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Abstract

Wildfire and mountain pine beetle infestations are naturally occurring disturbances in western North American forests.
Black-backed woodpeckers (Picoides arcticus) are emblematic of the role these disturbances play in creating wildlife habitat,
since they are strongly associated with recently-killed forests. However, management practices aimed at reducing the
economic impact of natural disturbances can result in habitat loss for this species. Although black-backed woodpeckers
occupy habitats created by wildfire, prescribed fire, and mountain pine beetle infestations, the relative value of these
habitats remains unknown. We studied habitat-specific adult and juvenile survival probabilities and reproductive rates
between April 2008 and August 2012 in the Black Hills, South Dakota. We estimated habitat-specific adult and juvenile
survival probability with Bayesian multi-state models and habitat-specific reproductive success with Bayesian nest survival
models. We calculated asymptotic population growth rates from estimated demographic rates with matrix projection
models. Adult and juvenile survival and nest success were highest in habitat created by summer wildfire, intermediate in
MPB infestations, and lowest in habitat created by fall prescribed fire. Mean posterior distributions of population growth
rates indicated growing populations in habitat created by summer wildfire and declining populations in fall prescribed fire
and mountain pine beetle infestations. Our finding that population growth rates were positive only in habitat created by
summer wildfire underscores the need to maintain early post-wildfire habitat across the landscape. The lower growth rates
in fall prescribed fire and MPB infestations may be attributed to differences in predator communities and food resources
relative to summer wildfire.

Citation: Rota CT, Millspaugh JJ, Rumble MA, Lehman CP, Kesler DC (2014) The Role of Wildfire, Prescribed Fire, and Mountain Pine Beetle Infestations on the
Population Dynamics of Black-Backed Woodpeckers in the Black Hills, South Dakota. PLoS ONE 9(4): e94700. doi:10.1371/journal.pone.0094700

Editor: Marco Festa-Bianchet, Université de Sherbrooke, Canada
Received January 6, 2014; Accepted March 18, 2014; Published April 15, 2014

This is an open-access article, free of all copyright, and may be freely reproduced, distributed, transmitted, modified, built upon, or otherwise used by anyone for
any lawful purpose. The work is made available under the Creative Commons CCO public domain dedication.

Funding: Funding for this project was provided by the United States Forest Service Rocky Mountain Research Station agreement 07-JV-11221609-211 and the
National Fire Plan agreement 10-JV-11221632-178. The South Dakota Department of Game, Fish and Parks provided funding through agreement number 08-CO-
11221632-111 and the Wildlife Diversity Small Grants Program. This study was also made possible through State Wildlife Grant T-39-R-1, Study #2439, provided
by the South Dakota Department of Game, Fish, and Parks. CTR was also supported by the Missouri Chapter of the Wildlife Society, the University of Missouri ORG,
the James D.Chambers Memorial Scholarship, the Judy Southern Fellowship, and a TransWorld Airlines Scholarship administered by the University of Missouri. The
funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: A TransWorld Airlines scholarship administered by the University of Missouri was used in this study. There are no patents, products in
development or marketed products to declare. This does not alter the author's adherence to all the PLOS ONE policies on sharing data and materials.

* E-mail: rotact@missouri.edu

Introduction larvac) that is exploited by many species [8], [9] and wildlife
i . habitat in the form of standing dead wrees [7].

.“'t‘..\alt‘.rn North  American forests arc shaped by "“I'l{l-"tl Black-backed woodpeckers (Pecotdes arcticus) are emblematic of
disturbances. From small-scale canopy gaps to stand-replacing the role these natural disturbances play in creating wildlile habitat.
fires, disturbances are an important source of heterogencity and Black-backed woodpeckers are associated with habitat created by
e e T~ A - - ile . . - - . -
species  diversity  [1]. Wildfires  and  mountain  pine  beetle wildfire [10-14], prescribed fire [15], and MPB infestations [16
(Dentroctonus ponderosae, hercalter MPB) inlestations are disturbances 18]. Although black-backed woodpeckers are known o occupy
of particular interest to managers because of their widespread undisturbed [orests [19-21], densities in such habitat is low relative
occurrence and cconomic impacts. Wildfires burned an average off
2.7 million ha annually between 2001 and 2011 [2]. Many species

benelit [rom wildlires, [rom xylophagous msects that reproduce in

to recently burned forests [1], [20], and woodpeckers may avoid
undisturbed [orest altogether il recently burned forests are in close
proximity [22]. Despite the importance of recently disturbed
[orests o black-backed woodpeckers, wildlire and MPB inlesta-
tons reduce timber value and have historically been considered

tions occur irregularly in western forests, though cruptions impact undesirable. Considerable effort is thus pul into preventing or
millions of hectares and last for several years [6], [7]. Benelits of

dead and dying trees [3] to various ungulates that benefit from
improved [orage production [4], [5]. Widespread MPB infesta-

mitigating the cflects of these disturbances through [ire suppres-
MPB mlestations mclude a superabundant food resource (beetle sion, post-fire salvage logging, and sanitation logging, which may

contribute to habitat loss for black-backed woodpeckers [23], [24].
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As a resul, black-backed woodpeckers are considered a sensitive
species in Region 2 of the ULS. Forest Service, a species of greatest
conservation concern by the State of South Dakota [25], and have
recently been petitioned for listing under the Endangered Species
Act [26].

Identilying eflfective conservation strategies requires understand-
ing the relative value of wildlire, prescribed fire, and MPB
infestations o black-backed woodpeckers. However, considerable
uncertainty exists regarding the relative value ol these disturbane-
cs. Many authors consider black-backed woodpeckers a - [ire-
dependent species [12-14], [22], [27], [28] that rely on moderate
or high severity burns [29], [30]. Despite potential benefits to some
wildlifc species, [orest managers ofien [ocus on reducing  the
incidence ol high severity wildlires. Prescribed fire is one tool used
to meet this objective [31], but prescribed fire can dilfer from
wildfire in important ways. For example, prescribed [ires ollen
burn at low severity, while wildfires oficn burn at mixed or high
severity. Additionally, [orests are typically treated with prescribed
firc during spring or fall, when fires are casier o control [32],
while wildfires olicn burn during summer months [33]. Such
dillerences in timing can impact post-fire arthropod communitics
[34], [35], potendally allecting [ood resources for black-backed
woodpeckers. Therelore, while habitat created by presceribed [ire
may appear similar to habitat created by wildlire, the value of
prescribed fire 1o black-backed woodpeckers remains unknown.

Although typically associated with post-lire habitat, black-
backed woodpeckers are also attracted to MPB infestations. Black-
backed woodpeckers use MPB infestations in lodgepole pine (Pinus
conlorla) lorests in the Cascade Mountains of Oregon [16] and
ponderosa pine (Pinus ponderosa) [orests in the Black Hills of South
Dakota [17], [18]. Howcever, use of MPB inlestations is not
uniform across their range. For example, black-backed woodpeck-
ers were rarcly detected in MPB infestations in lodgepole pine
[orests in the northern Rocky Mountains [36] and in MPB infested
lodgepole pine/Douglas i (Prewdolsuga menziesis) [orests in British
Columbia [9]. Such apparent discrepancics cause uncertainty
regarding the value of MPB infestations in various [orest types o
black-backed woodpeckers.

We evaluated demographic rates of black-backed woodpeckers
in habitats created by summer wildlire, fall prescribed fire, and
MPB infestations in the Black Hills, South Dakota. We [irst
estimated adult and juvenile survival and reproductive rates of
black-backed woodpeckers occupying cach ol these disturbance
types. We then derived habitat-specific population growth rates as
a [unction of demographic paramcters. By evaluating habitat-
specific population growth rates, we clarily the relative value of
cach of these disturbances [or black-backed woodpeckers in the

Black Hills.

Materials and Methods

Study Sites

This study occurred in the Black Hills, South Dakota at study
sites representing habitat ereated by wildlire, prescribed fire, and
MPB infestations (Table 1). Study sites were sclected by [first
identilying forest patches that were burned by wildlire, burned by
prescribed fire, or infested with MPBs. Potenual study sites were
then searched for signs of woodpeckers, and those study sites
where woodpeckers were [ound were included in the stady. Sie
sclection was thus opportunistic because [orest patches needed o
be both disturbed and occupied by black-backed woodpeckers.
Because of the opportunistic nature of site sclection, the castern-
most study sites were burned by wildlire and the western-most
study sites were infested with MPBs (Table 1). We do not believe
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such placement allected our results because the Black Hills
National Forest is a maximum ol 65 miles wide, and we are not
aware ol any cast-west gradients that would influence black-
backed woodpecker population dynamics. All wildfire sites burned
during June or July (hereafier we use wildfire and summer wildfire
synonymously; see Table | for the year cach wildlire burned) and
all preseribed fire sites burned during September or October
(hercalter we use  prescribed  [ire and  [all  prescribed  [ire
synonymously; sce Table | for the year cach pres
burned). All study sites were predominately monotypic stands of

ribed fire

ponderosa pine, with occasional quaking aspen (Populus tremuloides),
paper birch (Betula papyrifera), and white spruce (Picea glauca) [37].
All preseribed fire and wildfire study sites contained trees that
burned at low, moderate, and high severity, although the
proportion of trees burned at cach severity category varied by
study site. All MPB study sites contained trees that had been
infested <1 year, -2 years, and =2 years. All study sites also
contained live trees unallected by wildlire or MPB infestations.
Ficld work began in April 2008 and continued year-round through
Aungust 2011, Additional licld work at preseribed fire study sites
occurred [rom May through August 2012,

Capture and Radio-telemetry

We used very high [requency radio-transmitters  (Advanced
Telemetry Systems, Isanti, Minnesota, USA; Lotck Wireless Inc.,
Newmarket, Ontario, Canada) o collect survival data [rom adult
and juvenile black-backed woodpeckers. We initially targeted adult
woodpeckers for capture by scarching study sites for signs ol
woodpeckers. We then used mist nets, hoop nets, and netguns [38]
o capture adult woodpeckers. Once captured, we weighed all
adults and attached a 3.0-3.3 g wransmitter [39]. Adult black-
backed woodpeckers weighed an average of 75 g (SD =5 g), so
transmitters weighed <<5% of an average adult bird’s mass [40].
We also marked cach bird with a unique combination ol colored
leg bands and a uniquely numbered US Fish and Wildlife Service
(USFWS) aluminum leg band. As radio-transmitter  batterics
[ailed, we attempted o recapture marked individuals and replace
transmitters. We supplemented recaptured birds with unmarked
birds that were captured opportunistically. Adult woodpeckers
with active transmitters were relocated at least once per month,
though most woodpeckers were relocated more [requently (mean
number of telemetry locations per month =6).

We captured black-backed woodpecker nestlings at the nest
cavily with a ‘chick-snagging” device and by accessing the nest with
a hole-saw [41]. We constructed chick-snageing devices by looping
fishing Iine through 1.27 cm plastic bing. At approximately 3-
days post-hatching, we captured nestlings with the chick-snagging
device by entangling them in the looped fishing line. All nestlings
captured with the chick-snageing device were fitted with a unique
combination of colored leg bands and a uniquely numbered
USFWS aluminum leg band but were not fued with radio-
transmitlers. We only used the chick-snageing device during the
2009 breeding season. We captured nestlings during all other years
by accessing the cavity with a 7.62 cm hole-saw approximately 3
days prior 1o fledging. All nestlings captured with the hole-saw
method were weighed and fitted with a unique combination of
colored leg bands and a uniquely numbered USFWS aluminum

leg band. Alicr capture with the hole saw, nestlings were placed
back in the cavity and the access hole was plugged. During the
2010 breeding scason, all nestlings (n=25) were litted with a 2.2 ¢
transmitter [39]. During the 2011 breeding scason, one randornly
sclected nestling [rom cach nest was fitted with a 2.2 g transmitter
until all available transmitters were used (z= 6). Nestlings weighed
an average of 57 g (SD =10 g) and transmitters weighed <<5% of
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