining to 0.34 (95% CI: 0.13, 0.58) at 14 days
old and remaining constant through 41 days old (Figure 2).

Mayfield survival estimates.

Mayfield survival estimates were higher for Michigan fledg-
lings than for fledglings in our study, and Mayfield cumula-
tive survival estimates decreased with increasing fledgling age
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(Figure 2). Mayfield daily survival estimates were 0.95 (95%
CI: 0.93,0.96) in Wisconsin and 0.97 (95% CI: 0.95, 0.99) to
0.99 (95% CI: 0.99, 0.99) in Michigan. Mayfield cumulative
survival estimates at 41 days old were 0.18 (95% CI: 0.10,
0.32) in Wisconsin and 0.40 (95% CI: 0.23,0.71),0.65 (95%
CL: 0.52, 0.80), and 0.76 (95% CI: 0.75, 0.78) in Michigan,
depending on the historical dataset used (Walkinshaw and
Faust 1975, Walkinshaw 1983).

Fledgling Habitat Use

Compared to unoccupied points, fledglings used areas of
lower foliage height diversity and bare ground cover, and
greater herbaceous vegetation height (AUC = 0.82, R? = 0.90;
Table 1). These variables had the highest variable importance
values in our habitat models (variable importance = 0.44 for
all 3 variables; Table 2). Average herbaceous vegetation height
was positively associated with probability of fledgling use,
which increased from 0.24 to 0.75 when vegetation height
increased from 0 cm to 52 cm and other variables were held
constant at their means (Figure 3). Foliage height diversity
was negatively related to probability of fledgling use, which
decreased from 0.74 to 0.005 as foliage height diversity in-
creased from 0 to 3.24 (Figure 3). All fledgling locations had
bare ground cover <50%, while 81% of unoccupied points
had bare ground cover <50%. The probability of fledgling use
increased from 0.37 to 0.49 when bare ground cover changed
from 0% to 1-50% cover (Figure 3).

While relatively infrequent, fledglings perched on the ground
more when recently out of the nest than when they were older
(coefficient = —0.0406, SE = 0.0234, P = 0.08); this probabil-
ity decreased from 0.14 at 7 days old to 0.02 at 40 days old.
Areas used by fledglings trended towards having greater tree
density (mean = 4,413 trees ha™', SD = 183) than unused areas
(mean = 3,908 trees ha™', SD = 475; two-tailed, unequal vari-
ance t-test P = 0.09). Density, relative frequency, and relative
density of red and jack pine were not significantly different in
areas used by fledglings than in unoccupied areas (two-tailed,
unequal variance t-tests P > 0.5 in all tests; Figure 4).

Fledgling Movement and Adult Attendance

Distance moved from the nest increased with fledgling age,
but was unrelated to attending adult sex. Based on our raw
data, distance moved away from the nest by a single 7-day-old
fledgling was 2.2 m, and the average distance moved away
from the nest by five 37-day-old fledglings was 271.4 m (min
= 63.7, max = 487.0, SD = 177.1; Supplementary Material
Figure S1). The predicted distance moved away from the nest,
based on our linear model using fledgling age (coefficient =
0.273, SE = 0.037, P < 0.001), was 35 m (95% CI: 22, 53 m)
when fledglings were 7 days old and 249 m (95% CI: 201,
302 m; Supplementary Material Figure S1) by 37 days old.

Of the 10 radio-tagged fledglings with greater than 5 ob-
servations, 5 were observed with a single parent (4 with the
father, 1 with the mother) and 5 were observed with both
parents during the dependent period. Observed attendance by
adults decreased as fledglings aged, until fledglings reached
independence.

DISCUSSION

While our method for comparing fledgling survival is a rough ap-
proximation, Mayfield survival estimates for fledgling Kirtland’s
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FIGURE 2. Survival rates for fledgling Kirtland's Warblers. (A) Daily survival rates of fledglings in Adams County, Wisconsin, 2016-2018 calculated via
logistic exposure models. (B) Cumulative survival rates for fledglings in Wisconsin, calculated from logistic exposure models that included fledgling

age as the response variable. In panels (A) and (B), the “all per brood, all fledglings” model included all observed fledglings regardless of whether

they were radio-tagged, and included siblings within a brood. The “one per brood, long, any fledgling” model included only one fledgling per brood that
was observed the greatest number of days post-fledging, irrespective of whether it was radio-tagged. The “one per brood, short, any fledgling” model
included one fledgling per brood that was observed for the fewest number of days, irrespective of whether it was radio-tagged. (C) Mayfield cumulative
survival estimates for fledglings from Adams County, Wisconsin, and fledglings from Michigan breeding areas, 1972-1977 (modified from Walkinshaw
and Faust (1975); Walkinshaw (1983), their tables 34 and 39). Vertical dotted lines indicate the average age at independence (34.8 and 40.8 days old,
respectively) from Walkinshaw (1983) and this study.

TABLE 1. Top candidate models (<2 AIC from minimum AIC_model) for fledgling Kirtland's Warbler habitat use in Adams County, Wisconsin, 2017-2018,
ranked by differences in Akaike's information criterion corrected for small sample sizes (AAIC ). Akaike weight is represented by w,. Bold indicates that a
variable had P < 0.1 within the model. Models are general linear models with a log-link function. The intercept only model is included for reference. For
categorical variables, “p” indicates a positive relationship and “n" indicates a negative relationship. AUC is the area under the receiver operator curve
and R?is generalized R? (Nakagawa and Schielzeth 2013). Evidence ratios are the ratio of w,/w, where model 1 has the lowest AIC . See Methods for

variable descriptions.

Foliage height Herbaceous vegetation Evidence
Intercept diversity height Cover: Bare ground Cover: Blueberry AAIC * W, ratio AUC R?
0.42 -1.94 0.04 p 0.00 0.32 0.82 0.90
0.40 -1.94 0.04 p p 1.95 0.12 2.65 0.82 0.90
7.99E-17 92.80 0.00 5.36E+19 0.50 0.00

“Lowest AICc value = 294.60.

Warblers in Wisconsin were much lower than for fledglings in
Michigan based on historical data. Despite low sample sizes due
to permitting restrictions and radio-tag loss, our findings suggest
that red pine plantations with low pine densities are not equally
suitable as nesting and post-fledging habitat, given the lower
fledgling survival rates estimated in our study.

Our cumulative survival estimates calculated from logistic
exposure models were lower (23%-34%) than reported post-
fledging survival estimates for ground-nesting grassland bird
species (35%—75%; Cox et al. 2014), albeit the estimated
95% confidence intervals overlap the lower end of that range.
Our post-fledging survival estimates may represent minimum
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TABLE 2. Variable importance (sum of AIC_ weights of all models
including the variable) for explanatory variables included in models of
fledgling Kirtland’s Warbler habitat use in Adams County, Wisconsin.
Variable importance was calculated across all models and the models
with AIC_ values < 2 from the minimum AIC_ model (candidate set) in
each analysis. Variables with the highest importance values are bolded.
See Methods for variable descriptions.

Habitat Use

Variable All Candidate set
Foliage height diversity 1 0.44

Tree cover 0.17 0

Herbaceous vegetation height 0.97 0.44

Shrub cover 0.26 0

Tree lowest branch height 0.26 0

Blueberry cover 0.27 0.12

Bare ground cover 1 0.44

Fledgling age - -
Day of Year Fledged - -

“Lowest AIC_value = 29.65.

estimates of survival, as they are derived from small sample
sizes over just 3 years, and within habitat that was not specif-
ically created to support breeding Kirtland’s Warblers. Post-

Kirtland’s Warbler fledgling survival low in Wisconsin plantations 9

fledgling survival rates less than ~0.4 require unrealistic ju-
venile overwinter survival to prevent population decline (Cox
et al. 2014), suggesting that Kirtland’s Warblers breeding in
red pine plantations with low pine densities may be a popu-
lation sink.

Post-fledging survival can fluctuate drastically among years
(Schmidt and Ostfeld 2003) and regions (Fiss 2018), espe-
cially at range edges (Chuang and Peterson 2016). Expanding
range-edge populations may not experience high reproductive
success if individuals or habitats are of lower quality, depre-
dation risks are higher than in the range core, or there are
density dependent effects on fitness (Chuang and Peterson
2016). Although we could not ascertain the mechanism(s)
driving reduced post-fledgling survival in our study area,
we suggest that future research focus on assessing adult and
fledgling quality, as well as habitat features that are associated
with fledgling survival.

The similarity in nesting success, but low post-fledging sur-
vival relative to Michigan breeders, suggests that red pine
plantations with overall tree densities of <2,000 trees ha™' are
of suitable quality for nesting but do not support high fledg-
ling survival. This may be due to a number of factors, such
as higher depredation risk, reduced food resources, or differ-
ences in adult provisioning capabilities (Chuang and Peterson
2016), potentially due to low overall pine densities in the red
pine plantations.

average FHD = 0.24

average FHD = 0.81

average FHD = 1.39
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FIGURE 3. Marginal effects of foliage height diversity (FHD), herbaceous vegetation height, and bare ground cover on fledgling Kirtland's Warbler
habitat use in Adams County, Wisconsin, 2017-2018. Predictions are based on the top-supported model; see Methods for variable descriptions. We
do not show predictions for bare ground cover of 51-100% because no fledgling locations were in this category and only 19% of unoccupied points
had bare ground cover >50%. Predictions represent the average probability of a point being a fledgling location (solid lines), with associated 95%

confidence intervals (shading).
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Based on logistic regression predictions, variable import-
ance values, and explanatory variable p-values, we found that
fledglings used areas with taller herbaceous vegetation, lower
foliage height diversity, and lower amounts of bare ground
compared to surrounding areas, suggesting that vegetation
cover is important. Low foliage height diversity values occur
when vegetation is not evenly distributed through the verti-
cal profile. Fledglings often perched in the outer edges of red
pines, while still concealed by foliage, which may explain the
negative relationship of fledgling locations with foliage height
diversity. Although we expected that wild blueberry cover
would be important because of its food value during late sum-
mer (Mayfield 1960), this variable was present in only one
candidate habitat use model, likely because the resource was
relatively sparse across our study area. We acknowledge that
relationships between fledgling use and habitat characteristics
may be underestimated because of low sample sizes, and may
not necessarily equate to impacts on survival. Further data
collection (i.e., deployment of additional radio-tags) is needed
to achieve sufficient sample sizes for estimating relationships
between habitat characteristics and fledgling survival.

Overall tree density, jack pine density, and red pine density
were higher in areas used by fledglings than in unoccupied
areas, but fledglings did not appear to use one pine species

at frequencies greater than availability, suggesting that habi-
tat structure (dense pine) is more important than pine species
composition. Dense branch cover that is low to the ground
may facilitate movements when fledglings are incapable of sus-
tained flight, and offer better concealment from predators, or
easier foraging opportunities throughout the fledgling period.
Tree density in red pine plantations where Kirtland’s Warblers
nested (~1,900 trees ha™'; Olah et al. 2022) was slightly lower
than the lower limit of jack pine density in planted Kirtland’s
Warblers habitat in Michigan (>2,000 trees ha™'; Bocetti et al.
2020), and lower than the optimal 6,000 trees ha™' (Donner
et al. 2008). While a similar amount of cover may be achieved
with lower planting density in red pine plantations compared
to jack pine plantations due to greater lateral branch growth
and longer retention of low live branches of red pine (Probst
1988), our results coupled with those from Michigan suggest
that tree densities greater than ~1,900 trees ha™! are needed to
support high fledgling survival.

We found that Kirtland’s Warblers show flexibility in post-
fledging parental attendance, with some fledglings being at-
tended by both parents and some by one parent, consistent
with observations in northern lower Michigan (Mayfield
1960, Bocetti et al. 2020). We also found that attending parent
sex did not influence how far fledglings moved from the nest.
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Future Research Needs

Given that fledgling survival can be strongly influenced by
habitat management, and because we did not sample the full
range of breeding habitats used by Kirtland’s Warbler, further
research on fledgling survival and habitat use across all pos-
sible nesting habitat scenarios (planted vs. wildfire, varying
pine compositions or densities, newly occupied vs. senescing
habitat etc.) should be conducted. As managers move towards
creating Kirtland’s Warbler breeding habitat with varying
amounts of red pine, achieving this objective will become feas-
ible. Habitat features that promote high fledgling survival may
not necessarily maximize nest success (Streby et al. 2014), and
identifying any tradeoffs that may exist between Kirtland’s
Warbler optimal nesting habitat and optimal fledgling habitat
will help managers tailor management actions, particularly
in areas where population growth may be desired. Finally,
updating historical estimates by assessing fledgling survival
of Kirtland’s Warblers in a variety of habitat configurations
in Michigan’s Lower Peninsula, where the majority of the
worldwide population breeds, would have the advantage of
greater sample sizes than were possible in our study. Multi-
year studies incorporating large sample sizes would also help
elucidate any between-year differences in fledgling survival,
for example, due to cyclical changes in predator abundances
(Schmidt et al. 2008) or droughts (Yackel Adams et al. 2006).

Management Implications

Our findings demonstrate that habitat which promotes high
nest success does not necessarily promote high post-fledging
survival for Kirtland’s Warbler, highlighting the importance of
considering all life stages when implementing habitat-based
conservation strategies. Red pine does not appear to nega-
tively influence nesting success (Olah et al. 2022, van Dyke et
al. 2022), even when tree densities are below optimal (Olah
et al. 2022). However, there may be a lower limit on the tree
density that is optimal for fledgling survival. While fledglings
used areas with greater-than-average tree density in our study,
the low pine density compared to Kirtland’s Warbler habitat
in Michigan may be limiting fledgling survival in Wisconsin.
In Michigan, establishment of jack pine plantations as habi-
tat is prioritized, however, the use of red pine in plantations
managed for Kirtland’s Warblers has been and continues to be
discussed (Radtke and Byelich 1963, Probst 1988, Michigan
Department of Natural Resources et al. 2015; Kirtland’s
Warbler Breeding Range Working Group, personal communi-
cation). It is likely that habitat structure (low pine tree dens-
ity), not plant species (red vs. jack pine) influences fledgling
survival. Planting red pine at high stem densities as a compo-
nent of habitat in Kirtland’s Warbler management areas could
potentially increase revenue from timber harvests and allow
the expansion of breeding areas if private landowners are in-
clined to plant red pine at appropriate densities adjacent to
Kirtland’s Warbler management areas (van Dyke et al. 2022).
Determining the fine-scale habitat characteristics that limit (or
promote) fledgling survival across the species’ breeding range
is complex but critically needed, given the potential benefits
for sustaining and boosting the recovery of Kirtland’s Warbler.

Supplementary material

Supplementary material is available at Ornithological

Applications online.

Kirtland’s Warbler fledgling survival low in Wisconsin plantations n

Acknowledgments

We thank field technicians J. Cummings, K. Reinstma, A.
Jocham, L. Serna, Z. Osberg, and L. White. We thank N.
Livingston for providing housing. We thank H. M. Streby
and anonymous reviewers for providing comments on earl-
ier manuscript versions. We thank Wisconsin Department of
Natural Resources, United States Fish and Wildlife Service,
and Natural Resources Foundation for data collection, field
equipment, and housing support.

Funding statement

This material is based upon work supported by the National
Science Foundation Graduate Research Fellowship under
Grant Nos. DGE-1256259 and DGE-1747503, and the
National Institute of Food and Agriculture, United States
Department of Agriculture, grant number WIS01590.
American Ornithologists Union, Association of Field
Ornithologists, and Wisconsin Society for Ornithology pro-
vided AO research grants. No funder had input into the
manuscript content. The U.S. Geological Survey (USGS) ap-
proved the manuscript before publication. Any use of trade,
firm, or product names is for descriptive purposes and does
not imply endorsement by the U.S. Government. The findings
and conclusions are the authors and do not necessarily repre-
sent the views of the USFWS.

Ethics statement

All activities were conducted under guidelines established by
WDNR, USFWS, and the Kirtland’s Warbler Recovery Team,
and were approved under the following permits or protocols:
USFWS Endangered Species Recovery Permit TE99059B-2,
WDNR Endangered and Threatened Species Permit #1052,
USGS Federal Bird Banding permit #23398, and University of
Wisconsin—-Madison Animal Care and Use Protocol A005409.

Author contributions

All authors participated in research conceptualization and
design, and manuscript writing and editing. AO collected
and analyzed data. AP and CR participated in data analyses,
manuscript reviewing, and funding acquisition. KG, DL, and
SW assisted with project logistics.

Data availability

Analyses reported in this article can be reproduced using the
data provided by Olah et al. (2023).

LITERATURE CITED

Aber, J. D. (1979). Foliage-height profiles and succession in Northern
Hardwood Forests. Ecology 60:18-23.

Anders, A. D., D. C. Dearborn, J. Faaborg, F. R. Thompson, and E R.
Thompson (1997). Juvenile survival in a population of Neotropical
migrants. Conservation Biology 11:698-707.

Anich, N. M., J. A. Trick, K. M. Grveles, and ]J. L. Goyette (2011). Char-
acteristics of a red pine plantation occupied by Kirtland’s Warblers
in Wisconsin. The Wilson Journal of Ornithology 123:199-205.

Arnold, T. W. (2010). Uninformative parameters and model selection
using Akaike’s Information Criterion. The Journal of Wildlife Man-
agement 74:1175-1178.

€202 11dy 60 U0 1526 Aq £26610./200PeNp/ddeylIuI0/E60L 0 /I0P/3I0IUE-80UBADE/IOPUOD/LI0Y dNODILSPEDE//:SA))Y WO PAPEOUMOQ



12 Kirtland’s Warbler fledgling survival low in Wisconsin plantations

Barbosa, A. M., J. A. Brown, A. Jimenez-Valverde, and R. Real. (2016).
modEva: Model Evaluation and Analysis. https://cran.r-project.
org/package=modEvA

Barton, K. (2018). MuMIn: Multi-Model Inference. https://cran.r-
project.org/package=MuMIn

Bates, D., M. Maechler, B. Bolker, and S. Walker (20135). Fitting lin-
ear mixed-effects models using Ime4. Journal of Statistical Software
67:1-48.

Bocetti, C. 1. (1994). Density, demography and mating success of
Kirtland’s Warblers in managed and natural habitats. Ph.D. disser-
tation, Ohio State University, Columbus, OH, USA.

Bocetti, C. 1., D. M. Donner, and H. F. Mayfield (2020). Kirtland’s
warbler (Setophaga kirtlandii), version 1.0. In Birds of the World
(A. E. Poole, Editor). Cornell Lab of Ornithology, Ithaca, NY, USA.
https://doi.org/10.2173/bow.kirwar.01

Burnham, K. P., and D. R. Anderson (2004). Multimodel inference:
Understanding AIC and BIC in model selection. Sociological
Methods and Research 33:261-304.

Byle, P. A. E (1990). Brood division and parental care in the period
between fledging and independence in the Dunnock (Prunella
modularis). Behaviour 113:1-20.

Chuang, A., and C. R. Peterson (2016). Expanding population edges:
theories, traits, and trade-offs. Global Change Biology 22:494-512.

Cooper, N. W.,, C. S. Rushing, and P. P. Marra (2019). Reducing the
conservation reliance of the endangered Kirtland’s Warbler through
adaptive management. The Journal of Wildlife Management
83:1297-1305.

Cox, W.A.,ER.Thompson, A.S. Cox,and J. Faaborg (2014). Post-fledging
survival in passerine birds and the value of post-fledging studies to
conservation. The Journal of Wildlife Management 78:183-193.

Donner, D. M., J. R. Probst, and C. A. Ribic (2008). Influence of habitat
amount, arrangement, and use on population trend estimates of
male Kirtland’s Warblers. Landscape Ecology 23:467-480.

van Dyke, F., S. Harju, M. Hindy, N. Cannata, E. Schmidt, E. Hillman,
A. Sargent, and B. Keas (2022). Comparative detection, density,
and reproductive performance of Kirtland’s warbler in jack and
red pine. The Journal of Wildlife Management 86:€22233.

Edwards, P. J. (1985). Brood division and transition to independence in
Blackbirds Turdus merula. Ibis 127:42-59.

Eng, M. L., B. J. M. Stutchbury, D. M. Burke, and K. A. Elliott (2011).
Influence of forest management on pre- and post-fledging product-
ivity of a Neotropical migratory songbird in a highly fragmented
landscape. Canadian Journal of Forest Research 41:2009-2019.

Fagerstrom, T., J. Moreno, and A. Carlson (1983). Load size and energy
delivery in birds feeding nestlings: Constraints on and alternative
strategies to energy-maximization. Oecologia 56:93-98.

Federal Register (1967). Notices; Office of the Secretary; Native Fish
and Wildlife; Endangered Species, 32 Fed. Reg. 3961, Vol. 48, No.
6.32:4001 (March 11, 1967). https://www.loc.gov/item/fr032048/

Federal Register (2019). Endangered and Threatened Wildlife and Plants;
Removing the Kirtland’s Warbler From the Federal List of Endan-
gered and Threatened Wildlife. Vol. 84, No. 196:50 CFR 17. https:/
www.federalregister.gov/documents/2019/10/09/2019-22096/
endangered-and-threatened-wildlife-and-plants-removing-the-
kirtlands-warbler-from-the-federal-list

Fiss, C. J. (2018). Multiscale habitat selection and movement of fledg-
ling Golden-Winged Warblers (Vermivora chrysoptera) in two
managed mixed-oak forest communities of northern Pennsylvania.
Dissertation, Indiana University of Pennsylvania, Indiana, PA, USA.

Flint, P. L., K. H. Pollock, D. Thomas, and J. S. Sedinger (1995).
Estimating prefledging survival: allowing for brood mixing and
dependence among brood mates. The Journal of Wildlife Manage-
ment 59:448-455.

Helmer, E. H., T. S. Ruzycki, J. M. Wunderle, S. Vogesser, B. Ruefenacht, C.
Kwit, T. J. Brandeis, and D. N. Ewert (2010). Mapping tropical dry for-
est height, foliage height profiles and disturbance type and age with a
time series of cloud-cleared Landsat and ALI image mosaics to charac-
terize avian habitat. Remote Sensing of Enviromment 114:2457-2473.

A. Olah et al.

Houston, A. L., and J. M. McNamara (1985). A general theory of cen-
tral place foraging for single-prey loaders. Theoretical Population
Biology 28:233-262.

Johnson, D. H. (1979). Estimating nest success: the mayfield method
and an alternative. The Auk 96:651-661.

Jones, T. M., M. P. Ward, T. J. Benson, and J. D. Brawn (2016). Variation
in nestling body condition and wing development predict cause-
specific mortality in fledgling Dickcissels. Journal of Avian Biology
48:4391-4447.

Kelly, S. T., and M. E. DeCapita (1982). Cowbird control and its effect
on Kirtland’s Warbler reproductive success. The Wilson Bulletin
94:363-365.

Kepler, C. B., G. W. Irvine, M. E. DeCapita, and J. Weinrich (1996).
The conservation management of Kirtland’s Warbler Dendroica
kirtlandii. Bird Conservation International 6:11-22.

King, D. I, R. M. Degraaf, M. L. Smith, ]J. P. Buonaccorsi, and D. I. King
(2006). Habitat selection and habitat-specific survival of fledgling
Ovenbirds (Seiurus aurocapilla). Journal of Zoology 269:414-421.

Martin, T. E., B. Tobalske, M. M. Riordan, S. B. Case, and K. P. Dial
(2018). Age and performance at fledging are a cause and conse-
quence of juvenile mortality between life stages. Science Advances
4:1-9.

Mayfield, H. (1960). The Kirtland’s Warbler. Cranbrook Institute of
Science, Bloomfield Hills, M1, USA.

Mayfield, H. (1961). Nesting success calculated from exposure. The
Wilson Bulletin 73:255-261.

Mayfield, H. E (1972). Third decennial census of Kirtland’s Warbler.
The Auk 89:263-268.

Mayfield, H. E (1975). Suggestions for calculating nest success. The
Wilson Bulletin 87:456-466.

Mayfield, H. E. (1983). Kirtland’s Warbler, victim of its own rarity? The
Auk 100:974-976.

McGowan, C. P, J. J. Millspaugh, M. R. Ryan, C. D. Kruse, and G.
Pavelka (2009). Estimating survival of precocial chicks during the
prefledging period using a catch-curve analysis and count-based
age-class data. Journal of Field Ornithology 80:79-87.

McLaughlin, R. L., and R. D. Montgomerie (1989). Brood dispersal
and multiple central place foraging by Lapland Longspur parents.
Behavioral Ecology and Sociobiology 25:207-215.

Michigan Department of Natural Resources, U.S. Fish and Wild-
life Service, U.S. Forest Service, US Fish and Wildlife Service, and
US Forest Service (2015). Kirtland’s Warbler Breeding Range
Conservation Plan. http://lakestatesfiresci.net/docs/
Kirtland%27s%20Warbler%20Breeding %20Range %20Conser-
vation%20Plan%20Sept %208 %202015.pdf

Mitchell, K. (2010). Quantitative analysis by the point-centered
quarter method. arxiv.Quantitative Methods. https://arxiv.org/
abs/1010.3303

Moreno, J. (1984). Parental care of fledged young, division of labor, and
the development of foraging techniques in the Northern Wheatear
(Oenanthe oenanthe L.). The Auk 101:741-752.

Naef-Daenzer, B., and M. U. Griiebler (2016). Post-fledging survival of
altricial birds: Ecological determinants and adaptation. Journal of
Field Ornithology 87:227-250.

Nakagawa, S., and H. Schielzeth (2013). A general and simple method
for obtaining R? from generalized linear mixed-effects models.
Methods in Ecology and Evolution 4:133-142.

Olah, A. M., C. A. Ribic, K. Grveles, S. Warner, D. Lopez, and A. M.
Pidgeon (2022). Kirtland’s Warbler breeding productivity and habi-
tat use in red pine-dominated habitat in Wisconsin, USA. Avian
Conservation and Ecology 17:3.

Olah, A., C. A. Ribic, K. Grveles, S. Warner, D. Lopez, and A. M. Pidgeon
(2023). Data from: Low Kirtland’s Warbler fledgling survival in
Wisconsin plantations relative to Michigan plantations. Ornitho-
logical Applications 125:duad007. https://doi.org/10.5061/dryad.
ffbg79d03.

Orians, G. H.,and J. E. Wittenberger (1991). Spatial and temporal scales
in habitat selection. The American Naturalist 137:52929-52549.

€202 11dy 60 U0 1526 Aq £26610./200PeNp/ddeylIuI0/E60L 0 /I0P/3I0IUE-80UBADE/IOPUOD/LI0Y dNODILSPEDE//:SA))Y WO PAPEOUMOQ


https://cran.r-project.org/package=modEvA
https://cran.r-project.org/package=modEvA
https://cran.r-project.org/package=MuMIn
https://cran.r-project.org/package=MuMIn
https://doi.org/10.2173/bow.kirwar.01
https://www.loc.gov/item/fr032048/
https://www.federalregister.gov/documents/2019/10/09/2019-22096/endangered-and-threatened-wildlife-and-plants-removing-the-kirtlands-warbler-from-the-federal-list
https://www.federalregister.gov/documents/2019/10/09/2019-22096/endangered-and-threatened-wildlife-and-plants-removing-the-kirtlands-warbler-from-the-federal-list
https://www.federalregister.gov/documents/2019/10/09/2019-22096/endangered-and-threatened-wildlife-and-plants-removing-the-kirtlands-warbler-from-the-federal-list
https://www.federalregister.gov/documents/2019/10/09/2019-22096/endangered-and-threatened-wildlife-and-plants-removing-the-kirtlands-warbler-from-the-federal-list
http://lakestatesfiresci.net/docs/Kirtland%27s%20Warbler%20Breeding%20Range%20Conservation%20Plan%20Sept%208%202015.pdf
http://lakestatesfiresci.net/docs/Kirtland%27s%20Warbler%20Breeding%20Range%20Conservation%20Plan%20Sept%208%202015.pdf
http://lakestatesfiresci.net/docs/Kirtland%27s%20Warbler%20Breeding%20Range%20Conservation%20Plan%20Sept%208%202015.pdf
https://arxiv.org/abs/1010.3303
https://arxiv.org/abs/1010.3303
https://doi.org/10.5061/dryad.ffbg79d03
https://doi.org/10.5061/dryad.ffbg79d03

A. Olah et al.

van Overveld, T., F. Adriaensen, and E. Matthysen (2011). Postfledging
family space use in Great Tits in relation to environmental and par-
ental characteristics. Behavioral Ecology 22:899-907.

Peterson, S. M., H. M. Streby, and D. E. Andersen (2016). Manage-
ment implications of brood division in Golden-winged Warblers. In
Golden-winged Warbler Ecology, Conservation, and Habitat Man-
agement (H. M. Streby, D. E. Andersen, and D. Buehler, Editors).
Studies in Avian Biology 49:161-171.

Probst, J. R. (1986). A review of factors limiting the Kirtland’s Warbler on
its breeding grounds. The American Midland Naturalist 116:87-100.

Probst, J. R. (1988). “Kirtland’s Warbler breeding biology and habitat
management.” In Integrating Forest Management for Wildlife and
Fish: 1987 Society of America Foresters National Convention (W.
Hoekstra and J. Capp, Editors). USDA Forest Service, North Cen-
tral Research Station, General Technical Report NC-122, Minne-
apolis, MN, USA. pp. 28-35.

Probst, J. R., and J. P. Hayes (1987). Pairing success of Kirtland’s Warb-
lers in marginal vs. suitable habitat. The Auk 104:234-241.

Probst, J. R., and J. Weinrich (1993). Relating Kirtland’s Warbler popu-
lation to changing landscape composition and structure. Land-
scape Ecology 8:257-271.

R Core Team (2019). R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Aus-
tria. https://www.r-project.org/.

Radtke, R., and J. Byelich (1963). Kirtland’s Warbler management. The
Wilson Bulletin 75:208-215.

Rappole, J. H., and K. Ballard (1987). Postbreeding movements of
selected species of birds in Athens, Georgia. The Wilson Bulletin
99:475-480.

Rappole, J. H., and A. R. Tipton (1991). New harness design for at-
tachment of radio transmitters to small passerines. Journal of Field
Ornithology 62:335-337.

Raybuck, D. W., J. L. Larkin, S. H. Stoleson, and T. J. Boves (2019).
Radio-tracking reveals insight into survival and dynamic habitat
selection of fledgling Cerulean Warblers. The Condor: Ornitho-
logical Applications 122:1-15.

Refsnider, R. L., J. A. Trick, and J. L. Goyette (2009). 2008 capture and
banding of Kirtland’s Warblers (Dendroica kirtlandii) in Wisconsin.
The Passenger Pigeon 71:115-122.

Richard, T. (2014). Characteristics of the breeding habitat of Endan-
gered Kirtland’s Warblers on a Canadian Military Installation.
Journal of Field Ornithology 85:301-309.

Rockwell, S. M., C. 1. Bocetti, and P. P. Marra (2012). Carry-over effects
of winter climate on spring arrival date and reproductive success
in an endangered migratory bird, Kirtland’s Warbler (Setophaga
kirtlandii). The Auk 129:744-752.

Ryel, L. A. (1981). Population change in the Kirtland’s warbler. The
Jack-Pine Warbler 59:77-90.

Schmidt, K. A., and R. S. Ostfeld (2003). Songbird populations in
fluctuating environments: Predator responses to pulsed resources.
Ecology 84:406-415.

Schmidt, K. A., S. A. Rush, and R. S. Ostfeld (2008). Wood thrush nest
success and post-fledging survival across a temporal pulse of small
mammal abundance in an oak forest. Journal of Animal Ecology
77:830-837.

Shaffer, T. L. (2004). A unified approach to analyzing nest success. The
Auk 121:526-540.

Shaffer, T. L., and E R. I. Thompson (2007). Making meaningful es-
timates of nest survival with model-based methods. In Beyond
Mayfield: Measurement of Nest-Survival Data (S. L. Jones and G.
R. Geupel, Editors). Studies in Avian Biology 34:84-95.

Shake, W. E,, and J. P. Mattsson (1975). Three years of cowbird con-
trol: An effort to save the Kirtland’s Warbler. The Jack-Pine Warb-
ler 53:48-53.

Shipley, A. A., M. T. Murphy, and A. H. Elzinga (2013). Residential
edges as ecological traps. The Auk 130:501-511.

Smith, J. N. M. (1978). Division of labour by song sparrows feeding
fledged young. Canadian Journal of Zoology 56:187-191.

Kirtland’s Warbler fledgling survival low in Wisconsin plantations 13

Streby, H. M., and D. E. Andersen (2011). Seasonal productivity in a
population of migratory songbirds: Why nest data are not enough.
Ecosphere 2:art781-art715.

Streby, H. M., and D. E. Andersen (2013). Survival of fledgling Oven-
birds: Influences of habitat characteristics at multiple spatial scales.
The Condor 115:403-410.

Streby, H. M., S. M.. Peterson, J. A. Lehman, G. R. Kramer, K. J. Iknayan,
and D. E. Andersen (2013). The effects of force-fledging and prema-
ture fledging on the survival of nestling songbirds. Ibis 155:616—
620.

Streby, H. M., J. M. Refsnider, S. M. Peterson, and D. E. Andersen
(2014). Retirement investment theory explains patterns in song-
bird nest-site choice. Proceedings of the Royal Society B: Biological
Sciences 281:201318341-201318348.

Streby, H. M., T. L. McAllister, S. M. Peterson, G. R. Kramer, J. A.
Lehman, and D. E. Andersen (2015a). Minimizing marker mass and
handling time when attaching radio-transmitters and geolocators
to small songbirds. The Condor: Ornithological Applications
117:249-255.

Streby, H. M., S. M. Peterson, G. R. Kramer, and D. E. Andersen
(2015b). Post-independence fledgling ecology in a migratory song-
bird: Implications for breeding-grounds conservation. Animal Con-
servation 18:228-235.

Streby, H. M., S. M. Peterson, and D. E. Andersen (2016). Survival
and habitat use of fledgling Golden-winged Warblers in the
western Great Lakes Region. In Golden-winged Warbler Ecol-
ogy, Conservation, and Habitat Management (H. M. Streby, D.
E. Andersen, and D. Buehler, Editors). Studies in Avian Biology
49:127-140.

Trick, J. A., K. M. Grveles, D. DiTommaso, and J. Robaidek (2008). The
first Wisconsin nesting record of Kirtland’s Warbler (Dendroica
kirtlandii). The Passenger Pigeon 70:93-102.

Trick, J. A.,K. M. Grveles, and J. L. Goyette (2009). The 2008 nesting season:
First documented successful nesting of Kirtland’s Warbler (Dendroica
kirtlandii) in Wisconsin. The Passenger Pigeon 71:101-114.

Venables, W. N., and B. D. Ripley (2002). Modern applied statistics
with S, 4th ed. Springer, New York, NY, USA.

Vitz, A. C., and A. D. Rodewald (2006). Can regenerating clearcuts
benefit mature-forest songbirds? An examination of post-breeding
ecology. Biological Conservation 127:477-486.

Vitz, A. C., and A. D. Rodewald (2010). Movements of fledgling
ovenbirds (Seiurus Aurocapilla) and Worm-Eating Warblers
(Helmitheros vermivorum) within and beyond the natal home
range. The Auk 127:364-371.

Walkinshaw, L. H. (1972). Kirtland’s Warbler - endangered. American
Birds 26:3-9.

Walkinshaw, L. H. (1983). Kirtland’s Warbler: The natural history of
an endangered species. Cranbrook Institute of Science, Bloomfield
Hills, MI, USA.

Walkinshaw, L. H., and W. R. Faust (1975). 1974 Kirtland’s Warbler
nesting success in Northern Crawford County, Michigan. The Jack-
Pine Warbler 53:54-58.

Warde, W., and J. W. Petranka (1981). A correction factor table for
missing Point-Center Quarter data. Ecology 62:491-494.

Wheelwright, N. T., K. A. Tice, and C. R. Freeman-Gallant (2003).
Postfledging parental care in Savannah Sparrows: Sex, size and sur-
vival. Animal Behaviour 65:435-443.

White, J. D., and J. Faaborg (2008). Post-fledging movement and spatial
habitat-use patterns of juvenile Swainson’s Thrushes. The Wilson
Journal of Ornithology 120:62-73.

Wiens, J. D., B. R. Noon, and R. T. Reynolds (2006). Post-fledging sur-
vival of Northern Goshawks: The importance of prey abundance,
weather, and dispersal. Ecological Applications 16:406-418.

Wisconsin Department of Natural Resources (2015a). The ecological
landscapes of Wisconsin: An assessment of ecological resources and
a guide to planning sustainable management. Chapter 10, Central
Sand Plains Ecological Landscape. Wisconsin Department of Nat-
ural Resources, PUB-SS-1131L 2015, Madison, WI, USA.

€202 11dy 60 U0 1526 Aq £26610./200PeNp/ddeylIuI0/E60L 0 /I0P/3I0IUE-80UBADE/IOPUOD/LI0Y dNODILSPEDE//:SA))Y WO PAPEOUMOQ


https://www.r-project.org/

14 Kirtland’s Warbler fledgling survival low in Wisconsin plantations A. Olah et al.

Wisconsin Department of Natural Resources (2015b). Wisconsin en-
dangered and threatened 855 species laws and list. PUBL-ER-001
2004. https://p.widencdn.net/byxof6/ER001

Yackel Adams, A. A., S. K. Skagen, and J. A. Savidge (2006). Modeling
post-fledging survival of lark buntings in response to ecological and
biological factors. Ecology 87:178-188.

Ydenberg, R. C. (1994). The behavioral ecology of provisioning in
birds. Ecoscience 1:1-14.

Young, A. C., W. A. Cox, ]J. P. McCarty, and L. L. Wolfenbarger (2019).
Postfledging habitat selection and survival of Henslow’s Sparrow:
Management implications for a critical life stage. Avian Conserva-
tion and Ecology 14:10.

€202 11dy 60 U0 1526 Aq £26610./200PeNp/ddeylIuI0/E60L 0 /I0P/3I0IUE-80UBADE/IOPUOD/LI0Y dNODILSPEDE//:SA))Y WO PAPEOUMOQ


https://p.widencdn.net/byxof6/ER001

