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ABSTRACT

Context. Brown-headed cowbirds (Molothrus ater), through brood parasitism, can exert extrinsic
population growth pressures on North American songbirds. Cowbird removal programs may
reduce parasitism rates on host species but can be expensive and difficult to implement
throughout a host species’ breeding range. Aim. We estimated cowbird abundance and nest
parasitism rates within Kirtland’s warbler (Setophaga kirtlandii) primary breeding range in
Michigan, USA, and determined the maximum sustainable parasitism rate for Kirtland’s warblers
under several spatially structured cowbird removal designs. Methods. We conducted point
counts to estimate cowbird abundance and monitored nests to quantify nest parasitism rates
during 2019-2021. We used the modelling software STELLA to determine the maximum
sustainable parasitism rate for Kirtland’s warblers under different spatially structured cowbird
removal scenarios (complete, core-only, and no removal). Key results. Cowbird abundance
and parasitism rates remained low following cowbird trap closures in 2018. In the simulation
study, complete removal was the most robust scenario with no replications having <1000
Kirtland’s warbler males. The core-only removal scenario had a substantially higher sustainable
parasitism rate in the peripheral breeding area than the no removal scenario. Assumed hatch-
year dispersal distance had the greatest impact on the maximum sustainable parasitism rate in
the core-only scenario. Conclusions. Low cowbird abundance and nest parasitism following
suspension of cowbird removal efforts showed resuming the removal program may not be
required in the short-term. If cowbird abundance increases, however, adaptive cowbird removal
programs can be used to sustain Kirtland’s warbler populations long-term. Implications. Our
results indicate that incorporating spatial structure of host species’ habitat into designing
cowbird removal programs may minimise costs of cowbird management while sustaining
populations of Kirtland’s warbler and possibly other host species that are affected by brood
parasitism.

Keywords: adaptive management, brood parasitism, brown-headed cowbird, conservation
reliance, cowbird removal, Kirtland’s warbler, Setophaga kirtlandii, simulation model.

Introduction

Extrinsic population growth factors can strongly regulate a species’ ability to persist
over space and time. Species that are unable to respond to these extrinsic limitations,
through behavioural adaptations or other means, are at a greater risk of local extirpa-
tion or extinction. For some songbird species in North America, brood parasitism by the
brown-headed cowbird (Molothrus ater) is an extrinsic factor that reduces productivity
(Brittingham and Temple 1983; Robinson et al. 1995; Benson et al. 2010). Because
of their large home-range (Thompson 1994), cowbirds can have a disproportionately
large impact on the reproductive output of host species over large spatial scales
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(Hahn and Hatfield 1995; Howell et al. 2007; Hovick and
Miller 2013). In the upper Midwest, forest fragmentation and
conversion of forests to agriculture led to greater prevalence of
brown-headed cowbirds (Rothstein and Robinson 1994; Cox
et al. 2012). To mitigate decreasing forest species’ populations
that were due, in part, to brood parasitism (Robinson et al.
1993), agencies began implementing large-scale cowbird
removal programs to reduce brood parasitism and increase
reproductive output for endangered forest songbirds (e.g.
black-capped vireo [Vireo atricapilla], Kirtland’s warbler
[Setophaga kirtlandii], least Bell’s vireo [Vireo bellii pusillus],
southwestern willow flycatcher [Empidonax traillii extimus];
Peer et al. 2020). However, due to variability in the spatial
scale of brood parasitism and the spatial structure of
host species populations (Hochachka et al. 1999), removal
programs are often expensive and difficult to spatially design
(Eckrich et al. 1999; Rothstein and Peer 2005).

Many threatened and endangered species in the United
States, and likely globally, remain conservation-reliant
because they require intensive management actions such as
control of other species (e.g. brown-headed cowbirds),
active habitat management, and artificial recruitment to
maintain their populations (Scott et al. 2010). Conservation
reliance presents serious regulatory, financial, and logistical
challenges for habitat and population managers (Scott et al.
2010; Bocetti et al. 2012; Rodewald 2016). To reduce conser-
vation reliance and increase cost-effectiveness, managers have
to regularly evaluate both the necessity and the effectiveness of
specific management actions (Cooper et al. 2019).

The Kirtland’s warbler is a Nearctic-Neotropical migratory
songbird that breeds in large stands of young (5-20 years old)
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jack pine (Pinus banksiana) primarily in the northern Lower
Peninsula of Michigan, USA and winters primarily in The
Bahamas (Radabaugh 1974; Probst 1986; Cooper et al. 2017,
2019). In 1967, the Kirtland’s warbler was listed as federally
endangered due to extreme breeding habitat limitation and
high susceptibility to brood parasitism by the brown-headed
cowbird (Kepler et al. 1996). As part of the recovery plan,
23 Kirtland Warbler Management Areas (KWMAs) were
designated to provide essential breeding habitat for Kirtland’s
warblers across federal and state lands (Fig. 1; Byelich et al.
1985). These KWMAs were distributed across 13 counties
in northern Lower Peninsula of Michigan resulting in a ‘core’
group of management areas centrally located and several
‘peripheral’ management areas surrounding core areas across
the landscape (Fig. 1; Byelich et al. 1985). In 1972, the United
States Fish and Wildlife Service (USFWS) began trapping
and removing cowbirds within the KWMAs to increase
reproductive success and stabilise the declining population
(Kelly and DeCapita 1982). Cowbird decoy traps were
placed at ~1.6 km? intervals within Kirtland’s warbler nesting
areas (Shake and Mattsson 1975) and tending these traps
required employees to travel ~200 km daily from mid-April
through June each year (Kepler et al. 1996). The resulting
program success led to reduced parasitism rates from
~75% to ~6% and tripled reproductive success of Kirtland’s
warbler (Walkingshaw 1983). Continuation of the cowbird
removal program resulted in a further decline of parasitism
rates to <1% in the 2000s (Cooper et al. 2019). However,
the Kirtland’s warbler population did not subsequently
increase until the amount of suitable breeding habitat
increased (Donner et al. 2008).
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Fig. I. Map of core (hatched) and peripheral
(black) Kirtland’s warbler (Setophaga kirtlandii)

10|0 km management areas (KWMAs) in the northern

Lower Peninsula of Michigan, USA.
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The combined efforts of removing cowbirds and creating
nesting habitat over the past 50 years has resulted in the
recovery of the Kirtland’s warbler from ~200 breeding males
in 1971 to >2200 breeding males in 2021 (Bocetti et al. 2012;
U.S. Fish and Wildlife Service (USFWS) 2019; C. Mensing
pers. comm.). The Kirtland’s warbler was delisted from
the U.S. Endangered Species Act (ESA) in November 2019
(U.S. Fish and Wildlife Service (USFWS) 2019). However,
the Kirtland’s warbler is a conservation-reliant species, depen-
dent on human intervention (habitat creation and potentially
cowbird control) for long-term persistence (Bocetti et al.
2012; Rohlf et al. 2014). Delisting eliminated all ESA funding
for cowbird control, and responsibility for the cowbird control
program has shifted to the Michigan Department of Natural
Resources (MDNR).

The relatively high cost of cowbird control
(~US$110 000/year) led the USFWS, MDNR, and Kirtland’s
Warbler Conservation Team (www.kwconservation.org) to
consider alternative cowbird control strategies to reduce
costs while ensuring Kirtland’s warbler populations remain
stable. Using an adaptive management experiment, Cooper
et al. (2019) found that gradually reducing and eventually
suspending cowbird control across all of the Kirtland’s
warbler primary breeding range did not lead to an increase
in cowbird parasitism, presumably because the brown-headed
cowbird population had decreased in Kirtland’s warbler
breeding areas, the Great Lakes Region, and nationally
since trapping began in Michigan in 1972. Based on this
information, the cowbird trapping program was suspended
while initiating a cowbird monitoring program to ensure
that managers would be able to respond quickly to increases
in cowbird abundance and Kirtland’s warbler nest parasitism.
However, without a clear understanding of what the maxi-
mum sustainable parasitism rate for the Kirtland’s warbler
population is or how these rates are related to cowbird
abundance, appropriate triggers for reinstatement of the
cowbird control program cannot be developed. Kirtland’s
warbler populations can increase and remain stable under
post-trapping levels of parasitism (~1%), and previous
population modelling suggested that a return to near pre-
trapping levels of parasitism (41-57%) across the northern
Lower Peninsula would likely result in the population
falling below 200 males (Brown et al. 2017). Thus, further
information on the long-term suitability of adaptive cowbird
control measures throughout the Kirtland’s warbler primary
breeding range with varying levels of parasitism on the
landscape is necessary to determine when and how cowbird
control strategies could be re-initiated to ensure long-term
Kirtland’s warbler persistence.

The objectives of our study were to: (1) confirm cowbird
abundance and parasitism of Kirtland’s warbler nests
remains low after suspension of cowbird trapping in 2018,
(2) determine the maximum sustainable parasitism rate for
the Kirtland’s warbler population, and (3) evaluate the
effectiveness of an alternative spatial arrangement of

cowbird traps should trapping be necessary in the future.
The spatial structure of the Kirtland’s warbler population
provides a unique opportunity to test various spatially explicit
cowbird control strategies and evaluate the effects on the
Kirtland’s warbler population. We tested various dispersal
rates among spatially concentrated core and peripheral
management areas on maximum sustainable parasitism rates.
Incorporating dispersal into the population simulation model
builds on previous models for the Kirtland’s warbler that
have focused on incorporating full annual cycle dynamics
(Brown et al. 2017) and environmental variability (Brown et al.
2019) in an effort to mimic real-world processes and produce a
model that can inform management decision making.

Methods

Study area

Our study area included lands within the KWMAs (Fig. 1).
These management areas were established based on specific
criteria, including on relatively level Grayling sands or closely
associated soil types and having jack pine or capable of
supporting jack pine, historically occupied by Kirtland’s
warbler, >130 ha in size within close proximity (3 km) to
five or more areas, and be in public ownership. (Byelich et al.
1985; Kepler et al. 1996). This region is the primary breeding
habitat for the species and contains >95% of all breeding
individuals (U.S. Fish and Wildlife Service (USFWS) 2012).

Cowbird abundance and nest parasitism

For detailed methods regarding nest searching and point
counts, see Cooper et al. (2019). Briefly, from 2019 to
2021, we found and monitored Kirtland’s warbler nests at
6-9 Kirtland’s warbler breeding sites in the northern Lower
Peninsula of Michigan. We found 143 nests in 2019, 30 in
2020 (reduced season due to Covid-19), and 153 in 2021.
We estimated cowbird abundance at 220 point count
locations during 2019-2020 with sampling occurring every
2 weeks and at 228 point count locations during 2021 with
sampling occurring every 10 days in May and June.
Regardless of year, points were distributed widely across the
northern Lower Peninsula breeding areas, including both
planted and naturally regenerated habitat of all ages suitable
for breeding. Each point count lasted 13.5 min (four 3-min
observation periods with 30 s pauses in between), and we
used cowbird playback during the final 3 min to increase
cowbird detectability (Rothstein et al. 2000). We determined
the sex of each individual detected using visual and audio
cues when possible. We incorporated distance sampling,
time-removal, and repeated counts into our sampling design
following Hostetter et al. (2019) to account for imperfect
detection. However, consistent with Cooper et al. (2019),
we detected so few cowbirds that analysis was not possible,
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and therefore we only report the number and locations of
cowbirds that were detected. We only report data from the
final periods of sampling (16 June—30 June 2019-2020;
21-30 June 2021) because this matches most closely with
when cowbird point counts were carried out in the previous
study (15 June—15 July).

Cowbird control model scenarios

We used simulation modelling of the Kirtland’s warbler
population to estimate the maximum reduction in produc-
tivity that the population could sustain without declining
within 50 years under different cowbird removal scenarios
and Kirtland’s warbler dispersal and parasitism rates. These
scenarios included (1) complete cowbird removal with a
constant parasitism rate based on recent field estimates,
which served as the baseline model, (2) no cowbird removal
with four different dispersal scenarios, and (3) core-only
cowbird removal with four different dispersal scenarios
(Table 1). For the no cowbird removal and core-only
cowbird removal models, we estimated potential Kirtland’s
warbler dispersal rates by after-hatch-year (AHY) and

Table |. Estimated threshold brown-headed cowbird (Molothrus
ater) maximum sustainable parasitism rate for maintaining a stable
Kirtland’s Warbler (Setophaga kirtlandii) population in the Lower
Peninsula of Michigan, USA, under different levels of cowbird control
and dispersal assumptions.

Model scenarios Lower Mean Upper N <1000
Cl A Cl (%)
Full cowbird removal = = = 0
No cowbird removal
Mean HY, mean AHY 15 15 15 1.8
Mean HY, minimum AHY 13 14 14 7.3
Minimum HY, mean AHY 17 18 18 23
Minimum HY, minimum AHY 15 16 16 4.7
Core-only cowbird removal
Mean HY, mean AHY 59 66 70 0.7
Mean HY, minimum AHY 57 62 65 I.1
Minimum HY, mean AHY 83 92 94 0.2
Minimum HY, minimum AHY 83 90 92 25

All models include a core and peripheral sub-population. The full cowbird
removal model includes a parasitism rate of 0.54% in both sub-populations.
The core-only models assume no cowbird removal in the peripheral sub-
population, with four dispersal scenarios tested (minimum and mean distance
moved for hatch-year [HY] and after-hatch-year [AHY] birds). Lower ClI,
Mean 4, and Upper CI represent the maximum parasitism rate (%) in the
peripheral areas for core-only scenarios and in the core and peripheral areas
for no removal scenarios that can occur before the lower bound of the 95%
confidence interval, mean population growth rate (1), and upper bound of the
95% confidence interval decrease below |, respectively. In addition, we
report the proportion of simulations where the total population dropped
below 1000 males under each scenario, based on the Mean A parasitism
threshold.

D

hatch-year (HY) males, testing all combinations of dispersal
proportions based on mean and minimum distances
between core and peripheral sub-populations (mean HY
and mean AHY, mean HY and minimum AHY, minimum
HW and mean AHY, minimum HY and minimum AHY; see
Model Parameterisation section for further information). We
used the mean HY and AHY dispersal rates for the baseline
model. We estimated maximum sustainable parasitism rate
to the nearest 1%.

For each model scenario, we projected the population for
50 years and completed 1000 replications. To estimate long-
term population growth, we computed annual growth rates
over the 50-year simulation based on total breeding bird
abundance at each time step (A = N,,1/N,). Each simulation
began with the population at carrying capacity. We then
calculated the geometric mean and 95% confidence interval
(CD for A (based on a t-distribution; Stevens 2009). Using
the maximum sustainable parasitism rate, we computed the
proportion of years where total abundance fell below 1000
males, which is the perpetual goal for minimum number of
breeding pairs (U.S. Fish and Wildlife Service (USFWS) 2018).

Model parameterisation

For the full cowbird removal scenario, we modified a
previously developed base population simulation model for
the Kirtland’s warbler for a single population (Brown et al.
2019) to include two spatially structured sub-populations
based on the geographic location of the KWMAs (core and
peripheral; Figs 2, 3) to incorporate the influence of cowbird
parasitism on productivity. The model links population
demographics with temporally dynamic environmental
conditions on the breeding and wintering grounds, using
the program STELLA Professional (ver. 1.9.1; isee systems,
Lebanon, New Hampshire, USA). Environmental conditions
on the breeding grounds influence productivity, and environ-
mental conditions on the wintering grounds influence survival
and productivity. Most of the data available for model
parameterisation are based on male observations, and thus it
is structured as a single-sex model based on male empirical
data. The model was found to perform well for simulating
Kirtland’s warbler population dynamics based on deterministic
model simulation results compared to observed abundances
from the annual Kirtland’s warbler breeding male census
(Brown et al. 2019).

Here, we provide a concise overview of the model. For
a more detailed description of the model specification, see
Brown et al. (2017, 2019). Adult male (i.e. AHY) annual
survival is modelled as a function of wintering grounds
habitat quality, using estimates from an empirical study on
Kirtland’s warbler (Rockwell et al. 2017). Baseline AHY
annual survival is 0.4544 and increases by 0.0395 with
every 1 cm increase in wintering grounds precipitation.
Annual AHY survival is bounded by the highest empirical
estimate (0.75; Probst 1986). Mean hatch-year (HY) survival
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Kirtland’s warbler (Setophaga kirtlandii) population simulation model developed using the program STELLA Professional (ver.

1.7.1). The model contains stocks (rectangles) that hold birds during discrete time steps, flows (clouds and regulators connected by
arrows) that move birds into and out of stocks (potentially using an equation), converters (circles) that contain values or equations
and influence flows, and connectors (arrows) that link the model components. Converters with broken lines indicate ‘ghosts’, where
the original converter is located elsewhere in the model. The ‘AdultsCore’ and ‘AdultsPer’ submodels track survival and dispersal of
birds in the core and peripheral populations, respectively. Individuals in the sub-populations are able to remain in the population
(AHYStayCore/Per, NewBirdsSurvCore/Per), or disperse to the other sub-population (HYDispToCore/Per, AHYDispCorePer/
PerCore). Wintering grounds precipitation (Prand; see Fig. 3 for complete description) influences annual survival of individuals in both
core (SpringMigSurvCore) and peripheral sub-populations (SpringMigSurvPer).

represents the average estimate under current environmental
conditions (0.35; Rockwell et al. 2017).

Annual Kirtland’s warbler per capita AHY male production
is modelled as a function of wintering and breeding grounds
habitat quality, based on estimates from empirical studies on
Kirtland’s warbler (Probst 1986; Rockwell et al. 2012). To
allow both wintering and breeding grounds habitat quality
to influence production of birds, the equation includes two
predictive components. The first component estimates baseline
productivity based on the mean of an annual breeding grounds
habitat quality index (0.678 + 0.1334[HQ]; HQ index potential

range = 1-3). The second component estimates productivity
above the baseline with every 1 cm increase in precipitation
(0.168[P]). Maximum AHY male production is bounded by
the highest empirical estimate (i.e. 2.19 male fledglings per
male; Shake and Mattsson 1975).

Annual Kirtland’s Warbler carrying capacity is modelled as
a function of quantity and quality of breeding habitat, using
temporal variation in mean density of AHY males as a
proxy for variation in habitat quality. For habitat quantity,
we used the long-term target annual habitat quantity to be
suitably-aged for nesting defined by the Kirtland’s Warbler
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Kirtland’s warbler (Setophaga kirtlandii) population simulation model developed using the program STELLA Professional

(ver. 1.7.1). The ‘ReproductionCore’ and ‘ReproductionPer’ submodels simulate the new breeders produced each year in the core
and peripheral sub-populations, respectively. Annual productivity is influenced by precipitation on the wintering grounds, breeding
grounds habitat suitability, breeding grounds carrying capacity, and number of potential breeders. The ‘PrecipitationTracker’ submodel
is used for tracking precipitation (Prand) in year X and X — |. The ‘HabitatParameters’ submodel contains statistical distributions to
draw annual values for wintering grounds precipitation (Prand), breeding grounds habitat suitability for the core (HSrandCore) and
peripheral (HSrandPer) sub-populations, breeding grounds carrying capacity in the core (Kcore) and peripheral (Kper) sub-
populations, and breeding ground nest parasitism in the core (ParasitismCore) and peripheral (ParasitismPer) sub-populations. Each
year, z-score values are drawn and used to obtain the corresponding HSrandCore, HSrandPer, KCore, and KPer values, whereas

Prand is drawn from an independent distribution.

Conservation Team (14 593 ha; U.S. Fish and Wildlife Service
(USFWS) 2018). To obtain annual breeding grounds carrying
capacity, quantity of breeding habitat is multiplied by mean
density of AHY males. The model includes ceiling-type
density dependence, which allows populations to grow
exponentially until they reach carrying capacity (Akcakaya
et al. 2004). When the population exceeds the carrying
capacity, reproduction is restricted to the carrying capacity,
with the remaining individuals allowed to survive, but not
reproduce. Thus, the population can exceed the model
carrying capacity, but at the cost of reduced per capita
productivity.

F

The model incorporates demographic and environmental
stochasticity. Demographic stochasticity in AHY and HY
male annual survival is incorporated by drawing values from
a binomial distribution that is parameterised using initial
abundance and model-predicted (AHY) or specified (HY)
mean annual survival (Akcakaya 1991). Environmental
stochasticity in annual carrying capacity is incorporated by
drawing mean density values from a Gaussian distribution
based on empirical data from 2004 to 2017 (mean = 0.1307 /ha,
s.d. = 0.0076). Environmental stochasticity in annual
productivity is incorporated by drawing breeding grounds
habitat quality index values from a Gaussian distribution
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based on empirical data from 2004 to 2013 (mean = 2.35,
s.d. = 0.05), and wintering precipitation values from a log-
normal distribution based on empirical data from 1994 to
2013 (mean = 3.419 cm, s.d. = 2.771). To align annual
habitat quality on the breeding grounds, the model draws a
habitat quality value from a z-distribution, and then
transforms the z-score to create the corresponding value for
each distribution. To portion the total annual carrying capacity
into the two sub-populations, we computed the mean
proportion of breeding habitat from 2004 to 2013 in the core
(0.79) and peripheral (0.21) sub-populations and assumed
this proportion would be similar in future years. The standard
deviation for this 10-year period was 0.02, indicating high
consistency in proportion of habitat between core and
peripheral sub-populations over time.

To account for the spatial structure in cowbird removal
scenarios, we incorporated annual Kirtland’s warbler dispersal
rates between the core and peripheral sub-populations. We
used interannual mark-resight data collected on AHY males
during the breeding season from 1985 to 2001, which
included 343 breeding dispersal events. We computed the
proportion of interannual movement distances that exceeded
the minimum distance (14.5 km) between core and peripheral
KWMAs (0.137), as well as the proportion of movement
distances that exceeded the mean distance (49.9 km) needed
to move from core to peripheral KWMAs (0.047) and the
mean distance (34.2 km) from peripheral to core KWMAs
(0.076). We did not have enough re-sighting data from
HY birds to use the same approach for natal dispersal. We
therefore used available data on breeding and natal dispersal
distances from 47 passerine species (Paradis et al. 1998) to
calculate the mean magnitude of difference between breeding
and natal dispersal across these species, finding that natal
dispersal distance was on average 2.58 times greater than
breeding dispersal distance. We multiplied each breeding
dispersal distance in our dataset by 2.58 to simulate a distribu-
tion of plausible natal dispersal distances for Kirtland’s
warblers. Using this distribution, we computed the proportion
of simulated natal dispersal events that exceeded the minimum
distance from core to peripheral sites (0.198), and the
proportion that exceeded the mean distance from core to
peripheral sites (0.122) and from peripheral sites to the
core (0.146).

To incorporate varying rates of cowbird parasitism on
Kirtland’s warbler productivity, we used the level of cowbird
removal as a proxy for parasitism in the productivity equation
that represented a proportional reduction in annual produc-
tivity due to parasitism (hereafter parasitism rate). For the
full cowbird removal scenario, we fixed the parasitism rate
to 0.54%, based on empirical data that found two of 370
Kirtland’s warbler nests were parasitised between 1990 and
2014, the year prior to a reduced-trapping experiment
(Bocetti 1994; Rockwell 2013; Cooper et al. unpubl. data;
Cooper et al. 2019). For the remaining scenarios, we
increased the parasitism rate until a population decline was

detected based on the mean and 95% CI for A from 1000
replications.

Results

Cowbird abundance and nest parasitism

From 2019 to 2021, we found 326 Kirtland’s Warbler
nests and five (1.5%) were parasitised by cowbirds. Four
parasitised nests were found in 2019, all at the same site,
while the fifth was found at a different site in 2021. This
represents a slight increase in parasitism rate compared
to our previous results with a reduced trapping effort
(2015-2017; three of 384 nests [0.8%]) and when trapping
was completely suspended (2018; one of 130 nests [0.8%];
Cooper et al. 2019). In total, only six of 456 (1.3%) nests
have been parasitised since suspension of the trapping
program in 2018.

In 2019, we detected a total of 20 cowbirds (16 male, four
female) at three sites. Nineteen of 20 (95%) cowbirds were
detected at two sites (North and South Tawas) located in
the most eastern KWMAs. Zero cowbirds were detected in
the final period of sampling at the only site where parasitism
occurred in 2019, but two cowbirds each were detected in the
previous three sampling periods at that site. In 2020, we
detected a total of 28 cowbirds (19 male, nine female) at
five sites, 16 (57%) of which were at North and South Tawas
where nearly all cowbird detections occurred in 2019. In
2021, we detected a total of 48 cowbirds (26 male, three
female, 19 unknown) at six sites. Most (33 of 48; 69%)
were again detected at North and South Tawas, where the
one parasitised nest from 2021 was found.

Cowbird control model scenarios

Under the full cowbird removal scenario with fixed parasitism
rate, the Kirtland’s Warbler population was stable over the
50-year simulation period (1 = 1.0019 [1.0016-1.0022])
and no simulated populations fell below 1000 males. Under
the no cowbird removal scenario, the maximum sustainable
parasitism rate throughout the study area was 13-18%
depending on the dispersal scenario and confidence limit
considered (Table 1). Under the core-only cowbird removal
scenario, the maximum sustainable parasitism rate was
57-94% in peripheral areas depending on the dispersal
scenario and confidence limit considered (Table 1). The
assumed dispersal distance for HY males had the largest
impact on model inferences, with a mean and minimum
dispersal distance resulting in a sustainable parasitism rate
of 57-70% and 83-94%, respectively (Table 1). Using the
maximum sustainable parasitism rate to retain 1 > 1 for
each scenario, the percentage of simulated populations that
fell below 1000 males during the 50-year simulation was

G
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0.2-2.5% for the core-only removal scenario and 1.8-7.3% for
the no removal scenario (Table 1).

Discussion

Our cowbird population monitoring and Kirtland’s warbler
nest searching efforts confirmed that despite complete
suspension of the cowbird trapping program since 2018,
both cowbird abundance and nest parasitism continue to
remain low in the northern Lower Peninsula of Michigan
(~1.3%). Our simulation model indicates that if cowbird
populations recovered and trapping was not reinstated,
Kirtland’s warblers could withstand a maximum rate of
13-18% reduction in annual reproduction due to parasitism
before the population would begin to decline. However, a
much higher rate of parasitism in peripheral areas could be
withstood as long as trapping was fully reinstated in the core
area. By incorporating spatial design in the cowbird control
program, managers can consider the tradeoffs between risk
of parasitism and cost of implementing the program to best
manage the Kirtland’s warbler population post-delisting.
While relaxing cowbird control measures appears to
have no noticeable negative effects on Kirtland’s warblers
currently, monitoring will be crucial to verify whether
cowbird abundances and parasitism rates continue to remain
low and thus have minimal impacts on the Kirtland’s warbler
population. In contrast to our study, at Fort Hood, Texas, USA,
parasitism rates of black-capped vireos increased ~2 years
after managers eliminated removal of cowbirds, indicating
the possibility of a delayed effect of trapping suspension
(Kostecke et al. 2010). However, differences in responses
observed at Fort Hood and what we report may be attributed
to land cover. Fort Hood is surrounded by agriculture, while
forested land in Michigan has increased by over 800 000 ha
since 1980 (Pugh 2018), much of which is the reversion of
agriculture to forest land. The reduced presence of agricul-
ture, which is a primary feeding cover type for cowbirds,
can strongly limit the distribution of cowbirds, and removing
feeding areas has been suggested as a key cowbird control
easure (Chace et al. 2005). Thus, increased proportions
of forest cover in northern Lower Michigan landscapes
has likely reduced cowbird abundance independent of
cowbird control measures (Cooper et al. 2019). However,
future consideration should be given to the possibility that
increased urbanisation and associated changes in land
cover in the region could supplement cowbirds in lieu of
agriculture. An important consideration for the continual
monitoring efforts of cowbirds and their impact on Kirtland’s
warbler is the correlation between cowbird abundance and
nest parasitism rates, and nest parasitism rates and Kirtland’s
warbler productivity. Assessing cowbird abundance via point
counts could act as a cost-effective surrogate for estimating
nest parasitism rates, which would eliminate the need

H

for intensive demographic field studies. The relationship
between cowbird removal, parasitism rate, and productivity
has been defined for this population (Kelly and DeCapita
1982), but the cowbird abundance threshold where trapping
should be reimplemented to reduce the effect of nest
parasitism has yet to be determined. Continued monitoring
of cowbird abundances and Kirtland’s warbler reproductive
success should provide greater insight into this relationship
and help managers determine if and when cowbird control
measures need to be reinstated.

If cowbird populations increase over time, a spatially
structured control design seems to be a promising
alternative to the historical trapping approach that places
traps near all nesting Kirtland’s warblers. Our results are
similar to previous simulation models that found trapping
only in the core breeding area was effective at preventing
rapid population decline as long as cowbird parasitism
reduced Kirtland’s warbler productivity by <41% in patches
where trapping was not implemented (Brown et al. 2017).
Our results indicate that the Kirtland’s warbler population
may be able to withstand much greater rates of parasitism
in peripheral breeding habitat. One of the primary differ-
ences between our model and Brown et al. (2017) was that
we retained the ability of floaters (i.e. individuals beyond
carrying capacity) to survive (but not breed), whereas
floaters were killed in Brown et al. (2017). Thus, in our
model, floaters are able to buffer the impact of reduced
reproductive success (Barabads et al. 2004; Robles and
Ciudad 2017) and increase resilience from demographic
and environmental stochasticity (Harrison 1991; Hanski and
Gyllenberg 1993). Our decision to keep floaters in the
population is consistent with territoriality patterns in birds
(Newton 1992; Penteriani et al. 2011). Additionally, growth
rates from population models may have limited practical
use if floaters are ignored (Lee et al. 2017), indicating that
incorporating floaters into our modeling framework provided
a more realistic representation of population dynamics, as
long as floaters can become breeders if habitat is available
(Newton 1992; Marra and Holmes 1997; Cooper et al. 2009).
Moreover, floaters create surplus individuals that can disperse
from core to peripheral management areas or vice-versa.
This movement between sub-populations allowed surplus
immigrants to offset losses from cowbird parasitism and is
likely why dispersal had the greatest influence on maximum
sustainable parasitism rates in our study. However, there is
currently much to learn about dispersal and the processes
that inform it for the Kirtland’s warbler (Cooper and Marra
2020) and birds more generally (Ponchon et al. 2013).
Accounting for species-specific dispersal and the processes
that inform it will continue to advance these types of
population models (Ponchon et al. 2015).

Our model assumed that habitats in the peripheral KWMAs
were equally suitable for colonisation, and breeding success in
these patches was only constrained by brood parasitism,
which may be a simplification of the extrinsic growth



www.publish.csiro.au/wr

Wildlife Research

factors exerted on populations. Density of Kirtland’s warblers
was historically different among jack pine regeneration
methods (e.g. wildfire, plantation, and natural regeneration
following disturbance) with the higher stem density wildfire-
regenerated habitat being considered optimal habitat (Probst
and Weinrich 1989; Bocetti 1994). However, most nesting
habitat since the mid-1990s has been regenerated through
high-stem density plantations interspersed with small openings
(i.e. traditional management; Donner et al. 2008) regardless of
where within the primary breeding range, which likely
minimises differential habitat quality across the Kirtland’s
warbler breeding area. However, it is important to note that
we assumed land management agencies can meet habitat
regeneration goals established in the current memorandum
of understanding (Michigan Department of Natural Resources
(MDNR), United States Fish and Wildlife Service, and United
States Forest Service 2015), and habitat availability and
corresponding carrying capacity of the Kirtland’s warbler
population will remain relatively consistent in the future. If
regeneration of jack pine habitat goals are not met, however,
the Kirtland’s warblers may be less resilient to increases in
cowbird parasitism than our models indicate.

Even if habitat regeneration goals are met in the near
future, the overall quality of habitat may still change.
Under the current conservation plan, 25% of newly created
nesting habitat will be regenerated through non-traditional
stocking techniques, such as reduced planting density of
jack pine or interplanting of red pine (Pinus resinosa) and jack
pine (Michigan Department of Natural Resources (MDNR),
United States Fish and Wildlife Service, and United States
Forest Service 2015). Planting red pine in combination with
jack pine has been suggested to provide the structural
characteristics at a lower cost and to offset lost timber
revenue from dense jack pine stands with slower growth.
Kirtland’s warbler has used jack pine-red pine stands histori-
cally (Buech 1980; Probst 1988; Van Dyke et al. 2022) and
within areas outside of their core breeding habitat (Anich
et al. 2011; Olah et al. 2022), when adequate amounts
of suitable nesting habitat (i.e. pure jack pine stands) was
not available on the broader landscape in context to the
population level. Brown et al. (2017) simulated the effects
of current management (constant habitat suitability across
breeding range) and experimental jack pine management
(i.e. non-traditional, reduced habitat suitability across 25%
of breeding range) on the Kirtland’s warbler population and
concluded that population growth was similar between
both scenarios (1 = 0.995 for current management, A = 0.994
for experimental management) over a 50-year period.
However, the implications of potentially reduced habitat
quality in mixed forests (relative to jack pine plantations)
on colonisation and parasitism rates for the long-term
productivity of Kirtland’s warbler remains unclear.

Climate changes on the breeding and wintering grounds,
particularly changes in precipitation, could also influence
long-term population viability of Kirtland’s warbler. Donner

et al. (2018) projected that climatic suitability for jack pine
will decrease in Michigan this century, although core
KWMAs were projected to be less impacted than peripheral
KWMAs. Additional studies using a variety of modelling
techniques generally agree that climate change will likely
negatively impact jack pine in the Upper Midwest (Iverson
et al. 2008; Handler et al. 2014). In a precursor to this study,
Brown et al. (2019) projected that spring precipitation
changes on the wintering grounds could result in the
decline or extinction of Kirtland’s warbler, based on empirical
studies linking wintering grounds precipitation to survival
and productivity (Rockwell et al. 2012, 2017). However,
current climate models dramatically differ in future precipi-
tation projections for the Bahamas, and the population
remained stable for the majority of the climate models.
For this study, we chose not to incorporate climate change
because of the high uncertainty in future precipitation
dynamics. However, the status of the Kirtland’s warbler will
depend largely on the continued creation of high-quality
habitat into the future, and our results continue to support
that some level of cowbird control may be necessary in
mixed forest patches to offset any reduced productivity
associated with mixed forests stands and climate change
(Brown et al. 2019).

Our simulation study indicated that different cowbird
control scenarios have varying effects on the rate of parasitism
that the Kirtland’s warbler population is able to withstand
before declining. While each cowbird control measure that
we assessed has its benefits and drawbacks, an approach
that accounts for the spatial structure of the host species
distribution seems to be a promising initial step towards an
effective and efficient cowbird control program in the future.
Continued development and testing of similar adaptive
management strategies for the Kirtland’s warbler and other
cowbird host species will provide managers with better
insight on how to design cowbird control programs across
large landscapes.

References

Akcakaya HR (1991) A method for simulating demographic stochasticity.
Ecological Modelling 54, 133-136. doi:10.1016,/0304-3800(91)90103-8

Akcakaya HR, Burgmanw MA, Kindvall O, Wood CC, Sjogren-Gulve P,
Hatfield JS, McCarthy MA (2004) ‘Species conservation and manage-
ment: case studies.” (Oxford University Press: New York, NY, USA)

Anich NM, Trick JA, Grveles KM, Goyette JL (2011) Characteristics of a
red pine plantation occupied by Kirtland’s warblers in Wisconsin. The
Wilson Journal of Ornithology 123, 199-205. doi:10.1676,/10-057.1

Barabas L, Gilicze B, Takasu F, Moskat C (2004) Survival and anti-parasite
defense in a host metapopulation under heavy brood parasitism:
a source-sink dynamic model. Journal of Ethology 22, 143-151.
doi:10.1007/s10164-003-0114-y

Benson TJ, Anich NM, Brown JD, Bednarz JC (2010) Habitat and
landscape effects on brood parasitism, nest survival, and fledgling
production in Swainson’s warbler. Journal of Wildlife Management
74, 81-93. doi:10.2193/2008-442

Bocetti CI (1994) Density, demography, and mating success of Kirtland’s
Warblers in managed and natural habitats. Dissertation, The Ohio
State University.


https://doi.org/10.1016/0304-3800(91)90103-8
https://doi.org/10.1676/10-057.1
https://doi.org/10.1007/s10164-003-0114-y
https://doi.org/10.2193/2008-442
www.publish.csiro.au/wr

E. L. Margenau et al.

Wildlife Research

Bocetti CI, Goble DD, Scott JM (2012) Using conservation management
agreements to secure postrecovery perpetuation of conservation-
reliant species: the Kirtland’s warbler as a case study. BioScience 62,
874-879. doi:10.1525/bi0.2012.62.10.7

Brittingham MC, Temple SA (1983) Have cowbirds caused forest
songbirds to decline? BioScience 33, 31-35. doi:10.2307/1309241

Brown DJ, Ribic CA, Donner DM, Nelson MD, Bocetti CI, Deloria-Sheffield
CM (2017) Using a full annual cycle model to evaluate long-term
population viability of the conservation-reliant Kirtland’s warbler
after successful recovery. Journal of Applied Ecology 54, 439-449.
doi:10.1111/1365-2664.12776

Brown DJ, Donner DM, Ribic CA, Bocetti CI (2019) Influence of climate
change and postdelisting management on long-term population
viability of the conservation-reliant Kirtland’s warbler. Ecology and
Evolution 9, 10263-10276. doi:10.1002/ece3.5547

Buech RR (1980) Vegetation of a Kirtland’s warbler breeding area and
10 nest sites. The Jack Pine Warbler 58, 58-72.

Byelich J, Irvine GW, Johnson NI, Mayfield J, DeCapita ME, Radtke RE,
Jones WR, Mahalak WJ (1985) ‘Updated Kirtland’s warbler recovery
plan.’ (U.S. Fish and Wildlife Service: Twin Cities, MN, USA)

Chace JF, Farmer C, Winfree R, Curson DR, Jensen WE, Goguen CB,
Robinson SK (2005) Cowbird (Molothrus spp.) ecology: A review of
factors influencing distribution and abundance of cowbirds across
spatial scales. Ornithological Monographs 57, 45-70. doi:10.2307/
40166814

Cooper NW, Marra PP (2020) Hidden long-distance movements by a
migratory bird. Current Biology 30, 4056-4062. doi:10.1016/j.cub.
2020.08.068

Cooper NW, Murphy MT, Redmond LJ, Dolan AC (2009) Density-
dependent age at first reproduction in the eastern kingbird. Oikos
118, 413-419. do0i:10.1111/j.1600-0706.2008.16997.x

Cooper NW, Hallworth MT, Marra PP (2017) Light-level geolocation
reveals wintering distribution, migration routes, and primary stopover
locations of an endangered long-distance migratory songbird. Journal
of Avian Biology 48, 209-219. doi:10.1111/jav.01096

Cooper NW, Rushing CS, Marra PP (2019) Reducing the conservation
reliance of the endangered Kirtland’s warbler through adaptive
management. The Journal of Wildlife Management 83, 1297-1305.
doi:10.1002/jwmg.21714

Cox WA, Thompson FR III, Root B, Faaborg J (2012) Declining brown-
headed cowbird (Molothrus ater) populations are associated with
landscape-specific reductions in brood parasitism and increases in
songbird productivity. PLoS ONE 7, e47591. doi:10.1371/journal.
pone.0047591

Donner DM, Probst JR, Ribic CA (2008) Influence of habitat amount,
arrangement, and use on population trend estimates of male
Kirtland’s warblers. Landscape Ecology 23, 467—-480. doi:10.1007/
$10980-008-9208-9

Donner DM, Brown DJ, Ribic CA, Nelson M, Greco T (2018) Managing
forest habitat for conservation-reliant species in a changing climate:
the case of the endangered Kirtland’s Warbler. Forest Ecology and
Management 430, 265-279. doi:10.1016/j.foreco.2018.08.026

Eckrich GH, Koloszar TE, Goering MD (1999) Effective landscape
management of brown-headed cowbirds at Fort Hood, Texas.
Studies in Avian Biology 18, 267-274.

Hahn DC, Hatfield JS (1995) Parasitism at the landscape scale: cowbirds
prefer forests. Conservation Biology 9, 1415-1424. doi:10.1046/
j-1523-1739.1995.09061415.x

Handler S, Duveneck MJ, Iverson L, Peters E, Scheller RM, Wythers KR,
Brandt L, Butler P, Janowiak M, Shannon PD, Swanston C, Eagle
AC, Cohen JG, Corner R, Reich PB, Baker T, Chhin S, Clark E,
Fehringer D, Fosgitt J, Gries J, Hall C, Hall CK, Heyd R, Hoving CL,
Ibéfiez I, Kuhr D, Matthews S, Muladore I, Nadelhoffer K, Neumann
D, Peters M, Prasad A, Sands M, Swaty R, Wonch L, Daley J,
Davenport M, Emery MR, Johnson G, Johnson L, Neitzel D, Rissman
A, Rittenhouse C, Ziel R (2014) Michigan forest ecosystem
vulnerability assessment and synthesis: a report from the Northwoods
Climate Change Response Framework project, General technical
report NRS-129. U.S. Department of Agriculture, Forest Service,
Northern Research Station.

Hanski I, Gyllenberg M (1993) Two general metapopulation models
and the core-satellite species hypothesis. The American Naturalist
142, 17-41. doi:10.1086,/285527

Harrison S (1991) Local extinction in a metapopulation context: an
empirical evaluation. Biological Journal of the Linnean Society 42,
73-88. d0i:10.1111/j.1095-8312.1991.tb00552.x

Hochachka WM, Martin TE, Artman V, Smith CR, Hejl SJ, Andersen DE,
Curson D, Petit L, Mathews N, Donovan T, Klass EE, Wood PB, Manolis
JC, McFarland KP, Nichols JV, Bednarz JC, Evans DM, Duguay JP,
Garner S, Tewksbury J, Purcell KL, Faaborg J, Goguenv CB,
Rimmier C, Dettmers R, Knutson M, Collazo JA, Garner L,
Whitehead D, Geupel G (1999) Scale dependence in the effects of
forest coverage on parasitization by brown-headed cowbirds. Studies
in Avian Biology 18, 80-88.

Hostetter NJ, Gardner B, Sillett TS, Pollock KH, Simons TR (2019) An
integrated model decomposing the components of detection
probability and abundance in unmarked populations. Ecosphere 10,
e02586. doi:10.1002/ecs2.2586

Hovick TJ, Miller JR (2013) Broad-scale heterogeneity influences
nest selection by brown-headed cowbirds. Landscape Ecology 28,
1493-1503. doi:10.1007/5s10980-013-9896-7

Howell CA, Dijak WD, Thompson FR III (2007) Landscape context and
selection for forest edge by breeding brown-headed cowbirds.
Landscape Ecology 22, 273-284. doi:10.1007/s10980-006-9022-1

Iverson LR, Prasad AM, Matthews SN, Peters M (2008) Estimating
potential habitat for 134 eastern US tree species under six climate
scenarios. Forest Ecology and Management 254, 390-406. doi:10.1016/
j.foreco.2007.07.023

Kelly ST, DeCapita ME (1982) Cowbird control and its effect on Kirtland’s
warbler reproductive success. The Wilson Bulletin 94, 363-365.

Kepler CB, Irvine GW, DeCapita ME, Weinrich J (1996) The conserva-
tion management of Kirtland’s warbler Dendroica kirtlandii. Bird
Conservation International 6, 11-22. doi:10.1017/50959270900001271

Kostecke RM, Cimprich DA, Summers SG (2010) Partial cessation of
cowbird management at Fort Hood, Texas: year five. In ‘Endangered
species monitoring and management at Fort Hood, Texas: 2010
annual report’. The Nature Conservancy, Fort Hood, TX, USA.

Lee AM, Reid JM, Beissinger SR (2017) Modelling effects of nonbreeders
on population growth estimates. Journal of Animal Ecology 86, 75-87.
doi:10.1111/1365-2656.12592

Marra PP, Holmes RT (1997) Avian removal experiments: do they test
for habitat saturation or female availability? Ecology 78, 947-952.
d0i:10.1890,/0012-9658(1997)078[0947:AREDTT]2.0.CO;2

Michigan Department of Natural Resources (MDNR), United States Fish
and Wildlife Service, and United States Forest Service (2015)
‘Kirtland’s warbler breeding range conservation plan.” (Michigan
Department of Natural Resources)

Newton I (1992) Experiments on the limitation of bird numbers by
territorial behaviour. Biological Reviews 67, 129-173. doi:10.1111/
j.1469-185X.1992.tb01017.x

Olah AM, Ribic CA, Grveles K, Warner S, Lopez D, Pidgeon AM (2022)
Kirtland’s Warbler breeding productivity and habitat use in red
pine-dominated habitat in Wisconsin, USA. Avian Conservation and
Ecology 17, 3. doi:10.5751/ACE-02009-170103

Paradis E, Baillie SR, Sutherland WJ, Gregory RD (1998) Patterns of natal
and breeding dispersal in birds. Journal of Animal Ecology 67 , 518-536.
doi:10.1046/j.1365-2656.1998.00215.x

Peer BD, Kus BE, Whitfield MJ, Hall LS, Rothstein SI (2020) Management
of the brown-headed cowbird: implications for endangered species
and agricultural damage mitigation. Human-Wildlife Interactions
14(3), 461-475.

Penteriani V, Ferrer M, Delgado MM (2011) Floater strategies and
dynamics in birds, and their importance in conservation biology:
towards an understanding of nonbreeders in avian populations.
Animal Conservation 14, 233-241. doi:10.1111/§.1469-1795.2010.
00433.x

Ponchon A, Grémillet D, Doligez B, Chambert T, Tveraa T, Gonzélez-Solis
J, Boulinier T (2013) Tracking prospecting movements involved in
breeding habitat selection: insights, pitfalls and perspectives.
Methods in Ecology and Evolution 4, 143-150. doi:10.1111/j.2041-
210x.2012.00259.x

Ponchon A, Garnier R, Grémillet D, Boulinier T (2015) Predicting
population responses to environmental change: the importance of
considering informed dispersal strategies in spatially structured popu-
lation models. Diversity and Distributions 21, 88-100. doi:10.1111/
ddi.12273


https://doi.org/10.1525/bio.2012.62.10.7
https://doi.org/10.2307/1309241
https://doi.org/10.1111/1365-2664.12776
https://doi.org/10.1002/ece3.5547
https://doi.org/10.2307/40166814
https://doi.org/10.2307/40166814
https://doi.org/10.1016/j.cub.2020.08.068
https://doi.org/10.1016/j.cub.2020.08.068
https://doi.org/10.1111/j.1600-0706.2008.16997.x
https://doi.org/10.1111/jav.01096
https://doi.org/10.1002/jwmg.21714
https://doi.org/10.1371/journal.pone.0047591
https://doi.org/10.1371/journal.pone.0047591
https://doi.org/10.1007/s10980-008-9208-9
https://doi.org/10.1007/s10980-008-9208-9
https://doi.org/10.1016/j.foreco.2018.08.026
https://doi.org/10.1046/j.1523-1739.1995.09061415.x
https://doi.org/10.1046/j.1523-1739.1995.09061415.x
https://doi.org/10.1086/285527
https://doi.org/10.1111/j.1095-8312.1991.tb00552.x
https://doi.org/10.1002/ecs2.2586
https://doi.org/10.1007/s10980-013-9896-7
https://doi.org/10.1007/s10980-006-9022-1
https://doi.org/10.1016/j.foreco.2007.07.023
https://doi.org/10.1016/j.foreco.2007.07.023
https://doi.org/10.1017/S0959270900001271
https://doi.org/10.1111/1365-2656.12592
https://doi.org/10.1890/0012-9658(1997)078[0947:AREDTT]2.0.CO;2
https://doi.org/10.1111/j.1469-185X.1992.tb01017.x
https://doi.org/10.1111/j.1469-185X.1992.tb01017.x
https://doi.org/10.5751/ACE-02009-170103
https://doi.org/10.1046/j.1365-2656.1998.00215.x
https://doi.org/10.1111/j.1469-1795.2010.00433.x
https://doi.org/10.1111/j.1469-1795.2010.00433.x
https://doi.org/10.1111/j.2041-210x.2012.00259.x
https://doi.org/10.1111/j.2041-210x.2012.00259.x
https://doi.org/10.1111/ddi.12273
https://doi.org/10.1111/ddi.12273

www.publish.csiro.au/wr

Wildlife Research

Probst JR (1986) A review of factors limiting the Kirtland’s warbler
on its breeding grounds. American Midland Naturalist 116, 87-100.
doi:10.2307/2425940

Probst JR (1988) Kirtland’s warbler breeding biology and habitat
management. In ‘Integrating forest management for wildlife and
fish’. General Technical Report NC-122. (Eds JW Hoekstra, J Capp)
pp- 28-35. (U.S. Department of Agriculture)

Probst JR, Weinrich J (1989) Predicting Kirtland’s warbler populations
by habitat conditions. In ‘At the crossroads-extinction or survival?
Proceedings Kirtland’s warbler symposium’. (Ed. KR Ennis)
pp. 61-62. (U.S. Forest Service)

Pugh SA (2018) ‘Forests of Michigan, 2017.” Resource Update FS-153.
(U.S. Department of Agriculture, Forest Service, Northern Research
Station) doi:10.2737/FS-RU-153

Radabaugh BE (1974) Kirtland’s warbler and its Bahama wintering
grounds. The Wilson Bulletin 86, 374-383.

Robinson SK, Grzybowski JA, Rothstein SI, Brittingham MC, Petit LJ,
Thompson FR (1993) Management implications of cowbird parasitism
on Neotropical migrant songbirds. Status and management of
Neotropical migratory birds, General technical report RM-229. U.S.
Forest Service. pp. 93-102.

Robinson SK, Thompson FR III, Donovan TM, Whitehead DR, Faaborg J
(1995) Regional forest fragmentation and the nesting success of
migratory birds. Science 267, 1987-1990. doi:10.1126/science.267.
5206.1987

Robles H, Ciudad C (2017) Floaters may buffer the extinction risk of small
populations: an empirical assessment. Proceedings of the Royal Society
B: Biological Sciences 284, 20170074. doi:10.1098/rspb.2017.0074

Rockwell SM (2013) Carry-over effects from the non-breeding season
influence spring arrival dates, reproductive success, and survival in
an endangered migratory bird, the Kirtland’s warbler (Setophaga
kirtlandii). Dissertation, University of Maryland, College Park.

Rockwell SM, Bocetti CI, Marra PP (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. doi:10.1525/auk.2012.12003

Rockwell SM, Wunderle JM Jr, Sillett TS, Bocetti CI, Ewert DN, Currie D,
White JD, Marra PP (2017) Seasonal survival estimation for a long-
distance migratory bird and the influence of winter precipitation.
Oecologia 183, 715-726. doi:10.1007/s00442-016-3788-x

Rodewald AD (2016) Beyond biology: the political and legal implications
of “conservation reliance”. Avian Conservation and Ecology 11, 13.
doi:10.5751/ACE-00933-110213

Rohlf DJ, Carroll C, Hartl B (2014) Conservation-reliant species: toward
a biology-based definition. BioScience 64, 601-611. do0i:10.1093/
biosci/biu078

Rothstein SI, Peer BD (2005) Conservation solutions for threatened
and endangered cowbird (Molothus spp.) hosts: separating fact from
fiction. Ornithological Monographs 2005, 98-114. doi:10.2307/
40166817

Rothstein SI, Robinson SK (1994) Conservation and coevolutionary
implications of brood parasitism by cowbirds. Trends in Ecology &
Evolution 9, 162-164. doi:10.1016/0169-5347(94)90077-9

Rothstein SI, Farmer C, Verner J (2000) The structure and function of
cowbird vocalizations and the use of playbacks to enhance cowbird
detectability: relations to potential censusing bias. In ‘Ecology and
management of cowbirds and their hosts’. (Eds JNM Smith, TL
Cook, SI Rothstein, SK Robinson) pp. 69-80. (University of Texas
Press: Austin, TX)

Scott JM, Goble DD, Haines AM, Wiens JA, Neel MC (2010) Conservation-
reliant species and the future of conservation. Conservation Letters 3,
91-97. doi:10.1111/j.1755-263X.2010.00096.x

Shake WF, Mattsson JP (1975) Three years of cowbird control: an effort to
save the Kirtland’s warbler. Jack-Pine Warbler 53, 48-53.

Stevens MHH (2009) ‘A primer of ecology with R.” (Springer: New York,
NY, USA)

Thompson FR III (1994) Temporal and spatial patterns of breeding
brown-headed cowbirds in the midwestern United States. The Auk
111, 979-990. doi:10.2307,/4088830

U.S. Fish and Wildlife Service (USFWS) (2012) ‘Kirtland’s warbler
(Dendroica kirtlandii). 5-year review: summary and evaluation.’
(U.S. Fish and Wildlife Service)

U.S. Fish and Wildlife Service (USFWS) (2018) ‘Draft post-delisting
monitoring plan for the Kirtland’s warbler (Setophaga kirtlandii).’
(U.S. Fish and Wildlife Service)

U.S. Fish and Wildlife Service (USFWS) (2019) ‘Final post-delisting
monitoring plan for the Kirtland’s warbler (Setophaga kirtlandii).’
(U.S. Fish and Wildlife Service)

Van Dyke F, Harju S, Hindy M, Cannata N, Schmidt E, Hillman E, Sargent
A, Keas B (2022) Comparative detection, density, and reproductive
performance of Kirtland’s warbler in jack and red pine. The Journal
of Wildlife Management 86, e22233. doi:10.1002/jwmg.22233

Walkingshaw LH (1983) ‘Kirtland’s warbler: the natural history of an
endangered species.” (Cranbrook Institute of Science: Bloomfield
Hills, MI, USA)

Conflicts of interest.

funding from the USFWS Great Lakes Research Initiative.

Acknowledgements.

Author affiliations

Data availability. Data are available upon request from the corresponding author.
The authors state that there are no conflicts of interest with this manuscript.

Declaration of funding.  All nest searching was supported by a U.S. Fish and Wildlife Service (USFWS) Great Lakes Fisheries and Wildlife Restoration Act grant
(FI8AP00786) to NWC and PPM. All point counts were supported by the USFWS Michigan Ecological Services Field Office. Donald Brown was supported by the
USDA National Institute of Food and Agriculture, Mclntire Stennis projects WVA00122 and WVA00820, the West Virginia Agricultural and Forestry Experiment
Station, and the U.S.D.A. Forest Service Northern Research Station. NWC was supported by a postdoctoral fellowship from the Smithsonian Institute and with

We thank J. Wong, B. Hayden, and all field assistants for their nest searching efforts. We also thank USDA Wildlife Services for their
assistance with point counts. F. Thompson and C. Mensing provided helpful comments on an earlier version of this manuscript, as well as two anonymous reviewers
who provided helpful comments. Finally, we thank A. Makarewicz, ). Sansote, and the Everts family for providing housing during the field seasons.

AUSDA Forest Service, Northern Research Station, 5985 Highway K, Rhinelander, WI, USA.

BMigratory Bird Center, Smithsonian’s National Zoo and Conservation Biology Institute, PO Box 37012 MRC 5503, Washington, DC, USA.
CDepartment of Biology, McCourt School of Public Policy, Georgetown University, 37th and O Streets NW, Washington, DC 20057, USA.
PSchool of Natural Resources, West Virginia University, 322 Percival Hall, Morgantown, WV, USA.

EUSDA Forest Service, Northern Research Station, PO Box 404, Parsons, WV, USA.

FUSDA Forest Service, Pacific Northwest Research Station, 42218 NE Yale Bridge Road, Amboy, WA, USA.

GUSDA Animal and Plant Health Inspection Service, Wildlife Services, 1865 O’Rourke Boulevard #C, Gaylord, M, USA.



https://doi.org/10.2307/2425940
https://doi.org/10.2737/FS-RU-153
https://doi.org/10.1126/science.267.5206.1987
https://doi.org/10.1126/science.267.5206.1987
https://doi.org/10.1098/rspb.2017.0074
https://doi.org/10.1525/auk.2012.12003
https://doi.org/10.1007/s00442-016-3788-x
https://doi.org/10.5751/ACE-00933-110213
https://doi.org/10.1093/biosci/biu078
https://doi.org/10.1093/biosci/biu078
https://doi.org/10.2307/40166817
https://doi.org/10.2307/40166817
https://doi.org/10.1016/0169-5347(94)90077-9
https://doi.org/10.1111/j.1755-263X.2010.00096.x
https://doi.org/10.2307/4088830
https://doi.org/10.1002/jwmg.22233
www.publish.csiro.au/wr

	Spatially structured brown-headed cowbird control measures and their effects on Kirtland's warbler long-term population sustainability
	Introduction
	Methods
	Study area
	Cowbird abundance and nest parasitism
	Cowbird control model scenarios
	Model parameterisation

	Results
	Cowbird abundance and nest parasitism
	Cowbird control model scenarios

	Discussion
	References




