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ABSTRACT

Grassland and shrub/scrub breeding birds haveiexged severe population
declines since the beginning of the Breeding Bindv8y in 1966 (Sauer et al. 2007).
Habitat loss and degradation are likely the prin@yses of decline (Herkert 1994,
Warner 1994, Johnson and Igl 2001). Partnersigh&PIF) continental population
objectives call for managers to increase populatlmnup to 100% for several of the
species found in the Big Barrens, north-centralnBssee and south-central Kentucky,
such as DickcisseBpiza americana), Henslow’s SparrowAmmodramus henslowii), and
Prairie Warbler Dendroica discolor; Rich et al. 2004).

The quantity and quality of breeding season habhi@important in determining
the future population trends of grassland birdeughout North America. Herkert
(1995) identified the loss and degradation of bieggdeason habitat as the most likely
cause of most population declines. It is importardetermine the relative importance of
habitat features for grassland birds on multipkdescin terms of population density as
well as productivity. | compared population deiesitof breeding grassland birds in the
Big Barrens with field characteristics (e.g. fiside, vegetation measurements) to
determine which habitat features promoted fieldlwseach species (Chapter 2). | also
monitored 39 Henslow’s Sparrow nests and 122 FSglarrow nests in the Big Barrens
during the 2006 and 2007 breeding seasons (Chaptéfstimates of Mayfield (1961,
1975) nest success were within the documented saogéoth Henslow’s Sparrow
(23.8%, 95% CI: 10.7 — 40.5%) and Field Sparrow4%5 95% CI: 9.5 — 23.1%). | also

found evidence that Field Sparrows are at leasbl@elorooded in the Big Barrens.



In addition to my work in the Big Barrens duririgetbreeding season, we also
sampled the winter bird community in the Big Bag@md in eastern Tennessee from
2003-07 using a variety of methods, including meiting, widely dispersed point
counts, rope dragging transects, and line trang€titapter 4). My results indicated that
a variety of habitats, including disturbed fieladslagricultural fields in addition to
grasslands dominated by native vegetation, is sacg$o support the entire winter

grassland bird community in the mid-South.



EXECUTIVE SUMMARY

Grassland bird species populations have beemidgglihroughout eastern North
America for several decades. Of 14 species ingitdap occurring in the eastern United
States, 11 have significant negative populationdsesince the beginning of the Breeding
Bird Survey in 1966 (Sauer et al. 2005). Using BB&, Herkert (1995) estimated an
average annual population change of -1.4 + 0.7% 3agrassland bird species in the
Midwest. Population declines have largely beerbaited to habitat loss and
degradation, perhaps exacerbated by area sensftuvimany species (Herkert 1994,
Warner 1994, Walk and Warner 1999, Hunter et @0120ohnson and Igl 2001, Bakker
et al. 2002, Herkert et al. 2003, Patten et al620Qo0ss of native grassland habitats to
intensive agriculture or other agricultural usest tleduce habitat quality has been linked
with declines for this group of birds as a wholeuflghy 2003). However, for many
grassland species, it is still unknown which hdlatearacteristics are important in
determining habitat quality (Peterjohn 2003).

The Big Barrens is a 1.2-million-ha region of nigsipen habitat in Tennessee
and Kentucky. The region was mostly native grassiaith few trees prior to the arrival
of European settlers (Mcinteer 1946), but moshefdrea is now in intensive agriculture
and small forest patches (Chester et al. 1997)nrfaet and restored patches of native
grassland vegetation remain in the Big Barrense Jieatest concentration of grasslands
with native vegetation is on Fort Campbell MilitdRgserve (FCMR), which supports
almost all of the open habitat bird species natvihe region (Moss 2001, Dykes 2005).
Open habitat dominated by native vegetation is fdaod on property managed by the

Tennessee Wildlife Resources Agency (TWRA) androrafely-owned land enrolled in
Vi



the Conservation Reserve Program (CRP) of the BlaResources Conservation
Service.

In Chapter 2, | present and discuss the resultsrdfsurveys that | conducted on
open habitats in the Big Barrens on fields undew8ership types: CRP, FCMR, and
TWRA. Of the 6 species of grassland obligate bpdcies that | observed (Dickcissel
[Spiza americana], Eastern MeadowlarkJurnella magna], Grasshopper Sparrow
[Ammodramus savannarum|, Henslow’s SparrowA. henslowii], Horned Lark
[Eremophila alpestris], and Sedge WrerCjstothorus platensis]), only 1 (Dickcissel) was
observed on TWRA fields. Six and 5 of those spewiere observed on FCMR and CRP
fields, respectively. TWRA fields supported 13a@ps of shrub/scrub birds of the 15
that were observed in this study; | observed 1tispeof shrub/scrub birds on both CRP
fields and FCMR fields. Diversity of the grassldmcd community, estimated using
Shannon’s diversity index (Shannon 1948), was great FCMR fields (1.76 + 0.05)
than on TWRA fields (1.43 £ 0.07; P = 0.0007); TWR&lds (1.66 + 0.09) did not differ
from either of the other ownership classes in Hixersity. My results in Chapter 2
indicated that different management practices Hegmint field owners lead to different
vegetation conditions. The diverse group of opabiat birds in the Big Barrens
requires an equally diverse set of habitat conaltioFor open grassland birds, the
management practices of FCMR provide better hatutatue grassland birds than either
of the other 2 ownership types; FCMR fields alsppsuted most of the other early
successional species observed in the study. GRI Supported most of the same birds
as FCMR fields, but the true grassland birds wetearell represented and diversity was
not as great. Vegetation factors are likely noblyhresponsible for the observed results,

Vii



but application of FCMR management practices (iegular burning) to fields under
other ownership types should benefit early sucoess$ibirds throughout the Big Barrens.

In Chapter 3, | present and discuss the resuls @nalysis of 39 Henslow’s
Sparrow nests and 122 Field Sparr@pifella pusilla) nests. Estimates of nest daily
survival rate (DSR) were similar to 5-year estirsatea FCMR from 1999-2003 (Moss
2001, Giocomo 2005) for both Henslow’s Sparrow42.2 0.013; 1999-2003 estimate:
0.938 + 0.009; Table 3-4) and Field Sparrow (0.228008; 1999-2003 0.926 + 0.006,
276 nests; Table 3-5). The closeness of thesaa@&sts suggests that habitat quality for
grassland birds on FCMR has been fairly consigtenugh the last decade. Although |
observed differences in the bird community (seepBdre?), | did not find evidence that
nesting success differed among the 3 ownershigstigre=ield Sparrows, and | did not
have a sufficiently large sample size to compareragrownership types for Henslow’s
Sparrow. | also observed a double-peaked patfdfietnl Sparrow nest activity through
the breeding season, indicating that Field Sparemest least double-brooded in the Big
Barrens. The pattern of Henslow’s Sparrow nesviaicdid not suggest double
brooding, but the length of time that Henslow’s $pa nests were monitored was long
enough to allow for the completion of 2 broods.

In Chapter 4, | discuss results of an investigatbthe winter bird community of
the mid-South (defined here as Tennessee, Kentacklynorthern Georgia, Alabama,
and Mississippi). | learned about the ecology ofter birds in the mid-South while
assessing the effectiveness of sampling that contynwith a variety of methods,
including point counts, rope dragging surveys, meis, and variable width line
transects. | sampled these birds in both the Bigdhs and in eastern Tennessee. |
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observed greater population densities of grasddang on fields dominated by native
vegetation (18.92 birds/ha; 95%g6rkerroni= 12.70 — 28.19 birds/ha) than on harvested
agricultural fields (2.51 birds/ha; 95%¢gererroni= 0.97 — 6.52 birds/ha); population
density of birds on burned fields was 7.86 bird$8%26 Ckonterroni= 4.26 — 14.53
birds/ha). However, patterns of abundance fomddial species varied across field
types. Some habitat types with lower overall diutgr(e.g., harvested row crop fields)
provided habitat for some species that generallgwet found in other field types.
Conservation of a variety of habitat types througlrelandscape is important to maintain
greater levels bird diversity on a regional scdlalso observed differences in the
composition of the bird community in field intersoand on field edges; therefore, land
managers should take into account the importanbalotat heterogeneity, especially
with respect to providing shrub/scrub habitat aldmgfield borders of other open-
habitats. The bird community also was temporajigainic during winter, indicating that
some open-habitat birds utilize a nomadic strateggking out different areas during
different parts of winter. It is thus importantrt@intain a variety of habitats through the

entire season.
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CHAPTER 1

INTRODUCTION

Grassland bird species populations have beemdaglinroughout eastern North
America for several decades. Of the 14 speci#isisrgroup occurring in the eastern
United States, 11 have significant negative popaarends since the beginning of the
Breeding Bird Survey (BBS) in 1966 (Sauer et aD®0 Using BBS data, Herkert
(1995) estimated an average annual population éhahgl.4 = 0.7% for 13 grassland
bird species in the Midwest. Population declin@genlargely been attributed to habitat
loss and degradation, perhaps exacerbated by emsdigty for many of the species
(Herkert 1994, Warner 1994, Walk and Warner 1993ter et al. 2001, Johnson and Igl
2001, Bakker et al. 2002, Herkert et al. 2003,dpadtt al. 2006). Although there is some
evidence that grassland birds are sensitive tol gatdh size (Gates and Gysel 1978,
Renfrew et al. 2005), recent research has cast dooi# on this conclusion (Winter et
al. 2006). Loss of native grassland habitats tensive agriculture or other agricultural
uses that reduce habitat quality has been linkéa déclines for this group of birds as a
whole (Murphy 2003). However, for many grasslapécses, it is still unknown which
habitat characteristics are important in deterngriabitat quality (Peterjohn 2003).

lllinois provides a good example of the extenthaf koss of grasslands in the
eastern United States, where by 1960 the nativagexisted primarily along railroads
and old cemeteries. The 103,600%ofgrassland that existed in the state before
European settlement has been reduced to a meré&rh®@llot 1990). Early
successional habitats reached a peak in the eastéted States in the late i @entury

but have declined to a small portion of the langscsince that time (Lorimer 2001).
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Exotic grass species such as tall fesétest(ica arundinacea) and orchardgras®éctylis
glomerata) now occupy a large proportion (>9%) of the grognser in eastern United
States grasslands (Tracy and Sanderson 2000).

Although destruction and degradation of habitafeserally accepted as the
principle cause of the declines in many grasslardidpecies populations, it is unclear
whether the birds are more limited during the biregdr wintering seasons. Nesting
success is typically low overall for grassland biiml eastern North America (Kershner
and Bollinger 1996, Winter and Faaborg 1999, Herkeal. 2003, Giocomo et al. 2008).
For example, Giocomo et al. (2008) estimated M&yf{2961) nest success for 5 species
in north-central Tennessee. The greatest ratayobhthe five species (Grasshopper
Sparrow Ammodramus savannarum]) was 33.8% (95% CI. 24.5-46.4%). Most grassland
bird species compensate for low nest success g loapable of double or even triple
brooding (Giocomo et al. 2008).

The Big Barrens is a 1.2-million-ha region of nigsipen habitat in Tennessee
and Kentucky. The region was mostly native graskiaith few trees prior to the arrival
of European settlers (Mcinteer 1946), but moshefdrea is now in intensive agriculture
and small forest patches (Chester et al. 1997 )weier, remnant and restored patches of
grasslands dominated by native vegetation remadineiBig Barrens. The greatest
concentration of grasslands dominated by nativetagn is on Fort Campbell Military
Reserve (FCMR), which supports almost all of theropabitat bird species native to the
region (Moss 2001, Dykes 2005). Grasslands domdhlay native vegetation are also

found on property managed by the Tennessee WilRksources Agency (TWRA) and



on private land enrolled in the Natural Resourcaggovation Service’s Conservation
Reserve Program (CRP).

Large patches of grassland and other open habiatsaintained on many
military installations in the eastern United Stdtesause they are needed for training
activities such as landing helicopters and paractratning (Cully and Michaels 2000,
Giocomo 2005). Large portions of these grasslamesnaintained by periodic burning
(Chester et al. 1997, Cully and Michaels 2000)esehmilitary grasslands often represent
relict prairies with similar vegetation to histalaconditions (Chester et al. 1997, Moss
2001, Giocomo 2005). Airports also maintain laageas of grasslands around runways
that resemble native grasslands to varying degedtbeugh airports were not sampled in
this study (Kershner and Bollinger 1996). FCMR isnilitary base in the southern part
of the Big Barrens on the border of Tennessee arducky that maintains about 10,000
ha of native warm-season grass (NWSG) fields (Grax@005).

Eastern grasslands are disturbance-dependentséemsy Historically, fire was
an important component in the maintenance of mémlyeograsslands east of the
Mississippi River, as evidenced by historical actsy{Gleason 1912, Cowles 1928) and
by dating of charcoal**C and examination of pollen-assemblages in lakersss in
the region (Nelson et al. 2006). Fires were caliyddyhtning and were set by Native
Americans intentionally and accidentally (Russ&B3, Askins 2000). In addition to
fire, drought and grazing were also important inmtemance of grasslands before
European colonization (DeSelm 1994). Grasslandidpecies are often referred to as
successional or early successional species bettasease habitats dependent on fire or
other types of disturbance (Hunter et al. 2001).
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There is an especially great need for studies ftos birds that use open
habitats during the non-breeding season (VickedyHerkert 2001, Peterjohn 2003).
Most grassland bird research to date has dealtthatlvreeding season. The winter
grassland bird community differs from the breedang community in most areas (Best
et al. 1998). As is the case for many wildlife @ps, especially in the winter, food and
cover are both important habitat features for wintesparrows. For example, wintering
White-throated Sparrow&@notrichia albicollis) foraged preferentially on food closer to
thick cover in an experimental study (Schneider4)98Vatts (1990) described a similar
tradeoff between cover and food for Song Sparide gspiza melodia) and Savannah
Sparrows Passer culus sandwichensis). A better understanding of the dynamics of the
winter grassland bird community is necessary teetbgveffective management
strategies, especially in the mid-South region (Bssee, Kentucky, and parts of
northern Mississippi, Alabama, and Georgia), whigite work has been done to
understand winter grassland bird ecology.

| studied open habitat birds in both breedingwaidering seasons. In Chapter 2,
| discuss the results of bird surveys that | coneldian the Big Barrens on fields under 3
ownership classes: military fields managed by FCltJs managed by the Tennessee
Wildlife Resources Agency, and privately-owneddgknrolled in the Natural Resources
Conservation Service’s Conservation Reserve Praog@hapter 3 summarizes an
analysis of the nesting biology of the Henslow'saBpw Ammodramus henslowii), a
grassland specialist, and the Field Sparr§wz€lla pusilla), a species that uses a broader
range of open habitats, on the same fields for kvBigveys are discussed in Chapter 2.
In Chapter 4, | describe research conducted orslgwras and shrub/scrub birds in the Big
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Barrens and in eastern Tennessee during winteaddition to discussing what was
learned about wintering birds in the mid-Southsbabutline gaps in our knowledge, as

well as the relative effectiveness of the variowthmads used to sample the community.



Chapter 2



CHAPTER 2
POPULATION DENSITIES OF BREEDING GRASSLAND BIRDS ON FIELDS

IN THREE OWNERSHIP CLASSES IN THE BIG BARRENS, TENN ESSEE AND
KENTUCKY

Introduction

Habitat destruction and degradation are likelyeihko population declines of
many species of grassland birds (Johnson and Sthi@®3, Askins et al. 2007). Native
grassland loss has been extensive throughout thedJBtates (Samson and Knopf 1994,
Johnson and Igl 2001, Brennan and Kuvlesky 20@assland loss has been driven by
conversion of grasslands to agriculture and sucmes$ many open habitats in the
eastern United States to forested habitat (Nor2@d2, Askins et al. 2007). Changes in
the historical disturbance regime, such as incokfise suppression, have added to losses
(Herkert et al. 1996, Reinking 2005) because ma@stgjands in the eastern United States
are only maintained through regular disturbancativé Americans played an important
role in maintaining native grasslands before Euanpeplonization, likely through a
combination of intentional fires, accidental firasd an apparent lack of ability to
suppress naturally-caused wildfires (Day 1953, Blu§983).

In addition to the direct effects of habitat logsther intensification of
agriculture and decreasing heterogeneity of agtcall landscapes have likely
exacerbated negative population trends (Warner)1984dassland fragmentation has also
been found to have a negative effect on populatensity (Johnson and Igl 2001),

species richness (Helzer and Jelinski 1999), astiquevival (Herkert et al. 2003) of



grassland birds. However, for many grassland sgeitiis still unknown which habitat
characteristics are important in determining halgjtelity (Peterjohn 2003).

This study took place in the Big Barrens regiomehnessee and Kentucky (a
description of the study area follows in the Methgdction of this chapter) on fields
under 3 different ownership classes: military-mathfields on Fort Campbell Military
Reserve (FCMR), privately-owned fields enrolledhe Conservation Reserve Program
(CRP), and fields managed by the Tennessee Wildk®sources Agency (TWRA).
These ownership classes are associated with differanagement strategies and
landscape attributes. Research has shown that F&lidports almost all of the grassland
bird species that historically occurred in the oegiMoss 2001, Dykes 2005). A notable
exception is the Greater Prairie-Chick@grtpanuchus cupido), which has been
extirpated from the Big Barrens since the 18008MR has the best known example of
habitats for grassland birds in the region; a campa of those fields with CRP and
TWRA fields can provide an assessment of how effe¢he management practices are
at creating satisfactory conditions for grasslamdsbon state and privately-owned fields.
Study Design and Objectives| hypothesized that the differences in managémen
techniques between ownership types will lead tiedéhces in the vegetation structure
and composition and thus the bird communities uiedields will also differ.
Differences in bird use by ownership type coulcebilent within species, among
diversity indices calculated for each field typeaaombination of both. Furthermore, |
expect to find that the density of each specidsrdfis correlated with vegetation

characteristics to which it has biological ties.



My objectives were to (1) estimate population deesiof grassland birds in
grasslands dominated by native vegetation unde3 thenership types (FCMR, CRP,
and TWRA), (2) compare bird diversity among owngrsiipes using Shannon’s
diversity index, (3) identify important variabldsat explain a large amount of the
variation in vegetation characteristics among owshigrtypes, and (4) construct models

that relate variation in bird density by speciesdgetation variables.

Methods

Study area -During the breeding season, | surveyed fields @Bty Barrens under the 3
different ownership types (Figure 2-1; tables agdres are presented in appendices to
each chapter). The Big Barrens, part of the PayayPlain, is a 1.2-million-ha region
of mostly open habitat in Kentucky and Tennessdgs area was once covered almost
entirely by native grasslands but was shifted torast-dominated landscape following
European settlement (Mcinteer 1946). It is now ohated by a mosaic of forests and
agriculture with patches of remnant or restoredggjeand (Chester et al. 1997). Private
fields were selected as study sites opportunigyitalsed on landowner permission.
TWRA-managed grasslands were sampled at CedaSwadimp and Haynes Bottom
Wildlife Management Areas, the only state-ownedsglands within the Big Barrens.
The Conservation Reserve Program (CRP) is adranedtby the Natural
Resources Conservation Service (NRCS) of the UrStates Department of Agriculture
(USDA) that began as part of the Food Security@dd985. The program provides

technical assistance and financial incentives tméas to conserve soil, limit crop
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surpluses, and provide habitat for birds and othkellife taxa (Johnson and Schwartz
1993, Osborn 1993). In some regions this prograsideen successful in creating
habitat suitable for grassland birds (Johnson gh#l995, Patterson and Best 1996,
McCoy et al. 2001), but some researchers haveiquestwhether CRP has had an
overall positive effect on grassland birds and gsggnprovements that might make the
program better for bird conservation (McCoy etl®99, Brennan and Kuvlesky 2005,
Dykes 2005). Greater abundance of several spetmgsssland birds has been observed
on CRP fields compared to crop fields (McCoy ef@D1). However, density may not
be the best indicator of habitat quality (Van Hot®83). Fields enrolled in this program
are managed under a diverse set of practices an@shlting vegetation structures
support different bird communities (Delisle and Hge 1997).

Two sites (each containing 2 fields with 2 birdvays) were sampled in the
Kranz property in Todd County, Kentucky. Eachhade sites were enrolled in the
program in September 2003 and seeded with big telore@\ndropogon gerardii), little
bluestem $chizachyrium scoparium), and indiangrassSgrghastrum nutans) in April
2004. The areas of the sites enrolled were 44288 ha. The other CRP site was on
the Arthur property in Christian County, Kentuclkiyyas enrolled and planted at the
same time as the Kranz sites, and its 20.7 ha alsoeseeded with big bluestem, little
bluestem, and indiangrass.

Fields on FCMR are primarily managed for militargining (Moss 2001).
Tactical operations training occurs on all fieldsl darger fields are also used for
helicopter and parachute training exercises. lJlF@IMR manages 10,000 ha of open
habitat (Giocomo 2005), which is one of the moséesive grassland complexes east of
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the Mississippi River (Moss 2001). Prescribed isréhe principal management
technique for open habitats in FCMR, along with sanmechanical manipulations such as
mowing and bush-hogging. Herbicide treatmentaoasionally used to remove
nonnative, invasive plants suchQssicea lespedeza (D. Moss, pers. comm.). Fields are
burned every other year (with about half of alldseburned each year), mostly to control
woody vegetation, which can prevent helicopter iag@&nd makes training more
difficult. Conditions on most FCMR fields resemblenditions on historic grasslands in
the region, in terms of species composition anctadye structure (Chester et al. 1997).
Grassland birds were researched on FCMR from 1983-By Moss (2001) and
Giocomo (2005).

TWRA Wildlife Management Areas (WMA) are manageuler a very diverse
set of objectives; the 2 WMAs used in this studyenmbe only WMAS within the study
area that had open habitats. Both Cedar Hill SwantpHaynes Bottom WMAs were
managed primarily for hunting. The vegetation atl& Hill Swamp was not
manipulated during the duration of this study, amsbdy encroachment was pronounced.
Open areas at Haynes Bottom are managed with penauving (approximately
biennial) to control the spread of woody vegetatidime lower section of Haynes
Bottom, along a bend in the Cumberland River, isagad for waterfowl hunting and the
grasslands dominated by native vegetation aresipg¢esed with strips of corZé¢a
mays), small wetlands, and duck blinds. Haynes Bottammtained the only fields that
were intentionally disturbed during the breedingses; Haynes Bottom is frequently

used as a training area for hunting dogs, andsstvgre mowed through many of the
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fields in early June 2007 to allow easy acces®tptrhiners. Mowed strips did not
exceed 10% of total field area on any field.

Surveys were conducted each year on all of thesfignat were used for nest
searching (Chapter 2) as well as 2 private fiekdshur and Helsley) on which | did not
search for nests. In 2007 | did not search fotshes 2 of the FCMR fields (Training
Areas 17 and 27) that we used in 2006 because tietd® had been burned in early
spring, 2007, and nest density of target speciesaxpected to be low; however, |
sampled 2007 population densities on both of thieds.

Bird Surveys— | sampled birds using an area mapping techriquénich | walked a
transect that bisected the centers of up to niha 4quares (Figure 2-2). Some fields
were too small or irregularly shaped for nine 1shjaares, and plots were designed to
cover as much of the field as possible (for exaspee Figure 2-2). All birds observed
by sight or song within that area were recordedd$Bthat were observed flying over the
plot were recorded, but I only included flyoverdsrin the analysis if they appeared to be
using the habitat (e.g. an American KestFalfo sparverius] hunting for prey over the
plot but not actually landing). | recorded thedtion of each bird observed on a map of
the survey plot and accounted for bird movementsitomize the chance of counting an
individual more than once. Based on these datalculated a density for each species on
each field.

Bird species differ in detectability by speciespder, and age class because of
physical and behavioral factors (Bibby et al. 20D@&fenbach et al. 2003). The main
physical factors that influence detection ratessae and coloration of individuals
varying among species. Behavioral factors incliypecal perching height, reactions of
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the bird to the observer, volume and frequencyoaflization, rate of movement, and
changing behavior throughout the breeding seaSaider (1990) specifically addressed
sound volume as a complicating factor in densityregtion. However, with the area
search method that was used in this study, diftsreim detection probability were likely
minimal because | walked within 70 m (distance fritn@ center of a square ha to a
corner of that square) of every point in the plot.

| conducted all surveys myself to eliminate obsebras. All surveys started
after 1 June so that nearly all of the migrantsenggme and regular breeding species
were present. Furthermore, | sampled each sune¢yvace each year, once in June and
once in July. No survey was started after 10:08vtmd effects resulting from lower bird
activity later in the day or other time of day etfe | did not survey any fields while it
was raining or in wind that was strong enough tticeably affect bird behavior or
impair my hearing.
Shannon’s Diversity Index + characterized the diversity of the bird commumityeach

field using Shannon’s diversity index (H'; Shani®438),

S n
o=t

where S = the number of species observed, N =otakrtumber of individuals observed,
and n = the number of individuals observed for the sfiecies. Both species richness
and evenness (or relative abundance within the lsgrape accounted for in this diversity

index (Tramer 1969). | used Shannon’s diversitiemas a response variable in my

statistical analysis.
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Vegetation sampling Yegetation was sampled once each year in Jundyatlb
systematically chosen points within each sampled.alif a field was large enough to
contain the 9-ha plot, vegetation was sampledeatrtiidie point and the four points
closest to the corners of the plot (Figure Zyoints 1, 3, 5, 7, and 9). On smaller or
irregularly-shaped plots (Figure 242andc, respectively), | sampled vegetation at a set
of 5 points that were spread out as much as pedisililstill on the points used for bird
surveys. | sampled vegetation on 17 fields in 2&0& on 21 fields in 2007, for a total of
85 and 105 vegetation sampling plots, respectivebveraged estimates for each
variable for the 5 points on each field.

| recorded whether or not each field had beendaimithin the last year and
whether or not it had been mowed. Other data Wwased on measurements on 4-m
plots. Within the 1-rhplot, | measured the tallest vegetation (cm) foteof 3
vegetation types: grass, woody, and forb. | meabsdepth (cm) of litter at each corner
of the square plot and at the center of the pldte percent ground cover was also
recorded in each of 8 cover types: litter, baraigdh live woody vegetation, dead woody
vegetation, cool-season grass, warm-season goals, &nd other. To estimate the
horizontal density of the vegetation, | used a Hamarked with 20 100-chsquares
arranged in 2 columns and 10 rows. One obsentdrthe board while another viewed
the board from 10 m in each cardinal direction sewbrded the number of squares
visible. Finally, | recorded the distance to tldge of the habitat and the distance to the
nearest tree for each vegetation sampling point.
Statistical Analysis 4+ compared bird densities and Shannon’s diversitigx among
ownership types and between years using repeatasumes ANOVA in SAS 9.1.3 (SAS
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Institute, Inc. 2003). Measures were repeateddoi éield within each year. Years and
ownership types were compared for each speciesvimbbserved on at least 20% of the
fields. | controlled the overall error ratecf 0.05 for all the above ANOVA tests using
a Bonferroni correction; with 11 teStgonterroni = 0.0047. | controlled the overall error
rate on pairwise comparisons among field typedhiwikach species, using Tukey's
Honestly Significant Difference test.

Vegetation data were compared between years andagsites using ANOVA.
Eleven variables were used in this analysis: failglit, woody vegetation height, grass
height, litter depth, the number of visible covatbsquares (index of vegetation density
with decreasing density from 0 to 20), and the propn of ground covered in litter, bare
ground, cool-season grass, native warm-season, giesd woody vegetation, live woody
vegetation, and forbs. | controlled the overalberate ofa = 0.05 for all the above
ANOVA tests using a Bonferroni correction; with tEsts, agonferroni= 0.0047. |
controlled the overall error rate on pairwise congmns among field types, within each
vegetation variable analyzed, using Tukey’'s HoyeSigjnificant Difference test.

| also used principal variables analysis, a teqaithat can identify the
independent variables that are most important @wating for variation in the data, in
NCSS 2007 (Hintze 2007). Principal componentsyamls the first step of principal
variables analysis. |included all vegetation &bles and retained the minimum number
of principal components necessary to represemaat B0% of the variation in the data.
The retained principle components scores weretked as dependent variables for
multivariate variable selection (from the origid® independent variables) using
McHenry’s algorithm (McHenry 1978).
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| used all 12 vegetation variables (live and deaddy vegetation were not
summed as they were for comparisons among ownetghas; Table 2-6) for regression
of population densities of each of the 12 most cominird species against vegetation
covariates. | classified four of the species as grassland birds, Dickciss&p(za
americana), Grasshopper Sparrowrfimodramus savannarum), Henslow’s SparrowA.
henslowii), and Red-winged Blackbird\gelaius phoeniceus). The other 8 birds were
classified as shrub/scrub species, including AnaeriGoldfinch Carduelistristis), Blue
Grosbeak Rasserina caerulea), Common YellowthroatGeothlypis trichas), Field
Sparrow §izella pusilla), Indigo Bunting Passerina cyanea), Northern Bobwhite
(Colinus virginianus), Prairie Warbler@endroica discolor), and Yellow-breasted Chat
(Icteria virens).

For each species, | tested a null model (interoafy), a global model with the
entire pool of variables for that species, a siivgleable model for each of the variables,
and 2 combinations of the variables that were andssed on biological relevance. Four
of the species used in the regression analysik¢idisel, Field Sparrow, Grasshopper
Sparrow, and Henslow’s Sparrow) were analyzed oMR®y Giocomo (2005) in a
comparison between nest sites for that speciesaarttbmly-selected vegetation plots.
For each of those 4 species, | selected the gigsbnl of variables to include all of those
that differed from the random vegetation plotehbse 2a priori models for each of
these species individually. Because a large ptapofrange: 0.50-0.67) of the variables
were significant in Giocomo’s (2005) analysis foose 4 species, | chose to use all 12
variables as the starting pool for the other 8 gsecl ran an identical set of models for
the 7 shrub/scrub species in that group. | chasague set of models for Red-winged
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Blackbird because it was the only species classdgea grassland species that was not

analyzed by Giocomo (2005).

Results

Bird Densities— Across both years, | observed 1,744 individur@gof 46 species.
Across all species for all surveys, | observedarage of 7.72 (£ 0.92) species per
survey. Based on the classifications used by Satuadr (2005), 6 of the species
observed were grassland breeding birds and 15 sueeessional or scrub breeding birds
(Table 2-3). The other species were urban, wetland/oodland breeding birds or were
not associated with a specific habitat. All 6 glaisd species were observed on FCMR
fields, as opposed to 4 and 1 species for CRP &R A fields, respectively (Table 2-3,
Figure 2-3). TWRA fields were richest in succeraioor scrub breeding birds with 13
species; 11 successional or scrub breeding speeresobserved on each of the other 2
field types.

The mean density of all species across all surweygs4.15 (+ 0.31) birds per ha.
Twelve species were observed on at least 20% &fuheys: American Goldfinch, Blue
Grosbeak, Common Yellowthroat, Dickcissel, Fiela®pw, Grasshopper Sparrow,
Henslow’s Sparrow, Indigo Bunting, Northern BobvehiPrairie Warbler, Red-winged
Blackbird, and Yellow-breasted Chat. Observed itiessof these species ranged from
0.04 (£ 0.01) Blue Grosbeaks per ha to 0.69 (+)0Fd&ld Sparrows per ha (Table 2-2).

After Bonferroni correction, bird densities differamong the 3 ownership types
for 3 species: Common Yellowthroat(fz= 6.99, P = 0.0029), Field Sparrow gg=

5.50, P = 0.0087), and Red-winged Blackbirgg=12.96, P < 0.0001). Common
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Yellowthroat density was lower on CRP fields thanRCMR (Rukey = 0.0086) and
TWRA fields (Prukey = 0.0075), but there was no difference between RGWd TWRA
(Table 2-4). TWRA fields had greater Field Sparaensities than CRP {Rey =
0.0086) or FCMR fields (Rkey = 0.0210). Red-winged Blackbird densities wemaggr
on CRP fields than on FCMR fields{(Rey < 0.0001).

In addition to the relationships described aboegegal of the 12 species
analyzed were not observed on 1 of the ownersipipstyTable 2-4). Prairie Warblers
were not observed on CRP fields during the areaBeairveys although they were
observed incidentally during nest searching. Ehuesbeak, Grasshopper Sparrow, and
Henslow’s Sparrow were all absent from TWRA fieldsd only Blue Grosbeak was
observed incidentally on that ownership type. Blof the species that were observed on
at least 20% of the plots were observed on FCMRdie

All 12 of the species analyzed were observed ih B606 and 2007. Using the
same Bonferroni correction as above, Common Yehowat (F 33= 12.08, P = 0.0014),
Henslow’'s Sparrow (3= 10.18, P = 0.0031), and Indigo Bunting ¢&= 8.30, P =
0.0069) densities were greater in 2006 than in 20Dthe same comparisons are made
after restricting from the sample all fields thagrev burned in the same year as the area
search, only the Common Yellowthroat had greatesitgin 2006 than in 2007 {ks =
9.43, P = 0.0051). All burned fields sampled we@MR fields and all were in 2007.
Those fields were sampled in the 2006 breedingosgdsirned during the 2006-07
winter, and sampled as burned fields in the 20@édiing season.

Shannon’s Diversity Index The mean estimate of Shannon’s diversity indersscall
area search plots was 1.61 (+ 0.08), with a rarga D.96 to 2.25. This index was
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greater in 2006 (H' = 1.75 £ 0.07) than in 2007%H.49 £ 0.05; P = 0.0037). FCMR
(H'=1.76 £ 0.05) fields were more diverse thanPdRIds (H' = 1.43 £ 0.07; P =
0.0007), but diversity did not differ between ertloéthose two ownership types and
TWRA fields (H' = 1.66 * 0.09; Rmr Twra = 0.6543, Brp rwra= 0.1100).

Vegetation— There were no differences between 2006 and 200¥hy of the vegetation
variables. Average forb height differed among owhar types (k32= 7.26, P = 0.0025;
Figure 2-4). FCMR fields (70.27 cm) had shortegrage forb height than TWRA fields
(100.01 cm; Rukey = 0.0020). The proportion of ground covered fteti(F.3,= 6.90, p =
0.0032; Figure 2-5) also differed among ownersyges. Litter coverage was less on
FCMR fields (4.93 * 1.42%) than on CRP fields (B351.72%; Ruey= 0.0173) and
TWRA fields (13.87 = 2.18%; ey = 0.0017); litter coverage did not differ between
CRP fields and TWRA fields (®key= 0.2391).

In principal components analysis, the first 6 eigdues accounted for 81.3% of
the variation in the data, so | chose to retaimigcgpal components. | had fairly clear
interpretation without any rotation (Table 2-5)ackor 1 was heavily loaded with the
proportion of ground cover in bare ground and neghtloaded with grass height. The
proportion of ground covered with forbs was theydméavily loaded variable in Factor 2.
Height of woody vegetation and woody proportiorgodund cover were heavily loaded
in factor 3. Average litter depth and the proportof ground covered in litter were
heavily loaded in Factor 4. Proportion of grounder in cool-season grasses and dead
woody vegetation are loaded in Factors 5 and @eaively. Principal variables analysis
indicated that a single vegetation variable, praporof ground cover in dead woody
vegetation, was the best to describe the variatidhe vegetation data (Wilk& =
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0.0016; k.183= 19,443.6, P < 0.001). Addition of th&' Rariable, warm-season grass
cover, decreased Wilk&' by only 0.0015.
Regression of Vegetation vs. Bird Densities retained all models for whickAIC <
2.0. Model notation is described in Table 2-6.e Aumber of models retained for each
species ranged from 2 to 7, with the exceptionrafri@ Warbler, for which 13 models
were retained. Average litter depth and the prisgpoiof ground covered by litter were
the most common among the retained models forrtieegrassland species, Dickcissel
(Table 2-7), Grasshopper Sparrow (Table 2-8), Hewis| Sparrow (Table 2-9), and Red-
winged Blackbird (Table 2-10). THkeestimates were negative for each of the former 3
species (although only average litter depth wasifsognt witha = 0.10, for both
Dickcissel and Grasshopper Sparrow; Table 2-19).

| retained at least 2 models for each of the X@lgkcrub species, including
American Goldfinch (Table 2-11), Blue Grosbeak (€ab12), Common Yellowthroat
(Table 2-13), Field Sparrow (Table 2-14), IndigonBng (Table 2-15), Northern
Bobwhite (Table 2-16), Prairie Warbler (Table 251ahd Yellow-breasted Chat (Table
2-18). Height of woody vegetation was importanirany of the retained models for this
group of birds. Common Yellowthroat, Field Sparrdmdigo Bunting, and Northern
Bobwhite all had at least 1 model that containdghteof woody vegetation with a
significantp estimate (Table 2-20). Thtestimate was positive for the former 3 species
and negative for the Northern Bobwhite. Indigo B density had a positive
relationship with herbaceous height in both ofrtiedels retained for that species.
Yellow-breasted Chat density was positively comedavith the proportion of ground
cover in live woody vegetation.
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Discussion

Differences in vegetation among ownership typlesyireflect differences in the
management practices applied on those fields. fifdneegime maintained on FCMR
may be responsible for the high proportion of gebaaver in native warm-season
grasses, which covered significantly more groundhese fields than on TWRA fields.
Composition of tallgrass prairies can be strondfigcied by the frequency of fire;
productivity of big bluestemAndropogon gerardii) and indiangrassSorghastrum
nutans) declines several breeding seasons after a bubns¢@ and Hulbert 1987, Howe
1994). Although only one of the CRP fields wasnmar with anywhere near the
regularity of the FCMR fields, CRP fields also sappd a greater proportion of ground
cover in native warm-season grasses than TWRASfield

Based on principal variables analysis, ground coveative warm-season grass
was identified as the"2most important variable for describing variationvegetation
characteristics. This relationship was expectatisasupported by the significant
differences in native warm-season grass densitydst ownership types. The other
variable identified in principal variables analysias density of dead woody vegetation.
The density of dead woody vegetation on all sitas l@w and the highest estimate on
any ownership type was 1.8% on CRP fields. Howgweasence or absence of dead
woody vegetation may be important in predicting\thiies of other vegetation variables.
For example, recently-burned fields should tendawee lower densities of almost every
vegetation type but have a higher than averagdtgiarisiead woody vegetation. FCMR
fields were burned regularly, but only 12 of 38.@%) surveys conducted on FCMR

fields were on fields that had been burned sinegtlvious growing season. The
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regularity of burning on FCMR fields may explairettower forb height on those fields
than on TWRA fields.

Different bird communities were observed on fialtsler different ownerships.
Using the classification system from Sauer et20106), CRP and FCMR fields
supported 4 and 6 species of the grassland brebduhgobserved in this study,
respectively, but of these species TWRA fields suggul only the Dickcissel (Figure 2-
3). These findings suggest that TWRA fields warsuitable for some of the true
grassland obligate birds like Henslow’s Sparrow Hiodned Lark. However, only 3 of
the 6 grassland breeding species, Dickcissel, Goagger Sparrow, and Henslow’s
Sparrow, were observed on more than 20% of thessraah plots. Eastern Meadowlark
was observed on only 13 plots (18.31%) and Horree#t bnd Sedge Wren were each
observed on only 1 plot each (1.41%). It is pdedihat a greater number of grassland
breeding birds were observed on FCMR fields sinfgylghance because more FCMR
fields were surveyed (11) than CRP (6) or TWRAd#e(5). | suspect that this was not
the sole reason for the distributional differenbesause FCMR had more grassland
species even after sampling intensity was accouoted

There were few significant differences among figtoes for individual species of
the 12 analyzed (Table 2-4). FCMR fields suppodepleater density of Common
Yellowthroats, a species with a significant negatopulation trend, than CRP fields;
conversely, CRP supported greater densities ofideded Blackbirds than FCMR
fields. The Red-winged Blackbird is also declin{i@gauer et al. 2005), but it is still
abundant on a continental scale. Neither of tepseies is considered a conservation
concern. Although neither woody vegetation hergittproportion of ground covered in
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woody vegetation were found to be different betwe€MR and CRP fields, observed
values for FCMR were greater than observed valole€RP in both cases. Common
Yellowthroats favor habitats with thick vegetati@@uzy and Ritchison 1999) and dense,
short woody vegetation (Stewart 1953); the woodyetation may not be dense enough
on CRP fields to support as many Common Yellowttyaa FCMR fields. It is also
possible that there were patches of vegetationotim fields in which suitable Common
Yellowthroat breeding habitat was supported, batghtches were not as prevalent on
CRP fields. Red-winged Blackbirds tend to favatggmeadows and even crop fields as
upland breeding habitat (Yasukawa and Searcy 1998)fields like those found on
FCMR, with a greater proportion of ground covenedative warm-season grass, might
be a more marginal habitat for that species.

Two of the true grassland bird species, Hensl@an@ Grasshopper Sparrow,
were not observed at all on TWRA fields. Lack afmagement targeted towards
grassland passerines may be creating habitat absifor these species. Although
fewer true grassland species were observed on TW#RFs than CRP or FCMR fields,
TWRA fields supported a greater number of Fieldr8pyes than the other two ownership
types. Field Sparrows are an abundant bird iBigeBarrens, but significant population
declines have been detected by the BBS (Sauer20@b). TWRA is providing
important habitat for some grassland species, langes in habitat management
approach may be needed to support more true gnalssieecies.

Regression of population densities with vegetatiovariates revealed a negative
correlation with proportion of ground covered irotseason grass and Field Sparrow
abundance (Table 2-20). Field Sparrows are cladsifs shrub/scrub birds, and the
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typical cool-season grass field may not have tlopdnr structure for those birds. Cool-
season grasses accounted for a relatively low ptiopoof ground cover (2.9 £ 0.8%;
Figure 2-5); however, greater cool-season grassityenay indicate vegetation
composition and vertical structure of an early gsstonal stage. Woody vegetation,
which was positively correlated with Yellow-breastehat population density (Table 2-
20), another shrub/scrub species, may be more lpréva a later successional stage than
are cool-season grasses.

All 4 species that had proportion of ground codarewarm-season grass in one
of the top models, Henslow’s Sparrow (Table 2-118Jjgo Bunting, Northern Bobwhite,
and Prairie Warbler (2-20), had a positive corretatvith warm-season grass coverage
(thep estimate was only significant for the Northern Bbite model). This is
particularly interesting when compared with thetieinships between cool-season grass
coverage and Common Yellowthroat, Field Sparrow, Rrairie Warbler population
densities. It is important that managers takeethektionships into account when
planting grass on a field if there is a desirertwvjgle habitat for breeding grassland birds.
Not only was cool-season grass coverage negatoeghglated with population density
for 3 shrub/scrub species, but 2 species withivelgthigh levels of management
concern showed a positive correlation with warmssaayrass coverage. If grassland
bird conservation in the Big Barrens is a managermbjective, then the choice between
cool and warm-season grass appears to strongly $aection of warm-season grass.

Regression results for Blue Grosbeak yielded axpected finding. The
proportion of ground covered by forbs and vertieagetation density were negatively
correlated (i.e. the inverse index of vertical agjen thickness was positively
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correlated) with population density. These resaftesinconsistent with expected habitat
characteristics associated with a bird classifed ahrub/scrub bird. Shugart and James
(1973) observed Blue Grosbeaks in open habitat avitbveloped but short woody
vegetation layer, but Blue Grosbeak density mayadist be greatest in the breeding
season immediately following a disturbance, whegeta&tion structure is least developed
(Engstrom et al. 1984). Blue Grosbeak also shqvesitive correlations with both forb
and bare ground coverage, which seems almost dicttvey. Blue Grosbeak habitat
may differ from the average conditions found in fileé&ds in which they occurred. |
usually observed Blue Grosbeaks singing from arstimgein a patch of vegetation (of
~0.5 ha) that was taller than the surrounding \edget. An analysis that compared
specific points used by Blue Grosbeaks to averigdg donditions might better reveal the
habitat preferences for that species. A greatapbasize of vegetation plots on each
field would also help by increasing the power dfcaimparisons.

Population densities of 2 species were correlaiduthe proportion of ground
covered with woody vegetation. The Yellow-breastdwht had a positive correlation and
the Northern Bobwhite had a negative correlati¥ellow-breasted Chat is well
documented as a shrub/scrub species that favose adevody vegetation (Parnell 1969,
Eckerle and Thompson 2001), consistent with a pest@iorrelation with taller woody
vegetation. Northern Bobwhite is also typicallgssified as a shrub/scrub bird (e.g.
Sauer et al. 2007), but Northern Bobwhites pre&ive warm-season grasses as nesting
substrate and select against shrub/scrub habitatgdilne breeding season (D. Buehler,
pers. comm.). The negative correlation with wowedgetation height that | observed
may reflect a broader range of suitable habitatsygvailable to the Northern Bobwhite,
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which was also observed by Spears et al. (1993 revNorthern Bobwhites used
habitats from the time of disturbance untb yr after disturbance. Woody vegetation
may be more important to Northern Bobwhites dutheywinter, especially in regions
where snow is common (Brennan 1999).

My results indicated that different managementipcas by different field owners
lead to different vegetation conditions. The dseegroup of open habitat birds in the Big
Barrens requires an equally diverse set of habdatlitions. For open grassland birds,
the management practices of FCMR appeared to lvedprg better habitat for true
grassland birds than either of the other 2 ownprilpes; FCMR fields also supported
most of the other early successional species obdemthe study. CRP fields supported
most of the same birds as FCMR fields, but the gnassland birds were not as well
represented. The 2 TWRA WMAs surveyed in this gtoicbvided habitat for many
shrub/scrub species but only for the Dickcissel mgnoue grassland birds. Vegetation
factors are likely not wholly responsible for theserved results, but application of
FCMR management practices (i.e., regular burniodietds under other ownership types

should benefit early successional birds througtioairegion.
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Table 2-1. Study sites used for bird surveys aaat searching on privately owned fields
enrolled in the Conservation Reserve Program (CH#js on Fort Campbell Military
Reserve (FCMR), and fields managed by the Tenn&¥ddéfe Resources Agency
(TWRA) in the Big Barrens, Tennessee and Kentu2kg6-07. The field areas listed
below include the total area of the sampled opéchp&owever, in the case of CRP
fields the entire open area was not surveyed begaursions of that open patch were

outside the boundaries of the property enrolleGRP.

Ownership Class Study Site Area (ha)
Arthur 58.02
CRP Kranz (A) 221.54
Kranz (B) 81.93
Los Bands Drop Zone 153.60
Suckchon Drop Zone 549.75
Training Area 17 396.22
FCMR Training Area 27 79.71
Training Area 32(A) 12.97
Training Area 32(B) 33.20
Training Area 48 117.29
Cedar Hill Swamp 39.16
Haynes Bottom (A) 73.76
TWRA
Haynes Bottom (B) 81.41
Haynes Bottom (C) 129.83

29



Table 2-2. Summary of results of surveys of bregdhirds in the Big Barrens,

Tennessee and Kentucky, 2006-07.

Number of

Common Name Scientific Name Individuals Megn Density SE (Density) Proportion of
Observed (Birds / ha) Surveys
American Goldfinch Carduelistristis 36 0.082 0.020 0.225
American Robin Turdus migratorius 4 0.011 0.008 0.042
Bachman's Sparrow Aimophila aestivalis 3 0.008 0.005 0.042
Barn Swallow Hirundo rustica 30 0.066 0.020 0.197
Bell's Vireo Vireo bellii 4 0.006 0.004 0.042
Blue-gray Gnatcatcher Polioptila caerulea 2 0.005 0.003 0.028
Brown-headed Cowbird Molothrus ater 6 0.016 0.008 0.070
Blue Grosbeak Passerina caerulea 21 0.044 0.010 0.225
Brown Thrasher Toxostoma rufum 2 0.006 0.004 0.028
Carolina Wren Thryothorus ludovicianus 2 0.012 0.010 0.028
Cedar Waxwing Bombycilla cedrorum 16 0.035 0.025 0.042
Chimney Swift Chaetura pelagica 15 0.037 0.024 0.056
Cliff Swallow Petrochelidon pyrrhonota 28 0.059 0.029 0.085
Common Grackle Qui scalus quiscula 30 0.082 0.035 0.141
Common Yellowthroat Geothlypistrichas 150 0.342 0.044 0.676
Dickcissel Spiza americana 184 0.363 0.062 0.479
Eastern Bluebird Saliasialis 4 0.012 0.009 0.028
Eastern Kingbird Tyrannus tyrannus 9 0.021 0.009 0.085
Eastern Meadowlark Surnella magna 31 0.065 0.024 0.183
Eastern Towhee Pipilo erythropthalmus 20 0.051 0.018 0.183
Eastern Wood-Pewee Contopus virens 1 0.003 0.003 0.014
Tufted Titmouse Baeolophus bi color 3 0.011 0.011 0.014
European Starling Sturnuswulgaris 61 0.208 0.181 0.028
Field Sparrow Spizella pusilla 281 0.694 0.061 0.944
Green Heron Butorides virescens 1 0.003 0.003 0.014
Grasshopper Sparrow Ammodramus savannarum 69 0.111 0.032 0.211
Hairy Woodpecker Picoides villosus 1 0.003 0.003 0.014
Henslow's Sparrow Ammodramus henslowii 144 0.316 0.049 0.479
Horned Lark Eremophila alpestris 5 0.008 0.008 0.014
Indigo Bunting Passerina cyanea 220 0.540 0.045 0.901
Killdeer Charadrius vociferus 2 0.003 0.003 0.014
Mallard Anas platyrhynchos 1 0.002 0.002 0.014
Mourning Dove Zenaida macroura 11 0.026 0.013 0.056
Northern Bobwhite Colinusvirginianus 42 0.097 0.022 0.324
Northern Cardinal Cardinalis cardinalis 10 0.032 0.013 0.099
Northern Mockingbird Mimus polyglottos 1 0.003 0.003 0.014
Orchard Oriole I cterus spurius 9 0.017 0.008 0.085
Prairie Warbler Dendroica discolor 60 0.148 0.037 0.352
Purple Martin Progne subis 6 0.017 0.008 0.070
Ruby-throated Hummingbird Archilochus colubris 4 0.011 0.005 0.056
Red-winged Blackbird Agelaius phoeniceus 123 0.339 0.059 0.451
Sedge Wren Cistothorus platensis 1 0.002 0.002 0.014
White-breasted Nuthatch Sitta carolinensis 4 0.014 0.010 0.028
White-eyed Vireo Vireo griseus 13 0.041 0.014 0.141
Willow Flycatcher Empidonaxtrailii 4 0.012 0.008 0.042
Yellow-breasted Chat Icteriavirens 70 0.172 0.032 0.437
Total 1744 4.153 0.305 1.000
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Table 2-3. Occurrence patterns of grassland aockssional or scrub dependent birds

by ownership type in the Big Barrens, Tennesseekamtucky, 2006-07.

Observed on...
Common Name Scientific Name CRP FCMR TWRA
Dickcissel Siza americana Yes Yes Yes
S Eastern Meadowlark Surnella magna Yes Yes No
S Grasshopper Sparrow Ammodramus savannarum Yes Yes No
2 Henslow's Sparrow Ammodramus henslowii Yes Yes No
¢ Horned Lark Eremophila alpestris No Yes No
Sedge Wren Cistothorus platensis No Yes No
Total 4 6 1
American Goldfinch Carduelis tristis Yes Yes Yes
Bell's Vireo Vireo bellii No Yes No
Blue Grosbeak Passerina caerulea Yes Yes No
Brown Thrasher Toxostoma rufum Yes No Yes
2 Carolina Wren Thryothorus ludovicianus Yes No Yes
g’ Common Yellowthroat Geothlypis trichas Yes Yes Yes
& [Eastern Towhee Pipilo erythrophthalmus No Yes Yes
Tg Field Sparrow Sizella pusilla Yes Yes Yes
-% Indigo Bunting Passerina cyanea Yes Yes Yes
§ Northern Bobwhite Colinus virginianus Yes Yes Yes
S Northern Cardinal Cardinalis cardinalis Yes No Yes
@ Prairie Warbler Dendroica discolor No Yes Yes
White-eyed Vireo Vireo griseus Yes Yes Yes
Willow Flycatcher Empidonax traillii No No Yes
Yellow-breasted Chat Icteria virens Yes Yes Yes
Total 11 11 13
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Table 2-4. Mean population density of grasslamdsbby species and ownership type in

the Big Barrens, Tennessee and Kentucky, 2006TDi&. letters next to estimates for

Common Yellowthroat, Field Sparrow, and Red-wingéalckbird correspond to

significantly different groups (estimates are difiat if they do not share a letter).

Overall error rate was controlledat 0.05 using Tukey’'s Honestly Significant

Difference.
CRP FCMR TWRA

Species Individuals SE Individuals SE Individuals SE

per ha per ha per ha
American Goldfinch 0.082 0.034 0.063 0.027 0.196 0.047
Blue Grosbeak 0.023® 0.019 0.069 0.015 0.00¢% 0.000
Common Yellowthroat 0.13¢ 0.080 0.45¢ 0.063 0.561 0.104
Dickcissel 0.264 0.147 0.606 0.118 0.217 0.187
Field Sparrow 0.556 0.122 0.66& 0.097 1.192 0.158
Grasshopper Sparrow 0.0088 0.085 0.258 0.068 0.00¢ 0.000
Henslow's Sparrow 0.4051 0.081 0.4478 0.064 0.00¢ 0.000
Indigo Bunting 0.443 0.086 0.613 0.067 0.689 0.113
Northrn Bobwhite 0.159 0.035 0.088 0.026 0.079 0.047
Prairie Warbler 0.00¢% 0.000 0.264 0.053 0.141® 0.090
Red-winged Blackbird 0.761 0.107 0.067 0.085 0.3578 0.137
Yellow-breasted Chat 0.134 0.070 0.262 0.056 0.146 0.091
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Table 2-5. Factor loadings for principal componentalysis on vegetation variables
measured in the Big Barrens, Tennessee and KentB6k$-07. The loadings that are
considered dominant for each principal componemsaaded gray. Herbhgt, woodhgt,
and grsshgt refer to the height of forbs, woodyetatjon, and grass, respectively, within
1-n plots. Avg_lit is the average litter depth andwelpis an index of vegetation density
(greater values indicate less dense vegetatiohg |18st 7 variables are the proportion of

ground covered by each of 7 cover types withinltme plot.

Variable Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Fator 6
HerbHgt -0.4869 -0.4580 -0.2095 0.2895 -0.2390 -0.0638
WoodHgt -0.4980 0.4272 -0.6367 -0.0887 0.0547 -0.1200
GrssHgt -0.7033 -0.0428 0.4284 0.1515 0.1735 0.0562
Avg_Lit -0.5288 -0.1495 0.1830 -0.6629 -0.0950 -0.0169
CBAwvg 0.5528 0.3963 0.0924 -0.3916 -0.1427 -0.0221
Litter -0.1529 -0.1131 0.2837 -0.6946 -0.5017 -0.0299
Bare 0.6653 0.2093 -0.3239 -0.0148 -0.1159 -0.0297
Wood -0.4795 0.4112 -0.6689 -0.1836 0.0378 -0.1488
DWood -0.1073 0.1046 -0.2309 -0.0772 -0.0518 0.9562
CSsG 0.0996 -0.2138 0.0727 -0.5118 0.7745 0.0205
WSG -0.2304 0.6544 0.5626 0.4053 -0.0280 0.0286
Forbs 0.1342 -0.8530 -0.2715 0.1565 -0.0683 0.0231
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Table 2-6. Notation for vegetation variables degsad in this Chapter 2.

Variable Name

Description

herbhgt
grsshgt
woodhgt
cbavg
avglit
litter
bare
wood
dwood
csg
wsg
forbs

Forb height (cm)

Grass height (cm)

Woody vegetation height (cm)

Inverse index of vertical vegetation densipnge: 1-20)
Litter depth (cm)

Proportion of ground covered in litter

Proportion of ground covered in bare ground
Proportion of ground covered in live woody vatjen
Proportion of ground covered in dead woodgtagn
Proportion of ground covered in cool-seasorsgras
Proportion of ground covered in warm-seasorsgras
Proportion of ground covered in forbs
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Table 2-7. Results of population density modetatbn for Dickcissels in the Big
Barrens, Tennessee and Kentucky, 2006-07. S(globatains all variables represented

in the single variable models. S(.), the null mMpdentains only the intercept. Variable

notation is described in Table 2-6.

Model K AIC AAIC W
S(avglit) 2 -40.72 0.00 0.214
S(dwood) 2 -39.77 0.95 0.133
S(grsshat) 2 -39.68 1.04 0.127
S() 1 -39.22 1.50 0.101
S(woodhgt+dwood) 3 -39.13 1.59 0.097
S(woodhgt) 2 -38.72 2.00 0.079
S(bare) 2 -38.70 2.02 0.078
S(herbhgt) 2 -38.41 2.31 0.067
S(herbhgt+woodhgt) 3 -38.19 2.53 0.060
S(global) 7 -37.54 3.18 0.044
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Table 2-8. Results of population density modedstebn for Grasshopper Sparrows in
the Big Barrens, Tennessee and Kentucky, 20068jglobal) contains all variables
represented in the single variable models. 3{e)null model, contains only the

intercept. Variable notation is described in Table.

Model K AIC AAIC W
S(avglit) 2 -84.35 0.00 0.285
S(.) 1 -82.75 1.61 0.128
S(litter) 2 -82.66 1.70 0.122
S(wood) 2 -82.41 1.95 0.108
S(wsg) 2 -81.98 2.37 0.087
S(litter+csg) 3 -81.33 3.03 0.063
S(csQ) 2 -81.09 3.27 0.056
S(herbhgt) 2 -80.82 3.54 0.049
S(cbavg) 2 -80.77 3.58 0.048
S(wood+cbavg) 3 -80.59 3.77 0.043
S(global) 8 -78.19 6.16 0.013
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Table 2-9. Results of population density modetstsbn for Henslow’s Sparrows in the

Big Barrens, Tennessee and Kentucky, 2006-07.08&l contains all variables

represented in the single variable models. 3{e)null model, contains only the

intercept. Variable notation is described in Table.

Model K AIC AAIC W
S(wsg) 2 -58.27 0.00 0.174
S(wood) 2 -57.94 0.33 0.148
S() 1 -57.70 0.57 0.131
S(litter+wsg) 3 -57.41 0.87 0.113
S(bare) 2 -56.97 1.30 0.091
S(avglit) 2 -56.73 1.54 0.081
S(herbhgt) 2 -56.52 1.75 0.073
S(grsshat) 2 -56.12 2.15 0.059
S(forbs) 2 -56.03 2.24 0.057
S(csQ) 2 -55.72 2.55 0.049
S(csg+grsshght+avglit) 4 -53.49 4.78 0.016
S(global) 9 -52.56 5.71 0.010
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Table 2-10. Results of population density modid®n for Red-winged Blackbirds in
the Big Barrens, Tennessee and Kentucky, 20068jglobal) contains all variables
represented in the single variable models. 3{e)null model, contains only the

intercept. Variable notation is described in Table.

Model K AIC AAIC W
S(woodhgt) 2 -48.18 0.00 0.265
S(litter) 2 -46.31 1.87 0.104
S(wood) 2 -45.97 2.20 0.088
S(.) 1 -45.88 2.30 0.084
S(wsg) 2 -45.86 2.32 0.083
S(cbavg) 2 -44.96 3.22 0.053
S(avglit) 2 -44.67 3.51 0.046
S(bare) 2 -44.67 3.51 0.046
S(herbhgt) 2 -44.36 3.82 0.039
S(forbs) 2 -44.18 4.00 0.036
S(grsshat) 2 -44.13 4.05 0.035
S(csQ) 2 -44.05 4.13 0.034
S(dwood) 2 -43.93 4.25 0.032
S(global) 13 -43.57 4.61 0.026
S(grsshgt+wood+csg) 4 -42.50 5.68 0.015
S(dwood+forbs) 3 -42.23 5.95 0.014
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Table 2-11. Results of population density modid®n for American Goldfinches in
the Big Barrens, Tennessee and Kentucky, 20068jglobal) contains all variables
represented in the single variable models. 3{e)null model, contains only the

intercept. Variable notation is described in Table.

Model K AIC AAIC W
S(forbs) 2 -121.71 0.00 0.235
S(litter) 2 -119.91 1.80 0.095
S(woodhgt) 2 -119.68 2.03 0.085
S(woodhgt+bare) 3 -119.48 2.23 0.077
S(.) 1 -119.40 2.31 0.074
S(bare) 2 -119.33 2.38 0.071
S(cbavg) 2 -118.98 2.73 0.060
S(herbhgt) 2 -118.67 3.04 0.051
S(grsshat) 2 -118.45 3.27 0.046
S(cbavg+forbs+dwood) 4 -118.38 3.33 0.044
S(wood) 2 -118.05 3.67 0.038
S(csQ) 2 -117.87 3.84 0.034
S(dwood) 2 -117.68 4.04 0.031
S(wsg) 2 -117.62 4.09 0.030
S(avglit) 2 -117.41 4.30 0.027
S(global) 13 -110.63 11.08 0.001
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Table 2-12. Results of population density mod&a®n for Blue Grosbeaks in the Big
Barrens, Tennessee and Kentucky, 2006-07. S(globatains all variables represented
in the single variable models. S(.), the null mMpdentains only the intercept. Variable

notation is described in Table 2-6.

Model K AIC AAIC W
S(cbavg) 2 -178.35 0.00 0.586
S(cbavg+forbs+dwood) 4 -176.63 1.72 0.248
S(herbhgt) 2 -174.21 4.14 0.074
S(forbs) 2 -171.66 6.69 0.021
S(.) 1 -170.56 7.79 0.012
S(dwood) 2 -170.48 7.87 0.011
S(avglit) 2 -169.55 8.79 0.007
S(bare) 2 -169.28 9.07 0.006
S(wsg) 2 -169.14 9.21 0.006
S(grsshat) 2 -168.97 9.38 0.005
S(litter) 2 -168.95 9.39 0.005
S(wood) 2 -168.64 9.70 0.005
S(woodhgt) 2 -168.57 9.78 0.004
S(csQ) 2 -168.56 9.79 0.004
S(woodhgt+bare) 3 -167.28 11.07 0.002
S(global) 13 -166.87 11.48 0.002
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Table 2-13. Results of population density modia®n for Common Yellowthroats in
the Big Barrens, Tennessee and Kentucky, 20068jglobal) contains all variables
represented in the single variable models. 3{e)null model, contains only the

intercept. Variable notation is described in Table.

Model K AIC AAIC W
S(woodhgt) 2 -67.13 0.00 0.204
S(woodhgt+bare) 3 -66.80 0.33 0.173
S(csQ) 2 -65.81 1.32 0.105
S() 1 -65.43 1.70 0.087
S(bare) 2 -65.22 1.91 0.078
S(litter) 2 -64.63 2.50 0.058
S(forbs) 2 -64.00 3.13 0.043
S(wsg) 2 -63.85 3.28 0.040
S(avglit) 2 -63.66 3.47 0.036
S(dwood) 2 -63.58 3.55 0.035
S(herbhgt) 2 -63.53 3.60 0.034
S(cbavg) 2 -63.50 3.64 0.033
S(grsshat) 2 -63.47 3.66 0.033
S(wood) 2 -63.45 3.68 0.032
S(cbavg+forbs+dwood) 4 -60.15 6.98 0.006
S(global) 13 -57.79 9.34 0.002
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Table 2-14. Results of population density modida®sn for Field Sparrows in the Big
Barrens, Tennessee and Kentucky, 2006-07. S(globatains all variables represented
in the single variable models. S(.), the null mMpdentains only the intercept. Variable

notation is described in Table 2-6.

Model K AIC AAIC W
S(csQ) 2 -49.66 0.00 0.325
S(woodhgt) 2 -47.84 1.82 0.131
S(wood) 2 -47.60 2.06 0.116
S(woodhgt+dwood) 3 -46.96 2.70 0.084
S(grsshgt+wood) 3 -46.86 2.79 0.080
S(.) 1 -46.22 3.43 0.058
S(bare) 2 -45.86 3.80 0.049
S(dwood) 2 -45.49 4.17 0.040
S(cbavg) 2 -45.01 4.64 0.032
S(global) 8 -44.83 4.83 0.029
S(avglit) 2 -44.79 4.87 0.028
S(grsshat) 2 -44.73 4.93 0.028
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Table 2-15. Results of population density mod&da®n for Indigo Buntings in the Big
Barrens, Tennessee and Kentucky, 2006-07. S(globatains all variables represented
in the single variable models. S(.), the null mMpdentains only the intercept. Variable

notation is described in Table 2-6.

Model K AIC AAIC W
S(herbhgt) 2 -76.43 0.00 0.468
S(global) 13 -75.44 0.99 0.285
S(csQ) 2 -73.92 2.51 0.133
S(avglit) 2 -70.50 5.93 0.024
S(litter) 2 -69.57 6.87 0.015
S() 1 -69.29 7.14 0.013
S(woodhgt) 2 -69.19 7.24 0.012
S(wsQ) 2 -68.74 7.70 0.010
S(cbavg) 2 -67.92 8.51 0.007
S(wood) 2 -67.76 8.67 0.006
S(dwood) 2 -67.55 8.89 0.005
S(forbs) 2 -67.50 8.93 0.005
S(grsshagt) 2 -67.42 9.02 0.005
S(bare) 2 -67.36 9.07 0.005
S(woodhgt+bare) 3 -67.23 9.21 0.005
S(cbavg+forbs+dwood) 4 -64.14 12.29 0.001
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Table 2-16. Results of population density modi®sn for Northern Bobwhites in the

Big Barrens, Tennessee and Kentucky, 2006-07.08&l contains all variables

represented in the single variable models. 3{e)null model, contains only the

intercept. Variable notation is described in Table.

Model K AIC AAIC W
S(wsg) 2 -114.09 0.00 0.183
S(woodhgt+bare) 3 -113.13 0.96 0.113
S(woodhgt) 2 -113.11 0.98 0.112
S(wood) 2 -113.02 1.08 0.106
S() 1 -112.34 1.75 0.076
S(bare) 2 -111.96 2.14 0.063
S(grsshat) 2 -111.90 2.19 0.061
S(avglit) 2 -111.77 2.33 0.057
S(cbavg) 2 -111.68 2.41 0.055
S(csg) 2 -111.36 2.74 0.046
S(herbhgt) 2 -110.66 3.43 0.033
S(forbs) 2 -110.59 3.50 0.032
S(litter) 2 -110.40 3.70 0.029
S(dwood) 2 -110.34 3.75 0.028
S(cbavg+forbs+dwood) 4 -107.72 6.38 0.008
S(global) 13 -100.18 13.91 0.000
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Table 2-17. Results of population density mod&dc®n for Prairie Warblers in the Big
Barrens, Tennessee and Kentucky, 2006-07. S(globatains all variables represented
in the single variable models. S(.), the null mMpdentains only the intercept. Variable

notation is described in Table 2-6.

Model K AIC AAIC W

S(.) 1 -70.46 0.00 0.149
S(cbavg) 2 -70.01 0.45 0.119
S(dwood) 2 -69.10 1.36 0.075
S(woodhgt) 2 -68.93 1.53 0.069
S(herbhgt) 2 -68.81 1.65 0.065
S(grsshat) 2 -68.79 1.67 0.064
S(forbs) 2 -68.77 1.68 0.064
S(wsg) 2 -68.74 1.72 0.063
S(litter) 2 -68.51 1.95 0.056
S(wood) 2 -68.50 1.96 0.056
S(avglit) 2 -68.49 1.97 0.056
S(bare) 2 -68.48 1.97 0.055
S(csQ) 2 -68.46 1.99 0.055
S(cbavg+forbs+dwood) 4 -67.06 3.40 0.027
S(woodhgt+bare) 3 -66.95 3.51 0.026
S(global) 13 -52.05 18.41 0.000
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Table 2-18. Results of population density modida®sn for Yellow-breasted Chats in
the Big Barrens, Tennessee and Kentucky, 20068jglobal) contains all variables
represented in the single variable models. 3{e)null model, contains only the

intercept. Variable notation is described in Table.

Model K AIC AAIC W
S(wood) 2 -95.44 0.00 0.964
S(woodhgt) 2 -85.20 10.24 0.006
S(cbavg+forbs+dwood) 4 -85.06 10.38 0.005
S(csQ) 2 -84.82 10.61 0.005
S(forbs) 2 -84.40 11.04 0.004
S(.) 1 -84.03 11.41 0.003
S(bare) 2 -83.05 12.38 0.002
S(litter) 2 -82.73 12.71 0.002
S(wsg) 2 -82.60 12.84 0.002
S(cbavg) 2 -82.49 12.95 0.001
S(dwood) 2 -82.46 12.98 0.001
S(grsshat) 2 -82.22 13.21 0.001
S(herbhgt) 2 -82.19 13.25 0.001
S(avglit) 2 -82.15 13.29 0.001
S(global) 13 -80.93 14.50 0.001
S(woodhgt+bare) 3 -80.63 14.81 0.001
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Table 2-19. Summary @ estimates for retained population density modaigfassland
birds, Big Barrens, Tennessee and Kentucky, 2006102 sign of eacp estimate is

given as well as the level of significance (* P.&@ ** P < 0.05, *** P < 0.01).
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$1%4

Species / Model K AIC AAIC

Dickcissel

S(avglit) 2 4072 0.00 0.214
S(dwood) 2  -39.77 095 0.133
S(grsshgt) 2 -39.68 1.04 0.127
S() 1 -39.22 150 0.101
S(woodhgt+dwood) 3 3913 159  0.097
Grasshopper Sparrow

S(avglit) 2 -8435 0.00 0.285
S(.) 1 -82.75 1.61 0.128
S(litter) 2 8266 170 0.122
S(wood) 2 8241 195 0.108
Henslow's Sparrow

S(wsg) 2 5827 0.00 0.174
S(wood) 2 -57.94 0.33 0.148
S(.) 1 -57.70 0.57 0.131
S(litter+wsg) 3 -57.41 0.87 0.113
S(bare) 2 -56.97 1.30 0.091
S(avglit) 2 -56.73 1.54 0.081
S(herbhgt) 2 -56.52 1.75 0.073
Red-winged Blackbird

S(woodhgt) 2  -4818 0.00 0.265
S(litter) 2 -46.31 1.87 0.104




Table 2-20. Summary @ estimates for retained population density modais f
shrub/scrub birds, Big Barrens, Tennessee and Kleynt2006-07. The sign of ea@h
estimate is given as well as the level of signifma (* P < 0.10, ** P < 0.05, *** P <

0.01).
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*Q& S §$5 &) & S 1%
. y & & & 8§ ¢ $ & N
Species / Model K AIC AAIC w; & § S F & X S S Q9
American Goldfinch
S(forbs) 2  -121.71 0.00 0.235 +
S(litter) 2 -119.91 1.80 0.095 +
Blue Grosbeak
S(cbavg) 2 -17835 0.00 0.586 kK
S(cbavg+forbs+dwood) 4  -176.63 1.72 0.248 +3* + -
Common Yellowthroat
S(woodhgt) 2 6713 000 0.204 +*
S(woodhgt+bare) 3 -66.80 0.33 0.173 +*
S(csg) 2 6581 132 0.105 -
S(.) 1 -65.43 1.70 0.087
S(bare) 2 6522 191 0.078
Field Sparrow
S(Incsg) 2  -4966 000 0.325 ok
S(woodhgt) 2 -47.84 1.82 0.131 +*
Indigo Bunting
S(herbhgt) 2 -7643  0.00  0.468 4%
S(global) 13 -75.44 099  0.285 4% - +* + - + + + +




TS

Species / Model K AIC AAIC W
Northern Bobwhite

S(wsg) 2 -11409 000 018
S(woodhgt+bare) 3  -113.13 0.96 0.1
S(woodhgt) 2 -11311 098 0.1
S(wood) 2 -113.02 1.08 0.10
S() 1 -11234 175  0.07
Prairie Warbler

S() 1 -7046 0.00 0.14
S(cbavg) 2 -7001 045 0.1
S(dwood) 2 -69.10 1.36 0.07
S(woodhgt) 2 -6893 153 0.06
S(herbhgt) 2 6881 165 0.06
S(grsshgt) 2 -68.79 1.67 0.06
S(forbs) 2 6877 168 0.06
S(wsg) 2 6874 172 0.06
S(litter) 2 -6851 195 0.05
S(wood) 2 -6850 1.96 0.05
S(avglit) 2 6849 197 0.05
S(bare) 2 -6848 197 0.05
S(csg) 2 6846 199 0.5
Yellow-breasted Chat

S(wood) 2 -9544 000 0.9




Figure 2-1. Study sites for nest searching inBlgeBarrens, Tennessee and Kentucky,
2006-07. Yellow circles represent FCMR fields |l diamonds are CRP fields, and
yellow triangles are TWRA fields. Black pixels indte developed areas, dark green
pixels are fields of >40 ha in total size, blueasrare standing water, and the pea green
region shows the area covered by FCMR. The BigdBaris visible as the green band
across the middle of the figure. Red lines indi¢h&eborder between Tennessee and
Kentucky as well as the 8 counties that make ustihdy area. The northern 5 counties
(left to right: Trigg, Christian, Todd, Logan, aBimpson) are in Kentucky and the

southern 3 (left to right: Stewart, Montgomery, &mbertson) are in Tennessee.
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Figure 2-2. Examples of plot designs used to samrassland bird density. The basic
design (A) is a 3x3 grid of points with each pamthe center of a 1-ha. square. The
arrows indicate a possible path along which theentes walked to sample the grid.
Modifications of the basic design were necessaayfiéld was too small (B) or too

irregularly shaped (C) for the basic design.
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Figure 2-3. Number of species observed by fieltenship and habitat association of the
species (from Sauer et al. 2005). Lists of theigseobserved in the grassland and

successional or scrub groups are found in Table 2-1
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Figure 2-4. Average height of vegetation by vegetatype and field ownership type.

Error bars indicate 1 standard error. The box aldoxb height indicates a significant

difference in forb height between TWRA and FCMR.
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Figure 2-5. Proportion of ground cover in 6 vetetatypes by ownership type in the
Big Barrens, Tennessee and Kentucky, 2006-07. déad woody and woody categories
were combined in this figure. Native warm-seas@sg was significantly greater on
FCMR and CRP fields than on TWRA. Litter was sigaintly greater on CRP fields

than on FCMR fields.
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CHAPTER 3
NESTING SUCCESS OF HENSLOW'S AND FIELD SPARROWS ONFORT

CAMPBELL MILITARY RESERVATION AND IN THE SURROUNDIN G
LANDSCAPE

Introduction

Henslow’s SparrowsAmmodramus henslowii) have a greater estimated rate of
decline than any other grassland bird species brgéa eastern North America from
1966-2006 (-6.3% annual population trend; Sauat.€2007). The estimated global
population of Henslow’s Sparrows is about 80,001 elFet al. 2004), which also gives
cause for conservation concern. This speciestedias Near Threatened by the [IUCN
(BirdLife International 2004) and as a bird of cenation concern by the United States
Fish and Wildlife Service (2002). Habitat loss alegjradation are likely the principal
causes of decline (Pruitt 1996, Burhans 2002, Hesteal. 2002, Herkert 2007). There
is evidence that the Henslow’s Sparrow populati@y ilme increasing over the last 2
decades in response to habitat created througlriited States Department of
Agriculture’s Conservation Reserve Program (CRRke 1997, 2007a, 2007b, Wells
2007) and reclamation of surface coal mines (Bajetrad. 2001). In fact, in and around
the Big Barrens, Henslow’s Sparrows appear to lrasreased >1.5% annually from
1966-2003 (Figure 3-1; Sauer et al. 2007).

Field SparrowsSpizella pusilla) also have also exhibited a significant decline
from 1966-2006; the mean annual population chasgmate for this species is -2.9%
(Figure 3-2; Sauer et al. 2007). Carey et al. f)9®entified habitat loss as the primary

cause of the decline of Field Sparrow populationsspite the population decline, the
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Field Sparrow is typically not thought of as a spe®f conservation concern because its
global population estimate of 8,200,000 (Rich e8D4) is about 100 times more
abundant than Henslow’s Sparrows. The Field Spaalso makes use of a broader
range of habitats, including small forest openiagd habitat with fairly dense woody
growth (e.g. Christmas tree farms; Carey et al418irhans 1997, McWilliams and
Brauning 2000). Field Sparrows do not typicallgwacin habitat where there is not at
least sparse woody vegetation (Carey et al. 1994).

Many factors may influence the nesting successenislow’s and Field Sparrows
in the Big Barrens. Proximity to habitat edge haen shown to have a negative effect
on nest success for grassland birds through inedeages of predation and parasitism by
Brown-headed Cowbird$Molothrus ater; Zimmerman 1971, Johnson and Temple 1990,
Paton 1994, Helzer and Jelinski 1999, Winter arabBeg 1999, Winter et al. 2000,
Herkert et al. 2003), although recent researchestgghose trends may not be present
for some grassland birds (Winter et al. 2006). $ft@m’s Sparrows favor habitats with
greater standing dead vegetation and less woodstatgn (Zimmerman 1988, Giocomo
2005; Table 2-6). Giocomo et al. (2008) also ob=sgitess bare ground, more cool and
warm-season grass, less forb cover, and gredatardiépth at Henslow’s Sparrow nests
than at random points.

Although nest success is usually low for bothhefse species, both species
typically raise multiple broods per breeding seasdenslow’s Sparrows appear to be at
least double-brooded (Ehrlich et al. 1988, Wint@99); this species could potentially
complete more than 2 broods because its breedaspseestarts in early May and can last
until late August (Hyde 1939, Robins 1971, Herlatral. 2002, Giocomo 2005). Field
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Sparrows are usually double-brooded (Best 1978;@im 2005), but can successfully
complete up to 3 broods in 1 breeding season (B¥&ta, Carey et al. 1994). Best
(1974a) observed a single female that made 10 gassful nesting attempts during one
breeding season. Like Henslow’s Sparrow, the Fegldrrow breeding season lasts from
May until late August (Walkinshaw 1936).

Moss (2001) and Giocomo (2005) estimated demogra@rameters for
Henslow’s and Field Sparrows nesting on Fort Carihpliétary Reserve (FCMR),
Tennessee and Kentucky, in 1999-2000 and 2001e8Bectively. Both Henslow’s
Sparrows and Field Sparrows have relatively lowudeented nest success rates, a trait
that is common among grassland and shrub/scrumgéstds (Nolan 1963, Gottfried
and Thompson 1978, Martin 1993). Giocomo (2005 gared Mayfield nest success
estimates for Henslow’s and Field Sparrows breedm&CMR from 2001-03 to the
range of estimates represented in the literat C®R nest success for Henslow's
Sparrows (27%) was in the middle of the documerdaede for that species (7-46%), but
the estimated FCMR nest success for Field Spar(2@%) was below the published
range (21-47%).

| searched for Henslow’s and Field Sparrow nests@MR fields as well as on 2
types of fields in the surrounding landscape: gelaowned fields enrolled in CRP and
fields managed by the Tennessee Wildlife Resoukgesicy (TWRA). FCMR
grasslands support an almost complete communigyassland and shrub nesting birds
that were historically found in eastern grasslgisée Chapter 2), but it is unknown
whether the habitat provided on the military basaatually higher quality from the
standpoint of productivity. My main objectives wdo identify microhabitat
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characteristics associated with nest site seleetmh) by modeling daily survival rate
(DSR) of nests, to identify which habitat charaisters imparted an advantage to

breeding grassland birds through increased fitness.

Methods

Study Area— The Big Barrens, part of the Pennyroyal Plaim is2-million-ha region of
mostly open habitat in Kentucky and Tennessee (Eigtl). This area was once
covered almost entirely by native grasslands bt stéfted to a mostly forested
landscape following European settlement (McInté16). It has now shifted to a
mosaic of forests and agriculture with patcheseaimant or restored grassland (Chester
et al. 1997). Big bluestemiidropogon gerardii), broomsedgeA. virginicus),
switchgrassHanicum virgatum), little bluestem $chizachyrium scoparium), and
indiangrassSorghastrum nutans) are the predominant species of native warm-season
grass occurring on FCMR (Moss 2001, Dykes 2005¢@iw 2005). | searched for
nests on fields with a significant NWSG componenthie Big Barrens. Three different
ownership types were investigated: military fietdbsFCMR, privately-owned land
enrolled in CRP, and TWRA Wildlife Management Ared3VRA-managed grasslands
were sampled at Cedar Hill Swamp and Haynes Bowé6lilife Management Areas.
Nest Searching and Monitoring- | searched for grassland bird nests from latel Ap

late July in 2006 and 2007. Nests were locatedgusearch image, observations of
parental behavior, and by flushing adults direfrityn the nest. Once located, nests were

checked every 3-5 days until completion. Longégrvals were required occasionally

61



when access was denied to FCMR fields becauseswfuike for military training or
hunting. Care was taken during nest checks toecasidittle disturbance as possible to
the vegetation around the nest. Contact betwesinsnbstrate and human skin or
clothing was avoided during nest checks; a stickutar was used to hold vegetation
aside when necessary. Observers walked away fremdst in a different direction than
the path used to approach the nest to avoid leavigysical or scent trail to the nest for
potential predators to follow.

The primary target for nest searchers was Hensl@garrow. Henslow’'s
Sparrow nests are particularly difficult to finddagise the nests are well hidden and adult
behavior is cryptic. Field Sparrows were also aftpular interest, but nests of this and
any other species were usually found opportunibgieeile observers searched for
Henslow’s Sparrow nests. | monitored all nests wWexe found. Nest fate was
determined for each nest based on nest conterstsgoadition, parental behavior, and
the presence of fledglings in the immediate vigiiNlartin and Geupel 1993, Moss
2001, Giocomo 2005). Hensler and Nichols (198&pmemended that a sample size of at
least 20 is necessary to precisely estimate nesess, and | attempted to locate at least
20 Henslow’s and Field Sparrow nests on each owipetgpe.
Vegetation Sampling- Vegetation was sampled at each nest after thedar
successful completion of the nest. | also sampéggbtation at 5 systematically chosen
points within each field in both years (2006-0®tveeen 1 June and 20 July. If a field
was large enough to contain the basic 9 ha, slaped plot, vegetation was sampled at
the middle point and the four points closest todbmners of the plot (Figure 2-2,
points 1, 3, 5, 7, and 9). On smaller or irregylahaped plots (Figure 2-B,andc,
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respectively), | sampled vegetation at a set obibtp that were as spread out as possible
but still on the points used for bird surveys.ainpled vegetation on 17 fields in 2006
and on 21 fields in 2007, for a total of 85 and ¥{8§etation sampling plots, respectively.
| averaged estimates for each variable for theibtpon each field. Nest searching was
not confined to the area sampled with systemayicalected vegetation plots, but |
collected the same vegetation data at each nést,caimpletion of the nest.

For each field, | recorded whether or not thedftehd been burned within the last
year and whether or not it had been mowed. Otatrwere based on measurements on
1-n7? plots. Within the 1-rhplot, | measured the tallest vegetation (cm) fheof 3
vegetation types: grass, woody, and forb. | meabsdepth (cm) of litter at each corner
of the square plot and at the center of the pldte percent ground cover was recorded in
each of 8 cover types: litter, bare ground, liveodypvegetation, dead woody vegetation,
cool-season grass, warm-season grass, forbs, hed dto estimate the vertical density
of the vegetation, | used a cover board marked 26ti00-cr squares arranged in 2
columns and 10 rows. One observer held the bgamdhile another looked back at the
board from 10 m in each cardinal direction (Nudég7). | recorded the number of
squares visible from each cardinal direction. Fynavisually estimated the distance to
the edge of the habitat and the distance to theesetiee for each vegetation sampling
point. Before the field seasons, | practiced esting distances and checked my
estimates with a laser range finder to increasadticaracy and precision of the estimates
| made during the field season.

Nest Site Selectior | compared vegetation characteristics at sydieally-selected
vegetation plots with vegetation sampled at Hensl@nd Field Sparrow nest sites. |
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used the full set of vegetation variables meastoethis portion of the analysis. | used
the ANOVA procedure in SAS 9.1.3 (SAS Institute;.12003) and used a Bonferroni
correction on the results of the ANOVA tests tostoain overall error rate at= 0.05. |
compared values for 11 variables (height of fovbepdy vegetation, and grass; vertical
vegetation density; litter depth, and proportiorgadund in 6 cover types, litter, bare
ground, woody vegetation, cool-season grass, waases) grass, and forbs), &Qnerroni
=0.0047. Tukey’s Honestly Significant Differenest was used to control overall error
rate on pairwise comparisons among vegetation,gigaslow’s Sparrow nests, and
Field Sparrow nests for each vegetation variable.

Modeling of Daily Survival Rate- | calculated nest exposure days as the samitiitg

to estimate daily survival rate (DSR) of nests (gl 1961, 1975); this method
provides a more conservative DSR estimate thamledion of apparent nest success
(number of successful nests divided by total nedtlge of nests as sampling units can
lead to overestimation of nest success rates becesis that fail early are less likely to
be located by observers than nests that are stigcessail late in the nesting cycle
(Mayfield 1961, 1975). DSR, taken to the powethaf number of days necessary for a
successful nest, yields a Mayfield nest succesmatd. | assumed the Henslow’s
Sparrow required 4, 11, and 9 days for the layimgybation, and brooding stages,
respectively (Graber 1968, Ehrlich 1988). | udesildame values for Field Sparrows for
the laying and brooding stages, but 12 days is 1@ mppropriate incubation estimate for
that species (Walkinshaw 1968, Best 1978, Ehrl@B8). Therefore, the total length of
time assumed necessary for successful completiamesting cycle was 24 days for
Henslow’s Sparrow and 25 days for Field Sparrow.
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Regression models comparing DSR to vegetatiorfialtcovariates for both
Henslow’s and Field Sparrows were developguiori for each species and were
analyzed using Program MARK (White and Burnham 1%8&ella 2008). Models were
compared using the information theoretic approadtich allows comparisons of several
models with each other, rather than testing eaehnralte hypothesis against a null
hypothesis with a probability threshold that iseedilly arbitrary (Akaike 1974, Johnson
and Omland 2004). | used the logit link functiorArogram MARK because it is
appropriate for analysis of nest survival data @Rat2008).

| reduced the total pool of covariates for nestsss regression by removing all
variables that were direct linear combinationstbio variables, such as average
concealment (Nudds 1977), which was the mean afeaiment estimates from the 4
cardinal directions. Correlation among remainiagables was tested with the corr
procedure in SAS 9.1.3 (SAS Institute, Inc. 2003)emoved variables liberally to
reduce the set to a more manageable number; | erevariable from each pair of
variables for which R > 0.50. Separate correlainalyses were used for Henslow’s and
Field Sparrow vegetation data.

| selected models using a hierarchical approaskdyan the methods outlined in
Bulluck and Buehler (2008, in press). Covariatesenseparated into the following 4
categories: ownership class, temporal, field-lesrt] microhabitat-level. An initial suite
of models (Suite I) was developed for Henslow’sr&pa (Table 3-1) and Field Sparrow
(Table 3-2) based on ownership class and tempovari@tes. The top model from Suite
| was treated as the null model for analysis ot&liimodels, which were based on field-
level covariates. Microhabitat-level variables evaddressed in the models comprising
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Suite Ill, which used the top model from Suitedlthe null model. In addition to the
models laid out in Tables 3-1 and 3-2, a global ehedhs tested for each model suite that
contained all the covariates represented in th&.s@This hierarchical approach aims to
simulate the decisions of an individual bird sefegt nest site, moving from more
general to more specific site characteristicsetdined all models withAIC; < 2.0 in

Suite Il for each species as being important tecdbe the variation in DSR.

Results

Nest-site Selectior Vegetation height differed among random vegetapilots and bird
nests for forbs (F = 6.73, df = 2, 325, P = 0.00d)ody vegetation (F = 10.10, df = 2,
325, P <0.001), and grass (F = 5.66, df = 2, 825,0.004; Figure 3-7). Mean forb
height at Henslow’s Sparrow nests (61.2 + 4.9 ca3 l@wer than forb height at
vegetation plots (78.9 + 2.0 cmi Ry = 0.003) and Field Sparrow nests (81.4 + 2.7 cm;
Prukey= 0.001). Woody vegetation height was much taltefield Sparrow nests (54.5 +
5.1 cm) than at vegetation plots (29.5 + 3.8 cmidP< 0.001) or Henslow’s Sparrow
nests (17.1 + 9.1 cm;rRey = 0.001). Grass was shorter at vegetation p&t<(+ 2.8
cm) than at Henslow’s (105.2 + 6.7 cmyuRy = 0.034) or Field Sparrow nests (99.9 + 3.7
cm; Prukey = 0.017; Figure 3-7).

There was also a difference among vegetation pludsbird nests for vegetation
density (F = 6.21, df = 2, 324, P = 0.002). Beeduzcorded the number of squares
visible out of 20 on the cover board, vegetationsity varied inversely with the index

measured. Therefore, vegetation density was laivelenslow’s Sparrow nests (15.6 +
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0.7 cm) than at vegetation plots (13.0 + 0.3 vestruares; ey = 0.002) and Field
Sparrow nests (13.1 + 0.4 visible squaragid’= 0.006).

Proportion of ground cover differed among vegetaplots, Henslow’s Sparrow
nests, and Field Sparrow nests for 3 of 6 groun@iceariables (Figure 3-8): bare ground
(F =10.14, df = 2, 325, P < 0.001), woody vegetalF = 8.50, df = 2, 325, P < 0.001),
and warm-season grass (F = 10.18, df = 2, 3250P@&l). Bare ground coverage was
greater at vegetation plots (7.9 + 0.8 %) thani@tdFSparrow nests (1.8 = 1.1 %5 Ry <
0.001), but bare ground coverage at systematisallgeted plots and Field Sparrow nests
did not differ with Henslow’s Sparrow nests (2.2.6 %). Woody vegetation coverage
was greater at Field Sparrow nests (14.0 + 1.6"#) &t vegetation plots (7.6 + 1.2 %;
Prukey = 0.004) or Henslow’s Sparrow nests (2.0 + 2. %%y = 0.001). Warm-season
grass coverage was greater at Henslow’s Sparrots (3 + 4.5 %) than at vegetation
plots (36.5 + 1.9 %; Rkey < 0.001) or Field Sparrow nests (37.8 + 2.5 %idy< 0.001;
Figure 3-8).

Nest Success | monitored 286 nests of 17 species, includi@dgi@nslow’s Sparrow
nests and 122 Field Sparrow nests (Table 3-3). Méngield nest success estimate for
Henslow’s Sparrow was 23.8% (95% CI = 10.7 — 40.%5%@le 3-4) and apparent nest
success (successful nests / all nests) was 48-éd Sparrow Mayfield nest success
was 15.4% (95% CIl = 9.5 — 23.1%; Table 3-5) anchegt nest success was 44.3%.
The 95% confidence intervals did not overlap fatydsurvival rate of Field Sparrow
nests in incubation (DSR = 0.908; 95% CI = 0.881929) and brooding (DSR = 0.961;

95% CI1 =0.936 — 0.977; Table 3-5) stages.
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The earliest estimated date for initiation withibreeding season for Henslow’s
Sparrow was 6 May; the last observed nesting agtior Henslow’s Sparrow was a
successful nest that was completed on 7 July. ntingber of known active Henslow’s
Sparrow nests peaked at 13 nests in thexéek (3-9 June) of the field season in 2006
and at 7 nests in thd'4veek (20-26 May) in 2007 (Figure 3-3). The eatlimown nest
initiation date for Field Sparrow was 30 April, atiek last known nesting activity was a
successful nest completed on 21 July. Known adtiglel Sparrow nests peaked during
the 4" week (20-26 May) in both 2006 (25 nests) and 2@A7nests; Figure 3-4). A'2
peak of lesser magnitude was observed in thargl 9" weeks (17-30 June) of the field
season (Figure 3-4).

Predation was the apparent cause of nest faibur2( Henslow’s Sparrow nests
(100% of failures) and 63 Field Sparrow (92.6%)teidssed on evidence of nest
disturbance. Parental abandonment was the cauke other 5 nest failure events
(7.4%) for Field Sparrow, and 3 of those 5 (60.09¢)e apparently related to parasitism
by Brown-headed Cowbirds. Cowbirds parasitizedribfd Sparrow nests (13.2% of
total). Brown-headed Cowbird parasitism was naeobed in Henslow’s Sparrow nests.
Modeling Daily Survival Rate- The null model (S(. = 0.272; see Table 3-1 for
Henslow’s Sparrow model notation), containing athlg intercept, was the top model in
Suite | for Henslow’s Sparrow nests (Table 3-6pwdver, a relatively large proportion
of the variation was described by the quadratig@ma model (S(T+TT)AAIC. = 0.06,

w; = 0.264). Based on the significance of this patam | chose to retain S(T+TT) as the
null model for Suite Il. The linear temporal (S(BAIC. = 0.89,w; = 0.175) and stage
models (S(stagepAIC. = 1.62,w; = 0.121) were also important in Suite I. S(T+TW)
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= 0.494) was the top model in Suite Il and wasimethas the null model for Suite Ill.
S(T+TT+dist_edge)AAIC. = 1.45,w; = 0.239) was the only other important model in
Suite Il. S(T+TT) was the top model for Suite(l\; = 0.293). Other important models
included S(T+TT) AAIC. = 1.04,w; = 0.175; the null model for Suite Ill) and
S(T+TT+bare) AAIC. = 1.83,w; = 0.117). With the exception of tigeestimate for
quadratic time in S(T+TT) and S(T+TT+bare), the 988afidence interval of eagh
estimate included zero in each of the retained msdde Henslow’s Sparrow DSR (Table
3-7). Linear time had negative and quadratic traé positivel estimates for all models
(Table 3-7).

The stage model was the top model in Suite | feldFSparrow (S(stagey; =
0.959), and it was retained as the null model fateS| (Table 3-8). S(stage+field_size)
(w; = 0.466) was the best model in Suite Il, and ESQAIC. = 1.19,w; = 0.257) was
the only other model withAIC. < 2.0. S(stage+field_size) was used as the nodleh
for Suite 1ll, and it was the best model in thates@wv;, = 0.232). Five other models met
the AAIC < 2.0 criterion in Suite Il for the Field Sparrpaach of those models
included stage and field size as well as the falhowarameters: ht_liveAQIC. = 0.46,

w; = 0.184), cb_avgNAIC. =1.21,w; = 0.126), wsgAAIC. = 1.34,w; = 0.118), wood
(AAIC. = 1.84,w; = 0.092), and both wood and ht_liveAIC. = 1.99,w; = 0.086; Table
3-8).

Stage had a negatifjeestimate in all models, which indicated greateRDSthe
brooding stage than in the incubation stage (Taf¢ Estimates d} for height of live
vegetation and vertical vegetation density were akgative, but the vegetation density
variable is an inverse index of the parameter, ssiijjog a positive relationship with
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vegetation density (neither of thodestimates were significant). Field size had a
positive relationship with Field Sparrow nest D®Rall models. The 95% confidence
interval of thep estimate for the stage variable did not include ze any of the 4
retained models, and the confidence interval ofitestimate included zero in 1 of the 6
retained models (S(stage+tfield_size)); howeversthge variable was the only variable

for which the 95% confidence interval of thestimate did not contain zero (Table 3-9).

Discussion

Most of the differences between Henslow’s Spamests and systematically-
selected vegetation points were the same in thdysis those identified by Giocomo et
al. (2008), including greater grass height (Figg48) and greater coverage by warm-
season grass (Figure 3-8). | also found a negpatestimate for cool-season grass
coverage on DST for one of the retained models fgante 11, S(T+TT+csg), although
the 95% confidence interval for that estimate cioveith zero, suggesting that this is not a
strong relationship (Table 3-7). An increase d¥ldéf the proportion of ground covered
with cool-season grass corresponds to a decreasensiow’s Sparrow nest DSR of 0.34
+ 0.19. Greater levels of ground coverage in gaason grass are often indicative of
habitats in an earlier stage of succession thatmoahave a developed warm-season
grass component. A link between apparent prefeefar nest placement and DSR
suggests that Henslow’s Sparrows that select faitgr warm-season grass coverage are

actually increasing their fitness through great&iRD
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| did not observe any difference between Hensldparrow nests and vegetation
plots for cool-season grass coverage (Figure 3®)wever, the second best model in
Suite lll, S(T+TT+csg) (Table 3-6), contained a adge  estimate for cool-season grass
coverage. The most common cool-season grass orRF& throughout the Big
Barrens is tall fescud-éstuca arundinacea), which does not have the same type of
structure as the native warm-season grasses [ittésstem, big bluestem, broomsedge,
indiangrass, and switchgrass) in which | observeddtbw’s Sparrow nests. Tall fescue
grows in dense, homogeneous patches; the native-s@ason grasses listed above grow
in dense clumps, often surrounded by comparatiopgn space. Henslow’s Sparrows
seem to prefer habitats dominated by native wammsese bunchgrasses with dead
standing vegetation (Zimmerman 1988, Scott et@)22, but in some cases cool-season
grasses can be used for nesting (McCoy et al. 2001)

One relationship that | observed for Henslow’sr&pa nest-site selection was
contrary to what Giocomo (2005) observed: | founebater forb height at Henslow’s
Sparrow nests, while Giocomo found greater forlgthieat vegetation plots. This may
suggest that forb height is not as important a tmmas grass height and warm-season
grass coverage. Furthermore, in my nest-site aisallydid not observe greater litter
depth at Henslow’s Sparrow nest sites, a site cheniatic that is fairly consistently
reported in the literature (Hyde 1939, Hanson 1@4ly and Michaels 2000, Herkert et
al. 2002, Giocomo 2005) and in fields occupied enslow’s Sparrows (Scott et al.
2002). Formation of a thick litter layer on FCMiRlds is likely hindered by the biennial
burning regime. A positivp estimate for litter depth in model S(T+TT+lit_aJ@gble
3-7) provides some evidence that greater littetldapreases DSR for nests of this
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species, even if | did not find evidence suggedtivag Henslow’s Sparrows were
selecting sites with greater litter depth thandaterage for vegetation plots.
Interestingly, Moss (2001) observed greater lidtgpth at successful Henslow’s Sparrow
nests than at unsuccessful nests while also fingliegter litter depth at vegetation plots
than at nests of that species. Perhaps this spiscselecting nest sites and territories
with what they perceive as an appropriate amouhttef, regardless of the average litter
depth on the whole field.

Field Sparrow nest sites differed from systemédtieselected vegetation plots in
having greater woody vegetation and grass heigbtu(é 3-7), greater coverage by
woody vegetation, and less coverage by bare gr@eigdre 3-8). None of those
variables are reflected in the Field Sparrow néSRDnodels retained in Suite Ill (Table
3-9). This suggests that there is a disconneutd®at nest-site characteristics selected
and factors affecting DSR and overall productivifjhep estimate for height of live
vegetation was negative in S(stage+field_size+¥) liwhich may be related to the
apparent preference for sites with lower forb heigbwever, woody vegetation height
was greater at Field Sparrow nests than at vegetptots. The tallest live vegetation
was almost always woody vegetation or forbs becguseing warm-season grasses
continue to gain stature through the field seaswhd®m not reach peak height until
August or September (Voigt 1959, Dalrymple and Dnd@67). The3 estimate for live
vegetation height was difficult to interpret becaiitsmay have been influenced by an
apparent preference for both taller woody vegetadind shorter forbs. Nest height was

correlated with both woody vegetation and forb hefgr Field Sparrow. Previous
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studies have demonstrated correlations betweentegmast concealment (Burhans and
Thompson 1998) and lower predation rates (Burhtaak 8002) with greater nest height.

Daily nest survival did not differ among ownershypes for Field Sparrows.
However, Field Sparrows are more of a habitat gdis¢than Henslow’s Sparrows
(Carey et al. 1994, Burhans 1997, McWilliams anduBing 2000). Because Henslow’s
Sparrows did not occur on the TWRA fields (Chaiglit was impossible to compare
DSRs with the FCMR fields. Henslow’s Sparrow nestse found on the CRP fields but
in insufficient numbers to make comparison with AR dossible.

The importance of quadratic time in describingatawn in DSR through the
nesting season is apparent (Figure 3-5). Estinia&i decreases from 0.967 (£ 0.020)
on 7 May, the first day a Henslow’s Sparrow ness$ whserved, to 0.902 (+ 0.050) on 6
July. The rate of decline of DSR is 1.35 time$aa$ over the ' half of that interval
than over the *Lhalf. Further research could validate the impurésof this trend and
identify the probable cause, such as increasedapoedor lower food availability as the
breeding season progresses. While disturbancésasumowing and burning of
grasslands during the breeding season will always la negative effect on productivity
for grassland birds (Rodenhouse et al. 1995, GiocBd®5), Henslow’s Sparrows should
benefit in such a situation from having the grelgpesductivity early in the breeding
season. Time of season did not seem to have ect effif DSR for Field Sparrow nests
(Figure 3-6).

One surprising finding was that DSR was lowerRmid Sparrows during the
incubation stage than during the brooding stagel€ra-5), contrary to the hypothesis of
Skutch (1949) that increased parental activithatrtest during the brooding stage leads
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to lower DSR. Skutch’s hypothesis has been supgdiy many investigators (Young
1963, Best 1978, Thompson et al. 1999, Martin.€2@00), but not by others in a variety
of settings (Best and Stauffer 1980, Farnsworth@intbns 1999, Renfrew et al. 2005).
Conway and Martin (2000) actually found a negatelationship between frequency of
nest visits and proportion of nests depredatecey Ehso found a positive relationship
between the length of incubation bouts and nestghi@en. As Martin et al. (2000)
proposed, nests that are poorly hidden from pregai@ more likely to be found early in
the nesting cycle, during the incubation stage,raagls that escape predation long
enough for the eggs to hatch will tend to have &éidSR. Furthermore, the
predominant predator on the nests of any bird sgauiay differ among the laying,
incubation, and brooding stages (Liebezeit and Ge2002).

DSR estimates across the Big Barrens in 2006-0@ weny similar to 5-year
estimates on FCMR from 1999-2003 (Moss 2001, Giac@005) for both Henslow’s
Sparrow (0.942 £ .013, 39 nests, 2006-07; 1999-2&0ignate: 0.938 + 0.009, 113 nests;
Table 3-4) and Field Sparrow (0.928 + 0.008, 12&$1€2006-07; 1999-2003 estimate:
0.926 + 0.006, 276 nests; Table 3-5). The coeificof variation for the 6 years for
which DSR was estimated was 1.3% (includes 2008r232006-07, the sample size of
Henslow’s Sparrow nests was too small to calcUd8® for 1999). DSR estimates for
2000-03 ranged from 0.940 (x 0.022; 2002) to 0.858.013; 2001; Giocomo et al.
2008), which contained the 2 years discussed ssttidy, 2006 (0.941 + 0.017) and
2007 (0.943 £ 0.019). The closeness of these atBrsuggests that habitat quality for

breeding grassland birds on FCMR has been faimgistent through the last decade. |
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found no difference among ownership types for DERi@ld Sparrow nests (Table 3-5),
the only species with a sufficiently large sampte ©n all ownership types.

Double brooding was likely for the Field Sparrdwgure 3-4), as evidenced by
the double peaked pattern in both years of the mumbnests monitored by week.
Although my data did not show the same pattermiemsiow’s Sparrow (Figure 3-3),
double brooding has been documented for that spédienter 1999, Giocomo 2005).
Furthermore, the length of time that | observed $ft@m’s Sparrows involved in nesting
activity (61 days) is more than twice the 24-daliides laying stage, but not post-
fledging parental care) nesting cycle of the Hem&d&parrow.

Snakes were likely responsible for many of the atied events on grassland bird
nests in this study. Snakes are among the mosgilpre predators of grassland bird nests
in the mid-South and midwestern United States (Tgon and Nolan 1973, Best 1974b,
Best 1978, Wray et al. 1982, Thompson et al. 138®mpson and Burhans 2004).
Henslow’s Sparrow nests may be particularly susickepto snake predation (Graber
1968, Herkert et al. 2002). Thompson et al. (198@ctly observed predation at 16
Field Sparrow and and 7 Indigo BuntirRgéserina cyanea) nests in central Missouri
using a video camera. For 16 of their 23 obsemmat{(69.6%), the predator was a snake,
and all 4 of the snake species observed by Thomgisaln (1999), black rat snake
(Elaphe obsoleta), prairie kingsnakelampropeltis calligaster), black racerColuber
constrictor), and garter snak&liamnophis sp.), were observed on my study sites. On 4
occasions during the 2006 and 2007 field seasmissdrved a snake (3 black rat and 1
rough greenQpheodrys aestivus]), within 1 m of a recently depredated nest.
Furthermore, there was little damage to most dejtegldnests, a characteristic suggestive
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of snake-depredated nests (Thompson and Nolan 19&eased snake predation may
not account for decreasing DSR in Henslow’'s Sparfmwever, because snake activity
may decrease through the breeding season (Klirh888). Other documented predators
of grassland bird nests that occur in the Big Batiacluded American CrowCorvus
brachyrhynchos; Wray et al. 1982), raccooRr(ocyon lotor; Renfrew and Ribic 2003),
striped skunkNlephitis mephitis; Vickery et al. 1992), and rodents (Order Rodentia
Pietz and Granfors 2000, Winter et al. 2000). Aemmmplete understanding of the
roles of different nest predators on grassland hasting success remains an important

research need.
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Table 3-1. Models tested for Henslow’s Sparrowt dedly survival rate for nests

monitored in the Big Barrens, Tennessee and Kegt&306-07. The top models from

Suites | and Il were used as the null models foreSul and 111, respectively. In addition

to the models listed, | also tested a global méaletach suite containing all of the

covariates in that suite.

Model Suite Model Notation
Year Styean)
. Temporal and Nest stage (Incubation/Brood) Sistage)
Nuisance Models [ inear time Sm
Quadratic time Si+11)
Il. Field-level ~ Field size Sttield_size)
variables Distance to edge Sdist_edge)
Height of dead vegetation Stt_dead)
Litter depth Siit_avg)
Woody vegetation coverage Sieb_avg)
Bare ground coverage Stare)
IIIl. Microh.abitat- Cool season grass coverage Stesq)
evel variables 9
Warm season grass coverage Siwsg)
Ht.of dead vegetation and bare ground cov. Sint._dead-+bare)
Ht. of dead vegetation and warm season grass cov. Sit_dead+wsg)
Litter depth and warm season grass coverage Siit_avg+wsg)
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Table 3-2. Models tested for Field Sparrow nedydarvival rate for nests monitored in
the Big Barrens, Tennessee and Kentucky, 2006f0ié. top models from Suites | and Il
were used as the null models for Suites Il andédpectively. In addition to the models

listed, | also tested a global model for each stot@aining all of the covariates in that

suite.
Model Suite  Model Notation
Ownership Class Stownen)
Year Syean
I\Il.u-ir:amnz(e)rs/:oé:jn(;jls Nest stage (Incubation/Brood) Sistage)
Linear time Sm
Quadratic time Seretm)
Il. Field-level ~ Field size Stteld_size)
variables Distance to edge Sist_edge)
Height of live vegetation Strt_ive)
Vegetation thickness Steb_avg)
Warm season grass coverage Siwsg)
ll. Microhabitat- Bare ground coverage Stbare)
level variables  \woody vegetation coverage Swood)
Woody vegetation cov. and live vegetation ht. Stwood+ht_ive)
Woody vegetation cov. and vegetation thickness Swood+ch_avg)
Woody veg. and bare ground cov., veg. thickness Jiga veg. ht. Siwood+bare+ch_avg+ht_live)
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Table 3-3. Number of nests monitored in the Bigr&as, Tennessee and Kentucky,
2006-07. The 286 observed nests are broken dovepéxies, field ownership, and year.

Species are presented in alphabetical order by aymmame.

Specie Year Total FCMR CRP TWRA
Bell's Vireo 200¢ 0 0 0 0
Vireo belli 2007 1 1 0 0
Both Year 1 1 0 0
Blue Grosbeal 200¢ 3 3 0 0
Passerina caerulea 2007 1 1 0 0
Both Year 4 4 0 0
Blue-gray Gnatcatchel 200¢ 0 0 0 0
Polioptila caerulea 2007 2 0 0 2
Both Year 2 0 0 2
Common Y ellowthroat 200¢ 2 2 0 0
Geothlypistrichas 2007 4 4 0 0
Both Year 6 6 0 0
Dickcisse 200¢ 15 14 1 0
Spiza americana 2007 8 4 2 2
Both Year 23 18 3 2
Eastern Meadowlark 200¢ 2 2 0 0
Surnella magna 2007 2 0 2 0
Both Year 4 2 2 0
Field Sparrow 200¢ 62 23 14 25
Soizdlapusilla 2007 60 20 22 18
Both Year: 122 43 36 43
Henslow's Sparrow 200¢ 21 19 2 0
Ammodramus henslowii 2007 18 13 5 0
Both Year: 39 32 7 0
Indigo Bunting 200¢ 15 7 6 2
Passerina cyanea 2007 9 5 0 4
Both Year: 24 12 6 6
Mourning Dove 200¢ 0 0 0 0
Zenaida macroura 2007 1 0 1 0
Both Year 1 0 1 0
Northern Cardinal 200¢ 3 0 0 3
Cardinalis cardinalis 2007 1 0 0 1
Both Year 4 0 0 4
Northern Mockingbird 200¢ 0 0 0 0
Mimus polyglottos 2007 1 0 0 1
Both Year 1 0 0 1
Prairie Warbler 200¢ 22 20 1 1
Dendroica discolor 2007 13 12 0 1
Both Year 35 32 1 2
Red-winged Blackbird 200¢ 1 0 1 0
Agelaius phoeniceus 2007 6 0 3 3
Both Year 7 0 4 3
White-eyed Virec 200¢ 0 0 0 0
Vireo griseus 2007 1 1 0 0
Both Year 1 1 0 0
Wild Turkey 200¢ 2 1 0 1
Meleagris gallopavo 2007 2 1 1 0
Both Year 4 2 1 1
Yellow-breasted Cha 200¢ 3 1 0 2
Icteria virens 2007 5 4 0 1
Both Year. 8 5 0 3
Total 200¢ 151 92 25 34
2007 13t 66 36 33
Both Year: 28€ 15¢ 61 67
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Table 3-4. Estimates of daily survival rate (D$&)Henslow’s Sparrow nests in the Big

Barrens, Tennessee and Kentucky, 2006-07.

95%CI
Parameter Mean SE °
DSR Lower  Upper

2006 0.941 0.017 0.897 0.967

Year
2007 0.943 0.019 0.891 0.972
Stage Incubation  0.936 0.017 0.892 0.962
Brood 0.952 0.019 0.898 0.979
Overall 0.942 0.013 0.911 0.963
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Table 3-5. Estimates of daily survival rate (D$&t)Field Sparrow nests in the Big
Barrens, Tennessee and Kentucky, 2006-07. Owfersr® ownership class, and the
abbreviations stand for Fort Campbell Military Rese(FCMR), privately owned fields

enrolled in the Conservation Reserve Program (C&R),Tennessee Wildlife Resources

Agency (TWRA).
95%ClI
Parameter Mean SE °
DSR Lower  Upper

Year 2006 0.936 0.011 0.910 0.955
2007 0.921 0.012 0.894 0.942
Incubation  0.908 0.012 0.881 0.929

Stage

Brood 0.961 0.010 0.936 0.977

FCMR 0.933 0.014 0.901 0.956

Owner CRP 0.928 0.015 0.891 0.953
TWRA 0.924 0.014 0.890 0.948

Overall 0.928 0.008 0.910 0.943
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Table 3-6. Results of daily survival rate modééseon for Henslow’s Sparrow nests in

the Big Barrens, Tennessee and Kentucky, 20068&£ Table 3-1 for a description of

model notation.

Model Suite |
Model K AIC . AAIC W,
S(.) 1 92.74 0.00 0.272
S(T+TT) 3 92.80 0.06 0.264
S(T) 2 93.62 0.89 0.175
S(stage) 2 94.36 1.62 0.121
S(year) 2 94.76 2.02 0.099
S(global) 5 95.44 2.70 0.070

Model Suite 1l
Model K AIC . AAIC . Wi
S(T+TT,null) 3 92.80 0.00 0.494
S(T+TT+dist_edge) 4 94.25 1.45 0.239
S(T+TT+field_size) 4 94.81 2.01 0.181
S(T+TT+field_size+dist_edge) 5 96.31 3.51 0.085

Model Suite 111
Model K AIC AAIC . Wi
S(T+TT+csQ) 4 91.76 0.00 0.293
S(T+TT,null) 3 92.80 1.04 0.175
S(T+TT+bare) 4 93.59 1.83 0.117
S(T+TT+wood) 4 94.09 2.33 0.091
S(T+TT+lit_avg) 4 94.45 2.69 0.076
S(T+TT+ht_dead) 4 94.72 2.95 0.067
S(T+TT+wsQ) 4 94.78 3.02 0.065
S(T+TT+bare+ht_dead) 5 95.57 3.81 0.044
S(T+TT+wsg+lit_avg) 5 96.45 4.69 0.028
S(T+TT+wsg+ht_dead) 5 96.76 5.00 0.024
S(global) 9 97.22 5.46 0.019
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Table 3-7. Beta estimates for parameters in Betibf models retained in Suite Il

(Table 3-6) for daily survival rate of Henslow’s&@pmw nests in the Big Barrens,

Tennessee and Kentucky, 2006-07. Model notatidessribed in Table 3-1.

) 95% CI
Model Parameter Estimate SE
Upper Lower
intercept 5.996 2.050 1.977 10.015
linear time -0.201 0.131 -0.459 0.056
S(T+TT+csg) o
guadratic time 0.003 0.002 -0.001 0.007
cool season grass coverage -0.034 0.019 -0.071 0.002
intercept 5.974 1.978 2.096 9.851
S(T+TT,null) linear time -0.200 0.125 -0.446 0.045
quadratic time 0.003 0.002 8.93x10 0.006
intercept 5.617 1.988 1.722 9.513
linear time -0.190 0.125 -0.436 0.055
S(T+TT+bare)
quadratic time 0.003 0.002 9.82x10" 0.006
bare ground coverage 0.050 0.053 -0.054 0.154
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Table 3-8. Results of daily survival rate modééseon for Field Sparrow nests in the

Big Barrens, Tennessee and Kentucky, 2006-07.T8bke 3-2 for a description of

model notation.

Model Suite |

Model K AIC . AAIC W,
S(stage) 2 302.23 0.00 0.959
S() 1 310.63 8.41 0.014
S(global) 7 311.63 9.40 0.009
S(year) 2 311.83 9.60 0.008
S(T) 2 312.57 10.35 0.005
S(T+TT) 3 313.98 11.75 0.003
S(owner) 3 314.42 12.20 0.002

Model Suite I
Model K AIC . AAIC Wi
S(stage+field_size) 3 301.03 0.00 0.466
S(stage,null) 2 302.23 1.19 0.257
S(global) 4 303.04 2.01 0.171
S(stage+dist_edge) 3 303.99 2.96 0.106

Model Suite IlI
Model K AIC . AAIC W,
S(stage+field_size,null) 3 301.03 0.00 0.232
S(stage+field_size+ht_live) 4 301.49 0.46 0.184
S(stage+tfield_size+cb_avg) 4 302.24 1.21 0.126
S(stage+tfield_size+wsg) 4 302.38 1.34 0.118
S(stage+field_size+wood) 4 302.87 1.84 0.092
S(stage+field_size+wood+ht _live) 5 303.02 1.99 0.086
S(stage+tfield_size+bare) 4 303.04 2.01 0.085
S(stage+tfield_size+wood+cb_avg) 5 304.19 3.16 0.048
S(stage+field_size+wood+bare+cb_avg+ht_live) 7 306.13 5.10 0.018
S(global) 8 307.33 6.29 0.010

85



Table 3-9. Beta estimates for parameters in Betibf models retained in Suite Il
(Table 3-8) for daily survival rate of Field Spasroests in the Big Barrens, Tennessee

and Kentucky, 2006-07. Field Sparrow model notaitodescribed in Table 3-2.

. 95% CI
Model Parameter Estimate SE
Upper Lower
intercept 2.934 0.310 2.326 3.543
S(stage+field_size,null) stage -0.902 0.309 -1.508 -0.296
field size 0.001 7.12x10* -1.58x10" 0.003
intercept 3.263 0.407 2.465 4.061
) ) ) stage -0.892 0.309 -1.499 -0.286
S(stage+field_size+ht_live) i . 4
field size 0.002 750x10* 3.08x10° 0.003
ht. of live vegetation -0.005 0.004 -0.012 0.003
intercept 3.387 0.598 2.214 4.559
) i stage -0.902 0.309 -1.508 -0.296
S(stage+field_size+cb_avg) i .
field size 0.001 7.11x10" 2.18x10" 0.003
vegetation thickness -0.033 0.037 -0.106 0.040
intercept 2.802 0.348 2.120 3.484
. ) stage -0.891 0.310 -1.497 -0.284
S(stage+field_size+wsg) i .
field size 0.001 7.35x10" 3.52x10"° 0.002
wsg coverage 0.004 0.005 -0.006 0.015
intercept 2.903 0.318 2.279 3.528
) ) stage -0.906 0.309 -1.512 -2.998
S(stage+field_size+wood) i . 4
field size 0.001 7.11x10* 1.47x10* 0.003
woody veg. coverage 0.003 0.006 -0.010 0.015
intercept 3.252 0.408 2.452 4.051
stage -0.899 0.310 -1.506 -0.292
S(stage+field_size+wood+ht_live) field size 0.002 750x10" 6.97x10° 0.003
woody veg. coverage 0.004 0.006 -0.008 0.017
ht. of live vegetation -0.005 0.004 -0.013 0.002
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Figure 3-1. Breeding Bird Survey trend map for slew’s Sparrow, 1966-2003 (Sauer
et al. 2007). Gray areas are outside the rangfeedBreeding Bird Survey. The orange

circle indicates the approximate location of thg Barrens, Tennessee and Kentucky.
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Figure 3-2. Breeding Bird Survey trend map foldri@parrow, 1966-2003 (Sauer et al.
2007). Gray areas are outside the range of thedsrg Bird Survey. The green circle

indicates the approximate location of the Big BasteTennessee and Kentucky.
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Figure 3-3. Number of Henslow’s Sparrow nests nosad per week in the Big Barrens,

Tennessee and Kentucky, 2006-07.
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Figure 3-4. Number of Field Sparrow nests mondqyer week in the Big Barrens,

Tennessee and Kentucky, 2006-07.
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Figure 3-5. Estimated daily survival rate (DSRH&hslow’s Sparrow nests across the
observed breeding season in the Big Barrens, Teaaesd Kentucky, 2006-07. The top
models selected for this species included quadiiatie as an important parameter in

describing variation in DSR.
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Figure 3-6. Estimated daily survival rate (DSR}adld Sparrow nests across the
observed breeding season in the Big Barrens, Teaaesd Kentucky, 2006-07.
Temporal variables were not found to be importardascribing variation in DSR for this

species.
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Figure 3-7. Height of 3 vegetation types at sysiirally selected vegetation sampling
points, Field Sparrow nests, and Henslow’s Spanesits in the Big Barrens, Tennessee
and Kentucky, 2006-07. Error bars indicate onadsded error. Different letters in the
boxes above the bars indicate significantly diffémgroups within each vegetation type.
Overall error rate was controlled with a Bonferroairection across all vegetation
variables. Comparisons among vegetation pointstan@ types of bird nest were

adjusted with Tukey’s Honestly Significant Diffex@nto control error rate.
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Figure 3-8. Proportion of 1-hplot covered in each of 6 ground cover types getation
plots, Henslow’s Sparrow nests, and Field Sparregisiin the Big Barrens, Tennessee
and Kentucky, 2006-07. Different letters signitimates that differ based on pairwise
comparisons witlw = 0.05; overall error rate was controlled with €yls Honestly

Significant Difference.
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CHAPTER 4

ECOLOGY AND MANAGEMENT OF GRASSLAND BIRDS IN WINTER IN
THE MID SOUTH

Introduction

Grassland bird species populations have beemdaglinroughout eastern North
America for several decades. Of the 14 speci#isisrgroup occurring in the eastern
United States, 11 have significantly negative papah trends since the beginning of the
Breeding Bird Survey (BBS) in 1966 (Sauer et aD®0 Using BBS data, Herkert
(1995) estimated an average annual population eéhahgl.4 = 0.7% for 13 grassland
bird species in the Midwest. Population declinage largely been attributed to habitat
loss and degradation, perhaps exacerbated by emsaigity for many of the species
(Herkert 1994, Warner 1994, Johnson and Igl 20@kkBr et al. 2002, Renfrew et al.
2005). Many of the grassland birds that breethéndastern United States also winter in
that region, so there are opportunities to manlagegroup of species throughout the life
cycle (Vickery et al. 2000). Loss of native grassl habitats to intensive agriculture or
other agricultural uses that reduce habitat quakity been linked with declines for this
group of birds (Murphy 2003). However, for mangsgland species, it is unknown
which habitat characteristics are important in deteing habitat quality (Peterjohn
2003).

There has been extensive grassland loss in thé&outh. The Big Barrens, part
of the Pennyroyal Plain, is a 1.2-million-ha regadmmostly open habitat in Kentucky

and Tennessee. This area was once covered alnwstyeby native grasslands but was
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shifted to a mostly forested landscape followingdpean settlement (Mcinteer 1946).
The Big Barrens has now shifted to a mosaic ofstsrand agriculture with widely
scattered patches of remnant or restored gras@mester et al. 1997). Habitat loss is
expected to continue in this region and may belacted by the increased use of land
for the production of switchgrasBgnicum virgatum) and corn for biofuel production
(Tolbert and Downing 1995). Eastern Tennessea region called the Great Valley,
also historically hosted large areas of open halatpecially along large rivers (Lorimer
2001).

There is an especially great need for studiessiedwn birds that use open
habitats during the non-breeding season (VickedyHerkert 2001, Peterjohn 2003).
Most grassland bird research to date has dealtthatbreeding season. The winter
grassland bird community differs from the breedang community in most areas (Best
et al. 1998). Loss or changes of grassland hatnitéie wintering grounds has been put
forth as a possible cause of population declinesdme bird species (Lymn and Temple
1991, Herkert and Knopf 1998). Birds that useyesukccessional habitat in the non-
breeding season have received little managemeassearch attention in the mid-South.
Few species of grassland birds winter north oftlggon. Several priority species that
do not occur in the mid-South in winter include §e&Vren Cistothorus platensis),
Henslow’s SparrowAmmodramus henslowii), Le Conte’s SparrowX leconteii),
Bachman'’s SparrowA{mophila aestivalis), which winter in the Gulf Coastal Plain in
pine savannas.

Many grassland bird species winter in the mid-Bowlost of the passerines are
sparrows (familyEmberizidae), including Eastern Towhe®ifilo erythrophthalmus),
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Song SparrowNlelospiza melodia), Swamp SparrowM. georgiana), Savannah Sparrow
(Passerculus sandwichensis), Field Sparrow $pizella pusilla), Dark-eyed Juncalgnco
hyemalis), White-throated SparrowZ¢notrichia albicollis), and White-crowned Sparrow
(Zonotrichia leucophrys). Non-emberizid passerines include Loggerheack8Hiranius
ludovicianus), Horned Lark Eremophila alpestris), and American PipitAnthus
rubescens). Northern Bobwhite@olinus virginianus), American KestrelKalco
gparverius), and Northern HarrieiQjrcus cyaneus) are also linked to open habitats
throughout the region during the winter. One gassieason for the limited attention
paid to this community of birds is that few of @ecies are of high continental
conservation concern based on Partners in Fligidervation scores (Rich et al. 2004); a
notable exception is the Short-eared O ¢ flammeus), a Watch List species (Ford et
al. 2000). Additionally, 4 of the species listdzbae, Northern Bobwhite, Loggerhead
Shrike, Eastern Towhee, and Field Sparrow, aredias species of regional concern for
the Central Hardwoods Bird Conservation Region @gddountain Bird Observatory
2005).

Food and Cover The diets of winter grassland passerines consistarily of seeds,
particularly for cardinals (familZardinalidae), finches (familyFringillidae), and
sparrows (Matrtin et al. 1951, Allaire and Fisher3p Wiens (1973) presented data
collected by Baldwin (pers. comm.) on changes éndiet of Horned Lark between
seasons. Baldwin analyzed Horned Lark diet omedkly basis and found the
proportion of dry weight of the stomach contenfgesented by seed and animal prey.
Horned Lark diet was >55% animal prey from Aprile@arly August, but was >90% seeds
from October to January. Baldwin also observedh percentage of animal prey items
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in the breeding season diet of an emberizid, thk Banting Calamospiza

melanocorys), although that species does not occur on my sawely during the winter.
The chief animal prey of grassland passerinesveriabrates, which are largely dormant
or inaccessible during the winter. Over 90% ofuheter diets of 5 species of sparrows
and finches in North Carolina were composed of tage matter (Pulliam and Enders
1971).

Predation risk is greater in some potential farggireas than for others. An
organism feeding in a landscape with heterogendistisbution of food and predators
will likely seek a foraging strategy that optimizesposition in a trade off between those
two factors, based at least partially on the mefiooavhich that organism is adapted for
predator avoidance (Lima 1998). Ecological nictess be partitioned between species in
many different ways. Historically, competition wdswed as the major determining
factor, but direct and indirect effects of predattan also be important in defining niche
characteristics (Sih et al. 1985). Thus, partitigrof food resources may be
accomplished by winter grassland birds partly rtdifferent predator escape
behaviors.

Several studies have shown an apparent tradesbifelen food and cover for
individual species or groups of species. Schnditié84) suggested that this tradeoff is
an example of optimal foraging theory describediacArthur and Pianka (1966), but in
this case overall survival is optimized, incorporgtboth foraging efficiency and
predation risk. For example, wintering White-thezhSparrows foraged preferentially
on food closer to thick cover in an experimentatter study in New Jersey (Schneider
1984). Watts (1990) described a similar tradeeffreen cover and food for wintering
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Song and Savannah Sparrows in central Georgiaoutheastern Arizona, Lima and
Valone (1991) demonstrated experimentally thatithele winter grassland bird
community was different in fields with a high degsf cover than in fields with
relatively little cover. They found that speciegls as ChippingSpizella passerina) and
Vesper Sparrowooecetes gramineus) were abundant in high cover areas but nearly
absent from low cover areas; meadowlaf&arfiella sp.) and Horned Larks showed the
opposite relationship to cover density. The awghbeorized that the relationships
observed were related to different predator esstipéegies for the different bird species
because the type and density of food was not thtdogtiffer between the two habitat
types. A similar spatial pattern of bird distrilout was observed in England with an
emberizid (YellowhammeEmberiza citrinella) and an alaudid (Skylariilauda

arvensis; Robinson and Sutherland 1999).

Habitat differences have been observed among@papecies that winter in the
mid-South based on the density and proximity oasu@f thick cover. Five species of
common winter sparrows in the mid-South (Field &pa&r Savannah Sparrow, Song
Sparrow, Swamp Sparrow, and White-throated Spardamjonstrate such differences.
Savannah Sparrows use open habitats with shortategrelike cultivated fields and
grasslands with sparse vegetation (WheelwrightRisthg 1993, Ginter and Desmond
2005). Swamp Sparrows are often found in habwétstaller and thicker vegetation, in
many cases near water (Mowbray 1997). Song Spdratitat is similar to Swamp
Sparrow habitat (without an apparent affinity fabhtats near water), but they also occur
in brushy field edges and in non-native shrubsulbusban areas (Arcese et al. 2002).
White-throated Sparrows are often found in flockhwong Sparrows during the winter
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(Pulliam and Enders 1971, Arcese et al. 2002)tHep usually remain in thick, brushy
vegetation and rarely occur in more open habiteadg and Kopachena 1994). Field
Sparrows occur in both open habitats and alonghlyradges, making it something of a
habitat generalist (Allaire and Fisher 1975, Catgl. 1994).

Another important function of cover for birds is use for thermal purposes,
which allows birds to minimize energy expendituwartaintain an appropriate body
temperature. As the name implies, thermal covas&ul to birds, in part, for insulation
from cold temperatures, but protection from windl@&ffects may actually be more
important for passerines (Elkins 1983). The usthefmal cover has been documented
during the winter in both American Tree Sparro®sZella arborea) and Dark-eyed
Juncos (Best et al. 1998). Smith et al. (2005}arwated that field edges can be managed
to provide food, thermal cover, and predator covigrey demonstrated some of those
effects on fields in Mississippi enrolled in therServation Reserve Program, but their
comments on thermal cover were essentially hypetheblouse SparrowBdsser
domesticus) also exhibited a tradeoff between cover typeh ditferent levels of
protection from predators and thermal value (Grabth Greenwald 1982). Marcus et al.
(2000) observed greater densities of sparrowsnumbly field edges than in mowed field
edges in North Carolina, and all of the sparroved they observed were species that
winter in open habitats in the mid-South. Theydtiesized that the difference in
density between the two field edge types was dtrebrushy edges providing better
predator escape and thermal cover.

Flocking Behavior— A conspicuous behavior of some wintering grasklairds is the
tendency of these species to form foraging flodkcking behavior is negatively
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correlated with temperature throughout the yearl@m952). One of the greatest
benefits of flocking comes from the decreased rieedach individual to scan for
predators, allowing more time for foraging (Pullid®73). Caraco (1979) observed an
increased rate of pecking for each bird with inseghgroup size for Yellow-eyed Junco
(Junco phaeonotus), but he also observed higher rates of aggresmtwmeen members of
the flock.

The principle negative effect of flocking is inased aggression. During the
winter, Song Sparrows exhibit intraspecific aggi@sswith males typically dominating
encounters with females (Smith et al. 1980, WagnerGauthreaux 1990). Aggression
between members of a flock may be lessened by rotwgical and behavioral cues that
help establish a dominance hierarchy, as has desameed in White-crowned Sparrow
(Parsons and Baptista 1980). Interspecific inteyas are also important. Song
Sparrows are dominant in most interactions with éé/throated Sparrows (Wagner and
Gauthreaux 1990, Arcese et al. 2002), Swamp Sparawd Savannah Sparrows (Young
1990).

In some situations, decreased individual predaislkamay not be the primary
motivation for flock formation; Lindstrom (1989)dad that increased flock size did not
decrease individual predation risk for two speonches in Sweden and he
hypothesized that flocking behavior was driven bfcpy resource distribution. Emlen
(1952) hypothesized that differences in flock dgnand size are likely related to the
negative and positive effects of flocking for diéat species in different situations, that

IS, species are unique in the circumstance in wttelg will form or join flocks.
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Objectives- | sampled the winter grassland bird communitghenmid-South with a
variety of methods. My primary objective was teci#e ecological characteristics of
that bird community, such as the spatial and teadmbstributions of bird species, habitat
associations of each species, and the populatiesitees of birds using different open
habitats. In addition to my primary objective, dsvable to compare the effectiveness of

the various methods used.

Methods

Study Area— | conducted winter grassland bird researchrieg®ons in Tennessee and
Kentucky, the Big Barrens region in 2005-06, arel@reat Valley of eastern Tennessee
in 2006-07. The study areas were located in d@giffePartners in Flight (PIF) Bird
Conservation Regions (BCR), Central HardwoodsHerf! field season and
Appalachian Mountains for thé®2 The region used for breeding bird research (Giap
2 and 3), Fort Campbell Military Reserve (FCMR) dhd Big Barrens, was used from
December 2005 to February 2006. The Big Barreas,qf the Pennyroyal Plain, is a
1.2-million-ha region of mostly open habitat in Kecky and Tennessee. FCMR fields
are burned regularly (typically biennially) and badween shown to support almost all of
the grassland bird species that occur in the re@itmss 2001, Giocomo 2005). For each
of the methods used on FCMR, | chose fields to $ampportunistically. | began
sampling each day on fields with which | was faaritand, each time | finished sampling

a field, | moved to the nearest available fieldhathie appropriate conditions.
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From January to March 2007, | used 6 propertiesastern Tennessee, including
Seven Islands Wildlife Refuge (a Knox County pagkjyate fields in Grainger County,
and 4 Tennessee Wildlife Resources Agency (TWRAINE Management Areas
(WMA): Freel's Bend at Oak Ridge, Kyker BottomsckiCreek, and Yuchi Refuge at
Smith Bend. The grasslands on eastern Tennesgpersa floristic community similar
to that found in the Big Barrens and other parthefCentral Hardwoods BCR, but fields
were generally smaller (DeSelm et al. 1969). écteld fields in eastern Tennessee
opportunistically wherever | could find at leastatbk of a burned field, a native grass
field, and a harvested crop field.

Big Barrens— Three methods were used to sample bird distobw@nd abundance in the
Big Barrens: mist nets, point counts, and ropegirag | used mist nets to generate a list
of the species wintering in FCMR fields. Someingtivas done passively, but | also
tried to increase capture rate by driving birds ithte net. Drives involved 2 or more
observers walking parallel lines towards one sidd® net. The observers dragged a
rope between them to increase flush rates whee thas little woody vegetation present
to resist movement of the rope.

Point counts were distributed systematically astbe Big Barrens in an attempt
to determine which grassland bird species wereeptan the region. Points were set on
a grid of 5 min latitude (~9.5 km) by 5 min longiti(~7.5 km), on maps by DeLorme
(2004). I recorded all of the birds that | obseheut focused on the open habitats near
each point. Time spent at points was not unifoetalise of the goals of this method, but
at least 10 min were spent at each point to allmdskio adjust to the presence of
observers. Less common species, such as Nortreriell American Kestrel, Merlin
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(Falco columbarius), Short-eared Owl, and Loggerhead Shrike, were r@sorded when
observed during travel between point counts.

Rope dragging surveys were conducted along thepdais of opportunistically-
selected fields on FCMR. Two rope lengths weral usalifferent surveys, 25 m when
only 2 observers were present and 50 m when mare2tobservers were present. Two
observers each held an end of the rope and draggebss the top of the vegetation.
Additional observers, when present, were spacedlgatong the length of the rope. All
the birds that were observed inside each survey(aeetangular areas defined by the
length of the rope by the distance walked), weeaidied to the most specific taxon
possible. | estimated density for each speciediyaging the number of individuals of
that species observed by the area sampled. Asdbmised largely on sparrows because
it was often difficult to identify members of thiamily to species. Observers
communicated throughout the survey to avoid cogritire same individual more than
once. Four types of habitat were sampled withrdipe dragging method, harvested
agriculture fields, un-mowed fescue fields (haydsein the FCMR agricultural-lease
program), mowed fields (average vegetation heighb €m), and grasslands dominated
by native vegetation.

Eastern Tennessee Transectd used transects to sample birds in easterné&sse® on

3 different types of open habitat: harvested creld$, grasslands dominated by native
vegetation, and grasslands dominated by nativetagge that had been burned in the
same winter. Transects were 200 m long and positico that no point was within 50 m
of a road or hard edge. Variable-width transe@swsed to sample the winter bird
community because of demonstrated problems wittdfiarea methods and with the

105



point-count method in general (Buckland 2006). tikemmore, biased distance
measurements have a lesser effect on line-traneaton point counts (Gregory et al.
2004, Buckland 2006). The relatively patchy dmsitions of grassland birds in winter
and the inconspicuous behavior of many speciesfalsy transect sampling over point
counts. For each bird observed, | recorded theispegperpendicular distance from the
line transect, and, to the nearest meter, the poithe transect that was closest to the
bird. The use of distance data allows for coroecbf lower detectability of birds with
greater distance from the line transect, assunhiagt00% of the individuals on the line
were recorded (Burnham and Anderson 1984, Rosdnstad. 2002). Marked
differences in vegetation structure between thepéagirhabitats also necessitated the
estimation of detection probability by habitat tyjpacKenzie and Kendall 2002).
Samples were taken at any time of day becausedirmay is not a great source of bias in
bird sampling during the winter (Rollfinke and Yanri990). No sampling took place
when precipitation was perceptible or when the vapded was greater than ~10 km/h.
Eastern Tennessee Bird BandingBirds were captured in mist nets near the midtiee
native grass field at Seven Islands Wildlife Refug&ebruary-April in 2003 and 2004.
In December-January, 2005-06, and March-April 2006 set up a mist net
perpendicular to a brush line on the edge of aveajrass field at Seven Islands. For
both the nets in the middle of the field and thes e the edge of the field, we used a
combination of passive netting and drive nettinghtwease capture rate. Effort was not
equivalent in the 2 netting locations.

Statistical Analysis- | used program Distance (Thomas et al. 2006¢$tmation of bird
density from line transect data with a correctiasdd on changes in the probability that
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an individual will be detected based on how fas from the line. A Bonferroni

correction on the confidence intervals was useddoiservation of overall error rate.
Sample size was not sufficiently large to comphmesity for individual species

using program Distance, so density estimates feldFSparrow, Savannah Sparrow, Song

Sparrow, and Swamp Sparrow, the 4 species for whiglmost individuals were

observed, were compared with SAS statistical ssWSAS 2003) and without

correction for detection probabilities. Overalla@rrate was controlled using Tukey's

Honestly Significant Difference test. | used Duttise2-sided multiple comparison test

to compare sparrow density among habitat types théhrope dragging data. An overall

o = 0.05 was used for each of the tests outlinedabo

Results

Big Barrens Mist Netting— We banded 202 birds from December 2005 to Fep2G06
on FCMR. Five species were captured (Table 4:%gr balf of the individuals captured
were Song Sparrows. The other 4 species captueesl @ommon Yellowthroat
(Geothlypis trichas), Swamp Sparrow, Savannah Sparrow, and White-cedv@parrow.
Four of the banded individuals (1.5%), 1 Song Spaind 3 Swamp Sparrows, were
recaptured during the field season.

Big Barrens Point Counts- More species were observed using the point-cowtihod
than any of the other 2 methods. Of 49 total gsecobserved with all methods, 36

(73.5%) were observed using the point-count me(fiatlle 4-1).
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Big Barrens Rope Dragging- Twenty species of birds were observed usingdhpe
dragging method at FCMR, including 9 species ofrepes (Table 4-1). In addition to
those 20 species, 4 other species that were olas#iyirey overhead were not included in
analyses. Those species were Northern Harriedisla@rane (Grus canadensis), Red-
winged Blackbird Agelaius phoeniceus), and Common Grackl&{iscalus quiscul a).
Across all species, 985 individuals were obseruathd rope dragging, of which 444
(45.1%) were sparrows. Using rope dragging, | nkeskan overall density of 20.8
birds/ha and a sparrow density of 9.4 birds/ha @ 4k2). Sparrow density differed
among field types (F = 4.97, df = 3, P = 0.01).inddDunnett’'s 2-sided multiple
comparison test, sparrow density was greater dasfigith native vegetation than on
agriculture fields or mowed fields (t = 2.56, di$, P = 0.01). There were no
differences among field types for overall bird dgns

Eastern Tennessee TransectdBased on program Distance (Thomas et al. 2006),
estimates of detection probability were most stlpadfected for native grass fields,
followed by burned fields and then by harvestegdrelds. Detection probability
dropped to 50% at about 14 m from the line transegtasslands dominated by native
vegetation, about 29 m on burned fields, and aBduth in harvested crop fields (Figure
4-2). When corrected for differences in detecpoobabilities, overall observed bird
density was greatest on grasslands dominated byenaggetation (18.92 birds/ha; 95%
Clgonferroni= 12.70 — 28.19 birds/ha), followed by burneddee(7.86 birds/ha; 95%
Clgonferroni = 4.26 — 14.53 birds/ha) and then by agriculttieddls (2.51 birds/ha; 95%
Clgonferroni= 0.97 — 6.52 birds/ha). Grasslands dominatedlabiye vegetation had greater
bird densities than agricultural fields based on-nwerlapping confidence intervals.
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Sample sizes were not sufficiently large to esténard density by species in
program Distance. | compared the number of bitiseoved per transect for the 4 most
commonly observed species, Field Sparrow, Sava8palrow, Song Sparrow, and
Swamp Sparrow (Figure 4-3). Differences were foamibng habitat types for 2 species
(with agonferroni= 0.013), Song Sparrow (F = 9.79; df = 2, 52; ®6801) and Swamp
Sparrow (F =10.38; df = 2, 52; P < 0.001). Sopgr®w density was greater in
grasslands dominated by native vegetation thamiwdsted crop fields (t = -4.00, df =
52, Brukey < 0.001) and in burned fields (t = -3.42, df = BRiey = 0.035). Swamp
Sparrow density was also greater in grasslandsried by native vegetation than in
harvested crop fields (t = -3.90, df = 52,R, < 0.001) and in burned fields (t = -3.79, df
=52, Rukey= 0.001). Savannah Sparrows were not observgrhsslands dominated by
native vegetation.

Different bird communities were observed in theabitat types, based on the
proportion of observed individuals represented dghespecies. Common birds (defined
here as those species represented among the minmmnimer of species necessary to
represent 50% of the individuals observed) for agricultuialds were Savannah
Sparrow (49 individuals, 42.6% of individuals) addmmon Grackle (15, 13.0%).
Common birds on burned fields were Field Sparroty 86.2%), Savannah Sparrow (11,
11.7%), and Mourning Dove (10, 10.6%). The moshcmnly observed birds on
grasslands dominated by native vegetation were $&parrow (95, 44.2%) and Song
Sparrow (60, 27.9%; Table 4-3).

There were also apparent differences in speabsess at different times in the
winter. Observed species richness on grasslandgdted by native vegetation
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increased as the wintering season progressed g~gdj. Furthermore, the proportion
of total observed individuals represented by SamySwamp Sparrow on grasslands
dominated by native vegetation appeared to detlitiee late winter season (Figure 4-5).
Eastern Tennessee Mist Nettingln open fields during February-April, 2003 ariD2,

we banded 151 birds of 5 species: Field Sparrowai@aah Sparrow, Song Sparrow,
Swamp Sparrow, and White-crowned Sparrow. Songr®pd54 individuals) and
Swamp Sparrow (50) were the most abundant speciée ifield interior by number of
captures (Figure 4-6). Furthermore, there wasppar@nt temporal change in the bird
community of field interiors at Seven Islands WiielRefuge; Song Sparrow and Swamp
Sparrow abundances decreased through the seagone(Bi7). All recaptures in the
field interior were on the day of the original caet.

Along the field edge in December-January, 200520, March-April, 2006, we
banded 109 individuals of 8 species: Carolina Wrdmyothorus ludovicianus), Field
Sparrow, Grasshopper Sparrow, Northern Cardi@atdinalis cardinalis), Savannah
Sparrow, Song Sparrow, Swamp Sparrow, and Whitesoed Sparrow. Field Sparrow
(39 individuals) and White-crowned Sparrows wekeeriost abundant species on the
field edge by number of individuals captured (F&4r8). Recaptures have been
documented between seasons along field edges @m $#ands Wildlife Refuge. A
direct comparison of the bird communities in theddiinterior and on the field edge
indicated that there were 2 different groups ofi®imaking use of the different habitats

within the same field (Figure 4-9).
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Discussion

A review of the literature on winter grasslandikiin the mid-South (Tennessee
and Kentucky, as well as parts of northern MispjgsiAlabama, and Georgia) yields
more questions than answers. Most of the reseztaxhin this review was conducted in
other regions or on species that do not occuremtid-South. Such articles are
referenced because they illustrate general ec@agdytrends in habitat use by grassland
birds in the winter; however, the results of thekelies are important mainly as starting
points for hypothesis formulation in the mid-Souome of the research referenced
could also be used in management planning, inlitkerace of any other guidance for
managers, mostly in the case of studies that facasemid-South species. A major
theme, a trade off between food and cover, predaiieough the literature on wintering
grassland birds. The literature also highlightd thdividual species balance the food-
cover equation in different ways. The primary goigh grassland bird in the winter is to
survive the non-breeding season and enter the ingeesdason in the best possible
condition to set the stage for successful repradnctManagement should focus on
providing both food and cover in close proximity@scale meaningful to the birds of
management interest. However, the need for furtsrarch on mid-South wintering
grassland birds is the main concern evident iditbeature.

Winter Ecology of Grassland Birds Based on results from different methods on
different study sites, native grass habitat actiessnid-South supported greater bird
densities than harvested crop fields or other habipes with short vegetation and little
cover. Rope dragging data showed a greater desfssfyarrows in fields with native

grassland vegetation than on mowed fields or héedesop fields (Table 4-2).
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Grasslands dominated by native vegetation hadhibkest cover and the tallest
vegetation. Mowed fescue fields have essentialjood and no cover for most
grassland songbirds; harvested crop fields have faaste grain) but little cover.
However, the main agricultural crops grown on FCER wheatTriticumsp.), soybean
(Glycine max), and corn Zea mays), and none of these crops make up more than 2to 5
of the winter diet of any of the sparrow speciesarbed (Martin et al. 1951).

A similar pattern was observed for overall birchsiéy on grasslands dominated
by native vegetation using the transect data iteea3 ennessee, corrected for different
detection probabilities. Song and Swamp Sparromparticular seem to thrive in
grasslands dominated by native vegetation. Althaample sizes were not sufficiently
large to compare densities for these species wittections for detection probabilities,
the greatest density for each species was observéte habitat type with the lowest
detection probabilities (Figure 4-2, 4-3). Despiseapparent value for supporting the
over-wintering bird community, managing for grassla dominated by native vegetation
alone may be detrimental to some open-habitat epe®ifferent groups of species were
observed on the 3 habitat types monitored. Narasses are not preferred by species
like Horned Lark and American Pipit. Savannah &pas have been observed
incidentally in grasslands dominated by native va&gen on Seven Islands Wildlife
Refuge, but in small numbers; grasslands dominayathtive vegetation may be
marginal habitat for Savannah Sparrows. It mayriggortant for some species to have
more open habitats available in the landscape. ddew if a landscape is already

dominated by agriculture, it may not be necessarynfanagers to maintain such habitats.
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It is also important to take into account withield habitat variation. Bird
banding data from Seven Islands Wildlife Refugeadatéd that there were different
communities of birds using field interiors and ieéldges during the winter. The 2 most
frequently captured species on field edges werel Hparrow (35.8% of captures) and
White-crowned Sparrows (30.3%); Field Sparrows viess common in field interiors
(13.2%) and White-crowned Sparrows were not cagtatell in field interiors (Figure
4-9). There were 3 other species that were capptalong the field edge but not in the
interior: Carolina Wren, Grasshopper Sparrow, andirn Cardinal. Grasshopper
Sparrow is particularly interesting in this casecduse that species uses open habitats
with short vegetation and little cover during bdtke breeding season (Vickery 1996,
Dykes 2005, Giocomo 2005) and the winter (Vicke®9@). Brush lines should be
managed along the field edges, regardless of tiplé, to provide habitat for a variety of
open habitat birds during the winter. Furtherméme,birds using brushy habitat on field
edges may stay in the same location more thanifddior birds, as evidenced by the
total lack of between-day recaptures in open figldde some birds returned to the same
brush line a year after their original captureGibcomo, unpublished data).

Temporal changes in bird community compositiograsslands dominated by
native vegetation are another factor importantndearstanding the habitat needs of birds
wintering in the mid-South. With both line trans@étgure 4-5) and mist netting data
(Figure 4-7), 1 observed changes in composition tlemend of the winter, from
February to April. In both cases, the number dividuals and the proportion of
individuals observed decreased at the end of theewfor Song Sparrow and Swamp
Sparrow. The opposite trend was observed for Belarow. All 3 of these species are

113



short-distance migrants, and the changes in contgnaomposition my reflect birds
leaving their wintering grounds for migration; Swa@parrows do not breed in
Tennessee, so logically, their numbers must dedlirtbe end of winter.

The breeding habitat for some species is notdheesas the winter habitat. Field
Sparrows appear to favor brush lines and field edigeing the winter (Allaire and Fisher
1975) while using a broader set of habitat typemdiuhe breeding season (Carey et al.
1994). Swamp Sparrows, which do not breed in Tesew are described by Mowbray
(1997) as using wetland habitats during both tleeding season and winter, but this
study provides evidence that they also make usi®f upland grasslands during the
winter. Because winter habitat differs from bregdnabitat for these, and perhaps other,
species, effective management of wintering grasishards cannot be based solely on
demonstrated breeding season habitat needs.

Management Implications- No single habitat type is sufficient to suppbe entire

suite of grassland birds native to the mid-Southnduthe winter. Effective management
should focus on several types of habitat, includjrasslands dominated by native
vegetation, burned fields, and agricultural field#owever, in a landscape in which the
most common type of open habitat is agriculturenaggment should favor natural
habitat types. It is also important to schedustuitbances fairly late in the winter (i.e.,
late March or early April) whenever possible to maxze the amount of habitat in the
landscape. On grasslands dominated by native at@et species richness may increase
during the last couple months of the wintering seg$igure 4-4); grasslands dominated
by native vegetation may be important stopovesdite migrating species like Purple
Martin (Progne subis) and Tree SwallowTachycineta bicolor) at the end of the winter.
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| did not sample fields with standing crops. Arharvested field planted with
small grains (e.g., wheat or grain sorghum) migbtle favorable habitat conditions for
some wintering bird species with both dense cowmdrfaod, at least in the early part of
the winter. Martin et al. (1951) observed < 5%wiall grains in the diets of wintering
Song Sparrows and Swamp Sparrows, but they didaroment on the distribution of
habitat types included in their sample. ReseascimeEurope have observed greater
densities of wintering birds on unharvested crefd than on grasslands dominated by
native vegetation (Henderson et al. 2004, Orlo\28Ki6). The quality of habitat for
breeding birds should also be taken into accoumnwhanaging unharvested crop fields.
Murphy (2003) observed a decrease in populatiomsasit grassland birds with an
increase in the proportion of the landscape in nrdsded cover crops.

Effectiveness of Methods Future research is needed for the winter gnadddad
community of the mid-South; therefore, it is im@ort to review the methods discussed
in this chapter and assess their effectivenesseasnring features of the avian
community. Such assessment can lead to moreegffiase of time and resources in
future research and monitoring endeavors. Itss akcessary to understand the
limitations of interpretation of results gainedrfrethose methods.

One of my hopes for the mist-netting method was ithwould provide a nearly
complete list of the common species of birds ugiragsland habitat in the winter.
Coloration and behavior of grassland bird specishe very cryptic in the winter, and
the use of mist nets, especially when coupled dites, could have been effective in
capturing all of the passerines present in a ghaitat patch. Unfortunately, this
method yielded only 5 of the 49 (10.2%) speciesnled with all 4 methods combined
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(Table 4-1). A Common Yellowthroat was captured #rat species was not observed
using any of the other 3 methods, but this spasiast a common winter resident of the
mid-South (Guzy and Ritchison 1999). The individuas captured late in the winter
field season and was likely an early migrant.

In contrast to the mist-netting method, the paoint method was very effective
in identifying a large proportion (73.5%) of theawphabitat species observed across all 4
methods. The point-count method was particulasiyful in including some of the larger
species, such as Red-shouldered HaBukep lineatus), Red-tailed HawkR.
jamaicensis), American Kestrel, and Northern Harrier, thatd#arger home ranges;
however, Short-eared Owl was not observed withrtteghod. Less common species,
like the Loggerhead Shrike, were also observed thigimethod and none of the others;
however, Loggerhead Shrikes were only observedgduravel between point counts and
they did not occur at any of the sampled pointse fhain weakness of this method, as it
was applied in this study, was that it was notiedrout in a standardized, repeatable
manner. It was used as an initial attempt to datex which species were present in the
Big Barrens.

The rope dragging method is elegant in that tineesucovers a well defined area
in which nearly 100% of the individuals should leserved. The chief difficulty in
executing this method is the problem with idengéifion of the birds. In many cases,
sparrows flushed at a distance of 25 m, flew diyemivay from the observer, and landed
in the nearest cover. The problem was compounaletthé 2 observers holding the end

of the rope because binoculars could not be helabldy to identify some individuals. A
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greater proportion of individuals could be idemtdfiif at least 1 observer walked behind
the rope, focused solely on identification.

Of the 4 methods used in this study, the trans@thod in eastern Tennessee was
the most repeatable and the most uniformly applieédd a larger sample size been
collected with this method, a thorough analysis Mdiave been possible. One weakness
of this method was that it did not account for tettheterogeneity. For example, White-
throated and White-crowned Sparrows were commotewnesidents in the mid-South
(National Audubon Society 2002) but were not obsdnusing transects. Both species
use habitats with thick cover, especially on fietthes (Falls and Kopachena 1994,
Chilton et al. 1995), and the transect methodt as$ implemented in this study, focused
on field interiors.

Future Research Opportunities Many research opportunities are available fortevi
grassland birds in the mid-South. Future reseiarthe mid-South should focus on
developing effective management strategies foctmservation of winter grassland
birds. In some cases the specific habitat afésiare not known for many members of
this group of species (Herkert and Knopf 1998)atldnd a better understanding of the
spatial and temporal patterns of different haliypes for different bird species would
alone aid conservation and management efforts emgin Answers to the following
specific research questions should improve manageaofgrassland birds in the future:
* How do specific habitat characteristics effectsbevival and fitness of open-
habitat birds wintering in the mid-South?

* Does site fidelity differ between different typesopen habitat in the mid-South?
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* What mechanism drives temporal changes in bird conityncomposition during
the winter season? Are several factors at work?
» Do some habitat features increase the probabiilayan individual bird will
survive a severe winter weather event, such aseastorm or extremely low
temperatures?
Unfortunately, several factors make research cfetmrds difficult. Many different
types of habitat are used during the winter by epabitat birds, and many species utilize
several types of habitat. Foraging flocks andvitllials may behave nomadically,
leading to a high level of temporal variation ialéi use. Underlying all of these issues is
the fact that none of the species that commonlyewrim grasslands in the mid-South are
of high conservation concern. Other than for gapexies like the Northern Bobwhite or
charismatic species like the raptors, researchifignthay be hard to come by for

studying wintering grassland birds in the mid-South
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Table 4-1. Bird species observed with 4 samplieghods in Tennessee and Kentucky,
winter of 2005-06 and 2006-07. Percent of obseppaties indicates the proportion of
total species observed across all methods that elEerved with each method. Entries

in the table are alphabetized by species commorenam

Big Barrens E. Tennessee
Point Rope

Common Name Scientific Name Mist Nets  Counts  Dragging Transects
American Crow Corvus brachyrhynchos No No Yes No
American Goldfinch Carduelistristis No No Yes Yes
American Kestrel Falco sparverius No Yes No No
American Pipit Anthus rubescens No Yes Yes No
American Robin Turdus migratorius No Yes Yes Yes
Brown Thrasher Toxostoma rufum No Yes No No
Brown-headed Cowbird ~ Molothrus ater No No No Yes
Blue Jay Cyanocitta cristata No Yes No Yes
Canada Goose Branta canadensis No Yes No No
Carolina Wren Thryothorus ludovicianus No Yes No No
Cedar Waxwing Bombycilla cedrorum No Yes Yes No
Chipping Sparrow Spizella passerina No Yes No No
Common Grackle Quiscalus quiscula No No No Yes
Common Yellowthroat Geothlypistrichas Yes No No No
Dark-eyed Junco Junco hyemalis No Yes Yes No
Eastern Bluebird Saliasialis No Yes No Yes
Eastern Meadowlark Surnella magna No Yes Yes No
Eastern Phoebe Sayornis phoebe No Yes No No
Eastern Towhee Pipilo erythrophthal mus No Yes No Yes
European Starling Surnus wulgaris No Yes No No
Field Sparrow Spizelapusilla No Yes Yes Yes
Fox Sparrow Passerelailiaca No Yes No No
Horned Lark Eremophila alpestris No Yes Yes No
House Finch Carpodacus mexicanus No Yes No No
Killdeer Charadrius vociferus No Yes No No
Lincoln's Sparrow Mel ospi za lincol nii No No No No
Loggerhead Shrike Lanius ludovicianus No Yes No No
Mourning Dove Zenaida macroura No Yes Yes Yes
Northern Bobwhite Colinus virginianus No No Yes No
Northern Cardinal Cardinalis cardinalis No Yes No Yes
Northern Flicker Colaptes auratus No Yes No No
Northern Harrier Circus cyaneus No Yes Yes Yes
Northern Mockingbird Mimus polyglottos No Yes No Yes
Purple Martin Progne subis No No No Yes
Red-shouldered Hawk Buteo lineatus No Yes No No
Red-tailed Hawk Buteo jamaicensis No Yes No No
Red-winged Blackbird Agelaius phoeniceus No Yes No No
Rock Pigeon Columba livia No Yes No No
Savannah Sparrow Passerculus sandwichensis No Yes Yes Yes
Short-eared Owl Asio flammeus No No Yes No
Snow Goose Chen caerulescens No Yes No No
Song Sparrow Melospiza melodia Yes Yes Yes Yes
Swamp Sparrow Mée ospiza georgiana Yes Yes Yes Yes
Tree Swallow Tachycineta bicolor No No No Yes
Vesper Sparrow Pooectes gramineus No No Yes No
White-crowned Sparrow  Zonotrichia leucophrys Yes No Yes No
White-throated Sparrow  Zonotrichia albicollis Yes Yes Yes No
Wild Turkey Mée eagris gallopavo No No No Yes
Yellow-rumped Warbler  Dendroica coronata No Yes No No
Total (overall = 49) 5 36 19 18
Percent of total observed species 10.2% 73.5% 38.8% 36.7%
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Table 4-2. Results of rope dragging at Fort Cartgbecember 2005 — February 2006).

AG includes harvested soybean, corn, and winteaitelds. Ag-lease includes areas in

the agricultural lease program that are unmowecliesay Festuca sp.). Mowed

includes ag-lease areas where the grass heighHessthan 15 cm. Native includes areas

set aside for wildlife management including a mixative warm-season grasses, woody

vegetation, forbs, and cool-season grasses (< 50%).

Field . Species Density (Birds/Ha)
Fields Area (ha)

Type Sparrows All Sparrows All Sparrows* All

AG 7 212 3 10 12 492 0.6b 23.2

Ag-lease 4 6.5 2 2 79 109 12.1 16.7

Mowed 6 12.6 1 5 40 64 3.2b 5.1

Native 6 9.2 7 8 313 320 34.1a 34.8

TOTAL 23 47.4 8 20 444 985 94 20.8

*(ANOVA: F=4.97,df =3, P = 0.01)

&Y etters indicate significantly different field tgp (Dunnett’s 2-sided multiple comparison test2t556,

df = 19, P = 0.01)

121



Table 4-3. Birds observed during winter transactgling in eastern Tennessee
(February — March 2007) on 3 field types. The nandf individuals of each species is
presented by field type as well as the proportibmadividuals on each field type that is
represented by each species. For each field Wgbees are in gray boxes for the

minimum number of species necessary to repres&fso of the individuals observed.

Agricultural Burned Native
Species # % # % # %
American Goldfinch 8 7.0% 0 4 1.9%
American Robin 10 8.7% 2 21% 0 0.0%
Brown-headed Cowbird 0 1 1.1% 0
Blue Jay 0 1 1.1% 2 0.9%
Common Grackle 15 13.0% 2 21% 0
Eastern Bluebird 0 3 32% 0
Eastern Towhee 0 8 8.5% 0
Field Sparrow 4 3.5% 34 36.2% 21  9.8%
Mourning Dove 13 11.3% 10 10.6% 0
Northern Cardinal 0 5 53% 11 51%
Northern Harrier 0 0 2 0.9%
Northern Mockingbird 0 2 21% 0
Purple Martin 0 0 7 3.3%
Savannah Sparrow 49 42.6% 11 11.7% 0
Song Sparrow 5 4.3% 6 6.4% 60 27.9%
Unidentified sparrow 0 0 7 3.3%
Swamp Sparrow 10 8.7% 4  4.3% 95 44.2%
Tree Swallow 1 0.9% 3 32% 6 2.8%
Wild Turkey 0 2 21% 0
Total 115 94 215
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Figure 4-1. Study sites in the Big Barrens, Tesaesaind Kentucky, and eastern
Tennessee for grassland bird research in the 8iofe2003-07. The Big Barrens and
Fort Campbell Military Reserve are representedhieyred point. Blue points indicate
study sites in eastern Tennessee used for trasemgiling. Seven Islands Wildlife
Refuge, the yellow point, was used for both trahsampling and mist netting. Map

source: University of Texas Libraries.
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Figure 4-2. Changes in detection probability vgthater distance from line transect for
harvested crop fields, burned native grass fieldd, unburned grasslands dominated by
native vegetation in eastern Tennessee, Februany-2p07. Bars outlined in blue
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was prepared using the program Distance (Thomais 2006).
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