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ABSTRACT

Western North American forests are shaped by natural disturbances, which are an
important driver of habitat heterogeneity and species diversity. Wildfire and bark beetle
infestations are of particular interest to resource managers because of theireaidiespr
occurrence and potential economic impacts. These naturally occurring disturbances
create habitat for numerous wildlife species, which benefit from abundant food resources
in the form of beetle larvae, increased nesting opportunities in dead andregsgand
increased forage production though reductions in canopy cover. Despite these benefits,
wildfire and mountain pine beetle infestations reduce timber value and have historically
been considered undesirable. As a result, much effort has beeatogareventing or
mitigating the effects of these disturbances through fire suppressioifirpastivage
logging, and sanitation logging.

Black-backed Woodpeckers are emblematic of the important role these natural
disturbances play in creating wildlif@bitat, since they are almost completely restricted
to recently killed forests. Blaekacked Woodpeckers are strongly associated with
recently burned forests throughout their range. Blzatked Woodpeckers are also
associated with mountain pine beetifestations, particularly in isolated portions of their
range. Finally, recent evidence suggests that Bbacked Woodpeckers will use habitat
created by prescribed fire. Blatlacked Woodpeckers are attracted to these disturbed
forests because of béetarvae associated with dead and dying trees. Beetle larvae
typically occur in recently killed forest for only a short period, and disturbkitiee
forests therefore represent ephemeral habitats for Blacked Woodpeckers. Black
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backed Woodpeckeese considered a sensitive species by Region 2 of the U.S. Forest
Service and a Species of Greatest Conservation Concern by the StateloDakota. In
addition, the Blaclkbacked Woopecker has recently been petitioned for listing as a
Threatened or Erahgered species under the Endangered Species Act.

Identifying effective conservation strategies for Blgicked Woodpeckers
requires understanding the role of each of these major disturbances in maintaining
regional populations. However, considerableautainty exists regarding the relative
value of wildfire, prescribed fire, and mountain pine beetle infestations to-Biaked
Woodpeckers. This dissertation evaluates the relative role of each of these major
disturbances on population growth rates, Baange size and resource selection, food
resources, and movements of Bldcked Woodpeckers in the Black Hills, South
Dakota. Understanding how population growths rates vary across each of these major
disturbances is a cornerstone to developing effecibnservation strategies for this
sensitive species. An evaluation of habgpécific population growth rates is
complemented by an understanding of spatial requirements and vegetation conditions
within the home range of Bladkacked Woodpeckers, whigtill enable managers to
target specific vegetation conditions when developing conservation strategies. Both
population dynamics and space use can be affected by available food resources, and an
evaluation of foraging behavior can provide insight into mecsms driving patterns of
population growth and space use across habitats. Finally, understanding factors affecting
Black-backed Woodpecker movements among ephemeral habitat patches will provide

insight into how this species persists in a spatiallytangporally dynamic environment.
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We evaluated population growth rates of Blecked Woodpeckers in habitat
created by summer wildfire, mountain pine beetle infestations, and fall prescribed fire by
studying habitaspecific demographic rates. We studaetlilt and juvenile survival
probabilities and reproductive rates between April 2008 and August 2012 in the Black
Hills, South Dakota. We estimated hab#gaecific adult it = 137 adults) and juvenile (
= 73 juveniles) survival probability using Bayesianlti-state models and hab#at
specific reproductive success using Bayesian nest survival madeB5(nests). We
used these estimated demographic rates to calculate asymptotic population growth rates
using matrix projection models. Adult and juverslgvival and nest success were
highest in habitat created by summer wildfire, intermediate in mountain pine beetle
infestations, and lowest in habitat created by fall prescribed fire. Additionally, mean
adult and juvenile survival probability and meantrsescess declined slightly with
increasing number of years pdse. Consequently, mean population growth in habitat
created by summer wildfire was positive, while mean population growth was negative in
fall prescribed fire and mountain pine beetle sté¢ions. Population growth rates were
most sensitive to variation in adult and juvenile survival, and were least sensitive to
variation in nest success and the number of young fledged per successful nest.

We evaluated resource selection of Biaeicked VWoodpeckers by comparing
vegetation conditions at trees used by woodpeckers within their home range to trees
considered available to woodpeckers. We first estimated home range size using fixed
kernel density techniques € 28 in habitat created by sumnvaidfire, n = 19 in habitat

created by fall prescribed fire, and= 27 in mountain pine beetle infestations). We then
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evaluated resource selection using a Bayesian rasdi@cts discrete choice model£

5 woodpeckers in habitat created by summer wedh = 16 in habitat created by fall
prescribed fire, and = 8 in habitat created by mountain pine beetle infestations). Home
range size was smallest ir 2 year post summer wildfire habitat (mean home range size
=79 ha) and ¥ear post fall prescribed fire habitat (mean home range size = 143 ha).
Home rangesize was intermediate in mountain pine beetle infestations (mean home range
size = 307 ha) and was greatest-# $ear post fire habitat (mean summer wildfire home
range size = 430 hectares, mean fall prescribed fire home range size = 460 ha). The
relaive probability that a Blackacked Woodpecker used a tree within its home range
increased with increasing diameter at breast height (DBH) and basal area, and was
greatest on disturbangdled trees.

The differences in population growth rates and homgaaize among summer
wildfire, mountain pine beetle infestations, and fall prescribed fire may occur as a result
of differences in food resources among these habitats. We thus asked whether apparent
foraging success of Bladkacked Woodpeckers differed ang habitats created by
summer wildfire, mountain pine infestations, and fall prescribed fire. We counted the
number of successfully capturedwelocdo r i ng beetl e and &édsmall 6 |
Black-backed Woodpecker used for foraging and modeled thesgscas a function of
habitat (summer wildfire, fall prescribed fire, or mountain pine beetle infestation), tree
diameter, number of years pdse, and tree disturbance category (burn severity and age
of mountain pine beetle infestation). Apparent fargguccess for woedoring beetles

was greatest in habitat created by summer wildfire relative to fall prescribed fire and
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mountain pine beetle infestations. In contrast, apparent foraging success for small prey
was greatest in habitat created by moumpane beetle infestations relative to summer
wildfire. Assuming apparent foraging success reflects underlying differences in wood
boring beetle larvae abundance, Bkoacked Woodpeckers may have greater food
resources in habitat created by summer widfelative to fall prescribed fire.
Additionally, assuming food resources scale with prey size, Blacked Woodpeckers
foraging in habitat created by summer wildfire may acquire more food resources per tree
relative to mountain pine beetle infestations

We studied movement dynamics of Blaukcked Woodpeckers by tracking leng
distance movements with aerial telemetry. We modeled movement dynamics with
Bayesian multstate models that allowed for movements between burned forest and
mountain pine beetlefestations. We collected movement data between April 2008 and
August 2011 from 122 adult Bladkacked Woodpeckers that collectively totaled 771
months of observations. We observed a total of 18 dispersal events ranging f&im 4
km. We found that thprobability of dispersing during a single time step (1 month) was
associated with nest failure the previous time step and increased with increasing time
postfire, regardless of nest fate. We also found that dispersing-Beaked
Woodpeckers were molskely to move to a burned forest relative to the amount of
burned forest available.

The combination of results from all study components indicate that habitat created
by summer wildfires holds the greatest relative value to Blteaked Woodpeckers in

theBlack Hills. Mean population growth rates were positive only in habitat created by
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summer wildfires, home range sizes were smallestdrydar possummer wildfire

habitat, foraging woodpeckers consistently captured the most-baaty beetles in

habitat created by summer wildfires, and dispersing woodpeckers were most likely to
move to burned forest relative to availability. However, habitat created by summer
wildfire is ephemeral for Blackacked Woodpeckers. We found declining demographic
rates, icreasing home range size, and increasing probability of dispersing away from
habitat created by summer wildfire as the time since disturbance increased. Our results
suggest 22 year post summer wildfire habitat may have the greatest relative value to
Black-backed Woodpeckers. We recommend the most efficient strategy for maintaining
regional populations of Blaekacked Woodpeckers is to retain patches-2fykar post
summer wildfire habitat by exempting portions of recently burned forest from salvage
logging. Recently burned foregiatcheshouldbe at least 40 200 hectares and

primarily composed 0627 nf basal area / ha of trees that burned at moderate or high
severity, with at least 40% of the basal area composed ofQ@&#gsm DBH.

Mountain pinebeetle infestations may become more important to Bleaked
Woodpeckers as burned forests age. Indeed, population growth rates in mountain pine
beetle infestations are likely intermediate between recently burned forests and completely
undisturbed forest potentially buffering population declines when recently burned
forests are not available. The decreased mean population growth rates in mountain pine
beetle infestations relative to habitat created by summer wildfire is likely driven by
reduced adultrad juvenile survival. Predators of Blablacked Woodpeckers may forage

more efficiently in mountain pine beetle infestations, which have more canopy cover
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relative to recently burned forests. Additionally, unburned trees may afford less
camouflage to faging Blackbacked Woodpeckers, exposing them to more predators.
The low population growth rates estimated in habitat created by fall prescribed
fire suggest, under the conditions we evaluated, that this habitat holds little value to
Black-backed Woodpecks. The low growth rates in this habitat may be attributed to
timing, extent, and severity of fall prescribed fire relative to summer wildfire. Prescribed
fires in this study occurred during fall months, while wildfires occurred during summer
months. TIs may impact the ability of woeldoring beetles to immediately colonize fall
prescribed fires and may consequently lead to reduced food resources we observed in fall
prescribed fires. Additionally, prescribed fires tend to burn at lower severity and over
smaller spatial extent relative to wildfires, which may alter predator communities

between the two disturbance types.
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CHAPTER 1: THE ROLE OF WILDFIRE, PRESCRIBED FIRE, AND
MOUNTAIN PINE BEETLE INFESTATIONS ON THE POPULATION
DYNAMICS OF A DISTURBANCE-DEPENDENT SPECIES
ABSTRACT
Wildfire and mountain pine beetle infestations are naturally occurring disturbances in
western forests that benefit numerous wildlife species. Blacked Woodpeckers are
emblematic of the important role thesatural disturbances play in creating wildlife
habitat, since they are almost completely restricted to distikibed forests. However,
management practices aimed at reducing the economic impact of natural disturbances can
result in habitat loss for thisensitive species. Although Blaolkicked Woodpeckers
occupy habitat created by wildfire, prescribed fire, and mountain pine beetle infestations,
the relative value of these habitats in maintaining regional populations remains unknown.
We studied habitaspecific adult and juvenile survival probabilities and reproductive
rates between April 2008 and August 2012 in the Black Hills, South Dakota. We
estimated habitagpecific adult it = 137 adults) and juvenile & 73 juveniles) survival
probability usig Bayesian multstate models and habispecific reproductive success
using Bayesian nest survival modeais=(95 nests). We then used these estimated
demographic rates to calculate asymptotic population growth rates with matrix projection
models. Aduland 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. Consequently, mean population growth in habitat created by summer
wildfir e was positive, while mean population growth was negative in fall prescribed fire
and mountain pine beetle infestations. Our finding that mean population growth rates

were positive only in habitat created by summer wildfire underscores the need to



maintan early postwildfire habitat across the landscape. The timing of prescribed fire,
coupled with reduced size and lower severity relative to wildfire, may affect food and

predator communities, contributing to lower population growth in this habitat.

Intro duction

Western North American forests are shaped by natural disturbances. From small
scale canopy gaps to stareplacing fires, disturbances are an important source of
heterogeneity and species diversity in western lands¢@oesiell 1978) Wildfire and
mountain pine beetldgentroctonus ponderosakereafter MPB) infestations are of
particular interest to land managers because of their widespread occurrence and economic
impacts. Wildfires burned an average of 2.7 million ha annually in the decackebet
2001 and2011 (NIFC 2013) and maye increasing in size and frequerfiéyesterling et
al. 2006) Many species benefit from wildfires, from xylophagous insects that reproduce
in dead and dying tre¢SaintGermain et al. 2004p mule deer@docoileushemionuy
and whitetailed deer Qdocoileus virginianus which may benefit from improved forage
(Keay and Peek 1980, Zimmerman et al. 2008)jdespread MPB infestations occur
irregularly in western forests, though eruptions often impact millions ofrescaéad last
for several years at a tinfallen et al. 2001, Raffa et al. 2008, Man 2018enefits of
MPB infestations include a superabundant food resource (beetle larvae) that is exploited
by many vertebrate and invertebrate speedfa et al. 2008Drever et al. 2009,

Edworthy et al. 20113nd wildlife habitat in the form of standing dead tr@eaffa et al.

2008)



Black-backed Woodpecker®icoides arcticushave become emblematic of the
positive and regenerative role these natural disturbancgsphgestern forests. Blaek
backed woodpeckers are associated with habitat created by w(ifitte 1995, Murphy
and Lehnhausen 1998, Dudley and Saab 2007, Nappi and Drapeau 2009, Dudley et al.
2012) prescribed fir¢Russell et al. 2009and mountaipine beetle (MPB) infestations
(Goggans et al. 1989, Bonnot et al. 2008, 20M)ldfire and MPB infestations reduce
timber value and have historically been considered undesirable. As a result, much effort
has been put into preventing or mitigating tieas of these disturbances through fire
suppression, podire salvage logging, and sanitation logging. Continued efforts to
reduce the impacts of natural disturbance in western forests can result in habitat loss for
the Blackbacked Woodpecker, which considered a sensitive species by Region 2 of
the U.S. Forest Service and a Species of Greatest Conservation Concern by the State of
South Dakota (South Dakota Department of Game, Fish & Parks 2006). In addition, the
Black-backed Woopecker has recentlyeen petitioned for listing as a Threatened or
Endangered species under the Endangered Speci@daison et al. 2012)

Identifying effective conservation strategies for Blgicked Woodpeckers
requires understanding the role of each of these majarrliistces in maintaining
regional populations. However, considerable uncertainty exists regarding the relative
value of wildfire, prescribed fire, and MPB infestations to Blaekked Woodpeckers.

Many authors consider Bladgkacked Woodpeckers a fiteependent speciefixon and
Saab 2000Hoyt and Hannon 200RQudley and Saab 200Autto 2008 Nappi and
Drapeau 2011, Dudley et al. 2012dh a survey of all major northern Rocky Mountain

vegetation classes, Huttb995)found the Blackbacked Woodpecker ady restricted to



postfire habitat, which led to the hypothesis that burned forest acts as a population
source for Blackbacked Woodpeckers while unburned forest acts as a population sink.
Within postwildfire habitat, Blackbacked Woodpeckers appeabtfurther restricted
to early posfire conditions(Murphy and Lehnhausen 1998, Nappi and Drapeau 2009)
and forest that burned at moderate or high sev@tiggson and North 2008, Hutto 2008)
Despite potential benefits to wildlife species, forest marsagen focus on
reducing the incidence of high severity wildfires. Prescribed fire is one tool forest
managers use to meet this object{i@eaham et al. 2004)An attractive feature of using
prescribed fire to reduce the incidence of ksgiverity fireis that Blackbacked
Woodpeckers are known to use forests treated with prescribg®dissell et al. 2009)
potentially allowing managers to simultaneously meet multiple management objectives.
However, prescribed fire can differ from wildfire in impamt ways. Prescribed fires
often burn at low severity, while Bladbkacked Woodpeckers are often associated with
high-severity burngHanson and North 2008, Hutto 2008\nother important difference
is the timing of prescribed fire. Forests are typicaiyated with prescribed fire during
seasons when burns are easier to control, such as spring or fall (orapp et al.
2009) while wildfires typically burn during summer monttigrown and Hull Sieg
1996) Such differences in timing of fire can impacistfire arthropod communities
(Ferrenberg et al. 2006, Johnson et al. 2008jentially affecting food resources for
Black-backed Woodpeckers. Therefore, while habitat created by prescribed fire may
appear superficially similar to habitat created bigfive, the value of prescribed fire to

Black-backed Woodpeckers remains unknown.



Although typically associated with pefste habitat, a growing body of literature
suggests Blackacked Woodpeckers are attracted to MPB infestations as well. -Black
backedwWoodpeckers have been documented using MPB infestations in lodgepole pine
(Pinuscontortg forests inthe Cascade Mountains of Oreg@@oggans et al. 198@)nd
are known to successfully reproduce in MPB infestations in ponderosaPmoes (
ponderosaforests the Black Hills of South Dakgiaonnot et al. 2008, 2009 However,
apparent use of MPB infestations is not uniform across their range. For example,
Cilimburg et al.(2006)rarely detected Blackacked Woodpeckers in MPB infestations
in lodgemwle pine forests in the northern Rocky Mountains, despite considerable survey
effort. Additionally, in a 15/ear study of woodpecker responses to MPB infestations in
lodgepole pine / Douglas fiP6eudotsuga menzigsiorests in British Columbia,

Edworthy et al.(2011)describe Blackh ac ked Woodpeckers as O6rar e
excluded them from analysis. Such apparent discrepancies create uncertainty regarding
the value of MPB infestations in various forest types to Blzatked Woodpeckers.

For thisstudy, we evaluated the role of habitat created by summer wildfire, fall
prescribed fire, and MPB infestations on the population dynamics of-Beaked
Woodpeckers in the Black Hills, South Dakota. We first estimated adult survival,
juvenile survivaland reproductive rates of Blatiacked Woodpeckers occupying each
of these disturbance types. We then derived hadyatific growth rates as a function of
underlying demographic parameters. By evaluating hadyatific population growth
rates, we a#mpt to clarify the role each of these disturbance types play in maintaining

regional populations of Blaekacked Woodpeckers.



Methods

Study Sites

This study was divided among several study sites in the Black Hills, South Dakota
representing habitat creat by wildfire, prescribed fire, and MPB infestations (Table
1.1). All wildfire sites burned during the months of June or July (hereafter we use the
term wildfire and summer wildfire synonymously) and all prescribed fire sites burned
during the months dbeptember or October (hereafter we use the term prescribed fire and
fall prescribed fire synonymouslyAll study siteswere predominately monotypic stands
of ponderosa pineP{nus ponderogaforest, with quaking aspe@¢pulus tremuloidgs
paper birch Betula papyrifery, and white sprucePfcea glaucdoccurring less
frequently(Hoffman and Alexander 1987All sites were also composed of a
heterogeneous mix of disturbed trees. All burned study sites (prescribed fire and
wildfire) contained a mix ofrees that burned at low, moderate, and high severity,
although the relative proportion of trees burned at each severity category varied by study
site. Similarly, all MPB study sites contained trees that had been infested < 1-%ear, 1
years, and > 2 yeardAll study sites also contained live, undisturbed trégsld work
began in April 2008 and continued ygaund through August 2011. Additional field
work at prescribed fire study sites occurred from May through August 2012.
Capture andRadio-telemety

We used very high frequency (VHF) radransmitters to collect survival data
from adult and juvenile Blackacked Woodpeckers. We captured adult woodpeckers

using mist nets, hoop nets, and netguns. Mist nets were used with limited success only



duringthe 2009 and 2010 breeding seasons and were quickly abandoned in favor of the
more efficient hoop net and netgun capture apprfasiman et al. 2011)

We initially targeted adult blackacked woodpeckers for capture by searching
potential study sites farigns of woodpeckers. Once captured, all adults were weighed
and a 3.0 3.3 g transmitter was attach@lappole and Tipton 1991)Adult black
backed woodpeckers captured weighed an averageg(sd = 5g) sotransmitters
weighed < % of an av e masgFaireal 2d1@) Wealso rdadked each
bird with a unique combination of colored leg bands and a uniquely numbered USFWS
aluminum leg band. As VHF radicansmitter batteries failed, we attempted to recapture
previousy 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 rebcated more frequently (mean number of telemetry locations per month = 6).

We capturedblack acked woodpecker nestlings at
snaggingd device and by dbarzabadand Tmegbldayhe nes't
2006) OCMyigt kgd devices were constructed by
inch plastic tubing. At approximatelydays poshatching, we attempted to capture
nestlings with the chicknagging device by entangling them in the looped fishing line
and pulling themrbm the nest. All nestlings captured with the cksalagging device
were fitted with a uniqgue combination of one USFWS aluminum leg band and three
colored leg bands, but were not fitted with rattensmitters. We only used the chick
snagging device durg the 2009 breeding season. We captured the rest of the nestlings

by using a dnch holesaw to drill into the side of the cavity. Nestlings were captured



with the holesaw method approximately 3 days prior to fledging. All nestlings captured
with thehole-saw method were weighed and fitted with a unique combination of one
USFWS aluminum leg band and three colored leg bands. During the 2010 breeding
season, all nestlings € 25) were fitted with a 2.2 g transmit{@appole and Tipton
1991) During he 2011 breeding season, one randomly selected nestling from each nest
was fitted with a 2.2 g transmitter until all available transmitters were ause@)(
Nestlings weighed an average57g(sd = 10g) and transmitters weighed <5% of an
average nestlig 6 s (Faimes$ &. 2010) Fledglings with active transmitters were
relocated as soon as possible after emerging from the nest anegbtherweek
thereafter. Fledglings that were not given transmitters were relocated by observing radio
marked parestprovisioning individuallynarked young.
Reproductive Success and Number of Young Fledged

We located nests by systematically searching study areas, by following birds to
their nestgMartin and Geupel 1993and opportunistically while collecting field @a
(e.g., hearing nestlings while collecting field data). We visited nests eveoags
during the 2009 2011 breeding seasons until either the nest failed or fledged young.
Because of logistic constraints, nest visits were less regular during 8@20@012
field seasons and the mean interval between nest visits was 4 days. During nest visits, we
examined nest contents using a nest camera attached to a telescop{Rgonaifoot
1996,Huebner and Hurteau 2007)\Ve assumed the number of younglfjed was the

number of nestlings present in the nest during our last visit prior to fledging.



Estimating Adult and Juvenile Survival

We estimated adult and juvenile survival probabilities using a Bayesian multi
state mark recapture (MSMR) mod®illiams et al. 2002, Converse et al. 2011)e
considereda3t ate model where adult woodpeckers
(state 1), O6édetected dead6 -btatdnmtekallotved, or 06
us to include woodpeckers with bathtive and inactive transmitters in the same analysis.
We assumed the following stattr@nsition matrix:

state at time

1 2 3

1 f]%o I'] p %o P I'] %0 p %o

state at time-1 2 0 1 0

3 f]%o f] P %o P h %0 P %o

where woodpeckers transition from the state along the row (the state &t tihto the
state along the column (the state at tiingith the associated cell probability. Detection
probability, denoteg, is the probability woggeckeri is detected by the end of timestep
t. Survival probability, denoted;, is the probability woodpeckeis alive at the end of
timestept. We thus model ed ataswmomltnpneatrkneomés st at
variable:
i O GO® Ed QB A Ip
whereE i s the row of the state transition ma

at timet 71 1.



We modeled adult and juvenile detection and survival probability during each
time step as a function of covariates. We assumenharith time step for adult
detection and survival probability and av2ek time step for juvenile detection and
survival profability. We modeled adult and juvenile detection probability as a function
of whether woodpeckerhad an active transmitter during timestépppendix 1
Detection Probability. Juveniles that were colwanded but did not receive a transmitter
were caled as having an inactive transmitter. We modeled monthly adult survival
probability as a function of sex, season, habitat (wildfire, prescribed fire, and MPB
infestation), and number of years péis¢ (Appendix 1 Adult Survival Probability.
Similarly, we estimated biveekly juvenile survival probability as a function of habitat,
the number of years peBte, and the number of twaveek time intervals since fledging
(Appendix 1 Juvenile Survival Probabilijy Juvenile detection histories began trst la
time interval before they fledged (i.e. the last full tweek interval they remained in the
nest) and lasted through the end of March the following year. Thus, the first transition
included the period when juveniles fledged from the nest.
Estimating Nest Success

We estimated daily nest survival probabilities using a Bayesian adaptation of
Di ns mor €002)nestaurvivél model. We modeled daily survival probability as a
function of habitat and time since firdgpendix 1 Daily Nest Survival Proability).
Detection histories for all nests started the first day a nest was found. Detection histories
for successful nests continued until the last date the nest was observed active (Stanley
2004) and detection histories for unsuccessful nests enddilst date nest failure was

observed. For failed nests, we treated the days between the last observation of an active
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nest and the first observation of a failed nest as missing data and imputed the response
variable during this period.
Estimating the Expected Number of Young Fledged

We modeled the number of young fledged from each successful nest using a zero
truncated Poisson model. A zdrancated Poisson model is appropriate when a count
cannot be 0 (successful nests fledge at least 1 young Iojtidefi. We modeled the
number of young fledged per successful nest as a function of h&mer(dix 1
Expected Number of Young Fledped
Estimating Habitatspecific Population Growth Rates

We calculated habitegpecific annual population growth rafes Black-backed
Woodpeckers occupying habitat created by wildfire, prescribed fire, and MPB

infestations using a-8age femakdased prdoreeding projectiomatrix (Caswell 2001)

wherem, is habitat specific fecundityy  is the habitaspecific probability a juvenile

will survive to the adult stage, agd is habitat specific annual female adult survival
probability (Appendix 1 Scaling Demographic RatesWe evaluated how ssitive

population growth rates were to variation in component demographic rates using life
stage simulation analysfgVisdom et al. 2000) Using this approach, we calculated the
proportion of variation in population growth rates explained by variaticonmponent
demographic rates by regressing estimates of population growth rate against the value of
the component demographic rate for each of the 300,000 simulations and calculating the

coefficient of determinatiorr{) from simple linear regression.
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Reallts

Adult and Juvenile Survival

Prior to analysis, we censored detection histories of adult birds with inadequate
data or whose mortality was possibly a result of captlr¢otal, we censored complete
detection histories for 7 adults (1 that died thee month as initial capture and 6 that
were recovered dead the first observation after their initial capture) and censored
mortality events for 4 adults that were recovered dead the first observation after a
recapture. After censoring, we estimated saiibased on detection histories of 140
adult woodpeckers. Detection histories for adult birds consisted of 369, 406, and 164
cumulative months at risk of dying in habitat created by wildfire, MPB infestations, and
prescribed fire, respectively. We weneable to determine the source of mortality for the
majority of adult birds recovered dead, though one transmitter was recovered in the
vicinity of a Northern GoshawlAccipitergentili§ nest and apparent
(Accipiter cooperij feathers wereacovered close to another transmitter.

Mean annual adult survival probability was greatest in habitat created by wildfire,
intermediate in habitat created by MPB infestations, and lowest in habitat created by
prescribed fire. For example, mean annualtdeuhale survival probability was 0.75
(95% CI =[0.54, 0.91]) in¥ear poswildfire habitat, 0.65 (95% CI =[0.45, 0.83]) in
MPB infestations, and 0.50 (95% CI = [0.20, 0.79]) ipe2r pos{prescribed fire habitat
(Fig. 11). Mean annual adult survivarobability was nearly identical between sexes and
declined slightly as time since fire increased. Finally, mean monthly survival probability
was slightly greater during the breeding season relative to thbreeding season (Fig.

1.2).
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Prior to analys, we censored the detection history for 1 juvenile that died before
fledging. After censoring, we estimated juvenile survival from detection histdriés
woodpeckers. Detection histories for juvenile woodpeckers consisted of 119, 139, and 44
cumulatve time steps (Rveek intervals) at risk of dying in habitat created by wildfire,
MPB infestations, and prescribed fire, respectivéle were unable to determine the
source of mortality for the majority of juvenile birds recovered dead, though one
trangnitter (and color bands) was recovered from a Great Horned Bb(virginianu$
pellet, another was found in the vicinity of a Raded Hawk Buteo jamaicens)sest,
and another was recovered in a squirrel midden.

Patterns of juvenile survivarobability closely tracked patterns of adult survival
probability. The mean probability of juvenile Blablacked woodpeckers surviving to
the adult stage class was greatest in habitat created by wildfire, intermediate in habitat
created by MPB infestatns, lowest in habitat created by prescribed fired declined as
the time since fire increased. For example, the mean probability a juvenile survived to
the adult stage class (which we assumed took 42 wapkendix ) was 0.64 (95% CI =
[0.25, 0.91]) n 2-year poswildfire habitat, 0.35 (95% CI =[0.11, 0.62]) in MPB
infestations, and 0.15 (95% CI = [0, 0.55]) wy@ar posfprescribed firdabitat (Fig.

1.3). Themeanprobability of juvenile survival was lowest immediately after fledging,
and increasd as the number of time steps fledged increased1(Big.
Nest Success and Number of Young Fledged

We suspected some nest failures were related to capture at the nest cavity with the

hoop net. We thus censored 14 nest failures (13 that occurredsthasiirfollowing

capture with the hoop net and 1 that occurred because of cagiatel adult mortality),

13



though we retained detection histories through the last day each nest was observed active.
We estimated the probability of a nest successfudigding at least one young from 95

nests: 40 in habitat created by wildfire; 35 in MPB infestations; and 20 in habitat created
by prescribed fire. We were unable to determine the cause of most nest failures, though a
prairie rattlesnakeQrotalus viridig was observed in one failed nest and a pair of adult
Black-backed Woodpeckers was observed defending a nest from a squirrel on a separate
occasion.

Patterns of nest success followed similar patterns as adult and juvenile survival in
relation to habitat. Tédamean probability of a nest fledging at least one young was
greatest in habitat created by wildfire, intermediate in habitat created by MPB
infestations, lowest in habitat created by prescribed fire, and decreased as time since fire
increased. For exanmglthe mean probability of successfully fledging at least 1 young
was 0.72 (95% CI = [0.55, 0.86]) iny2ar poswildfire habitat, 0.59 (95% CI =[0.40,

0.77]) in MPB infestations, and 0.45 (95% CI = 0.23, 0.67]}year posiprescribed fire
habitat (Fg. 1.5).

We estimated the expected number of young fledged per successful nests from 50
successful nests: 23, 18, and 9 in habitat created by wildfire, MPB infestations, and
prescribed firerespectively. The expected number of young fledged per sudcessfu
was greatest in habitat created by prescribed fire (mean fledged = 2.05, 95% CI =[1.44,
2.95])and nearly identical betweérabitat created by wildfire (mean fledged = 1.80,

95% CI = [1.44, 2.28]) and MPB infestations (mean fledgdd81, 95% CI -1.41,

2.35]).
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Habitat-specific Population Growth Rates

Mean population growth rates were positive only in habitat created by wildfire
For example_l= 1.16in 2-year poswildfire habitatand 84% of the posterior density of
estimated population growthtes was > {Fig. 1.6). Mean population growth rates were
negative in habitat created by MPB infestatiods 0.84) and 10% of the posterior
density of estimated population growth rates in MPB infestations was > 1. Mean
population growth rates weedso negative in habitat created by prescribed firer
example_[= 0.57in 2-year postprescribed fire habitatnd < 1% of the posterior density
of estimated population growth rates wask. >Variation in adult survival rates
consistently explained the most variation in population growth rates (I&)land the
probability a juvenile survived to the adult stage class was also an important source of
variation in population growth rategecundity parameters explained very little variation

in population growth rates, particularly in habitat created by prescribed fire.

Discussion

This study helps clarify the relative value of wildfire, prescribed fire, and MPB
infestations in maintainingegional populations of Blaekacked Woodpeckers in the
Black Hills, South Dakota. Mean population growth rates were positive only in habitat
created by summer wildfire, while mean population growth rates were negative in
habitats created by MPB infestat®and fall prescribed fire. These findings support
long-standing hypotheses that recently burned forests are population sources fer Black
backed Woodpeckers, while unburned forests, such as MPB infestations, may be

population sinks (Hutto 1995). Furthéne negative population growth we observed in
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habitat created by fall prescribed fire indicate this management tool, under the conditions
we evaluated, is not a viable substitute for summer wildfire.

Habitat created by prescribed fire differed frbabitat created by wildfire at our
study sites in two primary ways, both of which may harbor important biological
consequences. First, managers treated sites with prescribed fire in September or October.
In contrast, wildfire sites burned during June daly. This difference in timing may
affect postfire arthropod communities. For example, some specie®oftboring
beetles have sensors capable of detecting compounds emitted from burnin@aladd
et al. 1999pnnd can rapidly colonize a recentlyrbed forest. However, these beetles
may not be active during autumn months and thus may not be able to immediately
colonize lateseason prescribed burns. As a consequence -laaty beetle abundance
in habitat created by prescribed fire may be lowtre¢ to habitat created by wildfire,
leading to different food resources for Blao&cked Woodpecker€hapter 3. Second,
the prescribed fire study sites tended to be smaller in area and burned at lower severity
relative to the wildfire study sites. Bmay result in different predator communities
between the two types of disturbed forest because many species respond differently to
different burn severitie€Smucker et al. 2005)These potential differences between
habitats created by prescribed faed wildfire may impact demographic rates of Black
backed Woodpeckers.

Our sensitivity analysis provides insight into how these potential differences may
lead to the lower growth rates observed in habitat created by prescribed fire. In all
habitats, Blackbacked Woodpecker population growth rates were most sensitive to

changes in adult and juvenile survival. If the timing of prescribed fire affects-wood
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boring beetle abundance, this may affect the food resources available td)B8tkekl
Woodpeckers, whitin turn may impact survival rates. This may particularly affect
juvenile survival rates, since recently fledged woodpeckers rely on provisioning from
adults for several weeks peftdging. Adult and juvenile survival rates may also be
affected by potetial differences in predator communities between habitads.example,
Northern Goshawks, a known predator of Blaeicked Woodpeckers in tiBdack Hills
(C.T. Rotaunpublished datg preferentially nest in closed candijoyest (Squires and
Reynolds 197) and may be lessbundant in severely burned forest relative to unburned
forest or forest that burned low severity. Such sé@ndwait predators may also forage
less effectively in low canopgover forest because they have fewer opportunities for
corcealment.

We were surprised that mean population growth rates were negative in habitat
created by MPB infestations, since woodpeckers readily occupy such habitat in
ponderosa pine forests in the Black Hills and have been demonstrated to successfully
breedin such habitagBonnot et al. 2008, 2009However, our finding is consistent with
previous hypotheses that Blablkcked Woodpeckers are a fatependent species and
that unburned forest may act as sink habitat when recent forest burns are not available
(Hutto 1995) Our findings may also help explain regional differences in the propensity
for Black-backed Woodpeckers to use MPB infestations. Blmuked Woodpeckers are
only documented using MPB infestations in lodgepole pine forests in the Cascade
Mountains of OregoriGoggans et al. 198@)nd in ponderosa pine forests in the Black
Hills of South DakotgBonnot et al. 2008, 2009)Both of these populations are isolated

(Pierson et al. 201@nd recently burned forest may be relatively rare across the

17



landscape, forcing the Oregon and Black Hills populations to settle in MPB infestations.
In contrast, Blaclkbacked Woodpeckers rarely use MPB infestations in more contiguous
portions of their range, such as lodgepole pine forests in the northern RockiaMsun
(Cilimburg et al. 2006and lodgepole pine / Douglas fir forests in BritiSblumbia
(Edworthy et al. 2011)perhag becase recently burned forest is more plentiful.

Habitat created by MPB infestations likely harbors some value to Blacked
Woodpeckers, even if mean population growth rates in this habitat were negative.
Indeed, 95% credible intervals of estimated growth rates overlapped 1, suggesting the
potential for positive population growth in this habitat during some years. We suggest
that, on average, Bladkacked Woodpecker population growth rates in MPB infestations
are intermediate between early pogidfire habitat and undisturbed forest. Our models
of adult, juvenile, and nest survival probability all predicted declines in these
demographic rates as a function of years-fiost which will lead to decreased
population growth rates as pastidfire habitat ages. Mountain pine beetle infestations
may thus improve in relative value to Blals&cked Woodpeckers as pogtdfire habtat
ages and may help buffer population declines when recent forest burns are not available.

The differences in Blackacked Woodpecker population growth rates between
habitat created by wildfire and MPB infestations reflects likely historic disturbance
paterns in the BlacKills. Allen et al. (2001) describe 7 discrete MPB outbreaks in the
Black Hills during the 28 century, including the current infestation. The extent of
individual outbreaks can be larger than the total forest area burned in amyeggve
However, during most years, MPBs exist at

describe as < 1 tree killed per acre per ydacontrast, Brown and Hull Sieg (1996)
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predicted a 16 year pgettlement mean fireeturn interval for ponderaspine forests in
Jewel Cave National Park, South Dakofamean firereturn interval reflects the average
time between fires at any given location, though fires probably burned different portions
of the Black Hills during most years. Evidence suggéstsd fires likely burned at
mixed severity, killing some trees while allowing others to live. The 16 year mean fire
return interval estimated in the Black Hills is longer than in many ponderosa pine forests
in thewestern US (Agee 1993, Brovamd Hull Sigg 1996), which may allow greater
accumulation of ladder fuels and subsequent greater levels of tree mortality during
wildfires. Additional evidence for a mixegkverity fire regime comes from early timber
surveys in the Black Hills, which documented exstea areas of firkilled trees
(Shinneman and Baker 1997). Finally, recent research suggests ponderosa pine forests in
general wer@robably subject to mixeseverity fire regimes (Baker et al. 2007,
Hessburg et al. 2007). Thus, wildfires that resulteat least minimal tree mortality
were probably much more predictable than widespread MPB infestations in the Black
Hills.

Wildfire and MPB infestations are naturally occurring disturbances, but
prescribed fire is a humataused disturbance that may résulpostfire conditions that
differ significantly from naturally occurring wildfires. Such human caused disturbances
may result in ecological traps if settlement cues are decoupled from the ultimate fitness
consequences of settling in a particular telitildén 1965, Schlaepfer et al. 2002).
Indeed, forests treated with prescribed fire appear superficially similar tovpdsie
conditions, and Blackacked Woodpeckers have been documented using such habitat

(Russell et al. 2009)Robertson and Hiat (2006)provide two criteria to demonstrate
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that a habitat is an ecological trap. One criterion is that a reasonable surrogate of fitness
differs between two or more habitats. We believe population growth rates are a
reasonable surrogate for individd@hess because this measure is a function of both
survival probability and reproductive success, both demographic parameters that impact
the genetic contribution of individuals to future generati@remmer et al. 2004)
Consequently, fitness is likelgwer in habitat created by prescribed fire relative to
habitat created by wildfire. The other criterion Robertson and Kz@@6)outline is that
individuals demonstrate an equal or greater preference for trap habitat relative to other
habitats that mvide greater fitness benefits, which we did not measure. However, we
envision three scenarios regarding the role of prescribed fire for-Biaited
Woodpeckers. In one scenario, wildfire is preferred over prescribed fire, in which case
forest treated wh prescribed fire may simply act as a sink habitat. In the other two
scenarios, prescribed fire is preferred over wildfire, or Blaatked Woodpeckers settle
in prescribed fire or wildfire with equal preference. In either case, habitat created by
presribed fire could act as an ecological trap. Although population growth rates were
negative in habitat created by prescribed fire, more work is needed to determine the
potential impact on overall Bladkacked Woodpecker population growth in the Black
Hill s, since prescribed fires tend to cover a smaller spatial extent relative to wildfire.
We do not wish to completely discard the utility of either prescribed fire or MPB
infestations as important disturbance agents for Bleaked Woodpeckers. Large,
sevee wildfires are not likely to gain widespread acceptance on public lands, and
prescribed fire may be the only way to introduce fire into the landscape at a large scale.

Prescribed fire is a flexible management tool that can be applied in a varietysof kay
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example, managers can vary factors including timing, severity, and extent. We
recommend further research to determine the mechanisms leading to negative population
growth of Blackbacked Woodpeckers in habitat created by prescribed fire so foaasts

be treated in an appropriate manner. In particular, we suggest further research to
understand how the timing of prescribed fire may impactf@stvood-boring beetle
abundance. In addition, we recommend further research examining how predator
comnunities may change in response to burn size and severity.

Our finding that Blackbhacked Woodpecker mean population growth rates were
positive only in habitat created by wildfire demonstrates the importance of eaHfjrpost
habitat. While this study fosed on how Blackacked Woodpecker population growth
rates vary across disturbance types, they are but one member of a communitficé# post
species. An important member of early plrt communities are wood boring beetles
(Buprestidae, Cerambycidagjhich eat the cambium of trees weakened and killed by
fire (SaintGermain et al. 2004)Woodboring beetles, in turn, are an important food
source for many insectivores that occupy early-fiosthabitat, including Blaclkacked
WoodpeckergMurphy and L&nhausen 1998, Costello et al. 201B)ackbacked
Woodpeckers do not just rely on other members offp@stommunities for food: they
also create conditions that allow other species to colonizdipmsiabitat. Many bird
species in general, and waguatkers in particular, are increasingly recognized as
ecosystem engineers because of their propensity to build cavities that are subsequently
used by other speci¢Sekercioglu 2006) Indeed, many species that occupy relatively
old postwildfire forest, s c h as L ewi s Melanévpes ldwise species f  (

management concer8@uth Dakota Department of Game, Fish & Parks p0eaise
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cavities created by primary cavity excavators such as Blacked Woodpeckers
(Gentry and Vierling 2008) Thus, caservation actions focused on maintaining Black
backed Woodpecker habitat will undoubtedly benefit many other species.

Our study is the first to evaluate the demographic response of-Béméled
Woodpeckers to a range of disturbance conditions. Oursesditate this sensitive
species is dependent on early pogdfire habitat in the Black Hills, South Dakota,
underscoring thenportance of ensuringecently burned forest is present across the
landscape. Ensuring the existence of early-paisifire habitats will benefit not just

Black-backed Woodpeckers, but a whole suite oféidapted species.
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Table 1.1: Study sites used to evaluate Demography of Blzatked Woodpeckers in the Black Hills, South Dakota, USA.

Site Habitat Coordinates Size (Ha) Month / Year Disturbe@  Years Included in Study
Ricco Wildfire 44 A1306N, 1,602 July 2005 2008, 2010
Box Elder Wildfire 44 A96N, 129 July 2007 2008, 2009
4-Mile Wildfire 43 A4106N, 955 June 2007 2008- 2011
Bullock RxFire 44A00N, 486 Sept. 2008 20107 2012
Bitter RxFire 43 A580N, 304 Oct. 2010 2012
Headquarters West RxFire 4 3 A3 46 N, 255 Sept. 2009 2011
American Elk RxFire 43A610N, 1376 Oct. 2010 2012
Norbeck MPB 43A500N, >213° 1998 2008
Bear Mountain MPB 43A5106N, > 48°¢ Before 1995 20081 2011
East Slate€Creek MPB 43A5806N, > 1,303 Before 1995 2008- 2011
Deerfield Lake MPB 44A0006N, > 169° Before 1995 2008
Medicine Mountain  MPB 43 A5206 N, > 1,748° Before 1995 200971 2011




ve

& Sizeof MPB infestations Calculated from FHP Aerial Detection Surveys, availablgtat/fwvww.fs.usda.gov/detail/r2/forest
grasslandhealth/?cid=fsbdev3_0416Z8ccessed Feb. 13, 2013). This is an estimate of the minimum total area impacted by
MPBs in eactstudy site in a given year.

P The first year MPB infestations were detected in FHP Aerial Detection Surveys. Note there is no aerial detectiontdat@3sior

¢ calculated from 2008 FHP Aerial Detection Survey

4 calculated from 2010 FHP AeriBletection Survey



Table 1.2: Proportion of variation in Blackacked Woodpecker population growth rat
in habitat created by wildfire, prescribed fire, and mountain pine beetle (MPB)

infestations explained by adult survival, juvenile survival, nest success, and numbe

young flegyed.

Variation Explainedrf)
Demographic Rate Wildfire MPB Infestation Prescribed Fire
Adult Survival 0.34 0.59 0.79
Juvenile Survival 0.48 0.31 0.17
Nest Success 0.08 0.05 0.01
No. Young Fledged 0.09 0.04 0.01
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Figure 1.1: Upper panelmean posterior distributian 95% credible intervals of adult
male and female Blaekacked Woodpecker annual survival rates in habitat created by
wildfire, prescribed (Rx) fire, and mountain pine beetle (MPB) infestations in the Black
Hills, SD, USA. Plots of annual survival rates@se habitat created by wildfire and
prescribed fire are both 2 years pbst. Lower panel mean posterior distributiat

95% credible intervals of annual survival probability as a function of time since wildfire.
This figure assumes an adult femald@bitat created by wildfire, but the trend is similar
in habitat created by prescribed fire.
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Figure 1.2: Mean posterior distributiott 95% credible intervals of adult Bladlacked
Woodpecker monthly survival probability as a function of season iBldek Hills, SD,

USA. The breeding season is defined as Ap8kptember and the ndmeeding season

is defines as Octob&rMarch. This figure assumes an adult female in habitat created by
mountain pine beetle infestations, but the trend is similasadrabitats.
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Figure 1.3: Upper panelmean posterior distributian 95% credible intervals of the
probability juvenile Blackbacked Woodpeckers survive to the adult-elgss in habitat
created by wildfire, prescribed (Rx) fire, and mountain pine beetle (MPB) infestations in
the Black Hills, SD, USA. Plots of survivalgivabilities assume habitat created by
wildfire and prescribed fire are both 2 years gost Lower panel mean posterior
distributionx 95% credible intervals of the probability a juvenile Bloacked

Woodpecker survives to the adult agass as a fwition of time since wildfire. This

figure assumes a juvenile in habitat created by wildfire, but the trend is similar in habitat
created by prescribed fire.
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Figure 1.4: Mean posterior distributiofi 95% credible intervals of biweekly juvenile
Black-backed Woodpecker survival probability as a function of the number of weeks
fledged (1 time step = 2 weeks) in the Black Hills, SD, USA. This figure shows that
recently fledged young have the lowest suaVprobability and that survival probability
increases the longer a juvenile has been fledged from the nest. This figure assumes
juvenile woodpeckers occupying habitat created by MPB infestations, but the trend is
similar in habitat created by wildfirend prescribed fire.
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Figure 1.5: Upper panelmean posterior distributian 95% credible intervals of the
probability a Blackbacked Woodpecker nest successfully fledged at least 1 young in
habitat created by wildfire, prescribed (Rx) fire, and mouanpae beetle (MPB)

infestations in the Black Hills, SD, USA. This plot assumes nests in habitat created by
wildfire and prescribed fire are both 2 years gost Lower panel mean posterior
distributionx 95% credible intervals of the probability ashsuccessfully fledges at least

1 young as a function of time since fire. This figure assumes a nest in habitat created by
wildfire, but the trend is similar in habitat created by prescribed fire.
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Figure 1.6: Posterior densities of population growttes estimated from Bladkacked
Woodpeckers occupying habitat created by wildfire, mountain pine beetle (MPB), and
prescribed (Rx) fire in the Black Hills, SD.
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CHAPTER 2: SPACE USE AND HABITAT ASSOCIATIONS OF BLACK -
BACKED WOODPECKERS (PICOIDES ARCTICUS) OCCUPYING DISTURBED
FORESTS IN THE BLACK HILLS, SOUTH DAKOTA
ABSTRACT
Black-backed Woodpecker®icoides arcticusare a disturbanegependent species that
occupy recently burned forest and mountain pine beetle (MPB) infestations. Forest
managementractices that reduce the amountddturbancekilled forestmay lead to
habitat loss for Blackacked Woodpeckers, which have recently been petitioned for
listing under the Endangered Species Act. Effective conservation action requires
knowledge of habi#tt associations and spatial requirements of this sensitive species. We
studied home range size and resource selection of Bedked Woodpeckers occupying
habitat created by summer wildfire, fall prescribed fire, and MPB infestations in the
Black Hills, South Dakota. We studied home range size and resource selection by
attaching radigransmitters to adult Blaeckacked Woodpeckers. We estimated home
range size using fixed kernel density techniques 28 in habitat created by summer
wildfire, n = 19 inhabitat created by fall prescribed fire, and 27 in MPB infestations).
We evaluated resource selection by comparing vegetation characteristics at used and
available trees within each wood+fleadsker 6s
discrete chize model f = 5 in habitat created by summer wildfire: 16 in habitat
created by fall prescribed fire, and: 8 in habitat created by MPB infestations). Home
range size was smallest in 2 year post summer wildfire habitat (mean home range size
=79 ha) and Z/ear post fall prescribed fire habitat (mean home range size = 143 ha).
Home range size was intermediate in MPB infestations (mean home range size = 307 ha)

and was greatest in@year post fire habitat (mean summer wildfire home range size =

32



430 hectares, mean fall prescribed fire home range size = 460 ha). The relative
probability that a Blaclbacked Woodpecker used a tree within its home range increased
with increasing diameter at breast height (DBH) and basal area, and was greatest on
disturbancekilled trees. These results suggest flear post summer wildfire habitat may
have the greatest relative value to Blecked Woodpeckers, and that MPB infestations
may be more important as pdst habitats age. Blaekacked Woodpeckers werarely
located in lyear post fall prescribed fire habitat, suggesting that prescribed fires
conducted during autumn months may have little value to Bdacked Woodpeckers.

We recommend the most efficient strategy for maintaining regional populati@hsob#
backed Woodpeckers is to retain patches-2fykar post summer wildfire habitat by
exempting portions of recently burned forest from salvage logdRegently burned
forestpatcheshouldbe at least 40 200 hectares amtimarily composed 0627 nf

basal area / ha of trees that burned at moderate or high severity, with at least 40% of the

basal area composed of tr&287 cm DBH.

Introduction

Black-backed woodpecker®icoides arcticusare a disturbance dependent
species that rely on recently killed forest habitat. Throughout their range;lidakkd
Woodpeckers are most strongly associated with habitat created by witick and
Lynch 1970 Hutto 1995 Murphy and Lehnhausen 1938obson and Schieck 1999
Hoyt and Hannon 200Nappi et al2003 Nappi and Drapea2009) Additionally,
Black-backed Woodpeckers are attracted to habitat created by prescrid@®uésell et

al. 2009) though recent research suggests prescribed éiyeatt as an ecological trap
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under certain circumstanceShapter ). Despite this burgentric association, mountain
pine beetle@endroctonuponderosagMPB) infestations also play an important role in
creating habitat for Blackacked Woodpeckers, paularly in isolated populations
occurring in the Black HillgBonnot et al2008, 2009and the Cascade Mountains
(Goggans et all989) Finally, Blackbacked Woodpeckers occupy undisturbed forest
(Mohren 2002 Tremblay et al2009) though often only Wwen recently burned forest is
not availablgHoyt and Hannon 2002)Even in these situations, Blabkcked
Woodpeckers may often be associated with small patches of recently killed fartst
1995 S. Mohrenpersonal communicatign

Although disturbages such as wildfire and beetle infestations are naturally
occurring in most western forests, these disturbances reduce the quality and quantity of
timber and have historically been considered undesirable. As a result, much effort has
been put into preveimg or mitigating the effects of natural disturbances through fire
suppression, podire salvage logging, or sanitation logging in insect infestations.
Continued efforts to reduce the impacts of natural disturbance in western forests may
result in hab#t loss for Blackhacked Woodpeckers, which is now considered a species
of management concern throughout its range. In particular, Biacked Woodpeckers
are considered a sensitive species by Region 2 of the U.S. Forest Service and a Species of
GreatesConservation Concern by the State of Sdddota (South Dakota Department
of Game, Fish & Parks 2006). In addition, the BtaekkedwWoodpecker has recently
been petitioned for listing as Threatened or Endangered under the Endangered Species

Act (Hansoret al. 2012)
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Effective conservation strategies require detailed knowledgesolirce selection
patterns of this sensitive speciddany studies have evaluated resource selection in
Black-backed Woodpeckers, particularly in response to burn sevesgtipupn forest
conditions, and snag density. Blaoicked Woodpeckers select foraging habitat
(Murphy and Lehnhausen 1998anson and North 2008nd occur with greater
probability (Hutto 2008)and abundanc@oivula and Schmiegelow 200i) forests that
burned at high severity. Bladkacked Woodpeckers also respond tegisturbance
forest conditions and disproportionally forage on the largest diameter trees available
(Nappi et al. 2003\ appi and Drapeau 201Dudley et al. 2012) Finally, in unburned
forest, Blackbacked Woodpeckers are most likely to od€amggans et al. 198@nd are
more abundan(Setterington et al. 200ohren 2002)n areas with relatively high snag
densities.

Most of this research has focused on understanding patterns oflBlelc&d
Woodpecker resource selection in recently burned forest. Consequently, little is known
about resource selection patterns in MPB infestations or in habitat created by prescribed
fire. For example, although Bonnot et al. (2009) determined thasiteeselection was
correlated with food resources in MPB infestations, the extent to which foraging
woodpeckers select recently infested trees relative to older {b@kttbtrees remains
unknown. Further insight into resource selection patterns mggibed by studying
how resource selection varies among individuals. For example, low variation in the
strength and direction of selection for a particular resource among individuals may

indicate that a particular resource is consistently used. Suchdagsvnay guide
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development of silvicultural treatments that both limit the economic impact of natural
disturbances while simultaneously conserving critical Blaagked Woodpecker habitat.
An understanding of which resources are selectd8ldk-backedwWoodpeckers
is complemented by an understanding of the spatial requiremeheseivoodpeckers.
Black-backed Woodpeckers are a highly mobile species with potentially large home
ranges, making estimation of home range size challenging. Despite thesegdsll
Dudley and Saaf2007)report home range size for 4 woodpeckers-éygar posfire
habitat and Goggans et £1989)report home range size for 3 woodpeckers in habitat
created by MPB infestations. However, home range size is likely to valsdwbitats
and through time, particularly as the time since fire increases. Knowledge of such
variation will enable managers to include spatial components into silvicultural
prescriptions.
For this study we evaluated resource selection and home raage Biack
backed Woodpeckers occupying habitat created by wildfire, prescribed fire, and MPB
infestations in the Black Hills, South Dakota. We evaluated resource selection at the
individual level, effectively treating individual woodpeckers as the sampteand
scaled individualevel selection to the population level. In this way, we evaluated
populationlevel patterns of resource selection and evaluate variation in resource
selection patterns across woodpeckers. We also estimated home rang8lsizk of
backed Woodpeckers and evaluated how home range size varied among habitats and as

burned forests age.
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Methods

Study Sites

This study was divided among numerous study sites in the Black Hills, South
Dakota representing habitat created by wildfmesscribed fire, and MPB infestations
(Table2.1). All wildfire sites burned in June or July (hereafter we use the term wildfire
and summer wildfire synonymously) and all prescribed fire sites were treated during
September or October (hereafter we usddha prescribed fire and fall prescribed fire
synonymously). All study sites were composed primarily of monotypic ponderosa pine
forest Pinus ponderogaforest, with quaking aspeP@pulus tremuloidgspaper birch
(Betula papyrifery, and white sprucéPicea glaucg occurring lesgrequently (Hoffman
and Alexander 1987).
Capture and Radigelemetry

We collected Blaclbacked Woodpecker home range data by fitting VHF radio
transmitters to adult birds. We initially targeted Blodcked woodpeckers formare
by playing audio recordings of territorial calls at potential study sites. Once found, we
captured woodpeckers with mist nets, hoop nets, and netguns. Mist nets were used with
limited success only during the 2009 and 2010 breeding seasons arguigkhe
abandoned in favor of the more efficient hoop net and netgun capture apfetacian
et al. 2011) Hoop nets were an efficient capture method only during the breeding season
when woodpeckers were actively attending cavities. Alternatively efggin allowed
capture away from nest cavities and outside the breeding season. Once captured, we
weighed all birds and fitted a small (3.3.3 g) transmitte(Rappole and Tipton 1991)

Black-backed Woodpeckers captured during the course of this sieigh&d an average
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of75g,sa¢ r ansmitters wei ghed <massWairetfal.281@) aver ag
Additionally, we fit all birds with a unique combination of colored leg bands, including a
uniguely numbered U.S. Fish & Wildlife Service aluminieg band. As VHF radio
transmitters died, we attempted to recapture previously marked individuals and replace
transmitters. We supplemented recaptured birds with unmarked birds that were captured
opportunistically during trapping events.

We locatedwoodpc ker s at | east 2 times weekly t
locations necessary to estimate home range size before transmitterSadethn et al.
1999) Al'l telemetry | ocations were spaced O
tel emetry | oapartwasadesuatd to£nsuredndependence between
successive locations because woodpeckers could (and did) traverse even the largest home
range during this time interval. We located woodpeckers via homing and all trees
physically occupied by woodpeckdrsh er eaf t er Ousedd trees) we
During the nesting period, we excluded all telemetry observations made at the nest cavity
to address resource selection patterns beyond the nest cavity and to ensure home range
size estimates were not beasbecause of repeated observations at the nest cavity.
Whenever woodpeckers were located, we recorded spatial coordinates (Universal
Transverse Mercator Zone 13) using a hhaftl GPS unit and flagged the tree for future
vegetation sampling.
Estimating Home Range Size

We collected home range data on Bleicked Woodpeckers between April
2008 and August 2011, and again between May 2012 and August 2012. We only

included woodpeckers in the home range ana
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duringa 12month period, which we defined as April 1 through March 31. We classified
the number of years pefite based on this 12 month period, with tfieygar posfire
occurring the T April following a burn. For example, we considered telemetry lonatio
gathered in the-Mile study site between April 1, 2008 and March 31, 2009 ysat
postfire (4-Mile burned in June 2007). We began theniénth period on April 1
because this is the approximate date woodpeckers begin excavating cavities (recognizing
that Blackbacked Woodpeckers make territorial settlement decisionsgead, C.T.
Rota,personal observation We clumped winter and summer telemetry locations during
the same 12nonth period together because there was no clear difference in space use
between seasons and because of small sample sizes during winter merghsildfire
winter home ranges amd= 3 prescribed fire winter home ranges). We did not attempt to
classify the age of MPB infestations because infestations were not one discrete
disturbance and woodpeckers often used infestations of several different ages.

We estimated homeange size using kernel density technig{ygsrton 1989)
We estimated home ranges RERiCorgTeanh2012 ks 6 p a
which assumes avariate normal density fixed kerneWe u s e d -itrhée metl uagd f
calculating the bandwidth parame(bfillspaugh et al. 2006) Home range size estimates
were based on 99% home range contours.
Vegetation Measurements

We collected vegetation data at used and available focal trees within the home
range of individual Blaclbacked Woodpeckers. We define focal trees as either the tree
on which we observed the woodpecker (a used focal tree) or the tree closest to a

randomlygenerated point (an available focal tree, see below). We observed woodpeckers
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using saplings (woodpeckers used trees as small as 4.3 cm), so we assumed any tree >1

cm DBH was available. We defined the area available to each woodpecker based on the
99% lome range contour. We paired each used tree with a randomly available tree,

which were selected by generating random points within 99% home range boundaries and
then selecting the tree closest to each randomly generated point. At all used and available
trees, we recorded diameter at breast height (DBH), whether the tree was alive, and
categorized trees based on burn severity or age of MPB infestations. We classified

burned trees as low severity (scorching restricted to below breast height), moderate

seveity (scorching above breast height but some canopy left unburned), high severity
(canopy completely scorched), or unburned.
hitsdé (infestations with green or yellow n
(infestations with red needlesthatwer2 1 year s ol d)  oekiledéeps ay hi t ¢
that have lost all of their needles, generally >2 years old). In addition to measuring
characteristics of used and available trees, we also measured charactétistics o

surrounding forest. We characterized vegetation immediately surrounding the used or
available tree using a 10 basal area factor prism (vasiadlas plots) to identify trees to

include in measurements. These data were used to calculatareasald proportion of

dead trees. We collected vegetation data from home rangg®ysvoodpeckers from

May 2010to August 201Jandfrom May 2012to August 2012.Consequently, we

collected vegetation data ind3year postvildfire and 24 year posprescrbed fire

habitat.
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Modeling Resource Selection

We modeled the relative probatangei ty a t
would be usedavith aBayesian randoreffects discrete choice mod&ooper and
Millspaugh 1999Thomas et al. 2006)We assumed choe sets were composed of 2
trees: the used tree and a randomly available tree from within the home range of
woodpecker. We model ed the Outiliasglineaof each u
function of vegetation characteristics and individiegel regression coefficients:

Y I 060 I 0000 T 060 I 0"y I 00

[ 00 f YO f 6006 f 000060
whereO 6 'O is the diameter of the used tree in choicd,8t0 0 O is a dummy
variable = 1 if the used tree is dead, 0 othervise, is the basal area of the stand
immediately surrounding the used tréelY ,0 'O ,00 ,YO ,600 6
are dummy variables = 1 if the used tree is categorized as low severity burn, moderate or
high severity burn, green hit, red hit or gray hit, or burned and infested with MPBs,
respectivelyp otherwisep 008 O is the proportion of dead trees in the stand
immediately surrounding the used tree,and, % , are the individualevel
regression coefficients corresponding to woodpegker ( 1, &), whé&reWis the
total number of woodpeckers included in the model). We modeled the utility of each
available tree in choice seih an identical manner, substituting vegetation variables at
used trees for vegetation variables at available trees. Finally, we useititthe ut
functions defined above to model the relative probability each used tree in chaice set

was used as:
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Since choicesets contained 2 trees, the relative probability the available tree was used is
@a-r ).

We modeled populaticlevel resource selection by assuming individeakl
regression coefficients for woodpeckerise from normal populati+level distributions
(Thomas et al. 2006)For example, we assume

T BA x0°h 8
Hereafter, we refer to the set of parameters governing each popidatabidistribution
‘- hy 1, ‘éh )pspopulationlevel parametersNote hat ndividuatlevel
regression coefficients describe how a ghiéinge in the value of a corresponding
vegetationvaria | e ¢ hanges tiedioewoddpeackef, with gredter atflity a
leading to a higher relative probability of usénile populéion-level parameters describe
the mean and variation of individuigvel regression coefficients acrossjall
woodpeckers. Hereafter, we refer to each populdéeel distribution by the name of
the associated vegetation covariate. For example, wetoefee populatiofevel
distribution that describes the mean and variation of indivithval regression
coefficients associated with tree DBBi)simply as the DBH populatieievel
distribution.

We used populatictevel distributions to evaluate ralans between vegetation
variables and the relative probability a tree would be used and to rank the relative
importance of each vegetation variabWe evaluated the functional relation between
vegetation variables and the relative probability a tree avbelused witlpopulation

level mean parameters. We evaluated the relative importance of each vegetation variable
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in influencing the relative probability a tree was used by calculating the absolute value of
the coefficient of variation (CV) for each poptibn-level distribution. The CV is a ratio
of the standard deviation to the mean for each popukia distribution. A low CV
(e.g., < 1) can arise from two distinct populatlewel resource selection patterns. A low
CV can arise if mean selectbtnor a resource i s o6weakdo (i . e.
populationl evel mean i s 0 s mavklkténjlardaevidtiotihhe popul at
correspondi ngl y 0 s mlavellméan)( This suggestsweak,loid p o p ul
consistent, selection for anpaular resource among individuals, which may occur if a
vital resource is only required in small quantities. A low CV can also arise if the
populationl evel standard deviation for a Pparticl
levelmeaniscorrespn di ngl y oO6hi ghdé (-lpvelvavidtiahethe t he popu
populationlevel mean). This suggests high variability in resource selection patterns
among individuals (perhaps a resource is not available to all individuals), but strong
selection when thaesource is available. We interpret CVs of populatewel
distributions as an index of relative variable importance, with low relative CVs indicating
high relative importance.
We selected vague prior distributions for all model parameters. We assumed
vague normalN(p = 0, & = 100) prior distributions on all population mean hyper
parametergl;,  €g,and @e assumed vagumiform(0, 10) prior distributions of all
population standard deviation hygearametersi;, 8., We assume uniform prior
distributions for standard deviation hygerameters because the inverse gamma
distribution, which is often used as a prior distribution for variance hypemeters, can

have a strong influence on posterior distributi@slman 2006)
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We fit discrete choice models in WinBUGSIlks et al. 1994Yyia the
R2WinBUGS interfac€Sturtz et al2005) We simulated posterior distributions of each
model parameter from 3 Markov chains. We ran each chain for 51,000 iterations,
discardirg the first 1,000 as buiin. There was evidence of correlation between
successive draws for some Markov chains, so we kept evBiyeBtion after the initial
burnin period. Estimated posterior distributions for each model parameter were thus
compogd of 3,000 random draws. The BrogkslmanRubin convergence diagnostic
(Brooks and Gelman 1998)dicated adequate convergence for all hyperparaméters (
1).
We assessed the goodness of fit of the

(1998)R%. Wec al cul at eRdas:Estrel | ads

e -
s
where logl) is the loglikelihood of the fully parameterized model, lag) is the
likelihood of a null model with all coefficients = 0, aNds the total number of choice
sets N=1,104). Since there were only two choices per chaétethe null model
assumes each tree is selected RwiOintlicatt 0% pr o

the discrete choice model predicts use at random, while valis=cf indicates perfec

fit.
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Results

Home Range Size

We collected O 30 t el enmeohthperiotiford®ti ons
individual Blackb acked Woodpeckers. We coll ected
month periods for 4 individual woodpeckers, so we analgzietial of 74 different home
ranges. Estimated home range size was highly variable between disturbance categories
(minimum estimated home range size = 20 ha, maximum estimated home range size =
1,248 ha, Tabl@.2). Average estimated home range size thassmallest in year post
wildfire habitat and was slightly larger iny2ar postwildfire and postprescribed fire
habitat. We rarely observed Blabkcked Woodpeckers inykear post prescribed fire
habitat, so we were unable to estimate home razgdrsihis disturbance category.
Home range si z eeanpadire habitatg @athtwildfire anddpre3cribed
fire). Home range size in MPB infestations were intermediate betw2erear postire
habitats anfilehdbita® year post
Resource Selection

We modeled resource selection from 1,104 pairs of used and available trees
(hereafter called resource selection data) collected from 29-Biaked Woodpeckers:
5 woodpeckers were in habitat created by wildfire, 8 were in habitat cieaidBB
infestations, and 16 were in habitat created by prescribed fire. On average, resource
selection data were collected over a period of 118 days (rangé 43#ldays).Most of
the used locations were the only point collected in a88% of all téemetry locations),
though 42% of telemetry locations used to model resource selection were 1 of 2 locations

collected from a single bird in 1 day and 3% of telemetry locations used to model
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resource selection were 1 of 3 locations collected from a dnirglén 1 day. We
collected resource selection data 14 $ear postvildfire habitat and 24 year post
prescribed fire habitat. Themearo st er i or di st REG@BWOI% n of Es't
credible interval = [0.6, 0.70]). Ths mean value of O&indicates performance that is
better thamandom so we assume an adequate goodoésis for the discretechoice
model.

The relative probability a Blackacked Woodpecker used a tree was influenced
by characteristics of the tree and the surrounding stahd.relative probability of using
a tree was positively asS4apmeambiBd dfusedtreds t h e
=27 cm, mean DBH of available trees = 24 cm) and was greater for dead trees than for
live trees (Fig2.1b). Within burned forests @th wildfire and prescribed fire), Blaek
backed Woodpeckers exhibited the greatest relative probability of using trees that were
both burned and infested with MPBs, followed by intermediate relative probabilities of
using trees that burned at moderateghtseverity and trees that burned at low severity
(Fig. 2.2a). The relative probability of using an unburned tree was almost 0 when any
category of burned tree was available. Within forest infested with MPBs,-B&aaked
Woodpeckers exhibited the grestteelative probability of using green hit trees, followed
by intermediate relative probabilities of using trees that were both burned and infested
with MPB infestations and trees that were infested with MPBs > 1 year. As with
woodpeckers occupying burnéatests, the relative probability of using an undisturbed
tree was almost 0 when any category of MPB infested tree was available.

Black-backed Woodpeckers also exhibited selection at the level of the forest

immediately surrounding a tree. The relativelqability of using a tree increased as the
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basal area of the surrounding stand increased ZHig. mean basal area surrounding
used trees = 27.7ha, mean basal area surrounding available trees = 20.Bahn
The relative probability of using aeie also increased slightly as the proportion of dead
trees in the surrounding stand increased Eiigd, mean proportion dead trees
surrounding used trees = 0.62, mean proportion dead trees surrounding available trees =
0.28).

The mean CV of albopulationlevel distributions was < 1, indicating variation in
individuaktlevel regression coefficients was small relative to populdéeal means.
The mean CV and corresponding 95% credible intervals of the DBH (diameter at breast
height), MH (moderathigh severity burn), RG (red hit / gray hit), and BA (basal area)
populationlevel distributions were all < 1 (Table3}, indicating that these vegetation
variables may have the strongest influence on Blaxked Woodpecker resource
selection. Howeveitthe mean CVs of the LS (low severity), PD (proportion dead), GH
(green hit), BMPB (burn / MPB) and DEAD (focal tree dead) populdaeal
distributions were also < 1 (though 95% credible intervals overlap 1), suggesting these
vegetation variables mayV&a strong influence on Bladlacked Woodpecker resource

selection as well.

Discussion

Our evaluation of Blaclkacked Woodpecker resource selection revealed
consistent selection for several vegetation characteristics within the home range of
individual birds, regardless of the disturbance type occupied by individual woodpeckers.

Across alldisturbance types, Bladkacked Woodpeckers were most likely to use
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relatively large, disturbandalled trees in relatively high basal area stands. Further, the
low CVs of all populatiorlevel distributions indicates that Blatlacked Woodpeckers

use oftrees within a home range is not driven by a few specific resources, but is instead
driven by a suite of vegetation characteristics.

Variation in populatiorlevel responses to vegetation characteristics and home
range size are likely driven by underlyingriation in food resources. At the most basic
level, the consistently high relative probability of Blamikcked Woodpeckers using
disturbancekilled trees of any category probably reflects the food resources harbored in
these trees. Bladiacked Woodpeaks also exhibited consistently high relative
probability of using the largest diameter trees available, which is likely a result of higher
beetle abundance in large diameter t(@&&gopi et al. 2003SaintGermain et al. 2004)
Finally, Blackbacked Woodeckers exhibited consistently high probability of using trees
situated in relatively high basal area stands. While this may reflect conditions that lead to
high tree mortality following fire or MPB infestations (Graham et al. 2004, Negrén et al.
2008), gh basal area stands may also contain high densities of-biebtteces.

Variation in home range size may also reflect variation in food resources between
disturbance typeswoodboring beetles of the families Cerambycidae and Buprestidae
are stronglyattracted to firekilled trees(SaintGermain et al2004 Costello et al2011)
and the larvae of these beetles are the primary prey items oflBdakkd Woodpeckers
occupying recently burned forgdurphy and Lehnhausef®998) Woodhboring beetle
larvae are much larger than MPB larvae and likely provide a greater food resource.
Indeed results fromChapter 3suggest Blaclbacked Woodpeckers may acquire more

food per tree while foraging in pesiildfire habitat relative to MPB infestations. This
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potertially greater food resource in recently burned forest may explain why home range
sizes were consistently smaller k2 year poswildfire habitat relative to home ranges in
habitat created by MPB infestations @8 year posfire forest.

Although homeaange sizes were smallest in th@ Year posftire category,
Black-backed Woodpeckers only consistently occupied habitat created by wildfires for
both years. We rarely observed Blamkcked Woodpeckers occupying/dar post
prescribed fire habitat and veeunable to estimate home range size in this disturbance
category. The rare occurrence of Bldiacked Woodpeckers inryear post prescribed
fire habitat may occur because of a difference in timing of disturbance, since all of our
wildfire study sites bmned during June or July and all of our prescribed fire study sites
were treated in September of October. Indeed, Vierling (2004) failed to detect Black
backed Woodpecker nests the first year following the Jasper wildfire in the Black Hills,
which burnedn late August 2000. This suggests that the timing of fire, rather than
whether a fire is wild or prescribed, may play the biggest role in determining whether
Black-backed Woodpeckers occupy burned forest the firstfpedbreeding season.

Differences letween the timing of wildfire and prescribed fire in our study may
have affected the ability of wodabring beetles to colonize pefate forests. Many
species of woodboring beetles are capable of detecting compounds in smoke (Schiitz
1999), but may be wable to rapidly colonize burns if they occur in the fall months when
beetles are inactive. This is consistent with recent surveys (M. A. Rumbleblished
data) indicating abundant woeboring beetle activity the first autumn following a
summer wildfire but little woodboring beetle activity the first autumn following a fall

prescribed fire. This is also consistent wvifie results oChapter 3which indicated
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Black-backed Woodpeckers successfully captured nearly twice as manybwand
beetles in hbitat created by summer wildfire relative to fall prescribed fire.

We were surprised that woodpeckers occupying-faeshabitat (both wildfire
and prescribed fire) were not most likely to use trees that burned at moderate or high
severity, since mostwgiies of Blackbacked Woodpeckers in recently burned forest
indicate strong selection for this disturbance cate@dyrphy and Lehnhausei99§
Koivula and Schmiegelow 200Aanson and North 2008lutto 2008) Instead, we
found that Blackbacked Woodpeeks occupying podire habitat were most likely to
use trees that were both burned and infested with MPBsAR2)g. This may be a result
both of the age of postildfire habitat we evaluated and low relative abundance of
wood-boring beetles in habitateated by prescribed fire. We only modeled resource
selection of woodpeckers that occupied gear poswildfire habitat. This timing
coincided with a large increase in average home range size iwihdfgte habitat (Table
2.2) that likely coincided with most woddoring beetle larvae emerging as adults
(Murphy and Lehnhausen 1998). Woodpeckers in these oldewpdBte habitats were
observed foraging in MPB infestations along the periphery of burn boundaries, which is
similar to observations made by Dudley and S@41i2)in 6-8 year postvildfire habitat.
In wildfire study sites, the woodpeckers may need to forage on MPB infestations along
burn peripheriesaswoddor i ng beetl e abundafirecwhichdec!| i nes
may account for the apparent preference for trees that were burned and infested with
MPBs. In habitat created by prescribed fire, autumn burns may prevent the immediate
colonization of wooeboring beetles in firdkilled trees. Therefore, trees that hed at

moderate and high severity in prescribed fire study sites may have relatively low wood
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boring beetle abundance relative to pegtfire habitat of the same age, forcing Black
backed Woodpeckers to spend more time foraging on trees that are infiéiststiPBs
along burn peripheries.
Management Implications

Our evaluation of habitagpecific home range size clearly demonstrates that
summer wildfire is the most efficient disturbance agent for creating Blacked
Woodpecker habitat. Habitat creatgddummer wildfire supported smaller home ranges
relative to all disturbance types and supported Blztked Woodpeckers for more years
relative to habitat created by fall prescribed fife ideal management strategy for
maintaining regional BlackackedWoodpecker populations includes maintaining a
mosaic of 12 year possummer wildfire habitat. We recognize fire management policy
is unlikely to allow summer wildfires to remain unsuppressed, particularly in densely
populated regions like the Black HiJland we do not advocatech an approach.
However, ignitions of summer wildfires are inevitable, and we suggasagement that
allows summer wildfires to burn safely within a network of treated forest patSadsty
nets could include road systemsombination with mechanically treated patches and
prescribed fire treatment®hen summer wildfires occur,enwrecommendetaining 40
200 hectare patches of2lyear possummer wildfireforest to provide higiguality
habitat, which is based on estintiteome range size in this habitat. Ideally, patches of
recently burned forest should support more than 1 breeding pair ofiakled
Woodpeckers and ewrecommend exempting at least %2 the area of all forest burns > 400

hectares from salvage logging.
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Reslts from resource selection analysis suggest that recently burned patches
should contain certain structural characteristics. Blzxdked Woodpeckers
demonstrated consistently high probability
ofallusedtrees)in t a n d s ?Kasalarea /gha (the mean basal area surrounding
used trees). On average, “fhadappsoxiate 7 cm DB
40%) of the basal area surrounding used trees. Additionally, across all habitats, Black
backed Woodpecks exhibited the greatest probability of using disturbed trees of any
category relative to undisturbed trees and dead trees relative to live trees. Although there
was no strong preference for any burn severity category, increased burn severity results in
greater tree mortality. We therefore recommend retaining portions of burned forest
composed ?hasal at@a /hd of mees that burned at moderate and high severity,
since these stands will likely contain the greatest number of standing dead trees.
Additionally, we recommend that at least 40% of the basal area of these stands be
composed of trees O 27 c¢cm DBH.

We do not advocate the use of fall prescribed burns as a tool for creating Black
backed Woodpecker habitat in the Black Hills. Not only didaileo detect many
woodpeckers in-year posiprescribed fire habitat, btite results oChapterl suggest
declining population growth rates of Blablacked Woodpeckers occupying habitat
created by prescribed fir¢dowever we do not completely discouthe utility of
prescribed fire as a management tool if applied differently. More research regarding the
mechanisms leading to delayed Bldzcked Woodpecker colonization of habitat
created by prescribed fire may increase the utility of this tool &aticrg woodpecker

habitat. For example, spring burns may allow rapid colonization of prescribed fire sites
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by woodboring beetles, allowing BlaeBacked Woodpeckers to immediately occupy

habitat created by prescribed fire. Additionally, prescribed Grédcalso be used as a

tool to allow greater tolerance of summer wildfires. Prescribed fire has repeatedly been
shown to reduce the severity of subsequent wildfires in ponderosa pine forests, largely by
removingexcessive fuels (Wagle and Eakle 1979, &ahd Omi 2002, Prichard and
Kennedy 2012). Thus, naturallynited summer wildfires could potentially be allowed to
burn in sections of forest that have been previously treated with prescribed fire.

We also do not believe MPB infestations require specific management action
targeted toward Blackacked Woodpeckers. Home ranges in habitat created by MPBs
were large relative to-2 year postildfire habitat. Assuming relatively large home
ranges coinide with relatively lowquality habitat (e.g., Anich et al. 2010), this may
suggest that MPB infestations have low value to Blaatked Woodpeckers relative to
recently burned forest. This notion is consistent with previous hypotheses suggesting that
unburned forest may act as sink habitat for Blthekcked Woodpeckefsiutto 1995) and
is supportedby the results o€hapter 1Jdemonstrating that mean population growth rates
of Black-backed Woodpeckers may be negative in MPB infestatiéwliglitionally,
Black-backed Woodpeckers have historically persisted in the Black Hills, despite decades
without widespread MPB infestations (Allen 200Einally, the spatial extent of the
current MPB infestation in the Black Hills, SD, coupled with an inability to fuéigttthe
entireinfestation (USDA 2014), suggestshere is unlikely to be a shortage of MPB
infested habitat for Blackacked Woodpeckers in the foreseeable future.

Our study is the first to simultaneously compare resource selection and home

range size of Blaclbacked Woodpeckers occupying habitat created by wildfire,
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prescribed fire, and MPB infestations. Our study suggests that althoughibBlectd
Woodpeckers may exploit vegetation characteristics in a similar manner across all
disturbanceypes, woodpeckers occupying?lyear postildfire forests have smaller
spatial requirements. Thus, while Blackcked Woodpeckers are clearly exploiting the
ongoing MPB epidemic in the Black Hills ecoregion, we believe-leng conservation

strategiesisould focus on ensuring a network o2 year post summer wildfire patches.
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Table 2.1: Study sites used to evaludteme range size and resource seleatioBlack-backed Woodpeckers in the Black Hills,

South Dakota, USA.

Site Habitat Coordinates Size (Ha) Month / Year Disturbed Years Included in Study
Box Elder Wildfire 44 A9 06 N, ] 129 July 2007 2008, 2009
4-Mile Wildfire 43 A4 106N, 955 June 2007 2008- 2011
Bullock RxFire 44A00N, 1 486 Sept. 2008 20107 2012
Bitter RxFire 43 A580N, 304 Oct. 2010 2012
Headquarters West RxFire 4 3 A3 46 N, 255 Sept. 2009 2011
American Elk RxFire 43A610N, 1376 Oct. 2010 2012
Norbeck MPB 43A500N, >213° 1998 2008
Bear Mountain MPB 43A5108A4 > 48° Before 1995 20087 2011
East Slate Creek MPB 43A5806N, > 1,303 Before 1995 2008- 2011
Deerfield Lake MPB 44A0006N, > 169° Before 1995 2008
Medicine Mountain  MPB 43 A5206 N, > 1,748° Before 1995 2009- 2011




9g

& Size of MPB infestations Calculated from FHP Aerial Detection Surveys, availatieat/ww.fs.usda.gov/detail/r2/forest
grasslandhealth/?cid=fsbdev3_0416Z8ccessed Feb. 13, 2013). This is an estimate of the minimum total area impacted by
MPBs in exch study site in a given year.

P The first year MPB infestations were detected in FHP Aerial Detection Surveys. Note there is no aerial detectiontdat@3sior

¢ calculated from 2008 FHP Aerial Detection Survey

4 calculatedrom 2010 FHP Aerial Detection Survey



Table 2.2 Mean and range of estimated home range size (ha) of-Bédéed Woodpeckers
occupying habitat created by wildfire, prescribed fire, and mountain pine beetle (MPB)
infestations in the Black Hills, South Dakota, USA. Home ranges in wildfire and pesscrik
fire are further broken down by number of years ffiost Home range size estimates

represent the area contained within 99% contours, estimated using fixed kernel technigt

Habitat Mean Min Max n®

MPB 307 67 790 27

Prescribed Fire:

2-year 143 44 339 13
3-year 519 150 1,248 5
4-year 164 - - 1
Wildfire:
1-year 70 30 187 11
2-year 88 20 226 10
3-year 439 37 825 5
4-year 408 399 416 2

& The number of home ranges collected in each category
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Table 23: Mean and 95% credible intervals for coefficient of variation (CV) posterior
distributions. CVs are calculated from populatlewel distributions, which describe the me:
and variation of individualevel regression coefficients across woodpeckersivithel-level
regression coefficients describe the Ou
at breast heigh(BH), whether a tree was burned at moderate or high sevigitity, (vhether
a tree was i nf es tRedvhethertatree Md Busnedtat Idw sgvetiss)(
basal area surrounding a tr&#, the proportion of dead trees surround a tRi®) (whether a
tree was infested with mountain pine beetles (MPBs) < 1 y&dy, (vhether a tree was both
burned and infestadith MPBs BMPB), and whether a tree is ded?dHAD). We interpret CV
as an index of relative importance for each variable, with low relative CV indicating high

relative importance.

Populationlevel Distribution® Mean CV 95% Credible Interval
DBH 0.18 0.01, 0.52
MH 0.23 0.01, 0.62
RG 0.28 0.01, 0.90
LS 0.41 0.02,1.14
BA 0.46 0.15, 0.85
PD 0.55 0.02, 1.93
GH 0.55 0.03, 1.50
BMPB 0.72 0.02, 2.52
DEAD 0.75 0.34, 1.40

®Populationlevel distributions are referred to by the name of the vegetaticariate they are

associated with.
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Figure 2.1: Estimated relative probability:-(95% credible intervals) of a Bladkacked
Woodpecker using a tree as a function of a) tree diameter at breast height (DBH), b)
whether a tree is alive or dead, c) basal area surrounding tree, and d) proportion of dead
trees surrounding the focal tree.| Adures assume a woodpecker is faced with two

choice sets. For continuous predictors (DBH, basal area, proportion dead, panels a, c,
and d, respectively), one choice set is always represented by the value of the vertical line
and the other choice setrepresented as the value of #axis. Figure b) assumes a
woodpecker is faced with a choice of a dead or live focal tree. There is no variation
around the vertical lines because, under the assumptions of the discrete choice model,
woodpeckers will ahays choose 1 of 2 identical trees with 50% probability.
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Figure 2.2: Estimated relative probability of a Blatdlacked Woodpecker using a tree as

a function of disturbance categories typical to a) burned forest and b) mountain pine
beetle (MPB) infestatins. Green refers to trees not disturbed by either fire or MPBs, LS
refers to trees burned at low severity, MS / HS refers to trees burned at moderate or high
severity, <1 yr refers to trees infested with MPBs < 1 year, >1 yr refers to trees infested
with MPBs forO1 year, and BMPB refers to trees that are both burned and infested with
mountain pine beetles. In both disturbance types, Bdacked Woodpeckers are

assumed to be faced with a choice set of 4 trees, one of each disturbance category listed
onthex-axis.
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CHAPTER 3: DO BLACK -BACKED WOODPECKER FOOD RESOURCES
VARY AMONG WILDFIRE, PRESCRIBED FIRE, AND MOUNTAIN PINE
BEETLE INFESTATIONS?
ABSTRACT
Black-backed Woodpeckers are a disturbadependent species that occupy habitat
created by wildfire, prescribed fire, and mountain pine beetle (MPB) infestations. Recent
research has suggested that population growth rates ofBda&led Woodpeckers ihe
Black Hills, South Dakota may be positive only in habitat created by summer wildfire,
and may be negative in habitat created by fall prescribed fire and MPB infestations.
Lower growth rates in fall prescribed fires may be related in part to low-varig
beetle abundance relative to summer wildfires, while lower growth rates in MPB
infestations may be related in part to different prey bases, since bark beetle larvae are
smaller than woodboring beetle larvae. We evaluated the hypothesis that apparent
foraging success of Bladkacked Woodpeckers differ among habitats created by summer
wildfire, fall prescribed fire, and MPB infestations in the Black Hills, South Dakota. We
counted the number of successfully captured woadlr i ng beet | eenand 6 s me
each tree a Blackacked Woodpecker used for foraging and modeled these counts as a
function of habitat (summer wildfire, fall prescribed fire, or MPB infestation), tree
diameter, number of years pdst, and tree disturbance category (burn severity age
of MPB infestation). Apparent foraging success for wbodng beetles was greater in
habitat created by summer wildfire relative to fall prescribed fire and MPB infestations.
In contrast, apparent foraging success for small prey was greasdiiatitreated by
MPB infestations relative to summer wildfire. Assuming apparent foraging success

reflects underlying differences in wotring beetle larvae abundance, Blacked
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Woodpeckers may have greater food resources in habitat created byrsuihdfire
relative to fall prescribed fire. Additionally, assuming food resources scale with prey
size, Blackbacked Woodpeckers foraging in habitat created by summer wildfire may

gain more food resources per tree relative to MPB infestations.

Introduct ion

Black-backed Woodpecker®icoides arcticusare a disturbanegependent
species that respond opportunistically to pulses in prey resources, particularty wood
boring beetles anark beetlesn recently killed trees In general, Blackacked
Woodpeckers areonsidered an irruptive speciasd have been documented exploiting
various kinds of insect outbreaks throughout their rgigaick 1985, Dixon and Saab
2000) In particular, Blackhacked Woodpeckers are strongssociated with early pest
fire habitat because of high concentrations of wbodng beetles (Cerambycidae and
Buprestidagthat are attracted to recently burned fo(ekttto 1995, Murphy and
Lehnhausen 1998)Blackbacked Woodpeckers are also asat@d with mountain pine
beetle(Dendroctonuponderosaghereafter MPBjnfestationdGoggans et al. 1989,
Bonnot et al. 2008, 200®ecause of high abundancesothbark beetlesind wood
boring beetles Finally, Black-backed Woodpeckers are known te usdisturbed forest
(Mohren 2002, Tremblay et al. 200®jarticularly when recently burned habitat is not
available(Hoyt and Hannon 2002bhoughsuch use is often associated with small
patches ofecently killedtrees(Hutto 1995 S MohrenPersonal Comunicatior).

Resources in thesecently killed forestare notlikely to be of equal value to

Black-backed Woodpeckers. Two brdadifferentdisturbance types that may differ in
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value to Blackbacked Woodpeckers are recently burned fostid/IPB infegations.
Black-backed woodpeckers were rarely detected in MPB infestations in areas where
extensive early podire habitat occurredCilimburg et al.2006 Edworthy et al. 2011).

In contrast, Blak-backed Woodpeckers readily use MPB infestations imegins of
their range wherearly postfire habitat may be relatively ra(&oggans et al. 1989
Bonnot et al. 2008, 200®ierson et al. 2030 Thus, MPB infestations may have low
value to Blackbacked Woodpeckers relative to early pirgt habitat This hypothesis
was supported bhe results oChapter 1 which suggestedegative population growth
rates of Blackbacked Woodpeckers occupying MPB infestations in the Black Hills,
South Dakota. Two disturbance types that differ more subtly are tsatriéated by
wildfire and prescribed fire. Habitat created by prescribedafipearvisually similar to
habitat created by wildfirandBlack-backed Woodpeckemsccupyboth habitat§Russell
et al. 2009) Howeverthe results oChapter 1suggesnhegdive population growth rates
of Black-backed Woodpeckers occupying forests treated by fall prescribed fire in the
Black Hills, South Dakota. Indeetihe results oChapter 1suggestegositive

population growth rates only in habitat created by summefive)duggesting this
habitat may be of the greatest relative value to Blzatked Woodpeckers.

Differences in population growth ratammongwoodpeckers occupying these
distinct habitats may arise part from differences in food resources. Food avmlifey
can bea major determinant of habitat qual(tyyons 2005, Johnson 2007Differences
in food availabilityamonghabitats may affect reproduction and survival, which in turn
impact population growth rates and fitness. For example, Siikgi1@®8)demonstrated

food availability may impact the weight of Pied Flycatchgcédula hypoleuca
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nestlings at fledging and Strong and Shé2§00)demonstrated that body condition
indices of OvenbirdsSeiurus aurocapillawintering in Jamaica were correldteith
changes in prey across habitats and through time. ahelikely to be differences in
food resources available to Blablacked Woodpeckeemonghabitas created by
wildfire, MPB infestaions, and prescribed fire. ifilerences in food resourcestiween
habitats created by wildfire and prescribed fire raage through differences in
abundance of wooeHoring beetles owed to seasonality of fik¥ildfires are most likely
to occur in dry summer months, while forests are often treated with presirgedring
months when fire is easiest to control, such as spring or altimapp et al. 2009)
Treating forests with prescribed fire during autumn monthg affect the ability of
wood-boring beetles to immediately colonizeated forests, resulting reduced
abundance.

Differences in food resources between habitats created by wildfire and MPB
infestations may be related to differences in the primary prey item between habitats.
Wood-boring beetles of the families Cerambycidae and Bupresticsgtracted to early
postwildfire habitat(Costello et al. 20113nd feed on the moist phloem of recently
killed or dying treegSaintGermain et al. 2004)In contrast, ltemountain pine beetls
primarily responsible for the currebeetleinfestatonin the Black Hills(Negrén et al.
2008) althoughwood-boring beetles andther bark beetle@ps species) occur iboth
MPB infestations and wildfires (Hufbieg et al. 2006). In general, webdring beetles
are much larger than bark beet{@snett etal. 2003, suggestin@lack-backed
Woodpeckersnay have access to greater food resourcescently burned forests

relative to MPB infestations.
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For this study, we evaluateghparent foraging success of Blazkcked
Woodpeckeramonghabitas created bysummerwildfire, fall prescribed fire, anMPB
infestationgn the Black Hills, South DakotaWedefine apparent foraging success as the
count of successfully capturpdey from each tree used for foraging/e evaluated
whether apparent foraging successwoodboring beetles was greater in habitat created
by wildfire relative to habitat created by prescribed. fWée also evaluated whether
apparent foraging success for weoating beetles was greater in habitat created by
wildfire than MPB infestationsand whether apparent foraging success for small prey
items (including bark beetles) was greater in MPB infestations than habitat created by

wildfire.

Methods

Study Sites

This studyoccurred between 2008 and 20t2he Black Hills, South Dakotat
studysitesrepresenting habitat created by wildfire, prescribed &éirel MPB infestations
(Table3.1). All wildfire sites burned during the months of June or July (hereafter we use
wildfire synonymously with summer wildfire), and all prescribed fire siteewggrited
during the months of September or October (hereafter we use prescribed fire
synonymously with fall prescribed fireAll study sites were composed primarily of
ponderosa pineP{nus ponderosaforest, with quaking aspeP@pulus tremuloidgs
paper birch Betula papyrifery, and white spruceP{cea glaucatreesoccurring less

frequentlywithin monotypic ponderosa pine star{goffman and Alexander 1987)
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All study sites were composed of a heterogeneous mix of disturbance types. The
prescribedire and wildfire sites contained a mix of trees that burned at low, moderate,
and high severity, although the relative proportion of trees burned at each severity
category varied by study site. All MPB study sites contained a mix of trees that had been
infested < 1 year (hereafter ca2yeasd d6gr een
(hereafter called éred hitsd), and trees t
6gray hitsodo). Further, althoaoseglbfomeach stud
disturbance type (wildfire, prescribed fire, or MPB infestations), most study sites had
components of both fire and MPB infestations. For example, most wildfire and
prescribed fire study sites had small MPB infestations close to the burheygripvhile
many of the MPB study sites contained small patches of burned forest. We classified
each study site based on the dominant disturbance present (wildfire, prescribed fire, or
MPB infestation).
Capture and Radigelemetry
We studied apparent fagang success of Blaekacked Woodpeckers by
observing individuals fitted with VHF radimansmitters.We captured woodpeckers
using mist nets, hoop nets, and netgW& captured birds with mist nets by luring them
into nets with decoy woodpeckers anda®lings of territorial vocalizations or by placing
nets along known flight pathsviist nets were used with limited success only during the
2009 and 2010 breeding seasons and were quickly abandoned in favor of the more
efficient hoopnet and netgun capeimethodfLehman et al. 2011)We captured birds
with hoop nets by waiting for a bird to enter a nest cavity and placing the net over the

cavity entranceHoop nets were an efficient capture method during the breeding season,
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but were only effective whnewoodpeckers were actively attending cavitiEmally, we

used the netgun to capture woodpeckers by luring them in with territorial recordings or
by stalking foraging woodpeckers h& netgun allowed capture away from nest cavities
ard outside the bre@tgy season.

Once captured, all birds were weighed and a smalli (3.8 g) transmitter was
attachedRappole and Tipton 1991 Blackbacked Woodpeckers captured during the
course of this study weighed an average of 75g, so transmitters weighed < 5% of an
aver age ad uyfar eta.i2010) Additiomedlys adl birds werdanded witha
unique combination of colored leg baratgla uniquely numbered U.S. Fish & Wildlife
Service aluminum leg bandVe attempted to recapture previously marked indafsiu
and replace transmitteas batteries expiredVe supplemented recaptured birds with
unmarked birds that were captured opportunistically during trapping events.

Foraging Observations

This project was part of a larger study evaluating habpatificdemography
(Chapter ) and resource selectio€@lfapter 2 of Black-backed Woodpeckers in the
Black Hills, South Dakota. Our schedule for locating raderked Blackbacked
Woodpeckers thus reflected sampling requirements for each study component and radio
marked woodpeckers were observed as often as once every 4 hours and as infrequently as
once every month.

Observers conducted 4finute foraging observations on radiarked
woodpeckers when they were located. During foraging observations, observeesicount
the number of apparent o0l argedéd and O0small o6

tree it used for foraging. We define 61 ar
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s bill a n/dthewe def i n

(@)}

|l ength of a woodpecker
| ength of a woodpecker 6s bi |l | -boringWeetleas s umed
larvae, since woodioring beetle larvae (e.g. Cerambycidae) are typically 15 or more mm
in length (Arnett et al. 2002, p. 568). We did not attempt to further jlaseall prey
items, since small prey could be a variety of species (e.g., MBBmall woodboring
beetle larvae, or wasp larvae). There is a large size discrepancy betweenonngd
beetl es and the O6small 6 pr eyexample barkberttep e c k e
larvae (e.g. Scolytinae) are typically8Imm in length (Arnett et al. 2002, p. 793).
Therefore, we assume observers were able to correctly distinguish betweehosiogd
beetle larvae and other smaller prey items. Observatiorestymcally conducted within
107 20 m of foraging woodpeckers. Blablkcked Woodpeckers are generally tolerant
of approaching humans (e.g., Lehman et al. [2011] describe approachinghBtkeld
Woodpeckers to within 3 m), so we assume foraging behaxasmot biased by
proximity of observers. Occasionally, observers were unable to complete 10 minutes of
observation (e.g., a radtelemetry signal may be lost after a long flight), though this
occurred during < 5% of observations. When foraging obsensawere truncated,
counts of successfully extracted prey from those trees a woodpecker used for foraging
were still included in the analysis.
Observers recorded several variables to characterize each tree a woodpecker used
for foraging. Observers claBed burn severity as low if scorch height was
approximately breast height or lower, moderate if scorch height extended above
approximate breast height, but did not burn the entire canopy, and high if the entire tree

canopy was consumed by fire. Treeswe cl assi fied as oO0green hi
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fresh pitch tubes (pitch tubes indicate a tree has been attacked by MPBs) and needles
were still green, O0red hitsdé if pitch tube
hitso6 i1 f t heeneegleswa piteh tubes wereopresent on trees. Trees were
further classified as 6Burn/ MPB6 i f they w
oundi sturbed6 if trees were neither burned
not enough observatig of birds foraging on trees both burned and infested with MPBs
to simultaneously classify by burn severity and age of infestation, so all such trees were
classified as oO6Burn/ MPBO. Observers visua
(DBH) of eachiree a woodpecker used for foraging. Observers measured the DBH of the
final tree included in foraging observations to ensure estimates of tree DBH were
reasonably accurate. Estimated DBH was correlated(90,n = 381,p < 0.01) with
measured DBH, sae assumed estimated DBH was a reasonable representation of tree
diameter. We classified the number of years-ficstased on a 12 month period
starting the T April following a burn. For example, we considered foraging observations
conducted in thd-Mile study site between April 1, 2008 and March 31, 2009-yesat
postfire (4-Mile burned in June 2007). We began thismi@nth period on April 1
because this is the approximate beginning of the breeding season (recognizing that Black
backed Woodpecke make territorial settlement decisions ysaind). Thus, the
number of years podire reflects the number of breeding seasons-fiest
Statistical Methods

We modeled apparent foraging success for wadhg beetle larvaand small
prey items withBayesiamegativebinomial generalized linear mixed models:

O x5 QRY'0E ¢ aQdia
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wherew is the count of successfully captured prey obseérreade of woodpecker
foragingontre&,“ andrar e t he O&6éprobability of succes:
respectively, of a negative binomial distribution, and is the expected count of
successfully captured prey observarade of woodpeckegrforaging on tre&k. We
included a random woqecker effect in all models to account for lack of independence
in counts due to observations of individual woodpeckers foraging on multiple trees. We
included a random observer effect in all models to account for systematic variation in
counts among obseers
We evaluated whether foraging success for wioang beetle larvae was greater

in habitat created by wildfire than in prescribed fire by modeling counts of successfully
captured woo¢boring beetle larvae on burned trees in these two habitats.sS\med
the expected count of successfully extracted womrihg beetle larvae was a linear
function of fixed and random effects:

1TC f 0Qi 671 QF 0°YT OY I @0Qa QY d 1 o

I ot T 060

where0 "Yand0 "Y are dummy variables = 1 if tréeburned at low or moderate severity,
respectively, 0 otherwisey 'Qa i a dummy variable = 1 if trdewas located in habitat
created by summer wildfire, O otherwisei ,®io , and®w T are dunmy variables =1
if treek was located in ¥ear, 3year, or 4year posffire habitat, respectively, 0
otherwiseiO 6 "Os the estimated diameter at breast height ofkréec iand6 "Qi aée

random effects associated with obseivand birdj, respectively; and , éf, are
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fixed-effects parametersiVe were primarily interested in how apparent foraging success
for wood-boring beetle larvae varied by habitat, but included the variables tree diameter,
tree condition, and burn age to accoiantadditional sources of variation.

We next modeled apparent foraging success for vimoohg beetle larvae and
small prey in wildfire and MPB infestations. We fit two separate models evaluating
apparent foraging success in wildfire and MPB infestations;with counts of
successfully captured wodxbring beetle larvae as the response variable and the other
with counts of successfully captured small prey as the response variable. We assumed
the expected count of both wabdring beetle larvae and smphey were linear
functions of fixed and random effects:

1 1TC f bwi 671 Qf 0°YT O f OY 1 "0O0 1 YO
F'OY 1T 60 f QaQf dig T ®o [
I 060
where’0"Y,"0'0,'Y "0, "0y , and6 U are dummy variables = 1 if tréds severely
burned, green hit, red hit, gray hit, or burn/MPB, respectively, 0 other\Wsewere
primarily interested in how apparent foraging success varied by habitat, but included tree
diameter, treegondition, and number of years pdiseé to account for additional sources
of variation.

Finally, we calculated the ratio of food resources provided by voooiehg beetle
larvae relative to small prey required for total food resources per tree to benequal
habitat created by wildfire and MPB infestations. We make no assumptions about what
0food resourcesd woodpeckers may acquire,

or any combination of other nutrients. We first calculated the ratio of expent@t of
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small prey to expected count of webdring beetle larvae in MPB infestations as:

1 Q TQ ,wherd andl  are the intercept parameters for the small prey
and woodboring foraging models, respectively. Similatlyg calculated the ratio of

expected count of small prey to expected count of wamwthg beetle larvae in habitat

created by wildfire a$: Q 7Q , Wherg andf are the
parametes associated with the wildfire covariate for the small prey and vwoaddg

foraging models, respectively. We calculgted and so counts of successfully
extracted prey are directly comparable across habitats. We then calculateid ibfe rat
food-resources provided by wodibring beetle larvae relative to food resources provided
by small prey necessary ftmod resources to be equal between habitats as:

g Q Egn.3.1
W

Q 0
Derivation of equatio3.1 can be found idppendix 2 Note that this calculation
requires two assumptions. One assumption is that successfulbedng beetle larvae
captures are detected with the same probability as successful captures of smadlherey.
other assumption is that the energy required to capture prey scales with prey size. For
example, if a woodboring beetle larva is approximately 5x larger than a small prey, we
assume it requires 5x the energy to acquire a vibmoohg beetle larva. Hese
assumptions allow ratios of food resources provided by vibmothg beetle larvae to food
resources provided by small prey to remain unbiased, even if detection probability is < 1
and the absolute energy required to acquire prey is unequal.

We fit all three modelsn WinBUGS (Gilks et al. 1994yia the R2ZWinBUGS

interface(Sturtz et al. 2005)We only included data from individual woodpeckers or
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observers if there were at least 10 observations in each group to aid in model
convergenceWe assumed & & ¢rip 1t 1t prior distributions for all fixeekffects
parameters an®@d & & 18t rihpdt Tt orior distributions for (the negative binomial
dispersion parameter). We assuried¥i¢ ¢ i amha andd Q% &¢ 1 amha )

and we assumedl ¢ "Q"Qértip at Tprior distributions for boty  and, . We

assume uniform prior distributioier standard deviation hyp@arameters because the
inverse gamma distribution, which is often used as a prior distribution for variance hyper
parameters, can have a strong influence on posterior distrib¢@ehsan, 2006) We
simulated marginal posier distributions of parameters for the model fit to counts of
woodboring beetle larvae in wildfire and prescribed fire from 3 Markov chains. We ran
each chain for 51,000 iterations, discarding the first 1,000 iterations askamnd

keeping every 5Diteration thereafter to reduce autocorrelation between successive
draws. Estimated marginal posterior distributions of parameters for the model fit to
counts of wooeboring beetle larvae in wildfire and prescribed fire are thus based on
3,000 random drasv We simulated marginal posterior distributions of parameters for the
models fit to counts of woeHdoring beetles and small prey in wildfire and MPB
infestations from 3 Markov chains. We ran each chain for 4.2 million iterations,
discarding the first 2DB0O0O iterations as buin and keeping every 4B0teration

thereafter to reduce autocorrelation between successive draws. Estimated marginal
posterior distributions of parameters for the models fit to counts oflwoodg beetles

and small prey in wifire and MPB infestations are thus based on 30,000 random draws.
The BrooksGelmanRubin convergence diagnos{Brooks and Gelman 1998)dicated

adequate convergence for all parametafrs ().
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Results

Wildfire vs. Prescribed Fire

We modeled apparefdraging success for wodabring beetle larvae from 2,625
observations of woodpeckers foraging on burned trees in habitat created by wildfire and
prescribed fire. The dataset included observations from 61 different woodpeckers
collected by 14 different aervers.

We found evidence that apparent foraging success forAwoodg beetle larvae
was greater in habitat created by wildfire relative to prescribed fire. For example, Black
backed Woodpeckers were expected to capture 90 (95% CI = [34, 175 omagl
beetle larvae for every 1,000-2h DBH severely burned trees iryg&ar postwildfire
habitat relative to 51 (95% CI =[18, 108]) webdring beetle larvae on identical trees in
1-year posfprescribed fire habitat. Additionally, 94% of the posteriengity of the ratio
of the expected count of wodmbring beetle larvae captured in wildfire to prescribed fire
was > 1 (Fig3.1), suggesting more wodabring beetle larvae were captured in habitat
created by wildfire than in habitat created by prescrived

Apparent foraging success for webdring beetle larvae also varied as a function
of tree diameter and time since fire. Apparent foraging success forlvooog) beetle
larvae was positively associated with estimated tree DBH and negatively sssoatat
time since fire, with the lowest counts occurringears posfire (Fig. 3.2). Apparent
foraging success for wodabring beetle larvae did not vary appreciably as a function of

burn severity.
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Wildfire vs. MPB Infestations

We modeled apparentriiging success for wodabring beetle larvae and small
prey from 3,534 observations of woodpeckers foraging in habitat created by wildfire and
MPB infestations. These datasets include observations from 73 different woodpeckers
collected by 12 different aervers.

We found evidence that apparent foraging success forAwoodg beetle larvae
was greater in habitat created by wildfire relative to habitat created by MPB infestations.
For example, Blackacked Woodpeckers were expected to capture 105 (95% CI = [20,
321]) wood-boring beetle larvae for every 1,000-@% DBH redhit trees in lyear post
wildfire habitat, relative to 34 (95% CI =[12, 76]) webdring beetle larvae on identical
trees in MPB infestations. Additionally, 97% of the posterior density ofatine of the
expected count of woebloring beetle larvae captured in wildfire to MPB infestations
was > 1 (Fig3.3), suggesting more wodabring beetle larvae were captured in habitat
created by wildfire than in habitat created by MPB infestations.

Apparen foraging success for wodabring beetle larvae also varied as a function
of estimated tree DBH, time since fire, and tree condition. Apparent foraging success for
wood-boring beetle larvae was positively associated with estimated tree DBH and was
greatet in trees that burned at low severity. Additionally, apparent foraging success for
wood-boring beetle larvae was greatest igear post wildfire habitat (Fig.4).

We found evidence that apparent foraging success for small prey was greater in
habitatcreated by MPB infestations relative to habitat created by wildfire. For example,
Black-backed Woodpeckers were expected to capture 139 (95% CI = [38, 369]) small

prey for every 1,000 26m DBH redhit trees in lyear postwildfire habitat, relative to
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267 (95% CI =[102, 600]) small prey on identical trees in MPB infestations.

Additionally, 96% of the posterior density of the ratio of the expected count of small prey
captured in wildfire to MPB was < 1 (Fi8.5), suggesting more small prey were

capturedn habitat created by MPB infestations than in habitat created by wildfire.

Apparent foraging success for small prey varied as a function of tree condition
and estimated tree DBH. Expected counts of successfully captured small prey items were
greatest oitrees that burned at low, moderate and high severity, green hit, and red hit
trees, and increased with increasing estimated DBH. Apparent foraging success for small
prey did not vary appreciably as a function of time since fire G&).

We found thatotal apparent foraging success (i.e., the sum of expected counts of
successfully captured wodzbring beetle larvae and small prey) was greater in MPB
infestations relative to postildfire habitat because Bladkacked Woodpeckers were
observed successlylcapturing more small prey in MPB infestations (Tab®). Black
backed Woodpeckers captured 10.9 (95% CI = [2.3, 32.1]) small prey for every 1 wood

boring beetle larvag { = 10.9) in MPB infestations and captured 2.1 (95% CI = [0.3,

7.6]) smallprey for every 1 woodoring beetle in poswildfire habitat( I = 2.1).
Black-backed Woodpeckers captured 3.1 (95% CI = [0.9, 7.4]) vibooohg beetles in
postwildfire habitat for every 1 woctioring beetle in MPB infestations. The median
valueof the posterior distribution of= 2.75, suggesting woelabring beetle larvae

needed to provide approximately 175% more food resources than small prey for Black
backed Woodpeckers to gain equal food resources per tree in habitat created by wildfire

andMPB infestations (Fig3.7). Additionally, 70% of the posterior density>ofvas < 5,
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which is the threshold where wodaring beetles provide 5 units of food resources for

every 1 unit of food resources provided by small prey.

Discussion

We found that pparent foraging success for webdring beetle larvae was
greater in habitat created by wildfire relative to habitat created by prescribed fire.
Assuming apparent foraging success is related to the underlying abundance-of wood
boring beetles, this resiudtiggests a greater abundance of wioodng beetles in habitat
created by wildfire relative to habitat created by prescribed fire. Similarly, we found
greater apparent foraging success for wbodng beetle larvae in habitat created by
wildfire relativeto MPB infestations, and greater apparent foraging success for small
prey in habitat created by MPB infestations relative to wildfire. Although Biacked
Woodpeckers were observed eating more individual larvae in MPB infestations, our
results suggestood-boring beetles only needed to provide 175% more food resources
than small prey for apparent food resources per tree to be equal between habitats created
by wildfire and MPB infestations. Assuming acquired food resources scales
approximately with thaeize of the prey,woed or i ng beetl e | arvae, wl
5x larger than many small prey woodpecker were eating (e.g., bark beetle larvae,
Scolytinae, Arnett et al. 2002), likely provide > 175% more food resources than small
prey. This suggesBlack-backed Woodpeckers may acquire more food resources per
tree while foraging in habitat created by wildfire relative to habitat created by MPB
infestations. Together, these results may help exgiaidifferences in population

growth rates among distbed habitats in the Black Hillgiggested ihapter land the
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strong association between Blaséicked Woodpeckers and early pfiist habitat(Hutto
1995, Murphy and Lehnhausen 1998)

The lower apparent foraging success for wbodng beetle larvae ihabitat
created by prescribed fire relative to habitat created by wildfire may occur as a result of
differences in timing between these two disturbances. All of our wildfire study sites
burned during the months of June or July, while forests were tre#tegdrescribed fire
during the months of September and October. Such differences in timing may affect the
ability of woodboring beetles to colonize recent prescribed burns. Some species of
woodboring beetle are capable of detecting chemicals presevildfire smoke(Schiitz
et al. 1999pnnd can rapidly colonize recent burns. However, if prescribed fires burn
during months that woeHoring beetles are inactive, these beetles may not be able to
immediately colonize prescribed fire sites. This is sujgoidby recent surveys
suggesting high relative wodgbring beetle abundance the first autumn following a
summer wildfire, but almost no wodzbring beetle activity the first autumn following a
fall prescribed fire (M.A. Rumblaynpublished dafa Furthemore, woodboring beetles
eat the moist cambium of recently killed and dying t(&ssntGermain et al. 2004)

The effects of delayed colonization may therefore be exacerbated if trees killed by
prescribed fire are allowed to dry through the fall andevimonths. Further research is
needed to clarify the relationship between wboding beetle abundance and the timing
of fire.

The greater apparent foraging success for wWamthg beetle larvae in habitat
created by wildfire and small prey in habitatated by MPB infestations suggests

woodpeckers are exploiting different prey bases between these two habitats. We found
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these differences even after controlling for tree disturbance condition, such as burn
severity or age of MPB infestation, suggestinmga difference between habitats in the
primary prey consumed, and not just an artifact of the predominant disturbance type in
each habitat. Such differences may be caused by different prey types aggregating in each
type of disturbed forest. For examplgodboring beetles may have aggregated in
greater density in wildfire study sites, which were much larger than the small patches of
burned forest present in some MPB study sites. These differences in apparent foraging
success may also result from ditfat foraging behaviors Bladikacked Woodpeckers
develop in each habitat. For example, Btaekked Woodpeckers forage for bark
beetles by excavating just under the bark layer, while they often must excavate into
heartwood to extract woelbring beetle larae. Woodpeckers foraging in MPB
infestations may thus not spend much time foraging deep enough to find and capture
wood-boring beetle larvae.

This potential difference in prey base between habitat created by wildfire and
MPB infestations, coupled with pential differences in food resources between wood
boring beetle larvae and small prey, suggests Btacked Woodpecker may gain fewer
food resources per tree while foraging in MPB infestations. Biacked Woodpeckers
foraging in MPB infestations coulabtentially acquire the necessary food resources by
foraging over a greater spatial area relative-Boykar posfire habitat. This hypothesis
is consistent with our observatior@Gh@apter 2 that home ranges of Bladlacked
Woodpeckers were nearlytdnes larger in MPB infestations relative t@ Jear posfire

habitat. This need to search for food over a greater area could increase exposure to
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potential predators while foraging, contributing to the low growth rates observed in
habitat created by MPBifestations relative to habitat created by wildfire.

We found that apparent foraging success for both vmweohg beetle larvae and
small prey in all habitats was positively associated with tree diameter, suggesting
relatively large diameter trees maydeimportant foraging resource for Blalsicked
Woodpeckers. Nappi et §2003)and SaintGermain et al(2004)found woodboring
beetle abundance was positively associated with tree diameter. Similarly, Negrén et al.
(2008)found that the probability iee was attacked by MPBs in the Black Hills, South
Dakota was positively associated with tree diameter. Our observation is also consistent
with the results oChapter 2and Dudley et a2012) who found that Blaclkacked
Woodpeckers selected relatiyghrgediameter trees within their home range. Together,
this suggests that large diameter trees likely contain abundant food resources for Black
backed Woodpeckers.

We also found that apparent foraging success for vbooithg beetles in habitat
createcdby wildfire and prescribed fire was lowesy8ars posfire, suggesting a
potential decline in food resources after the first two yearsfpestThis decline in
apparent foraging success for wemating beetles was concomitant with an increase in
homerange size over the same time period, wiild increases in home range size in 3
4 year posfire habitat (both prescribed fire and wildfire) relative t@ §ear postire
habitat Chapter 2. This timing is also consistent with changes in nest ssaieserved
by Nappi and Drapea@009) who observed declines in nest succegeds posfire,
and with Murphy and Lehnhaus€®98) who found declines in densities of Black

backed Woodpeckers iny&ar posffire habitat. These dramatic changes in appia
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foraging success, home range size, nest success, and density thatyeamsr®stire
likely reflect life history patterns of woeldoring beetle larvae, which typically emerge
from host trees-3 years after eggs are initially deposi{dturphy ard Lehnhausen
1998) Thus, we conclude that2lyear postvildfire habitat that burns during summer
months are important for maintaining Blalskcked Woodpecker populations.

Our calculation of the ratio of food resources provided by wwarihg beetle
larvae to food resources provided by small prey necessary for equal food resources
between wildfire and MPB infestations relies on assumptions that the probability of
detecting a successful capture is identical for wbodng beetle larvae and small prey
andthat the energy required to capture prey scales with prey size. Successful captures of
small prey are likely more difficult to detect than successful wamthg beetle larvae
captures, given the difference in prey size. Such a violation of the deligctabi
assumption would result in an underestimation of the ratio of food resources provided by
woodboring beetle larvae to food resources provided by small prey necessary for equal
food resources across habitats (i.e., if woodpeckers were observed captorgsmall
prey relative to woodboring beetle larvae, each woebdring beetle larvae would need to
provide more food resources for total food resources across habitats to be equal). Given
the median ratio of 2.75 units of food resources provided bylwoang beetle larvae to
units food resources provided by small prey necessary for equal food resources across
habitats, detectability would have to differ by a factor of 1.8 for woarihg beetle
larvae to provide 5 units of food resources for everpifiaf food resources provided by
small prey (because 5/2.75 = 3.47). In general, Biacked Woodpeckers were

tolerant of approaching humans and observers were generally able to conduct
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observations within 10 20 m with highpowered binoculars. Wllthe probability of
detecting a successful capture of small prey was likely lower than the probability of
detecting a successfulwotddor i ng beetl e | arvae captur e,
captures of woodboring beetle larvae were twice as detectalbleus, although we may

have underestimated the ratio of food resources provided by-bayoty beetle larvae to
food resources provided by small prey necessary for food resources to be equal across
habitats, our results suggest that woodpeckers may gamfi;od resources per tree in
postwildfire habitat relative to MPB infestations. Our other assumption was that the
energy required to capture prey scaled with prey size. Blacked Woodpeckers

typically need to excavate into the heartwood to capta@tboring beetle larvae, while
they only need to forage directly under the bark to capture most small prey. Thus, more
energy is likely required to capture wobdring beetles relative to small prey. The
energetic costs associated with capturing eathese prey is unknown, and likely

depends on factors beyond simply depth of excavation. For example, search time is an
important energetic cost. Although webdring beetles are typically excavated from
heartwood, they are also audible from a gredaadie (C. T. Rotpersonal observation

and thus may be easier to locate than small prey. While we do not know the absolute
difference in energy required to successfully extract different prey types, we believe our
assumption that energy expenditure ss&léh prey size is a reasonable approximation.
This is the first study to quantify potential differences in Blaakked Woodpecker food
resources among habitats created by wildfire, prescribed fire, and MPB infestations. Our
finding that apparent foraging success for wboding beetle larvae was gter in

habitat created by wildfire compared to habitat created by prescribed fire and MPB
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infestations may help explain observed differences in population growth rates among
these habitats in the Black Hill€ljapter ). Indeed, this study helps confimriong
standing hypothesis (Hutto 1995) that Bldcked Woodpeckers are an early gost

specialist.
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Table 3.1: Study sites used to evaluate apparent foraging success ofli2lek&d Woodpeckers in the Black Hills, South Dakota,

USA.
Site Habitat Coordinates Size (Ha) Month / Year Disturbed Years Included in Study

Box Elder Wildfire 44 A906 N, 129 July 2007 2008, 2009
4-Mile Wildfire 43 A4106N, 955 June 2007 2008- 2011
Bullock RxFire 44A00N, 486 Sept. 2008 20107 2012
Bitter RxFire 43 A580N, 304 Oct. 2010 2012
Headquarters West RxFire 4 3 A3 46 N, 255 Sept. 2009 2011
American Elk RxFire 43A610N, 1376 Oct. 2010 2012
Norbeck MPB 43A500N, >213° 1998 2008
Bear Mountain MPB 43A5106N, > 48°¢ Before 1995 20081 2011
East Slate Creek MPB 43A5806N, > 1,303 Before 1995 2008- 2011
Deerfield Lake MPB 44A0006N, > 169° Before 1995 2008
Medicine Mountain  MPB 43 A5206 N, > 1,748° Before 1995 2009- 2011




G8

& Size of MPB infestations Calculated from FHP Aerial Detection Surveys, availatieat/ww.fs.usda.gov/detail/r2/forest
grasslandhealth/?cid=fsbdev3_0416Z8ccessed Feb. 13, 2013). This is an estimate of the minimum totehpaeted by
MPBs in each study site in a given year.

P The first year MPB infestations were detected in FHP Aerial Detection Surveys. Note there is no aerial detectiontdat@3sior

¢ calculated from 2008 FHP Aerial Detection Survey

4 calculated from 2010 FHP Aerial Detection Survey



Table 3.2: Relative expected counts of Blablcked Woodpecker apparent foraging
success for woetloring beetle larvae and small prey in habitats created by wildfire ¢
MPB infestatons. Expected counts are relative to a baseline of 1 apparenidenngd
beetle capture in habitat created by MPB infestations. Blacked Woodpeckers
capture 10.87 small prey for every 1 wdaakring beetle larvae in MPB infestations, ar
Black-backedwoodpeckers capture 3.09 webdring beetle larvae in pestildfire

habitat for every 1 wocetoring beetle in MPB infestations.

MPB Infestation PostWildfire Habitat
Wood-boring Beetles 1.00 3.09
Small Prey 10.87 6.64
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Wildfire vs. Prescribed Fire
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Figure 3.1 Upper panel Realized results from the posterior distributions of expected
counts of successfully captured welooring beetle larvae per 1,000 trees in habitat

created by wildfire and prescribed fire. This figure assumes woodpeckers are foraging on
24-cm DBH severelyurned trees in-Year posftfire forest. The dots represent a random
draw from each posterior distribution and horizontal lines represent means of each
posterior distribution.Lower panel Posterior density of the ratio of expected counts of
successfull captured woodboring beetle larvae in habitat created by wildfire to habitat
created by prescribed fire. Values > 1, indicated by the vertical dashed line, means more
wood-boring beetle larvae are captured in habitat created by wildfire.
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Figure 3.2: Posterior distributions from the model fit to counts of successfully captured
woodboring beetle larvae by woodpeckers foraging on burned trees in habitat created by
wildfire and prescribed fireUpper panel Realized results from the posterior

distributions of expected counts of successfully captured vibmoihg beetle larvae per

1,000 trees that burned at low severity, moderate severity, and high severity. This figure
assumes woodpeckers foraging orck4 DBH trees in dyear post wildfire forest. The

dots represent a random draw from each posterior distribution and horizontal lines
represent means of each posterior distributididdle panel Realized results from the
posterior distributions of expected counts of successfully capturedbaody beeg

larvae per 1,000 trees in 1, 2, 3, anrgedr posfiire habitat. This figure assumes
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