
The Journal of Wildlife Management 83(6):1297–1305; 2019; DOI: 10.1002/jwmg.21714

Featured Article

Reducing the Conservation Reliance of the
Endangered Kirtland’s Warbler Through
Adaptive Management

NATHAN W. COOPER,1 Migratory Bird Center, Smithsonian Conservation Biology Institute, National Zoological Park, PO Box 37012 MRC 5503,
Washington, DC 20013‐7012, USA

CLARK S. RUSHING, Utah State University, Department of Wildland Resources and the Ecology Center, Logan, UT 84322, USA

PETER P. MARRA, Migratory Bird Center, Smithsonian Conservation Biology Institute, National Zoological Park, PO Box 37012 MRC 5503,
Washington, DC 20013‐7012, USA

ABSTRACT Species are considered conservation‐reliant when their continued existence is dependent on
human assistance. Conservation reliance challenges the conservation community in terms of their ability to
sustain the funding and public‐private partnerships needed for indefinite management. Although increased
funding for conservation is critical, reducing conservation reliance through adaptive management represents
an attractive alternative. We used a large‐scale ecological experiment as a case study in the use of adaptive
management to reduce conservation reliance. For>40 years, the United States Fish and Wildlife Service
has trapped and lethally removed an obligate brood parasite, the brown‐headed cowbird (Molothrus ater), to
protect the Kirtland’s warbler (Setophaga kirtlandii) from the negative effects that brood parasitism has on
its reproductive success. To determine if the conservation reliance of the Kirtland’s warbler could be
reduced through optimization of the cowbird control program, we used an adaptive management approach.
In collaboration with stakeholders, we experimentally reduced cowbird trapping effort across nearly all of
the Kirtland’s warbler breeding range. We monitored the resulting cowbird abundance and rate of para-
sitism, and then adjusted the scale of trap reductions based on the previous year’s results. Despite reducing
(2015–2017) and eventually eliminating (2018) cowbird trapping, we detected only 20 cowbirds (2015–
2017) and found that just 4 of 514 (<1%) nests were parasitized (2015–2018). Our results indicate that the
cowbird control program can at least temporarily be suspended, thereby reducing conservation reliance in
the Kirtland’s warbler and freeing funds for other management. We urge the conservation community to
consider the use of adaptive management to reduce conservation reliance in other threatened and en-
dangered taxa. © 2019 The Wildlife Society.

KEY WORDS adaptive management, brood parasitism, brown‐headed cowbird, conservation reliance, cowbird
control, endangered species, Kirtland’s warbler, Michigan, Setophaga kirtlandii.

A species is considered conservation‐reliant if its continued
existence is dependent upon direct human intervention
(Scott et al. 2005, Rohlf et al. 2014). Conservation reliance
results when threats cannot be permanently eliminated and
instead must be continually mitigated (Evans et al. 2016).
The concept of conservation reliance does not fit well within
the paradigm of environmental legislation such as the
Endangered Species Act (ESA). The ESA was designed to
identify and eliminate specific threats, and then delist the
species once the population recovered (Evans et al. 2016).
Nevertheless, Scott et al. (2010) estimated that 84% of
species listed as threatened or endangered in the United
States are conservation‐reliant. Similar estimates are not

available internationally, but the concept applies globally
(Scott et al. 2010).
The long‐term funding and public‐private partnerships

needed to sustain the indefinite management required by
conservation‐reliant species present a serious problem for
the conservation community. If we are to conserve wildlife
within the United States and globally, increased funding is
critical (Miller et al. 2002, McCarthy et al. 2012).
Considering current funding realities, using adaptive
management to reduce conservation reliance, and in turn
the cost of management, represents an attractive strategy.
Adaptive management is an iterative, structured decision‐
making process (Williams et al. 2011a). Using adaptive
management, managers can experimentally reduce existing
management or test new approaches. Then, through
subsequent monitoring, managers can assess whether
resource objectives have been maintained under altered
management regimes. Thus, adaptive management can
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reduce conservation reliance and the cost of management,
thereby necessitating lower levels of public and private
fundraising, and enhancing the likelihood that management
can be sustained indefinitely.
Scott et al. (2010) estimated that 66% of all conservation‐

reliant species are dependent upon control of other species.
This includes 3 endangered avian taxa (Kirtland’s warbler
[Setophaga kirtlandii], least Bell’s vireo [Vireo bellii pusillus],
and southwestern willow flycatcher [Empidonax traillii
extimus]) and 1 recently delisted species (black‐capped vireo
[Vireo atricapilla]). All 4 taxa are considered conservation‐
reliant throughout large parts of their range, in part because
of their presumed dependence on control of populations of
an obligate brood parasite, the brown‐headed cowbird
(Molothrus ater; Kus and Whitfield 2005, Michigan
Department of Natural Resources [MDNR] et al. 2014,
Wilsey et al. 2014).
Interspecific brood parasitism is a reproductive strategy in

which individuals lay their eggs in the nests of host species and
deceive the parents into rearing young. Host reproductive
success is negatively affected because cowbird nestlings usually
hatch before host nestlings and outcompete them for food,
though other direct and indirect negative effects exist (Cox
et al. 2012). The magnitude of reproductive loss is mediated by
the host’s life history, behavior, and body size (Rothstein and
Robinson 1998). Many hosts, however, have no effective
defense against parasitism, and small hosts (<15 g) typically
lose all or nearly all of their young once a nest is parasitized
(Trine et al. 1998, Lorenzana and Sealy 1999).
Because of high parasitism rates and low reproductive

success, cowbird control programs were developed for
Kirtland’s warblers, black‐capped vireos, least Bell’s vireos,
and southwestern willow flycatchers. Each of these
programs was initially successful in reducing parasitism
rates and increasing host reproductive success (Walkinshaw
1983, Kus and Whitfield 2005, Wilsey et al. 2014), but
cowbird parasitism was not the sole factor limiting any of
these endangered taxa. In each case, significant loss of
breeding habitat was likely the primary limiting factor. As a
result of this and a variety of other ecological, legal,
financial, and practical concerns, the scientific community
has repeatedly challenged the wisdom of cowbird control
(Kus and Whitfield 2005, Peer et al. 2005, Rothstein and
Peer 2005, Peer et al. 2013). Despite continued calls to
evaluate the necessity of cowbird control, trapping and
lethal removal of cowbirds has continued for all 4 taxa
above.
We conducted an experimental evaluation of the cowbird

control program designed to protect Kirtland’s warblers.
The Kirtland’s warbler is an endangered migratory passerine
that breeds primarily in Michigan, USA, and winters
primarily in The Bahamas (Bocetti et al. 2014; Cooper et al.
2017, 2019). In 1971, approximately 200 male Kirtland’s
warblers remained in the world, and nearly 75% of their
nests were parasitized (Walkinshaw 1983). In response, the
United States Fish and Wildlife Service (USFWS) began
trapping and lethally removing cowbirds in 1972. The
USFWS protocol called for a cowbird trap to be placed

within 1.6 km of all Kirtland’s warblers in the Lower
Peninsula of Michigan, and then operated daily from
15 April to 30 June (MDNR et al. 2014). The program was
highly effective. It quickly reduced parasitism rates to about
6% and tripled reproductive success for Kirtland’s warblers
(Walkinshaw 1983), but because of breeding habitat
limitation, the warbler population did not increase for
nearly 20 years (MDNR et al. 2014). Subsequent natural
and artificial habitat creation allowed the Kirtland’s warbler
to recover, with over 2,300 males today (C. J. Mensing,
USFWS, personal communication).
The recovery of the population, in combination with the

relatively high cost of cowbird control (~$110,000/year) has
led program participants and agency partners to question
the continued necessity of the cowbird control program
(MDNR et al. 2014). However, the program has never been
formally evaluated and has continued essentially unchanged
from 1972 until this study (2015). Neither the effective
range of traps nor the optimal timing of the trapping season
has ever been determined. Moreover, the assumption that
the now much larger and more spatially dispersed Kirtland’s
warbler population is still dependent upon cowbird control
has not been tested.
In collaboration with stakeholders, including the USFWS,

the MDNR, the United States Forest Service (USFS), and
the Kirtland’s Warbler Recovery Team, we developed an
adaptive management experiment (Williams 2011a,b) to
determine if we could lower the costs of cowbird manage-
ment without reducing the sustainability of the Kirtland’s
warbler. Through this experiment, we also sought to learn
more about the relationship between cowbird abundance and
parasitism risk in this species. To reduce complexity, we
chose to focus solely on the effective range of traps. If the
effective range of a trap is larger than assumed, the USFWS
could optimize the number and arrangement of traps. A
reduction of trapping effort would reduce the conservation
reliance of Kirtland’s warblers and the cost of the control
program, freeing funding for other important management.
In collaboration with the USFWS, we experimentally

reduced the number of cowbird traps over 4 breeding
seasons (2015–2018) to determine the effective range of a
cowbird trap. We tested the hypothesis that cowbird
abundance varies with distance from the nearest active
cowbird trap, with the prediction that abundance would
increase with distance from the nearest active trap. We also
tested the hypothesis that parasitism rate varies with
distance from the nearest active cowbird trap, with the
prediction that nest parasitism would increase with distance
from the nearest active trap. Finally, we analyzed North
America Breeding Bird Survey (BBS) data to explore
cowbird population trends and test the hypothesis that
the cowbird control program had long‐term effects on the
local cowbird population.

STUDY AREA

Nearly all Kirtland’s warblers (98%) breed in the northern
Lower Peninsula of Michigan (i.e., the core breeding range;
Fig. 1A), with smaller numbers breeding in Michigan’s
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Upper Peninsula, Wisconsin, USA, and Ontario, Canada
(MDNR et al. 2014). From 2015 to 2017, we limited our
study to 4 sites located centrally within the core breeding
range (combined area= 24,124 ha; Fig. 1B). In 2018, we
expanded our experiment to the entire core breeding range,
removed 1 study site, and added 4 study sites (combined
area = 32,621 ha; Fig. 1C).
In the core breeding range, Kirtland’s warblers almost

exclusively occupy 5–23‐year‐old jack pine (Pinus banksiana)
forest. Jack pine forest naturally regenerates after large
wildfires, but for the past several decades most jack pine in
the area has been planted by the MDNR and the USFS to
create breeding habitat for Kirtland’s warblers (MDNR et al.
2014). Jack pine forests are dominated by jack pine trees but
often contains a mix of pin oak (Quercus ellipsoidalis), black
cherry (Prunus serotina), chokecherry (Prunus virginiana),
quaking aspen (Populus tremuloides), and bigtooth aspen
(Populus grandidentata). Groundcover at breeding sites consists
of mosses, lichens, sedges (Carex spp.), bluestem grasses
(Andropogon spp.), blueberry (Vaccinium angustifolium), sweet
fern (Comptonia peregrina), and other small shrubs. Kirtland’s
warblers are the most abundant bird species in Michigan’s jack
pine forests, but Nashville warblers (Oreothlypis ruficapilla),
blue jays (Cyanocitta cristata), brown thrashers (Toxostoma
rufum), and several species of sparrow (Passerellidae spp.) are

also common. Jack pine forests are commonly used by white‐
tailed deer (Odocoileus virginianus), porcupines (Erethizon
dorsatum), thirteen‐lined ground squirrels (Ictidomys tridecemli-
neatus), and red squirrels (Tamiasciurus hudsonicus).
The surrounding landscape found in the core breeding range

is mostly rural and is dominated by forests and agricultural
lands. The majority of forested land is timberland, most of
which is owned and managed by the MDNR or the USFS
(Pugh et al. 2016). Rolling hills dominate the landscape with
an overall topographical relief of approximately 340m. The
region has a strongly seasonal climate. Kirtland’s warblers
begin arriving to Michigan in early May, after most snow has
melted. Nesting begins in late May and early June and ends by
late July (Rockwell et al. 2012). From 2015 to 2018, mean
temperatures (min. and max. respectively) ranged from 5.9°C
to 21.3°C in April, 10.4°C to 24.9°C in May, and 13.3°C to
27.5°C in July. Total breeding season precipitation was 11.2
cm in 2015, 7.0 cm in 2016, 7.3 in 2017, and 6.5 in 2018.

METHODS

By closing cowbird traps at our study sites, but leaving the
remaining traps in operation, we created a linear trap‐distance
gradient along which Kirtland’s warblers would be located
various distances from the nearest active cowbird trap. We
used nests found within 1.6 km of the nearest active trap as

Figure 1. All Kirtland’s warbler habitat in the core breeding range in the northern Lower Peninsula of Michigan, USA (A), study sites (green polygons) and
trap locations 2015–2017 (B), and study site locations (green polygons) and closed trap locations in 2018 (C).
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controls because that distance represents the USFWS
standard protocol since the beginning of the cowbird control
program in 1972. Each year, we assessed the results of our
monitoring and then adjusted the trap reductions for the
following year. In 2015 and 2016 we closed all cowbird traps
at the 4 study sites (n= 12) but continued to operate all
remaining traps (n= 44) in the core breeding range. After
closing traps in 2015 and 2016, the approximately 500 male
Kirtland’s warblers (21% of global population) found at the
study sites were located 0.3–12.4 km from the nearest active
cowbird trap. Based on results in 2015 and 2016, we closed 7
additional traps in 2017, increasing the distance from the
nearest active cowbird trap to 5.3–23.3 km. Based on results
from 2017, we closed all cowbird traps across the core
breeding range in 2018.

Field Methods
To estimate cowbird abundance at our study sites, we
conducted point count surveys along the trap‐distance
gradient (2015–2017). Survey locations (n= 78) were
located≥250m apart but otherwise spread randomly across
occupied breeding habitat at our study sites. We conducted
surveys on days without heavy rain or wind, between dawn
and 1000 EST from 15 June to 15 July. Each survey lasted
21 minutes: 10.5 minutes without playback, followed by
10.5 minutes with cowbird song and chatter‐call playback
(Wildfire 2 Speaker; FOXPRO, Lewistown, PA, USA).
Previous work reported that playback increases cowbird
detectability (Rothstein et al. 2000). We accounted for
imperfect detection by using temporal removal (Farnsworth
et al. 2002), but we detected so few cowbirds we could not
use standard point‐count analysis to estimate detectability
and abundance. Therefore, we simply report the number
and location of cowbird detections.
We used adult behavioral cues to find as many Kirtland’s

warbler nests as possible each year. Once located, we recorded
the global positioning system (GPS) location (±15m),
determined the presence of cowbird eggs or young, and
returned every 3–5 days to check nest contents. From 2015 to
2017, we included only nests at our study sites, but in 2018
we also included nests (n= 27) of radio‐tagged adults from
sites across the core breeding range that were part of another
study. Because so few nests were parasitized, we could not use
binary logistic regression to predict parasitism with distance
from the nearest active trap. We instead report the number of
nests parasitized and distances to the nearest active trap. We
calculated distances in QGIS (QGIS version 2.18, www.qgis.
org, accessed 2 Jul 2018). All field research was approved by
the Smithsonian’s Institutional Animal Care and Use
Committee (protocol number 15‐06).

BBS Analysis
Data on local, regional, and range‐wide cowbird abundance
came from the North American Breeding Bird Survey
(BBS), a large‐scale citizen science program in operation
since 1966 (Sauer et al. 2015). Because the USFWS
cowbird control program started in 1972, we restricted our
analysis to BBS data collected between 1973 and 2015.

Each May or June, at thousands of BBS routes across the
United States and Canada, trained observers record all birds
seen or heard during 3‐minute point counts at 50 regularly
spaced stops along a 39.4‐km route. For our analysis, we
summed the stop‐level counts of cowbirds, resulting in a
single count for each route in each year. Following Sauer
et al. (2015), we included only counts that used the standard
BBS survey protocol (run protocol ID= 101) and that were
judged to meet BBS quality criteria (run type= 1).
To estimate trends in cowbird abundance, we used a BBS‐

specific Bayesian hierarchical generalized linear model to
account for observer experience and random observer effects
(Link and Sauer 2002). We fit this model at 3 nested spatial
scales: locally (i.e., routes within 50 km of the Kirtland’s
warbler core breeding range [n= 22]), regionally (i.e., all
routes within the Great Lakes Region [Bird Conservation
Regions 12, 13, and 23; n= 547]), and range‐wide (i.e., all
BBS routes in the U.S. and Canada [n= 4,723]; Fig. 2). At
each scale, we modeled the cowbird counts (y

i t,
) as an over‐

dispersed Poisson random variable with the expectation i t,λ ,
where t represents the year of the count and i is a unique
combination of route and observer:

y Poisson

log t t I i t1 ,

i t i t

i t i t i t

, ,

, ,

∼ λ

λ α β ω η γ ε

( )

( ) = + ( − ) + + ( ) + +⁎ (1)

where α is an intercept term, 1β is the linear trend in
abundance, t ⁎ is the first year of the study, iω is a random
observer and route effect, η is the effect of an observer’s first
year of service, I i t,( ) is a dummy variable indicating
whether the observer on route i in year t was a novice, tγ is a
random year effect, and i t,ϵ is an over‐dispersion term.
To test the hypothesis that the USFWS cowbird control

program had an effect on the local cowbird population, we
fit a fourth model that included an additional term in
equation 1, 2β , which modeled the expected counts in year t
as a function of the number of cowbirds trapped in year
t 1− . Prior to analysis, we scaled the trapping data to have a
mean of zero and a standard deviation of 1. We predicted
that 2 0β < if trapping reduced the number of cowbirds in
the population. We included only the 22 routes within
50 km of the Kirtland’s warbler core breeding range in this
model.
We fit all BBS models using JAGS version 3.3.0

(Plummer 2003) called from Program R version 3.3.1
(R version 3.5.1, www.r‐project.org, accessed 2 Jul 2018)
with package jagsUI version 1.4.9 (Kellner 2016). In
addition to the priors described above, we used half‐Cauchy
priors on all variance terms (Gelman 2006). We ran 3
chains for 25,000 iterations each after an adaptation phase
of 1,000 iterations and discarding the first 10,000 iterations
as burn‐in, resulting in 45,000 posterior samples of each
parameter. We confirmed convergence through R̂ values
and visual inspections of trace plots. We evaluated goodness
of fit using posterior predictive checks (Link and Sauer
2002). To determine whether the rate of population change
differed among the 3 spatial scales, we estimated posterior
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distributions for the differences between 1β parameters in
the 3 models (i.e., referred to as 1MIβ for the local cowbird
population in Michigan, 1GLβ for the Great Lakes Region,
and 1RWβ for the range‐wide scale). We used the proportion
of the posterior samples that were less than or greater than
zero to determine the probability that the 1β parameters
were different at each scale. We used the same method to
judge whether cowbird control reduced the number of
cowbirds: Pr 2 0β( ) < .

RESULTS

During point counts in 2015, we detected 2 cowbirds, both
2.9 km from the nearest active trap. In 2016, we detected 7
cowbirds, which were 2.8–6.5 km from the nearest active
trap. In 2017, we detected 11 cowbirds, 4.5–22.1 km from
the nearest active trap. From 2015 to 2018, we found 514
Kirtland’s warbler nests, 4 (0.8%) of which were parasitized
(Table 1).
Using BBS data, we determined that the local cowbird

population declined at a rate of 3.7%/year (95% CI=−5.01
to −2.33%). This decline was significantly faster than the
regional decline of 2.7% (95% CI=−3.09 to −2.44%,
Pr 1 1MI GLβ β[ < ] = 0.9), and the range‐wide decline of

1.6% (95% CI=−1.76 to −1.35%; Pr 1 1MI RWβ β[ < ] = 1.0;
Fig. 3). In the model that included an explicit trap effect on
local cowbird abundance, the trapping effect was weak and
negative ( 2β = −0.02) but not different from zero
(Pr 2 0β[ < ] = 0.6).

DISCUSSION

For the first time since the USFWS began trapping and
lethally removing cowbirds in 1972, we experimentally
reduced and then eliminated cowbird control across the
Kirtland’s warbler core breeding range in Michigan. We do
not have pre‐trapping cowbird abundance data at our study
sites with which to compare, but after trapping reductions
began, we detected only 20 cowbirds in 3 years of surveys
(2015–2017). We found that regardless of whether we
reduced (2015–2017) or eliminated (2018) cowbird control,
few Kirtland’s warbler nests were parasitized. Given the
weak response by the cowbird population, we could not

Figure 2. Map of Michigan, USA (A) and the United States and Canada
(B) showing the starting locations of North American Breeding Bird
Survey routes used to assess brown‐headed cowbird population trends at 3
spatial scales. The Kirtland’s warbler core breeding range in 2018 is
indicated by blue polygons. Routes in red pass through an area within
50 km of the core breeding range (n= 22). The starting locations of some
routes overlap, so only 18 routes are shown. Routes in dark gray represent
the Great Lakes Region (n= 547), and routes in light gray encompass
the United States and Canadian range of the brown‐headed cowbird
(n= 4,723).

Table 1. Number of nests of Kirtland’s warblers found per year, number
of parasitized nests, and their distances from the nearest active cowbird
trap, Michigan, USA.

Nests Parasitized nests

Year Number

Distance from
nearest

trap (km) Number %

Distance from
nearest

trap (km)

2015 157 0.5–12.1 1 0.6 4.6
2016 128 0.3–12.4 2 1.6 6.7, 6.7
2017 99 5.9–22.1 0 0.0
2018 130 1 0.8

Figure 3. North American Breeding Bird Survey population trends
(1973–2015) with 95% confidence intervals for brown‐headed cowbirds
found in the Kirtland’s warbler core breeding range in Michigan, USA, the
Great Lakes region, and range‐wide.
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determine the effective range of a cowbird trap or formally
test hypotheses. However, our results clearly indicate that
the cowbird control program can at least temporarily be
suspended across the core breeding range without endan-
gering the Kirtland’s warbler.
Our results are in stark contrast to the only other

cowbird control experiment of which we are aware. Black‐
capped vireo managers reported that parasitism rates
increased (2006= 7%, 2007= 13%, 2008= 23%, 2009=
33%, 2010= 19%) after they ceased trapping and shooting
cowbirds on the west side of Fort Hood, Texas, USA, but
remained low (0–4%) at nearby control sites where trapping
and shooting continued (Kostecke et al. 2010). Fort Hood
has long been within the year‐round range of cowbirds
(Lowther 1993), hosts a large cowbird population
(Peterjohn et al. 2000, Wiedenfeld 2000), and is surrounded
by agricultural lands (Kostecke et al. 2003). Cowbird
abundance is strongly associated with agriculture (Chace
et al. 2005), and therefore rapid reestablishment of the Fort
Hood cowbird population was perhaps inevitable. In
contrast, cowbirds did not expand their range to northern
Michigan until the late nineteenth century (Mayfield 1960,
1977), and Michigan has a smaller cowbird population than
Texas (Peterjohn et al. 2000, Wiedenfeld 2000). Moreover,
much of the area surrounding the Kirtland’s warbler core
breeding range consists of forest, rather than agricultural
lands. Therefore, site‐specific differences in cowbird abun-
dance and land use likely explain the different responses to
reduced cowbird control.
Our analysis of BBS data indicated that cowbirds have

been declining in the northern Lower Peninsula of
Michigan since cowbird control began in 1972. Between
1972 and 2014, the USFWS removed 158,555 cowbirds
from Michigan (x̄=3,687± 1,260 [SD] cowbirds/year; C. J.
Mensing, personal communication). During this same time
period, the local cowbird population declined significantly
faster than the regional or range‐wide populations. This
more rapid local decline is suggestive of an effect of
trapping, but by the early 1990s the local cowbird
population trend began to match the regional and range‐
wide trends closely (Fig. 3). Furthermore, when we
explicitly tested for an effect of trapping, we found that
the number of cowbirds trapped was a weak and non‐
significant predictor of cowbird abundance in the following
year. However, our power to detect an effect of trapping
may be limited by the fact that few (22 of 4,723 total routes)
BBS routes pass near the core breeding range of the
Kirtland’s warbler (Fig. 2). Although evidence for an effect
of cowbird trapping is mixed, it seems unlikely that trapping
alone influenced the population declines. Instead, it is
possible that reforestation and a decrease in agriculture in
the surrounding landscape reduced cowbird foraging habitat
and led to a smaller cowbird population. For example, after
reaching a historical low in 1980, Michigan forests
increased by over 800,000 ha (~11%) in the next 35 years,
much of which was the result of reversion from agricultural
lands (Pugh et al. 2015, 2016). Additionally, the number of
cattle dropped 26% from 1975 to 2015 in counties

containing BBS routes within 50 km of the Kirtland’s
warbler core breeding range and 35% in counties containing
occupied breeding habitat (U.S. Department of Agriculture
2018). Although cowbird trapping and a reduction in
agriculture may in part explain the local decline of cowbirds,
it remains unclear why cowbirds are declining regionally and
range‐wide.

The Future of Cowbird Control
In April 2018, the USFWS proposed to remove the
Kirtland’s warbler from the endangered species list (USFWS
2018). In their proposed delisting, they acknowledged that
Kirtland’s warblers were conservation‐reliant because the
species would require habitat creation and cowbird control
for the foreseeable future. Although habitat creation has not
been dependent on funding tied to the species’ endangered
status, cowbird control has been supported through ESA
funds since the program’s inception. In 2016, the MDNR
signed an agreement to assume responsibility for managing
cowbirds once the species is delisted and developed an
endowment fund to support cowbird control in perpetuity
(USFWS and MDNR 2015, USFWS et al. 2016). However,
the results of our experiment indicate that cowbird control is
not currently necessary to protect the Kirtland’s warbler
population in Michigan.
Because we do not fully understand why cowbirds have

declined so strongly in northern Michigan, it is impossible
to predict when the cowbird population will recover. As a
result, continued monitoring of cowbird abundance and the
rate of parasitism in Kirtland’s warblers is critical. We are
currently developing a cowbird monitoring program using
the adaptive monitoring paradigm (Lindenmayer and
Likens 2009). The goal of the monitoring program is to
estimate cowbird abundance across the Kirtland’s warbler
core breeding range. If cowbird abundance increases above a
pre‐determined threshold (see below) trapping and removal
would be reinstated. Replacing the cowbird control program
with a monitoring program will be most beneficial if
monitoring can be carried out at a reduced annual cost
compared to trapping and removal.
Potential cost savings cannot be currently estimated because

the level of monitoring necessary to accurately monitor
cowbird abundance is unknown. Over the next few years, a 3‐
person United States Department of Agriculture Wildlife
Services crew will intensively monitor cowbird abundance via
225 point counts repeated every 14 days in May and June.
The cost of monitoring at this intensity is roughly
comparable to the trapping program (~$110,000/yr), but
we are intentionally over‐sampling to determine the timing
and intensity of monitoring required. It is likely that such
intense monitoring will not be necessary, and therefore
substantial cost‐savings should be realized in the future. To
further enhance cost efficiency, we are exploring the use of
automated recording units (Shonfield and Bayne 2017),
which can reduce the cost of monitoring, particularly when
only 1 or a few species are of interest (Venier et al. 2017).
For the cowbird monitoring program to be effective in

protecting Kirtland’s warblers, 2 critical knowledge gaps
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must be filled. First, population modeling must be carried
out to estimate the upper threshold of nest parasitism that
the Kirtland’s warbler population could withstand (e.g.,
Smith et al. 2013, Wilsey et al. 2014). Brown et al. (2017)
recently modeled Kirtland’s warbler population viability
after simulated cowbird control reductions but assumed that
the parasitism rate would return to near pre‐control levels
(i.e., 41–57%) immediately. Given the discrepancy between
this assumption and our results, it remains unclear what the
maximum sustainable parasitism rate is for Kirtland’s
warblers. Second, we must determine how cowbird
abundance is related to parasitism rate. Prior to the
initiation of cowbird control in 1972, cowbirds were
abundant, but Kirtland’s warblers were critically endangered
(~200 singing males) and restricted to just a few patches of
forest (Mayfield 1960). Today,>2,300 singing males are
spread across the northern Lower Peninsula of Michigan
(C. J. Mensing, personal communication). Given these
changes, it is uncertain whether a return to historical
cowbird abundances would result in pre‐trapping parasitism
rates. Few nests were parasitized as part of our experiment,
so continued monitoring of Kirtland’s warbler nests without
cowbird control is necessary to reveal the relationship
between cowbird abundance and parasitism rate. Only once
both knowledge gaps are filled, can we can develop
appropriate cowbird abundance thresholds that would
trigger reinstatement of the control program.
Historically, cowbird control has been used as a blunt,

open‐ended instrument with the goal of eliminating nest
parasitism in the host population. This all‐or‐nothing and
never‐ending approach is expensive, and perhaps unneces-
sary because many songbird populations parasitized by
cowbirds are self‐sustaining (Rothstein and Peer 2005). Just
as in Kirtland’s warblers, determining the maximum
sustainable parasitism rate of the host population, and the
relationship between cowbird abundance and parasitism risk
would allow managers of other cowbird control programs to
produce defensible, quantitative goals for their programs.
We therefore strongly encourage other cowbird control
programs to continue or begin formal experimentation to
determine if cowbird control is necessary, and if so, at what
intensity. Rather than ending control all at once (Kostecke
et al. 2010), we recommend an adaptive management
approach that involves iteratively reducing control in
response to the results of the experiment. This approach
will allow managers to determine the intensity of control
required rather than simply determining if control is
necessary or not. Although outcomes of such experimenta-
tion are likely to be species‐ and location‐specific, they may
nonetheless prove valuable in increasing understanding of
host‐parasite population dynamics, reducing conservation
reliance, and lowering the cost of management.
In addition to its implications for cowbird control, our

study applies broadly to wildlife control programs. Around
the globe, millions of individuals from native wildlife
populations are killed each year to protect other wildlife,
humans, habitats, crops, and livestock. Examples include
large‐scale control of bird populations to protect crops

(Cheke et al. 2012, Linz et al. 2015), control of North
American beavers (Castor canadensis) to prevent flooding
and habitat damage, and control of canid populations to
protect livestock (Sillero‐Zubiri and Switzer 2004). Just as
with cowbird control, such programs are often open‐ended
and lack defensible, quantitative targets for the number of
animals removed. When unnecessary, inefficient, or over-
used, lethal control programs can result in public opposi-
tion, harm to non‐target species, increased toxicity of the
environment, misuse of limited resources, and may also
endanger sustainability of the species being controlled (Peer
et al. 2013, Linz et al. 2015). The use of carefully planned
adaptive management experiments can allow managers to
first determine if wildlife control is needed. Then, if control
is proven necessary, an adaptive management approach can
lead to an understanding of the links between the number of
animals removed and desired outcomes, allowing for
optimization of the control program.

Using Adaptive Management to Reduce Conservation
Reliance
Sustaining indefinite management for conservation‐reliant
species represents a formidable challenge to the conserva-
tion community (Scott et al. 2005, 2010). One obvious
solution is to provide conservation‐reliant species with
permanent protected status and the legally mandated
management that status entails. This is likely untenable
given ESA budget shortfalls, and significant public,
political, and corporate opposition to the ESA (Miller
et al. 2002, Stokstad 2005). Regardless, the USFWS has
proposed delisting (i.e., Kirtland’s warbler) and already
delisted several conservation‐reliant species such as the
black‐capped vireo, the North American brown bear (Ursus
arctos), and some populations of the gray wolf (Canis lupus).
Significant disagreement among the scientific community

exists regarding the wisdom and legality of delisting
conservation‐reliant species (Rohlf et al. 2014). Some have
suggested that post‐recovery delisting can occur if adequate
regulations or conservation management agreements
(CMAs) outside of the ESA exist (Scott et al. 2005,
2010; Goble et al. 2012). Bocetti et al. (2012) defines a
CMA as an appropriately funded, legally enforceable
partnership between stakeholders that guarantees that
necessary management continues after a species is delisted.
In the case of the Kirtland’s warbler and the black‐capped
vireo, the USFWS has signed CMAs with stakeholders in
an attempt to ensure management post‐delisting. Although
it appears that all parties intend to act in good faith, these
CMAs only require agencies to carry out management if
funding is available, are not legally enforceable, and can be
terminated at any time (USFWS and MDNR 2015;
USFWS et al. 2016; USFWS and The Nature
Conservancy 2017, USFWS and Texas Parks and Wildlife
Department 2017).
Regardless of the mechanism ensuring management for

conservation‐reliant species, sustaining such actions in the
long‐term will be challenging. As we have demonstrated,
reducing conservation reliance through adaptive
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management experiments represents one strategy for
lessening the institutional and financial burdens of indefi-
nite management. We recognize that using adaptive
management to reduce conservation reliance is not a
panacea, and that some management actions may not be
amenable to reduction or increased efficiency. Nonetheless,
we urge the management and research communities to
consider assessing conservation reliance using carefully
designed adaptive management experiments wherever
possible.

MANAGEMENT IMPLICATIONS

Kirtland’s warbler managers in Michigan can, at least
temporarily, safely suspend cowbird trapping. However,
because we cannot predict when cowbird management will
become necessary in the future, we recommend that
managers monitor the cowbird population and the rate of
brood parasitism in Kirtland’s warblers. To determine
quantifiable thresholds that would trigger reinstatement of
cowbird trapping, managers will need to determine the
relationship between cowbird abundance and parasitism rate
and estimate the maximum parasitism rate that the
Kirtland’s warbler population could withstand and remain
viable in the long‐term.
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