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ABSTRACT

North American grassland birds have been decliatran alarming rate. Winter habitat
for grassland species in the southeastern U.Srggneccurs within forests subject to
management. | studied wintering grassland birdroanities in De Soto National Forest in
southern Mississippi. My objectives were to: 1) éssbird communities and vegetation
structure in upland forest stands that were salagged following Hurricane Katrina, in stands
managed for Red-cockaded WoodpeckBisdides borealisRCW), and in stands containing
bogs; and 2) Determine the extent of the assoai&@iween vegetation and occurrence of the
common wintering grassland birds. | conducted bird vegetation surveys in 27 stands over
two winters. The wintering grassland bird commuiniigluded Bachman’s SparrowiMmophila
aestivalig, Henslow’s SparrowAmmodramus hensloyjiand Sedge WrerC{stothorus
platensi3. Forest-stand associations varied among speBiashman’s Sparrows occurred only
in upland and RCW-managed stands, Henslow’s Sparomeurred only in bogs and RCW-
managed stands, and Sedge Wren occurred in all stpas. None of these species’ densities
was statistically different between salvaged armshivaged stands. There were no statistically
significant differences in total grassland bird signor species richness among stand types.
Henslow’s Sparrow use of RCW stands was mostly meha&, but our data were consistent with
previous studies suggesting that RCW managemesefiteegrassland birds. Spatially uniform,
dense herbaceous cover, and coveaderia muhlenbergiia preferred food item, best predicted
Henslow’s Sparrow stand occupancy. Increased waadgrstorey vegetation and decreased
tree density best predicted Sedge Wren occupan®commend management practices
focusing on small-scale herbaceous ground-layéonason in bogs, an increase in the number

of RCW clusters, and the thinning of trees in destaads.



CHAPTER 1. WINTERING GRASSLAND BIRD COMMUNITIES IN THREE
MANAGED-FOREST STAND TYPES FOLLOWING POST-HURRICANE KATRINA
SALVAGE LOGGING IN DE SOTO NATIONAL FOREST, MS, USA

INTRODUCTION

North American grassland bird populations havdided over the last four decades as a
result of habitat loss (Herkert 1994a). Grasskarasystems in North America have been
reduced by approximately 80% since the 1800s, mbsitause of conversion to agricultural
land and forests following suppression of natural fegimes and native grazers (Knopf 1994,
Noss et al. 1995, Askins 2000). These changesdltared grassland bird communities and
decreased regional bird abundances. This dram@tine in grassland bird abundance has
sparked conservation concern and promulgated the foe research on grassland birds on both
their breeding and wintering grounds.

The endangered longleaf pirféirfus palustriy ecosystem was once the primary
grassland habitat for much of the southeasternedr8tates. This habitat type historically
covered 37 million ha, about 2% of the land aredlafth America (Wahlenberg 1946), and
ranged from Virginia to east Texas. A fire-departd=osystem, it has been reduced to less than
3% of the original area, and much of this consi$tdegraded, shrub-encroached lands lacking
the diverse herbaceous layer that is an integralgbahe system (Outcalt and Sheffield 1996,
Gilliam and Platt 2006). It is this unique herbaa® layer, comprised of numerous species of
grasses, sedges, and forbs, that provides habitatultiple species of grassland birds during
winter. Most remaining longleaf pine stands aral§nsolated, management-dependent
fragments—mere glimpses of this once wide-spreadystem (Frost 2006).

Some of the larger remaining longleaf pine tractsur in the De Soto Ranger District of
De Soto National Forest (DSNF) in southeastern i8kgspi. De Soto National Forest covers

approximately 153,780 ha and is the largest naltifonest in the state. It is a mosaic of upland
1



longleaf and slash pin@inus elliotti) forests and savannas and other forest typesgléafand
slash pine stands make up 44% and 23% of the foesgtectively (Windham 2005); however,
much of the forest has suffered from severe shneboachment and unnatural tree densities,
which have led to a loss of the herbaceous layée forest is subject to multiple management
practices aimed at forest restoration, timber petida, and the protection of endangered
species. Examples include the prescribed firenaroglogging, and Red-cockaded Woodpecker
(Picoides borealis"RCW” hereafter) management.

The majority of grassland habitats in DSNF canlib@led into three distinct stand types
based on differences in natural geography, topdgraand management practices. These are: 1)
upland longleaf and slash pine stands; 2) uplangléaf pine stands managed for RCWs; and 3)
hillside seepage pitcher plant bogs. | will refethese three stand types as simply upland,
RCW, and bog stands. Red-cockaded Woodpeckeectusite an artificially designated stand
type, while upland and bog stand types, althoudpfestito multiple management practices, are
naturally occurring and well documented in theréitare (Means and Moler 1979, Clewell 1986,
Brooks et al. 1993, Olson and Platt 1995). Theonitgjof DSNF consists of upland pine stands
or non-savanna forest types; bogs and RCW clusterstitute only a small portion of the total
grassland habitat. Although | use the term ‘geasdl to refer to areas with a well-developed
herbaceous layer, regardless of canopy, the lohgiea habitat in DSNF is actually longleaf—
slash pine savannas or forests, depending on thedot tree species and density. Here, | use
‘grassland’ or ‘pine savanna’ to refer to all habilypes with a substantial herbaceous layer, not
just treeless areas.

Hurricane Katrina, a category four storm, passest ® SNF on August 29, 2005 and
caused damage to most of the mature upland pindssta the forest. An estimated 117,000 ha

of forest stands were damaged from sustained vardseding 230 km/hr (Meeker et al. 2005).



The most extensive damage occurred along roadsnss;, and power line right-of-ways where
trees were exposed to the most wind (Lee and X0id5). De Soto N.F. was opened up to
widespread salvage-logging operations during thefa winter following Hurricane Katrina
because of the risk of tree-pests and tree-dismatbeeaks in damaged trees, the danger of
catastrophic fire from increased fuel loads, amddisruption of the prescribed fire program
essential for restoring and maintaining pine saaar(Bradford 2005). Most of the mature
upland and RCW stands were salvaged; bog stand@sneeopened to salvage operations
(Gainey and James 2005, D. L. Tyron, USFS biolp@stSoto N.F., pers. comm.).

There are many ecological repercussions that ffact grassland bird habitats following
logging in pine savannas. Noticeable results eftitmber destruction in DSNF are changes in
canopy closure and tree density. Numerous stindies shown the relationship among canopy
closure, tree density, and herbaceous plant diyarsiongleaf pine savannas. Lower tree
densities lead to increased herbaceous plant divearsd biomass by reducing resource
competition and increasing sunlight availabilityé®&er 1998, Harrington and Edwards 1999,
McGuire et al. 2001, Harrington et al. 2003, Gitlizt al. 2006, Platt et al. 2006). Lower tree
densities may also indirectly discourage the eistaivlent of undesirable bird-dispersed woody
shrubs by decreasing the number of perches fordiepdrsing birds (Brewer 1998, 2002,
Hinman et al. 2008). An open canopy, however, alag encourage growth of some woody
plant species by reducing competition for light amoisture (Harrington and Edwards 1999).
Another observable result of the downed timber sudzsequent logging in DSNF was the
temporary reduction in shrubs (D. L. Tyron, pemnm.). These shrubs established in the
absence of fire and grazing and are very diffitmnitemove even with resumed fire, persisting
year after year from roots (Boyer 1992, Olson aladit R995, Drewa et al. 2002b). Fire will

reduce the shrubs for a growing season, but théshend to return as dense or denser than



before within two growing seasons, particularly whi®rmant season fires are used (Hodgkins
1958, Olson and Platt 1995, Drewa et al. 2002ln)jl c@mpaction from large machines used to
remove salvaged timber can affect herbaceous pfaaties composition by prohibiting the
growth of certain species while encouraging thevginaf disturbance-tolerant annuals like
Panicum verrucosurfwarty panicgrass; Plentovich et al. 1999). Bne(2002) showed that
disturbance removing standing dead vegetation ase® seedling emergencdlek glabra
(gallberry), a native but invasive shrub commopime savannas. All of these potential changes
in the herbaceous layer can negatively affect taad<irds.

Red-cockaded Woodpecker breeding clusters aregedria ways that create or improve
grassland bird habitat. Concern over the impasirgfle-species management on non-target
species has sparked interest in the effects of R@2Wagement on other organisms (Hunter et al.
1994, Brennan et al. 1995, Provencher et al. 2082)eral studies have shown that stands
managed for RCWs contain different bird communities unmanaged stands and have higher
densities of grassland-dependent birds (Wilson. 19895, Conner et al. 2002, Provencher et al.
2002, Wood et al. 2004). Although many of theselisis have assessed the use of RCW stands
by other bird species in winter, they all reliedogoint count sampling methods. Point counts
are appropriate in the breeding season, but mesiespof wintering grassland birds in the
southeastern U.S. exhibit silent, inconspicuousben over winter. Red-cockaded
Woodpeckers are sensitive to midstorey woody véigeteand the removal of this vegetation—
via mowing, herbicide application, prescribed fisea combination of these treatments—is one
of the primary management tools for the woodpe¢&parks et al. 1999, Beaty 2003, Rudolph
et al. 2004). The removal of woody plants, patéidy when combined with repeated growing
season prescribed fires, tends to create patchigseof grasslands characterized by low densities

of ground-level and midstorey woody vegetation (Gmret al. 2002). Masters et al. (1996)



showed that sites managed for RCWs in pine—oalst®ia Arkansas had on average 5, 7, 2-10,
and 4-9 times higher standing crops of grasseggesetbrbs, and woody vines, respectively,
than non-managed stands. Red-cockaded Woodpédeakeissn Mississippi had higher grass
and forb cover than traditionally-managed pine dsafWwood et al. 2004).

Southeastern pitcher plant bogs, the third distype of grassland habitat in DSNF, are
floristically and structurally different from upldrpine savannas (Walker and Peet 1983, Platt et
al. 1988, Drewa et al. 2002a). Bogs have highemt@pecies richness than drier, upland
savannas. On a small scale (1 m?2), southeastetmepiplant bogs have the highest plant
diversity of any ecosystem in the temperate zoeet(Bnd Allard 1993, Varner and Kush 2004).
Topographic gradients create soil moisture andtgp#@ heterogeneity, leading to a change in
plant species composition, richness, and biomadssimore obvious with herbaceous than
woody species (Platt et al. 1988, Bridges and 01889, Kirkman et al. 2001, Drewa et al.
2002a).

Despite the vegetation and geological differermgeen bogs and upland longleaf pine
savannas, many grassland and scrub bird speciasiaodaoth habitat types. For example, in
Louisiana, Swamp Sparrowsi¢lospiza georgianaHenslow’s SparrowsAinmodramus
henslowi), Sedge WrengJjstothorus platensjsand Common Yellowthroat&gothlypis
trichas) are commonly found in boggy flatwoods, seepaggsband upland pine savannas (pers.
obs.). To the best of my knowledge, the differanoegrassland bird communities and bird
abundances between these two distinct and oftercalj habitats have not been reported.

| examined the wintering grassland bird commusiiad vegetation in three different
grassland stand types in DSNF over two winterse flain objectives of my study were to
assess the differences in wintering grasslanddaindmunities, vegetation structure, and plant

species composition among upland, RCW, and bogistand between salvaged and unsalvaged



stands. Several side objectives of my study wemmpare two bird-sampling methods and to
test for significant declines in bird abundancesravinter. Many grassland birds are sensitive,
declining species that are dependent on endangerktare ecosystems requiring human
management. It is important that we understand venwous management practices affect
grassland birds both directly and indirectly. pbdhat this information will provide further

information on how pine savannas can be managegtéssland birds.

METHODS

Study Site

De Soto N.F. (De Soto Ranger District) is locatetineen 31°15 and 30°30’ latitude,
88°45’ and 89°24’ longitude, and occupies sevemties in Mississippi (Fig. 1.1). De Soto
N.F. falls within the East Gulf Coastal Plain egpo& and the Coastal Flatlands and Coastal
Plain Rolling Hills physiographic provinces (Peat&llard 1993, Dorfman 2000). The forest
consists of a mosaic of habitats including titi sys, deciduous woodlands, baygalls, upland
longleaf pine and slash pine savannas, and hilkeépage bogs. Many of these bogs have a
dense overstorey of slash pine initially plantedhsy Civilian Conservation Corps and the Forest
Service. These pines subsequently invaded manag ar¢he first half of the 20th century
following fire suppression and the demise of thegleaf pine tree (Peet and Allard 1993,
Brewer 1998, Hinman et al. 2008, C. J. Boykin, USB&kest Service, De Soto N.F., pers.
comm.).

De Soto N.F. contains numerous ecological comramitAccording to the Terrestrial
Ecological Classification system, the ecologicahoaunities that make up DSNF are East Gulf
Coastal Plain Interior Upland Longleaf Pine WoodlaBast Gulf Coastal Plain Floodplain
Forest, Southern Coastal Plain Seepage Swamp aighalBand East Gulf Coastal Plain Near

Coast Pine Flatwoods (NatureServe 2004, 2009). Fbnest Service terms these same regions
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southern region R8 code 21, 22 or 31, laurel odlowioak R8 code 64, hardwood forest R8
code 64, and slash pine R8 code 22, respectiveiydhdm 2005). The pine communities are
often referred to as dry, mesic, or wet longlea#lpine savannas/forests or pitcher plant bogs,
depending on hydrology, soil, elevation, and pkpecies composition, and are collectively
classified as Southern Longleaf Savanna (Peet #addA 993, Brewer 1998, Mississippi
Natural Heritage Program 2006). According to Pe€006) classification system, the longleaf
types in DSNF are xeric sand barrens and uplantsesic sandy uplands, and seeps. The
majority of pine savanna understories in DSNF amidated by the native, invasive shriillex
coriacea(large gallberry)l. glabra, 1. vomitoria(yaupon), andsaylussacia mosierthe
dominant graminoids in these habitats Anelropogorspp. (broom sedgefitenium aromaticum
(toothache grasspichantheliumspp. (rosette gras$)luhlenbergia expansgutover muhly),
Panicumspp. (panic grassychizachyriunspp. (bluestem), and in wetter sitRslynchospora
spp. (beaksedge). Typically, in pine savannaspyhegenic grasses. aromaticumandM.
expansaare abundant after fire, but are gradually repldneAndropogonspp. and
Schizachyriunspp. as time since fire increases (Bechtoldt @odffer 2005, Johnson 2006). In
DSNF, at sites where shrub intrusion is a probkie herbaceous layer may be almost
completely replaced by woody shrubs within threargdollowing fire (K. Coursey, pers. comm;
pers. obs.).

The soils in DSNF are described as sandy loangemerally acidic and nutrient poor,
and developed from a mixture of loamy, clayey, sandy coastal plain material (Pessin 1933,
Pettry 1977). Many upland longleaf stands may apdey with sandy soils, but are fairly moist

due to the clay and loam content of the soil (Md887).



The climate is classified as Humid Mesothermal (Myrl961). Summers are hot and
humid and winters are mild and wet with occasiobagf periods of freezing temperatures. The
mean annual temperature is 18-20°C; the mean araindll is 1422—-1575 mm (Curtis 2005).

De Soto N.F. is subject to multiple forest managenhpractices, most notably the
prescribed fire program. In the early 1960s, a@t&plus years of fire suppression, the Forest
Service began using prescribed fire in an attempegtore the land to a historical condition and
to enhance habitat for the many rare, threatemetleadangered species found in the area (C. J.
Boykin and K. Coursey, pers. comm.). CurrentlyNPSs subject to an approximate three-year
fire rotation with 38,040-52,600 ha burned annuaMost prescribed fires (60-70% of fires)
are applied in the non-growing season, which raaggsoximately from the first frost in autumn
through February. Only a few prescribed fires wsaeduring 2006—-2007 following Hurricane
Katrina because of the increased fuel load andyelddire breaks (Jarvis 2005, Bryant and
Boykin 2007). Livestock grazing also played anamant role in shaping the current DSNF
landscape. Grazing has occurred in the regioresime arrival of the earliest European settlers
and was prevalent in DSNF until the last severahdes; there is still one compartment in the
forest open to cattle. Many of the more open aoé#ise forest today are places might have
experienced more recent (< 20 years) cattle graaing although perhaps not completely
ecologically sound, livestock grazing played anamant role historically in limiting the
intrusion of woody plants into savannas (C. J. Boygers. comm.).

De Soto N.F. experienced wide-scale salvage lggmihowing Hurricane Katrina. The
loss of trees following the hurricane thinned stanith an efficiency that could not be matched
by anthropogenic methods; an estimated 30% ofdtesfs saw-timber-size trees were
damaged. Around 40,060 ha of forests were salvagthih a year after Katrina (Hurricane

Katrina Tree Removal and Hazardous Fuels Treatfejéct), totaling a removal of 218



million board feet of timber (Bryant and Boykin 200 Although the salvage operations caused
an initial reduction in shrub density—a benefigtassland habitat maintenance—by the third
growing season after salvaging, shrubs had retumednany salvaged stands. Soll
compaction, an ecological concern resulting frambtr harvest operations, may have occurred,
but the majority of salvaged stands in DSNF shows&gns of major soil disturbanced., log-
skidder tracks; pers. obs.). The Forest Servidendt allow salvage logging in bogs and
encouraged logging companies to fill machine-mademtions in the soil (Gainey 2005, Gainey
and James 2005, D. L. Tyron, pers. comm.). Moredkere was less-than-average precipitation
during the bulk of the salvage operations, andriay have reduced the sensitivity of the soil to
mechanical disturbances (D. L. Tyron, pers. comm.).

Management in DSNF also includes habitat restaméor rare, threatened, and
endangered species. Management plans are curmeetiect for the federally endangered
RCW and gopher tortois&ppherus polyphemusThese plans are focused primarily on the
restoration of specific habitats and locations usgthese animals. Management in RCW stands
is primarily mowing and prescribing fire to redugeody midstorey vegetatiorBefore
Hurricane Katrina, there were 41 active RCW clisteiDSNF, but about half of the 150 RCW
cavity trees were lost during Hurricane Katrinay@it and Boykin 2007), and all breeding
clusters were salvage logged, although not dutiegoteeding season (Bradford 2005). In
DSNF, RCW patches range approximately < 0.2-1 ha.

De Soto N.F. has 805 documented pitcher plant bdgs. largest bog in the forest is 117
ha (Gainey 2005). These bogs contain numerousrateegionally-endemic species of plants
(Walker and Peet 1983). Some large bog standsanaged via growing season prescribed fire
and hand removal of intrusive slash pines. Betiogesalvage operations began, 19,500 ha of

forests were evaluated for proposed, endangerexiténed, and sensitive species (PETS) for



multiple pre-salvaging biological evaluations (Gajirand James 2005, Bryant and Boykin
2007). The Forest Service determined after a peage impact assessment that salvage
operations would have no significant ecological aetpon the forest (Bradford 2005).
Site Selection

| selected 16 study sites in August—November 204¥ 11 additional sites in September—
November 2008, but only surveyed five sites botirye Only one bog stand was salvage
logged, all RCW stands were salvaged, and all batas the upland stands were salvaged (Table
1.1). The elevations of my study sites ranged from apprately 20—60 m. All of my study
sites except one were located in the southernquodi the National Forest in Stone, Harrison,
and Jackson counties (Fig. 1.1); this area hadiderably more grassland habitat, including
more managed RCW stands, than did the northeriopaot the forest. My criteria for
establishing sites were that a habitat patch manst b 50% herbaceous cover, < 50% shrub
cover, and enough area to contaihO0 m of transect. Stands that did not meet tbhetia
were typically dominated by an understoreylex spp. and a dense overstorey of young pines,
contained considerable bare ground, and were upligecontain grassland birds (pers. obs.). At
all sites located in bog and upland stands, | &stedrl 100—400 m of 20-m-wide fixed-width
transects, in proportion to the patch size; thus area sampled among these sites ranged from
0.2-0.8 ha. | oriented transects in random divastwithin the range of bearings that allowed
for adequate transect length. Most sites consatede continuous transect; six sites had
several shorter transects spaced 100 m apartCW Btands, | marked four corners around the
managed clusters, making four-sided plots rangiognf0.2—0.96 ha. All sites sampled within
the same year were > 500 m apart to assure indepea@mong sites; sites < 500 m apart were

not sampled the same year.
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Figure 1.1. Map of Mississippi showing the locatarDSNF and the 27 study sites used in this
study.

Grassland Bird Sampling

| surveyed sites for wintering grassland birdsrfidovember 28 through February 23
during the winters of 2007-2008 and 2008-2009esSitere sampled between sunrise and
sunset; no sampling was done in the rain. Theyear | sampled all ten sites located in upland
stands and five sites located in bog stands (plessde in a stand | classified as “other”). The
second year | sampled all six RCW stands, fivetawdil bog stands, and the five bog stands
from the previous year. In total, | sampled 27ad#nt sites over two winters. | did not sample
the upland sites the second year because of shanbazhment following the first winter of
sampling. By the second year of sampling, thengpkites no longer fit my herbaceous-cover >
50% and shrub-cover < 50% criteria for samplind.n®st of the upland sites, the shriies
coriaceaandllex vomitoriagrew approximately 1.5 m between sampling yeBigth of these
species are native but invasive in DSNF (Brewer2208nd are two of the dominant understorey

shrubs in the forest. The bog stands sampledmiiteyéar also suffered from shrub
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Table 1.1. Study sites in DSNF, MS and pertinefdrination. Information includes forest
service stand and compartment classification, saespled (ha), salvage status, stand type
classification used in this study, the last yegprefscribed fire treatment (all dormant season
fires; year refers to before Januafy 4o a winter fire in January 2008 is still assijadire year
of 2007), the dominant tree species, and the sigadyears since harvest). The county,
stand/compartment, fire year, dominant tree speaigs stand age information is from GIS
metadata compiled by the U.S. Forest Service.

Site County Stand/ Area  Salvaged Stand Fire Dominant  Stand
code Compartment sampled type year tree species age
BAC Jackson  20/525, 19/525 0.8 No Other 2006°. elliottii 56
BMX Harrison 8/613 0.64 Yes Upland 2008 P. palustris 71
BOG Harrison 20/550 0.67 No Bog 2007 P. elliottii 55
BOO Jackson  1/510 0.8 Yes Bog 2007P. palustris 83
BYR Harrison 7/520, 10/520 0.6 Yes Upland  2004P. elliottii 51

CAR Stone 16/569, 26/529 0.44 No Bog 2007 None 80
DAN Stone 13/532 0.6 No Bog 2007 P. palustris 88
GOB Harrison 13/532, 12/532 0.28 No Bog 2008P. palustris 58
KAT Harrison 1/567 0.6 Yes Upland 2007 P. palustris 12
KES Jackson  1/606 0.6 Yes Upland  2007P. palustris 79
LUV Stone 13/628 0.28 No Bog 2008 P. elliottii 72
MAR Harrison 4/561 0.6 Yes Upland 2008 P. palustris 82
MEL Stone 33/636 0.6 No Bog 2007 P. elliottii 54
NAN Stone 9/628 0.28 No Bog 2008 P. elliottii 92
PAN Harrison 11/550 0.6 No Bog 2007 P. elliottii 55
PIN Jackson  10/509 0.72 Yes Upland  2007P. palustris 81
RCW Harrison 7/567 0.8 Yes Upland  2007P. palustris 79
RCWO01 Harrison 12/613 0.21 Yes RCW 2008P. palustris 71
RCWO03 Harrison 34/567 0.2 Yes RCW 2007P. palustris 79
RCW15 Jackson 20/514 0.71 Yes RCW 2008°. palustris 79
RCW23 Harrison 27/542 0.96 Yes RCW 2008P. palustris 85
RCW27 Jackson 1/514 0.37 Yes RCW 2008&°. palustris 79
RCW28 Harrison 15/560 0.25 Yes RCW 2008P. palustris 81
SHE Perry 6/7,21/7 0.6 No Upland  2006P. palustris 74
SUM Jackson  13/522, 29/522 0.72 Yes Upland  200PP. palustris 79
TIG Jackson  20/511 0.6 Yes Upland  2008P. palustris 80
ZAK Harrison 26/581 0.2 No Bog 2008 P. elliottii 41

encroachment, but large patches of habitat stiitmey site-selection criteria. | sampled sites
three times each winter, roughly once per montbepifor the RCW stands, which were
sampled twice, once in December and once in Janudpland sites BMX, MAR, and TIG were

only sampled twice before they were burned in Faty2008.
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| surveyed grassland birds using a disturbanceebsampling method. | defined
grassland birds as those considered grasslandibitde scientific literature. Although we
surveyed all bird species, | restricted my analysagassland birds because these were my
species of interest, and because these speciel@gher conservation concern compared to
most of the species detected during surveys. pkathgrassland birds using 20-m-wide fixed-
width transects and a modified version of the prot® described by Carrie et al. (2002) and
Texas Parks and Wildlife Project Prairie Bird (Stlaford et al. 2001). | refer to this modified
method as the battue method. Protocol was asislldrhree people including myself, each
with a 3-m-long, fiberglass Apache™ crappie fishpade in each hand, lined up across a
transect with our poles extended laterally from sides. With each of us spaced apart so that
the tips of our poles just overlapped, the distdretveen the tips of the two outermost poles
was 20 m. We walked briskly along the transeatgigihe poles to beat the grass and flush birds
(a battue in bird-hunter terminology). A fourthrgen, carrying a 6-m mist net mounted on
poles, walked behind the line of flushers. Whdard was flushed, it was identified to species if
possible. If identification was uncertain, we atpged to capture the bird for identification
following Bechtoldt and Stouffer (2005). Captul@dds were banded with a numbered
aluminum U.S. Fish & Wildlife Service band. | tostandard morphological measurements,
determined age when possible, and collected bladdeather samples. If a flushed bird could
not be identified to species, it was classified iohe of the following categories: unknown,
sparrow sp.Ammodramusp., orAmmodramusp./Bachman’s Sparrow. | walked the transect
center between two other flushers for all survdgpsRCW stands, | used the same sampling
method but made multiple, systematic, non-overkagpasses through the plot until it was
completely sampled. | converted bird abundancélse number of birds per hectare of transect.

Bird density estimates for each site (sample wami)the averaged densities from repeated
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sampling within a sampling year. At the end offeasgrvey, we also made a tally of the number
and species of all birds detected within a 120-mdb@entered on the transect.

Many grassland birds are inconspicuous and doeaalily flush, instead staying
concealed in the grass until a perceived threaiesamear; without disturbing the ground
vegetation, these birds can be very difficult ttede Sampling using disturbance and fixed-area
searches is more appropriate for some speciesndémvig grassland birds than single-person
transects or point count surveys that rely on distameasures to extrapolate bird densities
(Emlen 1971, Fletcher et al. 2000, Roberts and 8tBA06). Studies conducted using only
fixed point count surveys may have low-biased et of grassland bird abundances (Fletcher
et al. 2000). A disturbance-based approach, abedcflush netting, was pioneered by Chandler
and Woodrey (1995) and has been used in numerodiestof wintering Henslow’'s Sparrows
and other grassland birds. With 5-10 people caimyfixed-area searches in relatively open
savannas, capture success is high.

The battue method is a modified flush-netting apphobetter suited to flush birds in
small habitat patches with fewer people. Becansdabitat patches | surveyed were smaller
and had high densities of shrubs, | could not heestandard flush-netting approach with a line
of five or more people. The high shrub cover arakimity to forest edge added to the difficulty
of capturing birds because mist nets tended t& stishrubs and flushed birds tended to fly into
forests and shrub thickets. Moreover, the abliéityels of the volunteers varied tremendously
among sampling events, and this made identifyirjcapturing birds difficult during some
surveys. My battue method had the advantage oiniag fewer volunteers, but because of this
and the difficult terrain, fewer birds could be tapd. Another advantage of the battue method

is that it is easily repeatable and could be usddture studies.
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Repeated samples like mine can allow for estimatiodetection probabilities to correct
occupancy and abundance estimates (MacKenzie 20@2, Royle and Nichols 2003).
Unfortunately, | was unable to estimate detectimbabilities using repeated-sampling
technigues because several key assumptions undgthis method could not be met for my
samples. One principal assumption to this tecteigyopulation closure: there can be no
emigration or immigration during the survey periodnstant or temporary, and death and birth
rates must be equal. Temporary emigration or imaign (random movement) can occur when
an organism’s range exceeds the study area; comstagration or immigration (honrandom
movement) can occur from high mortality, high birétes, or true migration (Kendall 1999).
When random movement occurs, estimates of occupamalyundance within the study area will
be biased high, but the estimates will be apprépifaapplied to the overall local population,
assuming it is closed (Kendall 1999). With non@mdnovement, however, estimates will be
biased high whether applied to the study areaegéneral population (Kendall 1999). There
are several options for dealing with nonrandom muoeat and lack of closure. One is to
truncate the data so that surveys conducted aemanrandom movement was detected are not
included in the analysis. This method assumesttiegpopulation is closed for at least some of
the surveys and that the time of closure violatian be determined. As an example, one can
truncate all sample events that occurred aftelastedetection of the target organism
(MacKenzie et al. 2002). Another option is to neead) but the first or last sampling events if
emigration or immigration occurs, respectively (idath 1999); however, with this option, the
detection probability is interpreted as the proligtnf detecting the organism on the first or last
survey (MacKenzie et al. 2006). During the firesay of sampling, | observed nonrandom
movement (emigration or mortality) of Henslow’s 8pavs and Sedge Wrens after the first

round of surveys. This phenomenon eliminates atioo as an option for dealing with lack of
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closure because the data set would be reduceceteaonpling event. Pooling the last two
samples not only changes the interpretation ofldtection probability but also reduces the
number of sampling events to two. A small samplgites and few repeated surveys can lead to
low precision of the detection probability estim@##acKenzie et al. 2002). While the detection
probabilities for my bird species are inevitabl},d assume they were constant among study
sites €.f,, Tucker and Robinson 2003) and between yearghémmore, the narrow widths of my
transects may have increased my detection probabi(Diefenbach et al. 2003), and repeated
surveys also increase the chance of detectingspm@es. Inevitably, my relative abundance
estimates are biased low because of imperfect tilmteend because birds that could not be
identified to species were excluded from analydehink, however, that because of the small
width of my transects, and because | conductecategesurveys, that my detection probabilities
were consistent and independent of bird abunddmathk,of which are caveats for reliable
abundance indices (Johnson 2008). My bird aburedasttmates, while indices, are nonetheless
representative of the abundance patterns in DSMRrars have scientific relevance and value.

| compared abundance estimates between my ba#tledand the Chandler—Woodrey
(1995) method of sampling. Because of detectiabgility issues and because my sampling
method is novel, | wanted to compare bird abundastenates determined using both survey
methods for surveys conducted at the same stuely. sior this, | sampled eight longleaf pine
savannas in southeastern Louisiana in Tangipalb&aimammany parishes for Henslow’s
Sparrows during the winters of 2007-2008 and 200892 | sampled the second winter using
both the battue and Chandler—-Woodrey (1995) methndscompared the mean bird-densities of
Henslow’s Sparrows estimated from both methodsseld Henslow’s Sparrow because this was
the target species for the studies using the Ckeardioodrey (1995) method, and it was the

most numerous grassland bird at my study sitestn BSNF and Louisiana.
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Vegetation Structure and Plant Species CompositioBampling

| measured habitat structure and plant specieposition from mid December—early
January during the winters of 2007—-2008 and 20089-2@or upland and bog stands, each 20-
m-wide transect was partitioned into 20-m intervabch interval was partitioned into four 10-
by-10-m sections, and a random point was estaldliglidin each 10-m section. If two random
points fell within one meter of each other, a newdom point was chosen. In each 10-m
section, | measured canopy closure using a splhéecsitometer (Lemmon 1956). In these 10-
m sections, | also measured herbaceous density as2am-tall, 3-cm-diameter pole marked into
decimeters similar to that developed by Wiens () ®i4 with a larger radius. The pole was
held vertically against the ground and in each h0section the number of herbaceous and
woody vegetation contacts, or “hits,” was record&tie mode herbaceous and woody heights
within a 30-cm diameter of the pole were visuaByirmated to the nearest decimeter. For my
analyses, | used only the density estimates franiitbt 10 cm of the pole because this range has
the most influence on ground-dwelling birds. Witleiach 20-m transect section, at two of the
four random points, | placed a 1-m? frame and esttoh percent herbaceous and woody ground
cover and plant species composition. Herbaceodisvaody cover were treated as separate
strata, thus they could total > 100%. In each Xrarhe, | also estimated the number of woody
stems at ground level using number classes (1-2%5® 51-100, 101-150, 151-200, and > 200
stems).

| estimated the percent cover of each plant speadth > 1% cover within the 1-m?
frame. | attempted to identify all plants to sgadievel. For abundant grass, sedge, and forb
species, | collected voucher specimens; all vouschere deposited at the Louisiana State
University herbarium. As a means of variable reidug | later grouped plant species into 15

guilds determined by the combination of their filem (graminoid, forb, or woody) and their
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U.S. Fish & Wildlife Service Wetland Indicator Siat(WIS). The WIS are: upland (UPL);
facultative upland (FACU); facultative (FAC); fatative wetland (FACW); and obligate
wetland (OBL; Appendix 1). Nomenclature followstlof Weakley (2008) and the USDA
PLANTS Database (2009).

| measured tree basal area and canopy closuredordee tree densities. | used a 10-
factor prism to measure tree basal area in eagh?2@getation plot (Avery 1967). Standing at
the plot center, trees were viewed through theprigor all trees that overlapped within the
prism view, | measured diameter-at-breast heigBtH{pPusing a Biltmore stick (Jackson 1911).

For RCW stands, | used circular vegetation-sampsiots with an 11.3-m radius, the
same area as a 20-m? plot. In proportion to the af the cluster, | established 5—-10 random
plots. These circular plots were divided into fargdges based on the cardinal directions and
random points were located inside each wedge. s&he vegetation structure and plant species
composition data described above were collectéldeate random points.

Many of my study sites had patchy distributionfiefbaceous cover and shrubs. To
measure this patchiness, | used the coefficiemtinétion (CV) for the variables herbaceous
cover, woody cover, and herbaceous density for saaly site (entire transect; Wiens 1974,
Rotenberry and Wiens 1980). The CV was calculatad each individual measurement within
a site and thus represents heterogeneity, or paesi within a study site. Heterogeneity is
important to measure because after averaging egetiata over each site, this information
could be lost.

Statistical Analyses

For all analyses, the individual study site, lechain one of three stand types—upland,

RCW, or bog—was the sample unit. Prior to analyBied densities were averaged over all

sampling events each year for each site; vegetateassurements were averaged over each site
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each year. For analyses comparing means amorgjweén treatments, | omitted some sites
and samples: site BAC, classified as stand typeefdtbecause it was more of a degraded
coastal savanna planted with slash pine, siteshtight> 2 growing seasons since fire, and
second-year surveys from the five bog sites sampdtldl years. Although this decreased my
sample size, omitting these samples removed vamiatiroduced by differences in time since
fire among sites and removed the lack of indepecel&etween sites surveyed both years. Of
the remaining 22 sites, 19 were one growing seasme fire and three (one per stand type) were
two growing seasons since fire. The total samigkewas 22, consisting of six upland, six
RCW, and 10 bog stands. All reported estimatesedns and mean differences are least
squared means unless stated otherwise P#AHtlues and confidence intervals reported for
pairwise tests are Tukey—Kramer adjusted. Fdeatk, | used a significance level of 0.05.

Bird Analyses—Grassland bird densities and richness were adilaccording to the
following rules. | includedAmmodramusp./Bachman’s Sparrow in grassland bird species
richness estimates except for the sites wherelddgected Bachman'’s or Henslow’s Sparrows
and risked double counting species. | also induwslmmodramusp. in grassland bird species
richness estimates because | did not detect amy gtassland birds at the site with these
detections. Bird species and genera includedtal ¢gpassland bird density estimates were
Bachman’s and Henslow’s Sparrows, Sedge Wrenshiagsl identified agsmmodramusp. or
Ammodramusp./Bachman’s Sparrows.

The specific analysis performed on grassland lpeties richness, total density, and
individual species density among the three stapdsynd between salvaged and unsalvaged
stands depended on whether the data met the assosfatr parametric analyses. All
dependent variables were natural log-plus-one foam&d and initially analyzed with a

completely randomized, one-way ANOVA (PROC MIXEBAS Institute Inc. 2006), and
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residuals were tested for normality by Shapiro—\iékkts (PROC UNIVARIATE). Species
richness, Bachman’s Sparrow density, and Sedge Wéesity data did not meet criteria for
normality (Shapiro—WilkP > 0.05). Therefore, non-parametric Kruskal-Wadligl Wilcoxon
tests (PROC NPAR1WAY) and generalized linear mgBelsson and negative binomial; PROC
GLIMMIX) alternatives were explored. Because tleagralized linear models exhibited severe
problems with over- and underdispersion, Kruskaliig/and Wilcoxon tests were performed on
species richness data and Bachman’s Sparrow arge S¥cken density data to compare stand
types. | specified the EXACT statement for both Kruskal-Wallis and Wilcoxon tests to
calculate exadP-values (vs. approximate-values based afort distributions). All other
analyses comparing stand types were performedAN@VA. If an ANOVA was significant, |
tested for differences between stand types usikgyKramer pairwise tests. It is important to
remember when testing for differences between galyand unsalvaged sites that only one bog
stand was salvaged, all RCW stands were salvagddyray one site was not salvaged in upland
stands. Thus, any difference between treatmeifitselyg driven more by vegetation
characteristics pertaining to stand types and iddal sites than effects of salvage loggpey
se What effects salvage logging had on the vegetatannot be determined without pre-
salvage data or adequate control sites, both aftwénie lacking.

| used a pairetitest to compare Henslow’s Sparrow density estismagtween the
Chandler—Woodrey (1995) and battue methods. edefstr a difference between mid-winter
Henslow’s Sparrow densities estimated using botthats at the same sites in southeastern
Louisiana in winter of 2008-2009. Because the sagpplates varied between the methods, and
because Henslow’s Sparrow numbers tend to dediaelity over the winter (Johnson 2006), |

compared bird density estimates from the Chandl@ediey-method surveys conducted mid—
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late January with averaged density estimates flenbattue-method surveys conducted in early
January and mid-February.

Because of the relationships between area andesp&thness and area and abundance
(Preston 1948, Rosenzweig 1995)sed Spearman’s correlation coefficients andriava plots
to inspect the relationship between area samplddyeassland bird species richness, total
grassland bird density, and density of Henslow’ar8ws and Sedge Wrens, the two most
abundant wintering grassland birds in DSNF. Thlaaampled at each site roughly corresponds
to the grassland patch size for that site: smadiiEess contained short transects ranging 100-220
m, and larger patches contained 300—400 m of tcan&achman’s Sparrow was the third most
abundant grassland bird in DSNF, but there wereenotigh detections to analyze relationships.
For this analysis, | used the same reduced data se22 plots) that | used for comparing
treatment means.

| noticed a decline in Henslow’s Sparrow and Sedfgen abundances over the first
winter of sampling in DSNF and Louisiana, a treinat twas not readily apparent the second
year. Henslow’'s Sparrow numbers are known to dedradually over winter, and this decline
does not seem to vary with time since fire (JohrZ@@6). | wanted to address the following
guestions: (1) whether the decline of Henslow'sr&paand Sedge Wren densities over the
course of winter was statistically significant; {@yether the decline of Henslow’s Sparrows
varied between sampling years or between statdg3nwhether Sedge Wren decline varied
between sampling years (I did not sample Sedge \deasities in Louisiana, so | could not
compare between the two states). | used sepaataized linear mixed models with a
covariate (which are non-parametric analogs of eatignal analysis of covariance; PROC
GLIMMIX) for Henslow’s Sparrow and Sedge Wren déiesi with study site modeled as a

random variable to account for the covariance anmrdensities from the same sites sampled
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multiple times within a year (Paterson and Lell@2D For all models, | used type | tests of
fixed effects. During model fitting, | noticed angimnoved an extreme outlier (> 2.5 standard
deviations; McGarigal et al. 2000) measured midtgrithe second year in Mississippi.
Different potential general and generalized limaadels (normal untransformed data, normal
log-plus-one transformed data, Poisson, and neghtiomial distributions) were fit for each
species, and the appropriateness of the model @taswined by examining)(Pearson?/df).
Henslow’s Sparrow data were best fit by a natwglttansformation and normal distributidn (
=1.24). Sedge Wren data were best fit by a Poidggiribution ¢ = 1.45). For this analysis, |
only included sites where Henslow’s Sparrows orggedirens were detected at least once.
Henslow’s Sparrows were not sampled in Decembetirteyear in Louisiana. The 2009
second-year surveys from Louisiana include combdetity estimates from surveys conducted
with the battue method and from surveys using thendler—\Woodrey (1995) sampling
methods.

| also ran linear regressions of natural log-mas-transformed bird densities on winter
days for both species by state and year separdegdijgnating study site as a fixed block because
reduced observations precluded designating stueyasia random effect. For each species—
year—date combination, 1 fit linear, cubic, quairaéxponential, and power models to determine
if the relationships between bird densities and&vidays were nonlinear. | selected the model
with the best fit using AI€ (Burnham and Anderson 2002) and used type | driddis of fixed
effects (type lll for linear, exponential, and poweodels; type | for polynomials) to determine
significance. The sample sizé®( number of sites) for the analyses of Henslovgar&®w
weren = 9 for 2007—2008 anal= 10 in 2008-2009 in Louisiana, and 4 for 2007—2008 anal
=11 for 2008-2009 in Mississippi. For Sedge Wren,5 for 2007—-2008 amal = 6 for winter

2008-2009 in Mississippi.
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Vegetation Analyses-I conducted two principal components analysesA)R&ing

PROC FACTOR to reduce the number of correlated tetiga structure and plant species
composition guild variables to fewer, uncorrelgpeiehicipal components (PCs). | performed a
PCA on the 12 structure variables and 15 plantgiskeparately because of limited degrees of
freedom ( = 22) and used a Varimax rotation to aid in therpretation of the PCs. | retained
all PCs with Eigenvalues > 1 (Guttman 1954).

To further explore plant species composition amsingy sites and stand types | used
nonmetric multidimensional scaling (NMDS) on a Bf@yrtis dissimilarity matrix of plant
species composition by percent cover. Nonmetriltidinensional scaling scores along a scale
in ordination space can elucidate underlying edoldggradients. | used PROC NMS specifying
the ordinal data option for nonmetric analysis (SASitute Inc. 2006). Nonmetric
multidimensional scaling ranks the values in tresignilarity matrix and is thus appropriate for
non-normal data: it does not assume linearity sadarinfluenced by zero-rich da(icCune et
al. 2002). Bray—Curtis, or Sgrensen, distanceioestiare recommended and commonly used for
community count data (Bray and Curtis 1957, Dretna.€2002a, McCune et al. 2002). Stress,
the badness-of-fit statistic produced by NMDS, measure of monoticity between the original
data dimensionality and the reduced ordination dsiaality; the lower the stress value, the
better the ordination dimensionality representsdiheensionality of the original data (Kruskal
and Wish 1978, McCune et al. 2002). | specified NMDS dimensions because the stress
value for two dimensions was near 0.1 and becauselimensions are easier to visualize and
interpret ecologically than more than two dimensioin NMDS, the more dimensions specified,
the lower the stress value, so a realistic mediwstie met based on the interpretability of the
dimensions and knowledge of the study system (Kalusikd Wish 1978). | tried specifying

three dimensions, but additional dimensions bedacreasingly difficult to interpret; hence, |
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decided that two dimensions were best for providingdequate stress level and interpretability.
To assist in the ecological interpretation of tiraehsions, | used Spearman’s correlation
coefficients to examine the relationships betwdantpspecies composition values and NDMS
dimension scores.

| used three MANOVAS to test for differences irgeation structure PC scores, plant
species guild PC scores, and plant species NMD$rdilan scores among stand types. | used
MANOVA to compare multiple means among stands wihi&ntaining an experiment-wise
error rate of 0.05. All tests were performed ugimgy MANOVA option in PROC GLM.
Pairwise differences between means were tested Uisikey—Kramer tests. Residuals were
tested for normality using Shapiro—Wilk tests. #dported estimates of means and mean
differences are least squared means unless sthteavise. AllP-values and confidence
intervals reported for pairwise tests are Tukey-ak@nadjusted.
RESULTS
Grassland Bird Sampling

| detected 22 species of birds on transect oventimters, three of which were grassland
species (excluding four categories of unidentifirds). An additional 26 species were detected
within 50 m of the transects (Appendix 2). Theethmost abundant wintering grassland bird
species on the transects, in order of abundanae, Menslow’s Sparrow, Sedge Wren, and
Bachman’s Sparrow; percent site occupancy for spebies was 22%, 44%, and 15%,
respectively (Table 1.2). Sedge Wren densitieewegher than Bachman’s Sparrow densities,
but only when considering all sites surveyed owhlyearsif = 32). Considering only the 22
sites used to compare mean densities, Bachmaniso8pdensities were higher than Sedge
Wren densities, although Sedge Wrens occupied si@m® Out of the 27 study sites,

Bachman’s Sparrows occurred at five, Henslow’s @wes occurred in eleven, and Sedge Wrens
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occurred at nine. At one site (KES), | detectesd jwo grassland birds, and each were only
identified to the genuAmmodramus At three RCW stands, | identified one or monm@bias
Ammodramusp./Bachman’s Sparrows. At one of these thres sitdetected both a Bachman'’s
and Henslow’s Sparrow, as well as a bird classéigdimmodramusp./Bachman’s Sparrow. At

another of these three sites, | detected severalble’s Sparrows along with several birds

Table 1.2. All bird species, in order of mean dgnsletected on transect over two winters of
grassland bird surveys in DSNF, MS. Proportionafusrence is out of 27 study sites.
Grassland species are in bold.

Species Mean density SE % occurrence
Spizella passerinéChipping Sparrow) 3.16 1.72 0.30
Turdus migratoriougAmerican Robin) 1.95 1.95 0.04
Ammodramus henslowii (Henslow's Sparrow) 1.76 0.55 0.44
Melospiza georgianéSwamp Sparrow) 0.65 0.21 0.33
Dendroica pinugPine Warbler) 0.37 0.13 0.30
Picoides borealigRed-cockaded Woodpeckel 0.37 0.37 0.04
Cistothorus platensis (Sedge Wren) 0.30 0.11 0.33
Aimophila aestivalis (Bachman's Sparrow) 0.27 0.17 0.19
Sitta pusilla(Brown-headed Nuthatch) 0.24 0.19 0.11
Troglodytes aedofHouse Wren) 0.16 0.08 0.22
Unknown bird 0.16 0.05 0.30
Junco hyemali¢Dark-eyed Junco) 0.14 0.14 0.04
Melospiza melodigSong Sparrow) 0.12 0.10 0.07
Ammodramus sp./A. aestivalis 0.08 0.05 0.11
Mimus polyglottogNorthern Mockingbird) 0.08 0.08 0.04
Sialia sialis(Eastern Bluebird) 0.06 0.04 0.07
Sparrow sp. 0.06 0.03 0.15
Ammodramus sp. 0.05 0.04 0.07
Geothlypis trichagCommon Yellowthroat) 0.05 0.04 0.07
Zonotrichia albicollis(White-throated Sparrow 0.05 0.05 0.04
Picoides pubesceri®owny Woodpecker) 0.03 0.03 0.04
Zenaida macrourgMourning Dove) 0.03 0.03 0.04
Pooecetes gramine¥esper Sparrow) 0.02 0.02 0.04
Scolopax mino(American Woodcock) 0.02 0.02 0.04

Dendroica coronatdY ellow-rumped Warbler) 0.01 0.01 0.04
Sphyrapicus variugYellow-bellied Sapsucker) 0.01 0.01 0.04
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classified a;\mmodramusp./Bachman’s Sparrows. | did not detect anyraghessland birds
besidesAmmodramusp./Bachman’s Sparrow at the third of these tbitess. Considering only

the sites at which they occurred, density range=aoh species were: Bachman’s Sparrows 0.42—
2.22; Henslow’s Sparrows 0.52-13.33; and Sedge $\Wet?—3.03. The highest densities of
Henslow’s Sparrows occurred in a 0.2-ha transeetténl in a bog < 1 ha (ZAK). | captured 25
Henslow’s Sparrows and five Sedge Wrens over be#ns/of sampling (Appendix 3).

Differences among Stand TypesGrassland bird densities in upland, RCW, and bog

stands varied among individual species. Bachm@p&row densities did not statistically differ
among stand typeg3= 3.84, df = 2P = 0.1511); however, no Bachman’s Sparrows ever
occurred in bog stands (Table 1.3; Fig. 1.2). Hews Sparrow densities were significantly
different among stand typeB € 3.94, df = 19P = 0.0369), with higher densities in bogs than
upland standg € 2.80, df = 19P = 0.0296); no Henslow’s Sparrows occurred in uglstands
(Table 1.4, Fig. 1.2). Sedge Wren densities didstatistically differ among stand typeg €
0.67,df = 2P =0.7057). There were no statistically significdifferences in grassland bird
species richnesg¥= 0.50, df = 2P = 0.7634) or total grassland bird densky«2.48, df = 19,

P = 0.1106) among stand types (Figs. 1.3-1.4).

Differences between Salvage and Unsalvaged Stafidsere were no significant

differences in grassland bird species richn8ss&8.5,P = 0.0641), total grassland bird
densities $= 115.0,P = 1.0), Bachman’s Sparrow densiti&=95.0,P = 0.0964), Henslow’s
Sparrow densitiesS= 131.0,P = 0.2796), or Sedge Wren densiti8s=(110.0,°P = 0.6970)

between salvaged and unsalvaged stands (Table 1.5).
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Method Comparisons

| found no statistically significant differencenmd-winter Henslow’s Sparrow densities
estimated by the Chandler—Woodrey (1995) and batet®odst(= -0.35, df = 7P = 0.7347).
The mean (x SE) difference in bird density estesdtom the Chandler—-Woodrey (1995) and

battue methods was -0.20 £ 0.56. Similar resuotiifthese two methods suggest that results

Table 1.3. Wilcoxon rank score sums and meanspietiss richness, Bachman’s Sparrow
(BACS) densities, and Sedge Wren (SEWR) densitiesng stand types in DSNF, MS
calculated from Kruskal-Wallis tests. There weresigmificant differences among stands for
any of the variables.

Stand n  Sums of scores Expected under ni8ID under null Mean

Species Richness

Upland 6 72.5 69.0 11.63 12.08

RCW 6 74.5 69.0 11.63 12.42

Bog 10 106.0 115.0 13.00 10.60
BACS density

Upland 6 79.0 69.0 9.13 13.17

RCW 6 79.0 69.0 9.13 13.17

Bog 10 95.0 115.0 10.21 9.50
SEWR density

Upland 6 74.0 69.0 10.65 12.33

RCW 6 60.5 69.0 10.65 10.08

Bog 10 118.5 115.0 11.90 11.85

from previous studies and this study are robudt vaspect to the methods used—important for
metareplication of wildlife research (Johnson 2002)
Species—Area Relationships

There was no significant correlation between daaskbird richness and area sampled
(Spearman’'® = 0.30,P = 0.1711; Fig. 1.5). Grassland bird density wagatively correlated

with area sampled (SpearmaRs -0.55,P = 0.0074; Fig. 1.5). Of the two most numerous
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wintering grassland bird species in DSNF, Hensld®gsrrow density was negatively associated
with area sampled (SpearmaRs -0.43,P = 0.0465; Fig. 1.6), but there was no significant
relationship between Sedge Wren density and ampled (Spearman® = 0.38,P = 0.0836;

Fig. 1.6).
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Figure 1.2Mean (+ SE) densities (untransformed data) foitlinee common species of
wintering grassland birds in DSNF, MS. Henslow'sa8pws did not occur in upland stands; no
Bachman’s Sparrows occurred in bogs.

Bird Decline over Winter

Henslow’s Sparrow and Sedge Wren densities deatenags the first winter of sampling
but not over the second winter. Generalized limadeling results showed thge | test of
fixed effects for Henslow’s Sparrow overall declinedensity over winter was not quite
statistically significantg = 3.73, df = 49P = 0.0593). General linear regression result®gf |
plus-one transformed Henslow’s Sparrow densitiewioter days by year and state varied. Bird

decline in Mississippi over the first year of samglwas significant and best fit by the power
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Figure 1.3. Mean (x SE) grassland bird speciesigsh (untransformed data) among three stand
types in DSNF, MS. There was no significant differe among stands.
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Figure 1.4. Mean (x SE) grassland bird densitiesramsformed data) among three stand types
in DSNF, MS. There was no significant differenceoaig stands.
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Table 1.4Differences in means (log-plus-one transformedptal grassland bird densities and
Henslow’s Sparrow (HESP) densities between stapelstyn DSNF, MS estimated from Tukey—
Kramer pairwise tests. Significant differencesiarbold.

Stand ComparisonDifference in means SE 95% CI
Total density

Bog/RCW -0.13 0.38 -1.10-0.84

Bog/Upland 0.73 0.38 -0.24-1.70

RCW/Upland 0.86 0.43 -0.22-1.94
HESP density

Bog/RCW 0.34 0.42 -0.72-1.39

Bog/Upland 1.16 0.42 0.11-2.22

RCW/Upland 0.83 0.47 -0.35-2.01

Table 1.5. Wilcoxon rank score sums and means ¥lmoxon two-sample tests for bird
richness, total grassland bird densities, Bachm@parow (BACS) densities, Henslow’s
Sparrow (HESP) densities, and Sedge Wren (SEWRjittesbetween salvaged and unsalvaged
stands in DSNF, MS. There were no significant ddfees.

Stand n Sums of scores Expected under ni8D under null Mean
Species richness
Salvaged 12 164.5 138.0 13.00 13.71
Unsalvaged 10 88.5 115.0 13.00 8.85
Total density
Salvaged 12 138.0 138.0 15.11 11.50
Unsalvaged 10 115.0 115.0 15.11 11.50
BACS density
Salvaged 12 158.0 138.0 10.21 13.17
Unsalvaged 10 95.0 115.0 10.21 9.50
HESP density
Salvaged 12 122.0 138.0 14.19 10.17
Unsalvaged 10 131.0 115.0 14.19 13.10
SEWR density
Salvaged 12 143.0 138.0 11.90 11.92
Unsalvaged 10 110.0 115.0 11.90 11.00
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Figure 1.5Grassland bird richness and mean total bird depsityed against area sampled in
DSNF, MS. Total bird density was negatively corretbwith area sample@®E -0.55).
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Figure 1.6 MeanHenslow’s Sparrow and Sedge Wren densities platginst area sampled in
DSNF, MS. Henslow’s Sparrow density was negatieelyelated with area sampled € -0.43).

model (y =o + X*%; F= 62.94, df = 4P= 0.0014) showing a non-linear decrease in bircsities
over winter (Fig. 1.7). The slope estimate (+ $85p0=-0.3021 + 0.3166t = -0.95, df = 4P
=0.3941, 95% ClI: -1.1812-0.5771). The slope edgrnwas not statistically significant, which

means that although the variable winter day haeffatt on sparrow density, the estimate of that
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effect is uncertain (MacKenzie et al. 2006). Ttasformed Henslow’s Sparrow densities for
the first sampling year in Louisiana and the secgegat of sampling in Mississippi were not
normal, therefore making inference from these tesuireliable (Figs. 1.8-1.9). None of the
models of Henslow’s Sparrow densities on wintersdaylLouisiana the second sampling year
was significant (Fig. 1.9). Generalized linear mlaty of Sedge Wren decline over winter days
had issues with the estimated G matrix making erfee from the results unreliable. None of the
general linear regression models of Sedge Wrentieen winter days from the first sampling
year was significant, but inspection of the biviiglot shows a noticeable decline over the first

winter of sampling in 2007-2008 (Fig. 1.8).
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Figure 1.7. Henslow’s Sparrow and Sedge Wren deagtotted on time of winter (day 1 = 16
November) during the first winter (2007—2008) inNII§ MS.

Vegetation Structure and Plant Species Composition
Vegetation structure and plant species composuaried widely among study sites
(Table 1.6). |identified 100 plant species naluiding canopy trees. The number of plants

identified is lower than the actual number of spe@ncountered because | grouped some
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Figure 1.8. Henslow’s Sparrow and Sedge Wren deagtotted on time of winter (day 1 = 16
November) during the second winter (2008—-2009) 8NB, MS.
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Figure 1.9. Henslow’s Sparrow densities plottedio® of winter (day 1 =16 November) during
winters 2007-2008 and 2008-2009 in southeastern, LA

species by genera or morphospecies if | coulddwettify them to species leved.g.,
Rhynchosporar Dichantheliumspp.). | grouped the grass&sstida longespicdslimspike
threeawn) and\. oligantha(prairie threeawn) because | could not distinglistween these two

species in their vegetative winter states. A nunatb&hynchosporapecies in DSNF have
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prostrate, filamentous stems and are thus strulytwalifferent from other species in the same
genus. | could not identify these filamentous fgarmost of which occurred in bogs—to
species because fruits were rare, so | grouped ithi@na category calleBhynchosporapp.
“filamentous.” Of the 100 plant species, 41 weranginoids, 26 were forbs, and 33 were woody
plants. Sites contained 19-48 plant species; #ennt: SE) number of species for all 27 study
sites was 31.0 + 1.3. The number of plant speteéscted was positively correlated with area
sampledR=0.73,P < 0.0001). Only three plant species guilds oaulin all sites: FAC
graminoids, FACW graminoids, and FACW woody plants.

Principal Components Analysis on Vegetation StmetyPrincipal components analysis

of the vegetation structure variables resultedhiee principal components with Eigenvalues > 1,
representing 84% of the variance. The first PGasgnted woody understorey structure and was
mostly correlated with all woody understorey stunetvariables, not including trees, and
herbaceous height (Table 1.7). The second PCsepied herbaceous structure and was mostly
correlated with the remaining herbaceous structarmbles and the woody cover CV. The third
PC represented tree density and was mainly coecelaith canopy closure and tree basal area.

Principal Components Analysis on Plant Species Qmitipn Guilds—Principal

components analysis of plant species compositiddgtesulted in five principal components
with Eigenvalues > 1, representing 72% of the vexga The first PC was mostly correlated with
UPL, FACU, FAC, and FACW graminoids, OBL forbs, amdderately correlated with FACU
woody plants (Table 1.8). The second PC was maostielated with FAC and FACW woody
plants, the third PC with FAC forbs and OBL woodgrnts, and the forth PC with FAC forbs,
OBL graminoids, and somewhat with FACU woody plartée fifth PC was mostly correlated

with UPL forbs and UPL woody plants, and had ttghkst, albeit low, correlation with FACU
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forbs. FACU woody plants were not highly correthteith any PC and loaded almost equally
on PC 1 and PC 4.

Nonmetric Multidimensional Scaling of Plant Spedizmmposition—Nonmetric

multidimensional scaling of plant species compositiesulted in the arrangement of sites along
what can be interpreted as a moisture gradierthiofirst dimension. The final stress level was
0.1021, indicating a meaningful relationship betw#e ordination and the dimensionality of
the data (McCune et al. 2002). Spearman’s rantelaions of plant species and Dimension 1
scores showed that wetland plants were mostly ledeck with the positive end of the first
dimension axis and upland plants were correlatél the negative end (Table 1.9). The second
dimension was harder to interpret ecologically;heaxis end consisted of a mixture of grasses,
forbs, and woody plants covering a range of moespueferences. A biplot of study sites
plotted on Dimensions 1 and 2 showed that sité®@stands were distinct from sites in RCW
and upland stands (Fig. 1.10). The majority ofnpland RCW sites overlapped in their plant
species composition in ordination space.

Differences among Stand TypesResults from MANOVA showed that vegetation

structure PC scores were statistically differenbagistand types (Wilk's = 0.23,F¢ 34= 6.18,

P =0.0002). The mean herbaceous structure PCssam@e statistically higher in bog stands
than uplandR < 0.0001) and RCW standB € 0.0035; Fig. 1.11), meaning that bog stands had
more spatially continuous herbaceous cover and patehy woody cover. Although there was
no statistically significant differences in meansthe woody structure PC, RCW stands had
lower mean woody vegetation scores (Fig. 1.11)e ffée density PC did not significantly differ

among stand types (Table 1.10).
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Table 1.6. Mean, minimum, and maximum estimates 22) for vegetation structure
measurements and plant species composition gnlBSNF, MS.

Variable Mean SE Minimum Maximum
Tree basal area (m2/20 m?) 0.39 0.04 0.00 0.79
Canopy closure (%) 36.54 4.26 0.69 90.08
Herb cover (%) 58.61 3.55 20.40 94.77
Herb cover CV 45.89 4.23 5.49 93.70
Herb height (cm) 16.99 0.90 11.43 35.93
Herb density (# hits < 10 cm) 5.72 0.29 2.90 8.10
Herb density CV 57.56 3.53 30.66 103.17
Woody cover (%) 15.91 1.69 0.70 36.03
Woody cover CV 114.56 9.56 52.64 238.62
Number stems (rank median) 20.85 2.00 2.88 51.25
Woody height (cm) 26.92 2.91 1.58 52.76
Woody density (# hits<10cnr  0.26 0.04 0.00 0.63
Graminoid UPL 0.02 0.01 0.00 0.29
Graminoid FACU 10.57 1.83 0.00 30.33
Graminoid FAC 16.79 2.47 0.60 51.11
Graminoid FACW 18.74 3.41 0.92 74.50
Graminoid OBL 10.66 2.84 0.00 66.41
Forb UPL 0.14 0.08 0.00 2.67
Forb FACU 0.13 0.07 0.00 1.81
Forb FAC 0.85 0.27 0.00 6.50
Forb FACW 0.40 0.18 0.00 5.29
Forb OBL 5.43 1.89 0.00 42.70
Woody UPL 0.03 0.02 0.00 0.50
Woody FACU 0.41 0.12 0.00 3.13
Woody FAC 2.43 0.43 0.00 8.67
Woody FACW 13.23 1.55 0.70 33.73
Woody OBL 0.57 0.26 0.00 6.07

Results from MANOVA showed that mean plant composiPC scores were
statistically different among stand types (Wilk's: 0.09,F1p, 30= 7.01,P < 0.0001). The first
PC mean score was significantly lower in bog stahda uplandR = 0.0133) and RCW stands
(P <0.0001; Table 1.11). Principal component 1 p@stively correlated with FACU and FAC

graminoids and negatively correlated with OBL foriasd UPL and FACW graminoids; thus,
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Table 1.7. Rotated principal components pattermfaoPCA on 12 vegetation structure variables
measured in DSNF, MS. Values are the correlatidtiseoraw variables with each PC. The three
PCs explain a cumulative 84% of the total variatighest correlations are in bold.

Variable Woody Herbaceous Trees
Woody cover 0.896 -0.268 0.270
Woody density 0.885 -0.279 -0.154
Number stems 0.857 -0.305 0.024
Woody height 0.738 -0.570 0.157
Herb height 0.651 -0.222 0.115
Herb density -0.191 0.935 -0.125
Herb cover -0.386 0.835 -0.035
Woody cover CV -0.571 0.632 -0.068
Herb cover CV 0.613 -0.693 0.276
Herb density CV 0.550 -0.737 0.072
Canopy closure 0.136 0.091 0.948
Tree basal area 0.009 -0.378 0.869
Proportion s? explained 61% 14% 09%

Table 1.8. Rotated principal components pattermfaoPCA on 15 plant species composition
guilds measured in DSNF, MS. Values are the cdrogls of the guilds with each PC. The five
PCs explain a cumulative 72% of the total variamtighest correlations are in bold. See
Methods for guild names.

Variable PC1 PC2 PC3 PC4 PCH
Graminoid FACU 0.829 -0.002 -0.296 -0.179 -0.135
Graminoid FAC 0.825 0.000 -0.268 0.002 -0.074
Forb OBL -0.616 -0.597 -0.013 0.153 -0.049
Graminoid UPL -0.700 0.266 -0.277 -0.147 -0.356
Graminoid FACW -0.739 -0.236 0.091 0.107 -0.305
Woody FACW 0.032 0.906 -0.111 0.160 0.035
Woody FAC -0.106 0.705 0.230 -0.479 0.283
Woody OBL -0.144 0.099 0.939 -0.036 -0.077
Forb FACW -0.137 -0.128 0.861 0.114 -0.042
Forb FAC 0.129 0.364 -0.139 0.756 -0.099
Gram OBL -0.231 -0.217 0.271 0.687 0.025
Woody FACU 0.439 0.178 -0.048 -0.472 0.201
Forb UPL -0.064 0.071 0.029 -0.039 0.822
Woody UPL 0.179 -0.009 -0.104 -0.379 0.609
Forb FACU 0.235 0.262 -0.174 0.120 0.376

Proportion s?2 explained 27% 14% 12% 11% 08%
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Table 1.9. Spearman’s rank correlation coefficidatsorrelations between plant species
composition and nonmetric multidimensional scaBogres for two dimensions.

Species Dimension 1  Species Dimension 2
Sarracenia alata 0.80 Panicum verrucosum 0.74
Eriocaulonspp 0.77 Rubussp. 0.65
Sarracenia psittacina 0.64 llex coriacea 0.60
Scleria muhlenbergii 0.61 Eupatoriumspp. 0.55
Xyris spp. 0.61 Morella cerifera 0.53
Rhynchosporapp. “filamentous” 0.61 Carexspp. 0.47
Aristida palustris 0.44 Dichanthelium scabriusculum 0.45
Ctenium aromaticum 0.44 Iris sp. 0.43
Nyssa biflora 0.40 Andropogon glomeratus 0.43
Magnolia virginiana 0.39 Anthaenantia villosa 0.38
Chaptalia tomentosa 0.37 Smilax glauca 0.38
Smilax laurifolia 0.36 Viburnum nudum 0.37
Hypericumspp. 0.34 Osmundasp. 0.36
Andropogon mohrii 0.33 Andropogon glaucopsis 0.36
Myrica heterophylla 0.33 Arundinaria gigantea 0.36
Cliftonia monophylla 0.32 Bidenssp. 0.36
Rhynchosporapp. 0.31 Woodwardia areolata 0.36
Pinus elliottii 0.30 Symplocos tinctoria 0.34
Helianthus angustifolius 0.27 Eleocharis tuberculosa 0.34
Muhlenbergia expansa 0.27 Erianthus giganteus 0.34
Dichromena latifolia 0.23 Aronia arbutifolia 0.34
Fuirenasp. 0.23 Cyrilla racemiflora 0.33
Scleriaspp. 0.21 Carex glaucescens 0.32
Andropogon gyransar. stenophyllus 0.21 Persea palustris 0.31
Juncussp. 0.19 Lycopodiella alopecuroides 0.27
Dichanthelium scabriusculum 0.19 Eryngium integrifolium 0.27
Gymnopogon brevifolius 0.18 Zigadenus densus 0.23
Lycopodiella alopecuroides 0.18 Lyonia lucida 0.23
Eleocharis tuberculosa 0.16 llex vomitoria 0.22
Acer rubravar. drummondii 0.16 llex glabra 0.19
Anthaenantia villosa 0.15 Cliftonia monophylla 0.19
Panicum anceps 0.15 Gaylussacia mosieri 0.19
Morella cerifera 0.15 Cirsiumsp. 0.15
Eryngium integrifolium 0.15 Diodia teres 0.15
Carex glaucescens 0.15 Mitchella repens 0.15
Arundinaria gigantea 0.12 Viola primulifolia 0.13
Eragrostis refracta 0.11 Euthamiaspp. 0.13
Iris sp. 0.10 Solidagospp. 0.11
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Table 1.9 continued.

Carexspp. 0.07 Panicum anceps 0.11
Zigadenus densus 0.04 Panicum virgatum 0.10
Lyonia lucida 0.04 Vaccinium stamineum 0.09
Asterspp. 0.04 Licania michauxii 0.08
Erianthus giganteus 0.03 Prunus serotina 0.07
Andropogon glomeratus 0.01 Gelsemium sempervirens 0.07
Viburnum nudum -0.01 Pinus elliottii 0.06
Bigelowia nudata -0.01 Magnolia virginiana 0.06
Bidenssp. -0.03 Chasmanthium laxum 0.06
Woodwardia areolata -0.03 Andropogon gerardii 0.06
Nyssa sylvatica -0.05 Gymnopogon brevifolius 0.05
Panicum virgatum -0.05 Paspalunsp. 0.04
Rhynchospora chapmanii  -0.06 Muhlenbergia expansa 0.03
Pityopsis graminifolia -0.07 Sarracenia psittacina 0.02
Chasmanthium sesseliflorum0.08 Pityopsis graminifolia 0.02
Rubussp. -0.08 Elephantopusp. 0.01
Tridens ambiguus -0.08 Bigelowia nudata 0.00
Osmundasp. -0.11 Nyssa sylvatica -0.02
Andropogon glaucopsis -0.11 Vaccinium arboreum -0.02
Eupatoriumspp. -0.12 Vaccinium elliottii -0.03
Cornus florida -0.13 Andropogon gyransar.gyrans -0.03
Persea palustris -0.13 Rhynchospora chapmanii -0.03
Cyrilla racemiflora -0.13 Asterspp. -0.04
Prunus serotina -0.15 Eriocaulonspp. -0.04
Andropogon ternarius -0.15 Pteridium aquilinum -0.04
Balduina uniflora -0.15 Xyrissp. -0.06
Cirsiumsp. -0.16 Cornus florida -0.07
Mitchella repens -0.16 Chasmanthium sesseliflorum -0.09
Diodia teres -0.16 Scleria muhlenbergii -0.09
Aronia arbutifolia -0.16 Andropogon mohrii -0.09
Symplocos tinctoria -0.17 Smilax laurifolia -0.10
Viola primulifolia -0.17 Sporobolus junceus -0.10
Panicum verrucosum -0.18 Acer rubravar. drummondii -0.10
Sporobolus junceus -0.18 Vaccinium darrowi -0.11
Elephantopusp. -0.18 Myrica heterophylla -0.12
Andropogon gerardii -0.18 Fuirenasp. -0.14
Solidagospp. -0.18 Dichromena latifolia -0.14
Chasmanthium laxum -0.19 Chaptalia tomentosa -0.14
Sorghastrum secundum -0.21 Sarracenia alata -0.17
Paspalunsp. -0.22 Balduina uniflora -0.17
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Table 1.9 continued.

Vaccinium stamineum -0.22 Andropogon ternarius -0.17
Licania michauxii -0.22 Tridens ambiguus -0.19
Pteridium aquilinum -0.23 Smilax pumila -0.19
Smilax pumila -0.24 Rhynchosporapp -0.19
Pinus palustris -0.27 Eragrostis refracta -0.19
Quercus nigra -0.29 Quercus nigra -0.20
Andropogon virginicus -0.30 Nyssa biflora -0.21
Euthamiaspp. -0.30 Ctenium aromaticum -0.22
Smilax glauca -0.31 Pinus palustris -0.24
Gaylussacia mosieri -0.31 Sorghastrum secundum -0.24
Aristida longespica/oligantha -0.33 Rhynchosporapp. “filamentous” -0.24
llex coriacea -0.33 Scleriaspp. -0.25
Vaccinium arboreum -0.35 Andropogon virginicus -0.25
Gelsemium sempervirens -0.35 Juncussp. -0.27
Vaccinium elliottii -0.41 Andropogon gyransar. stenophyllus -0.27
llex vomitoria -0.44 Hypericumspp. -0.28
Dichantheliumspp. -0.45 Aristida palustris -0.31
Andropogon gyransar. gyrans -0.45 Aristida longespica/oligantha -0.33
Vaccinium darrowi -0.48 Helianthus angustifolius -0.33
Schizachyrium tenerum -0.53 Schizachyrium tenerum -0.48
llex glabra -0.54 Dichantheliumspp. -0.53
Schizachyrium scoparium -0.65 Schizachyrium scoparium -0.55

bog stands can be expected to have less FACU a@dgF@minoids and more OBL forbs and
UPL and FACW graminoids than the other stand tygdse UPL graminoid guild comprised
only one specief\nthaenantia villosdgreen silkyscale). The mean (+ SE) plant contjmosi
PC 1 scores for upland, RCW, and bog stands wefe#0.26, 1.06 £ 0.19, and -0.79 + 0.23,
respectively (Fig. 1.12). There were no signiftcdifferences in means of the remaining plant
composition PCs among stand types. Raw vegetatianture and plants species composition
guild means for each stand type are reported iteThA2.

MANOVA results showed that mean Dimension 1 scér@® nonmetric

multidimensional scaling of plant species compositire statistically different among stand
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Dimension

Dimension 1

Figure 1.10. Study sites plotted on two dimensiooih nonmetric multidimensional scaling of
plant species composition in DSNF, MS. Triangleswgland stands, squares are RCW stands,
and circles are bog stands.
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Figure 1.11. Mean (x SE) PC scores for vegetatinrcgire among stand types in DSNF, MS.
Bog stands had significantly higher mean herbacsooees.
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Table 1.10. Differences in mean PC scores amomrg ttand types in DSNF, MS, estimated
from Tukey—Kramer pairwise tests. The three PCeegsmt herbaceous structure, woody
structure, and tree density. Statistically sigmifitdifferences are in bold.

Comparisons Difference in means95% CI
Herbaceous PC

Bog/RCW 1.17 0.38-1.95
Bog/Upland 1.88 1.10-2.67
RCW/Upland 0.72 -0.16-1.59
Woody PC
Bog/RCW 0.67 -0.55-1.89
Bog/Upland -0.56 -1.78-0.67
RCW/Upland -1.23 -2.59-0.14
Tree density PC
Bog/RCW -0.35 -1.70-0.99
Bog/Upland 0.19 -1.16-1.54
RCW/Upland 0.54 -0.96-2.05

types (Wilk’'sh = 0.21,F4 36= 10.52,P < 0.001). Bog stands had higher mean scores than
upland and RCW standB & 0.0001 for both pairwise tests; Table 1.13).tldf&l plants were
strongly correlated with the upper positive valoEé®imension 1; thus, as would be expected,
species composition of bog stands consists of metkand plants than the other stand types.
Mean (+ SE) Dimension 1 scores for upland, RCW laogl stands were -0.95 £ 0.08, -1.03 +

0.06, and 1.19 £ 0.31, respectively (Fig. 1.12).

DISCUSSION

Bird Species Richness and Total Densitie&rassland bird species richness and total

bird density did not significantly differ by statype or salvage treatment. Red-cockaded
Woodpecker stands were the only ones that contailthéakee species of grassland bird, but only
one of the six sites sampled was occupied condlyriey all three species. Four sites were

occupied by only one of the three species, andstdadad a Henslow’s Sparrow and a bird
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identified toAmmodramusp./Bachman’s Sparrow. Although total grasslandl deensity did

not vary significantly among stand types, this rhaye been due to a lack of statistical power
resulting from a small sample size. The largearare in abundance means among stand types
may also have been a factor. A graph of the ustoamed total bird densities (Fig. 1.3) clearly
shows that bog stands have a higher mean densttyhé standard error is largest for this stand
type. The larger mean for bog stands was drivethéyigh abundances of Henslow’s Sparrows
that occurred at some sites. A larger samplevgmdd perhaps have shown differences in total

bird densities among stands.

Table 1.11. Differences in mean PC scores fortamt species composition PCs among three
stand types in DSNF, MS, estimated from Tukey—Knapagrwise tests. The PCs represent plant
species composition guilds based on plant life ®amd Wetland Indicator Status. Significant
differences are in bold.

Comparisons Difference in means 95% ClI

Plant PC 1
Bog/RCW -1.84 -2.68—-1.01
Bog/Upland -1.04 -1.88--0.21
RCW/Upland 0.80 -0.13-1.74
Plant PC 2
Bog/RCW 0.12 -1.15-1.39
Bog/Upland -0.80 -2.07-0.47
RCW/Upland -0.92 -2.34-0.50
Plant PC 3
Bog/RCW 0.50 -0.85-1.84
Bog/Upland 0.02 -1.33-1.36
RCW/Upland -0.48 -1.99-1.02
Plant PC 4
Bog/RCW 0.61 -0.58-1.79
Bog/Upland 1.20 0.02-2.39
RCW/Upland 0.60 -0.73-1.92
Plant PC 5
Bog/RCW 0.09 -1.17-1.34
Bog/Upland -0.87 -2.13-0.38
RCW/Upland -0.96 -2.37-0.44
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Vegetation Structure and Plant Species Composttbterbaceous vegetation structure

in bog stands was statistically different from timtipland and RCW stands. Bogs tended to
have higher and less heterogeneous herbaceousaiayelensity. These results are consistent
with other studies. For example, Kirkman et a(q2) found that wet—-mesic sites in longleaf
pine—wiregrass savannas in Georgia had higher droaver biomass than xeric sites. Note that
ground-layer biomass has been reported to be palsitorrelated with herbaceous cover in pine

Table 1.12. Means of vegetation structure measurenaad plant species composition guild
values among three stand types in DSNF, MS.

Variable Upland SE RCW SE Bog SE
Tree basal area (m2/20 m?) 0.45 0.06 0.51 0.06 0.29 0.07
Canopy closure (%) 33.65 5.14 31.20 240 37.73 7.96
Herb cover (%) 42.87 454 63.93 3.78 69.52 4.54
Herb cover CV 60.46 4.40 37.51 538 36.35 6.53
Herb height (cm) 19.14 2.15 14.68 0.52 16.20 1.14
Herb density (# hits < 10 cm) 508 055 4.65 049 6.77 0.26
Herb density CV 73.72 5.99 4991 299 46.81 3.16
Woody cover (%) 20.95 1.54 10.59 1.28 13.35 2.79
Woody cover CV 75.84 4.25 96.34 7.72 151.27 14.99
Number stems (# ranks) 25,52 2.28 1891 2.85 17.60 3.56
Woody height (cm) 43.62 2.63 15.93 2.60 18.87 3.58
Woody density (# hits<10cr 0.41 0.06 0.13 0.06 0.19 0.05
Graminoid UPL 0.00 0.00 0.00 0.00 0.04 0.02
Graminoid FACU 17.19 2.83 20.15 3.81 2.97 1.05
Graminoid FAC 19.80 3.60 36.82 3.98 7.78 1.44
Graminoid FACW 5.09 1.80 6.03 2.83 33.08 4.91
Graminoid OBL 1.62 0.28 190 1.41 20.90 4.86
Forb UPL 0.33 0.26 0.03 0.03 0.08 0.04
Forb FACU 0.25 0.18 0.25 0.16 0.01 o0.01
Forb FAC 0.15 0.05 0.77 066 140 0.50
Forb FACW 0.07 0.05 0.07 0.07r 0.77 0.37
Forb OBL 0.01 0.00 0.00 0.00 1156 3.43
Woody UPL 0.05 0.03 0.08 0.08 0.00 0.00
Woody FACU 1.03 0.28 0.41 021 0.02 0.01
Woody FAC 479 084 105 040 141 041
Woody FACW 16.19 1.61 8.96 1.53 1159 2.59
Woody OBL 0.49 0.47 0.00 0.00 0.89 0.47
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savannas (Fuller 2004). Walker and Peet (1983)kimg in pine—wiregrass savannas in North
Carolina, also found higher aboveground biomassédsic savannas compared to dryer sites.
One explanation for this difference in DSNF is timatlrier upland sites, belowground

competition for moisture may be more intense, wittody plants limiting the establishment of

Table 1.13. Differences in mean dimension sco@® IMDS of plant species composition
among three stand types in DSNF, MS, estimated frokey—Kramer pairwise tests.
Statistically significant differences are in bold.

Comparisons Difference in means95% CI

Dimension 1
Bog/RCW 2.22 1.30-3.13
Bog/Upland 2.14 1.23-3.05
RCW/Upland -0.08 -1.10-0.95
Dimension 2
Bog/RCW 0.46 -0.39-1.30
Bog/Upland -0.05 -0.90-0.79
RCW/Upland -0.51 -1.46-0.43

oPC1
OPC2
OPC3
BPC4
BPCS5
8 NMDS 1
B NMDS 2

Mean ordination score

Upland (n=6) RCW (n=6) Bog (n=10)
Stand type

Figure 1.12. Mean (x SE) PC and NMDS scores foinattbns on plant species composition
guilds and plant species composition, respectivatyong stand types in DSNF, MS. Bog stands
had significantly higher scores for the first PG &MDS Dimension 1, both of which represent
wetland plants.
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herbaceous species and thus creating patcheseoftmarnd and shrub thickets (Ludwig et al.
20044, Ludwig et al. 2004b). Competition in bogsyrbe reduced because of plentiful moisture,
enabling the coexistence of multiple species ofdyoand herbaceous plants (Kirkman et al.
2001). Although not significantly different, RC\iaads had more herbaceous cover and
structure than upland sites. This is consistetit Miasters et al. (1996), whose growing season
sampling in Arkansas showed that forb, legume,gyrasd sedge standing crop biomass were all
higher in woodpecker-managed stands than in noragehstands.

Woody understorey vegetation structure did ndedgignificantly among stand types,
except that woody cover tended to be more heteemenin bog stands, as reflected by the high
loading of the woody cover coefficient of variation the herbaceous structure PC. Although
the difference was not significant, the mean woodgerstorey vegetation PC score was lower
in RCW stands than in upland and bog stands. Reklacled Woodpecker stands are managed
by the reduction of woody midstorey and understmegyetation via mowing and prescribed fire;
thus, one would expect this stand type to haveviesgly understorey vegetation as has been
shown in numerous studies. Visual inspection efrttanaged woodpecker stands in DSNF lead
one to conclude that these stands are less woadymiany upland stands not managed for
woodpeckers, although my sampling did not showeRjgected difference. The lack of
difference in woody vegetation, besides heteroggneetween upland and bog stands is
interesting because, historically, woody specieh ssllex spp. occurred at low densities in
bogs (Folkerts 1982, Bridges and Orzell 1989, Obsach Platt 1995, Brewer 1998). However,
Brewer (2002), working in DSNF, found that densiteéllex coriaceal. glabra, andl.
vomitoriawere higher in bogs that had been used for tipbastuction. Not only can soil
disturbance caused by timber management increase#dling emergence of woody plants, but

increased tree densities from tree planting arrdsidn can increase the seed deposition and
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abundance of woody understorey plants by provigerghes for birds that disperse the seeds
(Brewer 1998, 2002, Hinman et al. 2008). Pastdingpression and more-recent dormant season
prescribed fires have also increased woody undessfant density in bogs (Hodgkins 1958,
Boyer 1992, Drewa et al. 2002a, b). Even so, whigy bogs in DSNF have dense woody
understorey vegetation comparable to upland stahdsierbaceous ground cover is not sparse
and heterogeneous as in upland stands, and wowedy icobogs tends to be patchy, perhaps
occurring in drier areas. It must be noted thagxaseption to this pattern occurs in bogs where
high densities of crawfish chimneys and moundsease herbaceous patchiness (see Chapter 2
Discussion).

Plant species composition in bog stands diffetatissically from that in upland and
RCW stands. These differences largely conformegkp@cted habitat associations of
herbaceous wetland and upland species. In gelegd, had more FACW graminoids and OBL
forbs, but less FAC and FACU graminoids than battreostand types. Bogs had more OBL
graminoids and FAC forbs but less FACU woody pldhén upland stands. Multivariate
analysis of variance of NMDS and PC scores of maeties composition clearly showed that
bog stands had different species composition thamther two stand types. This pattern is not
surprising because the transition from uplandsogslrepresents a moisture gradient. Plant
species composition changes according to the nmeistguirements of particular plants, and
plant species richness tends to peak in bogs (Wahd Peet 1983, Kirkman et al. 2001). Bogs
have high pH levels and are nutrient poor, evenpaoed to adjacent upland pine savannas
(Folkerts 1982, Kirkman et al. 2001). This, alamith moisture preferences, refines the process
of habitat filtering, and only plants that are aalto these extreme conditions will occur in

bogs (Kirkman et al. 2001, Webb et al. 2002), hehedarge number of endemics.
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Only one woody plant guild differed statisticalljmang stand types. This reflects that
the woody plant community in DSNF and most pineasanas is composed of habitat generalists.
Drewa et al. (2002a) observed distinct herbacetars pommunities in bogs, but noted that
woody plant composition was similar between upland bog sites. My results also suggest that
in DSNF, management for Red-cockaded Woodpeckess dot significantly alter plant species
composition compared to non-managed upland staddsever, if | had sampled throughout
the growing season, | would have inevitably degctere plant species, perhaps revealing
differences between the two stand types for pattt@finnual cycle.

Bachman’s Sparrow—Bachman’s Sparrows occurred in upland and RCWdstaut not

in bog stands. These results support those ohAdtel. (2006) who found that Bachman'’s
Sparrows were more common in upland habitats cosdparwetter pocosins in North Carolina
longleaf pine savannas. One reason Bachman’'s@ypsadid not occur in bogs is simply
sensitivity to moisture. Bogs are often filled vgtanding water (Folkerts 1982), and some
species of ground-dwelling birds may prefer dryabitats. For example, Chipping Sparrows
and Dark-eyed Juncos often forage on the grourtdhdither species was observed in bog
habitats. | do not know of any studies documenBaghman’s Sparrow use of pitcher plant
bogs.

Although | detected birds at some of my sites toaild not be identified to species, only
one of these ever occurred in a bog stand. | ttiaksome of the unidentified birds and many
of the birds identified t&dmmodramusp./Bachman’s Sparrows were, in fact, Bachman’s
Sparrows because of their actions when we attentpteatch them. In my experience, these
sparrows are much harder to catch tAammodramusparrows.Ammodramusire secretive, but
after they flush from a spot and fly to a new |lomat they tend to remain in that general location,

making chasing and catching easier. Bachman'sr@psy however, in the winter tend to flush
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once and run after landing (Dunning 1993). | frergfly observed flushed Bachman’s Sparrows
flying to near-by upturned root balls where theywdopresumably enter tunnels under the root
balls to take protection. Bachman’s Sparrows Heen documented using underground
burrows (Dean and Vickery 2003), and one of oulnnetans witnessed a flushed Bachman’s
Sparrow going into a hole underneath a root bapturned root balls are a common feature in
mature pine savannas in DSNF due to the damageda&ysHurricane Katrina. | was never able
to relocate birds once they flushed towards alatit Although the actions of many
unidentified birds were reminiscent of Bachman'suspws, | did not feel confident making an
identification call based on this alone. Dens#firaates for Bachman’s Sparrows may be biased
low leading to the lack of significant differencasiong stand types. Nonetheless, | am
confident that Bachman’s Sparrows did not occurags during the winter, although there may
have been differences in bird densities betweeangpand RCW stands that | did not detect
because of unidentified Bachman’s Sparrows.

Based on our observations and data from the brgesiason component of this project,
Bachman’s Sparrows are common in savaged-loggesl thiait have been recently burned. Of
the sites | surveyed, four of the five that conggifBachman’s Sparrows were salvaged logged.
In contrast, Dunning and Watts (1991), who surveégadhman’s Sparrows in post-salvage-
logged Francis Marion National Forest in South Gaacafter Hurricane Hugo, found that post-
hurricane sparrow occupancy in clear-cut standeased after the hurricane. They
hypothesized that birds were leaving mature, s@h\tagged stands because the logging had
destroyed much of the habitat. The authors, howeasd nothing about the fire history of their
study sites and how this may have affected standpancy before and after the hurricane
(Dunning and Watts 1991). Bachman’s Sparrow abueeiare higher in recently-burned

stands because fire helps maintain adequate henmmgegetation (Tucker et al. 2004, Cox and
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Jones 2009). In DSNF, salvage logging does naapp have destroyed the habitat in the
manner described by Dunning and Watts (1991) becdnese are few signs of damage to the
herbaceous layee., skidder tracks). There is also evidence thahBwan’s Sparrows prefer
habitats with low tree density (Haggerty 2000), ethwvould be the case in salvaged stands.
Bachman’s Sparrows are typically associated witglhune longleaf pine savannas with
dense herbaceous ground cover and low shrub cbuemn{ng and Watts 1990, Haggerty 1998,
Plentovich et al. 1998a, Tucker et al. 2004). Hssociation, however, does not appear to hold
true in DSNF in winter because birds seem to pngbéaind stands, most of which have high
shrub cover and patchy herbaceous cover. CoxamesJ2009) found evidence that Bachman’s
Sparrows use the same territories in winter arttierbreeding season and will maintain year-
round home ranges, which implies that it may be@mpate to apply habitat preference results
from breeding season studies to winter ecologyvacelversa. Some studies offer support for
the trends | observed in DSNF. Haggerty (1998ysated that Bachman’s Sparrows may prefer
patchy herbaceous ground cover because they areiassl with cespitose grasses, which may
facilitate the capture of prey during the breedegson by increasing the ease of movement of
foraging birds. Haggerty (2000), conducting a oegwide study across five states, also found
that Bachman’s Sparrow preferences of forb covegetation height, and tree density varied
widely across regions. Cox and Jones (2009) fabatiBachman’s Sparrow winter abundances
at sites in Georgia were positively correlated viaiéinie ground and were negatively correlated
with increased grass structure and shrubs < 1mmeight. Indeed, | detected Bachman'’s
Sparrows in the spring in several stands that fead Iburned the previous month and lacked any
herbaceous layer, the ground being mostly bare lwithed shrubs and thousands of siiheX
spp. shoots. Variability in habitat preferencealso reflected by their use of both mature and

clearcut timber stands (Haggerty 1988, Tucker.€1398).
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| observed numerous times that Bachman’s Sparrawsdause tree crowns for singing
perches during the breeding season and root loalfgrédator escape refugia. Perch structure
availability was also suggested by Dunning and 8dt®90) as an important component for
determining Bachman’s Sparrow abundance in clesrclihe authors observed that sites with
high bird abundances were those that had tall shend standing dead timber, from which
Bachman’s Sparrows would often sing. Sites with bord abundances had been logged with
different methods that did not have standing deatedr or tall shrubs. Dean and Vickery
(2003) documented Bachman’s Sparrow use of burmowalmetto clumps as predator escape
refugia, where birds would actually hide from preds underground. They hypothesized that
burrow use is probably more common in open, tredhabitats than areas with trees where birds
can take refuge. | never saw a Bachman’s Sparesh fnto a tree, but frequently observed
them flushing toward root balls, even in treed dtan

Lack of perch site availability and upturned rbatls could explain why Bachman’s
Sparrows avoided bogs. Most bogs in DSNF eithee Iiew trees or have a thick canopy of
slash pines. In either case, Hurricane Katrindittld damage to trees in bogs; hence, there are
few downed trees and less course woody debrisgrhbbitats. Upland and RCW stands were
heavily damaged and salvaged, and these standslbcevered with pine tree crowns. In
addition, during the breeding season, the abundaidewned tree crowns and upturned root
balls in DSNF increased the probability of standugpancy by Bachman’s Sparrows
(unpublished data). If Bachman’s Sparrows pretevrted pine crown perches and root balls,
this would mean a preference for hurricane-damaged, leading one to conclude that natural
disturbance, including fire, has played a princijoéé in creating Bachman’s Sparrow habitat in
DSNF. Bogs with open canopies may not contain aakeqgperch sites and escape refugia, while

bogs with closed canopies may not be preferablausecof high tree densities.
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As was found in other studies, Bachman’s Sparmasesi RCW clusters. Habitat
management for the endangered woodpecker credigatrguitable for Bachman’s Sparrows
(Dunning and Watts 1990, Wilson et al. 1995, Pleictoet al. 1998a, Wood et al. 2004). |
found Bachman’s Sparrows in two of the six clussampled. Similarly, Plentovich et al.
(1998a) found that not all RCW clusters surveyeHgitin Air Force base in Florida were
suitable for Bachman’s Sparrows. The mean breeskagon home range size of Bachman’s
Sparrows ranges approximately 1.5-4.8 ha and vaitegime since fire, timber age, and
vegetation structure (Haggerty 1998, Stomber arahentz 2006, Cox and Jones 2007). Many
of the woodpecker clusters in DSNF are perhapstaall (< 0.5 ha) to be of value to
Bachman’s Sparrows, particularly if the surroundiadpitat is inadequate. Clusters occupied by
Bachman’s Sparrows could compose only a portidh@bird’s total home range; thus, usage
may not necessarily imply RCW cluster preferepeese

Henslow’s Sparrow—Henslow’s Sparrows occurred only in bog and RG&vds. In

the Gulf Coast, Henslow’s Sparrows seem to preferesgrassland habitats over others.
Working in pitcher plant bogs and managed uplamné gtands in Alabama, Plentovich et al.
(1999) found Henslow’s Sparrows only in pitchemplaogs and transition zones between bog
and upland pine habitats. Other studies have fougiddensities of Henslow’s Sparrows in
upland longleaf pine habitats (Carrie et al. 2QRnson 2006, Palasz 2008). In my study sites
in southeastern Louisiana, seven are longleaffiat®oods bogs, and three are longleaf pine
upland habitats. All ten sites are in excellentdibon and are burned annually or biannually;
Henslow’s Sparrows are abundant in both habitagsy@Previously, Plentovich et al. (1999) was
the only study to look at site occupancy in a l@age that featured a connected mosaic of

upland and bog habitats. While Henslow’s Sparratlisuse both upland longleaf pine
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savannas and bogs, there may be a preferencegemideen both habitat types are found in close
proximity—information that would be valuable to ést managers.

Henslow’s Sparrows may exhibit less area sensitimsibogs compared to upland
habitats, perhaps because of improved resouraasexample, Tucker and Robinson (2003),
working in Alabama and Florida pitcher plant baigsind Henslow’s Sparrows occupying bog
patches ranging from 0.06-1.17 ha. This is ngirgsing considering the mean winter home
range for Henslow’s Sparrows in bogs is 0.3-0.6Theatcher 2003, Bechtoldt and Stouffer
2005). Henslow’s Sparrow densities in DSNF bogsparticularly high compared to other
locations that have not only better-maintained bbgslarger patche®.¢., flatwoods bogs in
Louisiana or Mississippi Sandhill Crane Nationaldiie Refuge). For example, during a
single January survey of the smallest bog | samipl€&SNF, | recorded what is, to the best of
my knowledge, the highest Henslow’s Sparrow deresisr recorded on their wintering grounds
(6 birds in 0.2 ha = 30 birds/ha!). A preferenaeldogs over upland habitats could be a result of
drastic differences in habitat quality and land-history. In places like DSNF, where most
upland habitats are degraded and most high-gusibytat exists in bogs, a preference for bogs
and a lack of area sensitivity is evident. Théedénces in the quality of upland longleaf pine
habitats studied by various researches are hatgt¢ern, but they may explain why results of
Henslow’s Sparrow habitat-type preferences diffdiore research comparing bird trends in
pristine upland and bog habitats would be valuédrieletermining if Henslow’s Sparrows are
more abundant or exhibit less area sensitivitypecgic habitat types.

Henslow’s Sparrow use of RCW stands was ephenieditating that these stands may
not be as important as bogs for providing wintetiapitat. The mean Henslow’s Sparrow
density in RCW stands declined from 3.54 in latey@&ober to 0.6 in early January. Henslow's

Sparrows are site faithful during the core monthwiater (December—February; Plentovich et
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al. 1998b, Thatcher et al. 2006, Johnson et a@R 0y results suggest temporary use of RCW
stands by transient birds that had not yet setttedinter territories. In the southern portion of
their wintering range, Henslow’s Sparrows exhilmspmigration movement through November,
but by late November most birds have settled andaie site faithful until spring departure in
early March (Plentovich et al. 1998b, Thatcher 2A@Binson et al. 2009). This typical
migration trend corresponds loosely with what lerleed in DSNF. Perhaps in areas with low-
quality habitat patches, birds are forced to spaonce time moving around looking for suitable
habitat. Red-cockaded Woodpecker stands had logréaceous structure than bog stands,
indicating that the habitat was of lower qualitgithbogs where bird densities did not
significantly decline during the same year of sangpl Most studies that have assessed site
fidelity of Henslow’s Sparrows on the wintering grals have focused on larger, more pristine
and homogeneous habitat patches where site fidebtybe easier if resources are not limited in
late winter. Patch size, too, could be anothesaedhat birds did not remain in woodpecker
stands. Henslow’s Sparrows occupy small habitethes in high-quality bogs, but, as
mentioned above, could exhibit more area sengitimitower-quality habitats. Predation, which
may be greater for grassland birds in areas withHerbaceous cover, could have also played a
role in bird density decline (Shriver 1996, Perkamsl Vickery 2001). Despite the ephemeral
use of RCW stands by Henslow’s Sparrow, there wthsisleast one bird using a stand in
January and, along with the occurrence of othessdmad birds, this corresponds with previous
studies suggesting that RCW habitat managemenfiteegeassland birds.

Perhaps the primary reason why Henslow’s Sparemegled or abandoned upland
habitats in DSNF is the lack of a dense, spatlainogenous herbaceous layer, even in stands
regularly managed with fire. Henslow’s Sparrow radience is highest within the first several

years following fire because fire helps maintaia ttense herbaceous cover required by birds
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(Chandler and Woodrey 1995, Carrie et al. 2002k&uand Robinson 2003, Bechtoldt and
Stouffer 2005, Johnson et al. 2009). Most upldadds | sampled had experienced only one
growing season since fire and were in their bestitmn possible for Henslow’s Sparrows, yet
the herbaceous layers were still too sparse amthp#b provide suitable habitat.

Henslow’s Sparrows occurred in both salvaged arsélvaged stands. The majority of
salvaged-stand occurrences were in RCW stands.offidnsalvaged bog stand sampled had
Henslow’s Sparrows both years of the study. Beedirsls occupied a salvaged bog and
salvaged RCW stands, | conclude that the appabseinae of Henslow’s Sparrows in upland
salvaged stands is due not to salvage loggingatinibutable to the inadequate vegetation
structure that has resulted from historic and relzerd usei(e., fire suppression and dormant
season fires). In recent years, the Forest Sehdsdeen increasing the yearly proportion of
growing season prescribed fires in DSNF, and tlag mcrease the effectiveness of habitat
restoration with fire. Logging operations can haegative effects on grassland birds (Dunning
and Watts 1990, 1991), but the strict monitoringaifzage operations in DSNF by Forest
Service personnel may have reduced many of thermable negative impacts on the landscape.
Bogs are inevitably more impacted by timber operegtibecause moist soil is more sensitive to
disturbance (Dunning and Watts 1991, Brewer 20@)nsequently, prohibition of timber
harvesting, include salvaging, in bogs is cruaaldrotecting rare plants and animals.

Based on the trends | observed, | conclude th&tlb&es not compose a major portion
of Henslow’s Sparrow wintering grounds. This isdnese most of the grassland habitat in DSNF
consists of upland stands, and because even wigintrére these stands do not attract Henslow’s
Sparrows. Compared to places like the Mississggpidhill Crane Refuge and others managed
specifically for the restoration of longleaf pinerbaceous vegetation, DSNF has low

abundances of wintering Henslow’s Sparrows relatviés total size. | do not want to imply
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that management for Henslow’s Sparrows in DSNFotamportant. On the contrary, these
birds are increasingly dependent on small, isolptgdhes of habitat across the southeastern
U.S. in the winter, particularly during migratiorhen birds are more vulnerable, and DSNF
provides these habitats. As the grassland habifaBNF is improved, it will become more
suitable for all three common wintering grasslaid bpecies occurring in the forest. The
crucial decision is on which stand type to focusgtoration efforts. Upland stands are already
suitable for two of the three grassland bird spe@ad if restored, they may become suitable for
Henslow’s Sparrow. Bogs can be maintained witehsfgine removal and continual prescribed
fire, but upland stands require a reduction in Blaover, which will not happen from prescribed
fire alone—especially dormant season fires—butiregua combination of fire, mechanical
removal, and herbicide application (Boyer 1992 00land Platt 1995, Drewa et al. 2002b). For
Henslow’s Sparrows, small-scale bog restoratiohpvdbably be the most effective
management strategy.

Sedge Wrer—Sedge Wrens occurred in all stand types and galiraatments; densities
did not differ among stands or between salvagénre@ts. Even so, only one Sedge Wren was
ever detected in RCW stands. Sedge Wrens werdetetted in either of two studies looking at
winter bird communities in RCW clusters (Conneale2002, Provencher et al. 2002). Little is
known about Sedge Wren winter ecology, but modeadingtand occupancy based on vegetation
variables suggests Sedge Wrens in DSNF may prefedywunderstorey vegetation (see Chapter
2 Results). Woody understorey vegetation is abuoinidaall stand types and salvage treatments
in DSNF but is lowest, albeit not statistically,RCW clusters. Although my results do not
show statistically fewer Sedge Wrens and lower waiducture in woodpecker clusters, |

suspect that there are differences and that fusdu@pling may reveal significant differences.
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Bird Abundance Decline over Winter and Annual Médn—Henslow’s Sparrow and

Sedge Wren abundances declined over the first mariteampling in DSNF, but not over the
second winter. It appears that there is annugtian in the winter grassland bird trends in
DSNF. Previous work with Henslow’s Sparrows hasmsthat steady, but slight, declines in
bird abundances occur over winter after mid-Decerdhnson et al. 2009). There are several
explanations for this decline: birds left the boansls in which they first occurred, there was
unusually high mortality, or both. Henslow’s Spavs exhibit high site fidelity during
midwinter (Plentovich et al. 1998b, Thatcher e8l06, Johnson et al. 2009), so mid-winter
movement seems unlikely, particularly in high-gtyaiog habitats unless there is a resource
shortage. In the Lower East Gulf Coastal Plairregion, DSNF is one of the most southerly
wintering grounds for Henslow’s Sparrow, and lirditeabitat patches could become saturated
with birds, creating a shortage of resources becatigitraspecific competition. If resources
were limited in small, isolated bogs, then birdsyrhave been forced to search for better food
resources. The Mississippi Sandhill Crane NatidMidlife Refuge is about 20 km southeast
from the southern end of DSNF. This refuge haserhagh-quality pine savannas and pitcher
plant bogs and has a large population of winteHegslow’s Sparrows (K. Hackman, pers.
comm). lItis possible that birds left DSNF fortieethabitat at the crane refuge. Although such
winter movement may not be typical in many Hensk@parrow habitats, it is possible: in
Louisiana, a Henslow’s Sparrow that was capturddeasame location once in November and
once in December was captured a third time in Jgmagproximately 20 km from the original
place of capture (Johnson 2006).

High predation and stress-induced mortality migithe winter of 2007—2008 because of
low precipitation the previous growing season ihpps the best explanation for the observed

over-winter decline. Thatcher et al. (2006), wagkin the Mississippi Sandhill Crane NWR,
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observed that Henslow’s Sparrow survival over twioters was best explained by time since fire
and sampling year, with lower survival rates thstfyear of sampling. They hypothesized that
drought during the previous growing season coule ledfected habitat quality and food
resources. They observed that Henslow’s Sparromeh@anges were larger during the first
sampling year, which may have lead to increasedemewt and predator exposure. Similar
patterns have been observed in grasslands in sestém North America (Macias-Duarte et al.
2009). For example, Pulliam and Parker (1979) dibtliat seed resources can be limited for
some wintering sparrow species after growing sedsomghts, and winter sparrow densities in
Arizona were shown to be negatively correlated waihfall from the previous growing season
(Dunning and Brown 1992). Indeed, in 2007, preaimn at the Saucier Experimental Forest in
DSNF was 4-159 mm (mean = 74 mm) below averageyementh from March—November
except for above-average precipitation in OctoBé&rrim above average), while the 2008
growing season received a mixture of above- anoWsalerage precipitation (National Climatic
Data Center 2009). This may have limited vegetagimwth and seed production and lead to
greater mortality because of predation and limresburces.

Caution must be taken when interpreting the trexd®rved during this study because
they are based on only two seasons of observatimilsas with most studies, long-term research
is needed to elucidate real patterns in annuaatian. | think the current conditions in DSNF
influence the observed habitat-type preferenceseobirds | studied. Trends such as over-
winter decline in bird abundances and the ephenisebf RCW stands by Henslow’s Sparrows
could be isolated, stochastic events, or they cbaldommon. Because these habitats change so
rapidly between years and after fire, the qualftiiabitat types will always be in flux, and
specific habitats may appeal to birds differentiyvieen years. More research is needed to

address lingering questions such as Sedge Wreewgité fidelity, Sedge Wren use of RCW
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stands, and the long-term role of isolated boghestén providing Henslow’s Sparrow winter
habitat, particularly compared to upland habitateger bogs. Research looking at over-winter
survival of grassland birds in DSNF, especially paned to survival in high-quality habitats, is
needed. If over-winter decline in bird abundarsceammon, then the forest could be serving
more as a wintering-ground sink, with less-thanrage over-winter survival, although this may
be a natural part of the system (Pulliam 1988).

Comments on ldentification IssuesBirds were detected in upland and RCW stands that

could not be identified to species, and this maxeradtered density estimates in these stands.
Some Henslow’s Sparrows could have occurred inngpsites, and Bachman’s Sparrow and
Sedge Wren numbers were probably underestimatexibethey could not be identified; still,
the general trend of Henslow’s Sparrow bog and RSTANd preferences over regular upland
stands—salvaged or unsalvaged—is apparent. loEtitins issues, | think, were more
problematic than detection probability issuesmi@nfident that most birds on transect were
detected, but not all detections were identifi@&liance on volunteers that often lacked
experience with bird identification was a problembbth upland and RCW sites where any
grassland or shrub—scrub bird could have occur€iten, a bird would go unidentified because
a volunteer would see the bird and announce hiede¢am, but the bird would disappear into the
forest edge before anyone else could see it. Ndadg that were partially identified were
chased, which allowed for better looks, but thenldgnsity of shrubs made escape easy, and the
operation of a mist net in these shrubs hinderptuca. Even for a team of skilled birders,
grassland birds can be extremely hard to identifhe winter, and of the many locations where |
have surveyed grassland birds, DSNF was the mifistuti. Thus, the issue of unidentified

birds is a caveat of this study that could not\i@ded. The lack of detection probabilities is

another caveat, but | have already rationalized thbge could not be reliably estimated.
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Conclusions

It is difficult to determine any direct effects th@ost-Katrina salvage logging may have
had on grassland birds, and | argue that inferealsest salvage-logging effects based solely on
the observed bird—stand trends would be misleadinigink that land-use history and prescribed
fire have had a much greater effect on grasslamthabitat in DSNF. Indirect effects may take
years to become apparent. For example, the opeiithg canopy from the hurricane may
benefit the herbaceous layer in the long term hod thay benefit grassland birds. The majority
of the grassland habitats in DSNF consist of savagged, upland pine savannas. These areas
are suitable for Bachman’s Sparrows and Sedge \Wbemshey currently do not support
substantial numbers of wintering Henslow’s SparroWsgland stands are improved by
management for RCWs and are used by grassland birtt RCW stands make up only a small
fraction of the total grassland area in DSNF. cboramend that forest managers continue to
focus on the restoration of bogs by removing invasiash pines and with prescribed fire to
increase the amount of suitable habitat. Incregsia number and size of RCW clusters will
also benefit the wintering grassland bird communRestoration of shrub-encroached upland
pine habitat is more of a challenge, but frequeesgribed fire appears to be adequate for

providing Bachman’s Sparrow and Sedge Wren wingitht.
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CHAPTER 2. HABITAT PREFERENCES OF HENSLOW’'S SPARROW S AND SEDGE
WRENS WINTERING IN DE SOTO NATIONAL FOREST, MS, USA

INTRODUCTION

It has long been proposed that habitat structigegrimary factor determining site
occupancy and community composition of birds. WaykMacArthur and colleagues in the
1960s demonstrated that bird species diversityeaszd in relation to the number of vertical and
horizontal vegetation layers, or complexity, indsrecosystems (MacArthur and MacArthur
1961, MacArthur 1965, MacArthur et al. 1966). het1970’s and 1980’s, Wiens and
Rotenberry, working with grassland and shrubstéypuks, extended the idea of habitat structure
to include measurements of local heterogeneitpatechiness, and the application of different
spatial scales of study (Wiens 1974, 1976, Roteylzerd Wiens 1980, Wiens and Rotenberry
1981, Wiens 1989, Kotliar and Wiens 1990). Thaeagqering studies led the way in
promulgating the importance of small-scale halsitaicture and patch sensitivity for many
grassland birds (Herkert 1994a, b, Johnson an2l0@l). Plant species composition may be
important for grassland birds by directly shapiadpitat structure and by providing preferred
food resources (Grzybowski 1982, Moorcroft et 802). Specific plant species or guilds can be
useful indicators for predicting the occurrencabundance of certain species, particularly when
birds prefer specific species for food or nestingstrates (Plentovich et al. 1999, Rider et al.
2006, Mitchell and Wilson 2007).

Various terms and definitions have been useteteribe habitat structure. McCoy and
Bell (1991) described habitat structure as thregrdit components: heterogeneity, complexity
and scale. Heterogeneity refers to the variatiathé distribution or abundance of different
structural aspects, for example, a continuous tohyaree canopy. Complexity refers to the

total amount of different structural componentgsas the number of vertical layers in a forest.
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Scale is the area considered when measuring hetezitg and complexity and must be
appropriate for the organisms studied.

Henslow’s SparrowAmmodramus henslowiia bird that responds to specific vegetation
structure, is a grassland species of concern aogurr midwestern and eastern U.S. and
southeastern Canada (Fig. 2.1; Herkert 1994a, iHezkal. 2002). Henslow’s Sparrows breed
from extreme northern Arkansas to Kansas and Motaesnd east throughout the Midwest to
Pennsylvania and southern Ontario (Herkert etG022 It is endangered or threatened in 16
U.S. states and endangered in Canada (Burhans.2082)wintering range spans from eastern
Texas through Florida and southeastern North Gadlerkert et al. 2002, Holimon et al.
2004). Between 1966 and 1984, Henslow’s Sparraesreed at an average annual rate of
8.6%—primarily from habitat loss—making it the fastt declining songbird in the U.S. during
that time (Sauer et al. 2008). Currently, the allgropulation is stable; populations are
increasing in the midwestern breeding range antinileg in the eastern range (Sauer et al.
2008). Because of their secretive nature on timenng grounds, Henslow’s Sparrows are
difficult to monitor, and until the last 15 yearstually nothing was known about their winter
ecology (Chandler and Woodrey 1995, Pruitt 1996).

A number of regional studies conducted in the 1&syears have helped elucidate the
winter ecology and habitat preferences of Hensl@®parrows. The majority of Henslow’s
Sparrows winter in habitats maintained by peridolec (Pruitt 1996). They prefer the dense,
herbaceous ground layer and low litter typicalrefjiently-burned grasslands; thus, as time
since fire increases, Henslow’s Sparrow densitesahse (Chandler and Woodrey 1995,
Plentovich et al. 1999, Carrie et al. 2002, Tuckaat Robinson 2003, Bechtoldt and Stouffer
2005, Johnson 2006, Holimon et al. 2008). In leafpine Pinus palustriy and slash pine

(Pinus elliotti) savannas, shrub encroachment following fire seggon leads to afforestation
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Figure 2.1. Henslovg Sparrow range m (from Herkert et al. 2002).

and thedisappearance of the herbaceous l(Brockway et al. 2005) Several studies ha'
shown that Henslow'Sparrows occupy sites with lcshrub cover; however, they can toler
shrubs as long as a dense herbaceous layer it (Carrie et al. 2002, Holimon et al. 20(
Palasz 2008). In LouisianHenslow’s Sparrows may negatively associated with tree den:
(Carrie et al. 2002) This may result from the effects of a closedoggnon theherbaceous layer
in longleaf pine savannas becaherbaceous plant diversity tends to be highopen areas
(Brewer 1998, Harrington and Edwards 1999, Pladi.e2006.

Becausdienslow’s Sparrow winter in a variety of grasslarbitat,, the importance of
specific plant speciesbe it for structure ofood supply—in predicting sparrow occupancy
abundance varies among regions and habitat. In southern Alabam#&lenslow’s Sparrows
occupancy was bestgaticted bythe presence @arraceniaspp. pitcher plan) and the
disturbance-loving grag3anicum verrucosu (warty panicgrass; Plentovich et al. 1€, while
no relation between sparrow occupancy and pitcher pwas found ira similar study ir

Alabama and Florid&Tucker and Robinson 20C. In soil barrens in souern Arkansas,



Henslow’s Sparrow flush points had higher coveAps$tida. spp. (threeawn) ariRhynchospora
globularis (globe beaksedge) than random points (Holimomn &088). Johnson (2006) found
that in southern Louisiana longleaf pine flatwoddsnslow’s Sparrow abundance increased
with cover ofAndropogorspp. (broom sedge$chizachyrium scopariuffittle bluestem)S
tenerum(slender bluestemMuhlenbergia expansgutover muhly) an€tenium aromaticum
(toothache grass), and a variety of AsteraceagespeMany of these species are most abundant
the first growing season after fire and correspmndenslow’s Sparrow’s preference for
recently-burned grasslands. While some specieMilexpansaC. aromaticum and
Rhynchosporapp. may provide preferred vegetation structucecamtribute seeds to the food
supply, seeds gkndropogorspp. andschizachyriunspp. are not preferred foods of Henslow's
Sparrows. Presumably, these species are impdrégatuse of their contribution to vegetation
structure (Fuller 2004, Johnson 2006, DiMicelile2807). There are contradictory results on
the importance of seed resources in determiningslders Sparrow abundance, but evidence
suggests that Henslow’s Sparrows are seed gerteatid that this allows them to occupy such
an array of grassland types (Tucker and Robins®3,2Buller 2004, Bechtoldt and Stouffer
2005, Johnson 2006, DiMiceli et al. 2007).

Many of the discrepancies in the results fromvidlmeous studies of Henslow’s Sparrow
winter habitat preferences can be attributed tovéireety of small-scale habitats and locations
covered by these studies, including variation imaggement practices. Because of the isolation
and patchiness of winter Henslow’s Sparrow habhitatmall-scale focus is appropriate because
as the spatial scale of a study increases, it besancreasingly difficult to discern specific
patterns within a single habitat type (Wiens 1989)s also important to repeat studies across a
larger area—that is, to metareplicate—to determihieh trends are region specific and which

hold true among regions and habitat types (Wied 19ohnson 2002). Indeed, caution must be
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taken when applying results from one region to rgangent strategies in other regions (Johnson
2002).

Another grassland bird, the Sedge Wr€rs{othorus platens)soccurs from Canada to
Argentina. The North American subspeci€sy. stellarig) winters in the southeastern U.S.
from coastal North Carolina to eastern Texas anthsthrough Florida and Mexico (Fig. 2.2;
Herkert et al. 2001). Between 1966 and 2007, thefNAmerican population increased by
1.53% annually, with the population remaining stadofer the last 20 years (Sauer et al. 2008)
due largely to the success of the ConservationiRe$trogram (Johnson and Igl 1995).
Because of the Sedge Wren’s nomadic tendencidsedoréeding grounds, however, breeding
bird survey results should be viewed with cautiBadell 1996). Where Sedge Wrens have
exhibited regional declineeg., the Northeast and eastern Great Lakes regibms)nainly due
to habitat loss (Peterjohn and Sauer 1999). Ombirbeding grounds in the U.S. Midwest and
Canada, Sedge Wrens occupy a wide variety of habiteound primarily in dry to mesic
grasslands with tall, dense herbaceous vegetatiomederate forb cover, they also occupy
short-grass prairies, fields planted with cropshsag rice and hay, and lightly-grazed pastures
(Dechant et al. 1999 and references therein).ctirally, nesting Sedge Wrens prefer a tall,
dense herbaceous layer with some woody cover; tillerance of residual vegetation or litter
varies among studies (Niemi and Hanowski 1984, $ad@89, Delisle and Savidge 1997). In
North Dakota, Sedge Wren occupancy increased witkimpity to wetlands and decreased with
tree cover (Cunningham and Johnson 2006).

Studies on Sedge Wren winter ecology and wintbit&iapreferences in North America
are few, and most descriptions of habitat use aeedotal (Herkert et al. 2001). In Florida,

Sedge Wrens were described using fresh and bras&ddie marshes, wet palmetto prairies, old
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Figure 2.2Sedge Wren range r (from Herkert et al. 2001).

fields with dense, matted herbaceous layers, amgldaf pine savannas dominated
Rhynchospora chapmarfiChapman’s beaksedge; Sprunt 1954, McNair 199&eé+eet al.
2001). Imhof (1976) escribed Sedge Wrens in Alabama using grassy neaigs, bogs, dar
patches oAndropogon virginicu (broomsedge bluestepgnd occasionally dri grasslands
with herbaceous cover 6868 cm high. Lowen(1974)mentions Sedge Wrens in Louisie
preferring grassy marshes in coastal areas anAndropogorfields inland. In a study in
mesquite grasslands in Texas, Sedge Wrens werd fo “tall and rank vegetation” similar 1
thatdescribed by Johnson and (1995) on their breeding grounitsNorth Dakot: (Reynolds
and Krausman 1998)n the only study to date looking at Sedge Wrentevihabitai
preferences, Baldwin et §2007, working in Texas coastal prairiegyncludecthat Sedge
Wrens weranore abundant in prairiewith two to three growing ssons sincfire than in
prairies with one growing season since fire. The bestiptor of Sedge Wren abundance wi
dense herbaceous layer; shrub density had no isgmifeffect. Sedge Wrens were m

common in stands witBaccharis halimifolii (eastern baccharis) aidadica sdbifera (Chinese
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tallow) and in prairies dominated I8chizachyrium scopariumr Spartina patengsaltmeadow
cordgrass) rather than mixed-species stands (Baldial. 2007). In Louisiana and Mississippi,
Sedge Wrens and Henslow’s Sparrows are frequenilydf in the same winter habitats, although
Sedge Wrens appear to occupy a broader range wétsapers. obs.).

| sampled the wintering grassland bird communjtieditat structure, and plant species
composition over two winters in De Soto Nationatdsh (DSNF), De Soto Ranger District, in
southern Mississippi. The objective of my study wadetermine what vegetation structural
features and plant species best predict stand aocypy Sedge Wrens and Henslow’s
Sparrows in grassland patches. Because predicivables vary among ecoregions and habitat
types, it is important to assess the influencepetsic vegetation variables on these birds on a
small-scale, regional basis. The results from tughsare intended to help forest managers in
DSNF identify habitat patches most suitable for lew’s Sparrows and Sedge Wrens and set
goals for current and future habitat-restorationjquts.
METHODS
Study Site
The study sites are described in Chapter 1.
Grassland Bird Sampling
The grassland bird sampling is described in Chébpter
Vegetation Structure and Plant Species CompositioBampling
The vegetation sampling is described in Chapter 1.

The identification oScleria muhlenbergivas verified with the assistance of Diane M.
Ferguson, the collections manager at the Louisstate University herbarium. We used several
plant keys, along with herbarium specimens, totifiethis uncommon morphotype &

muhlenbergii

67



Statistical Analyses

For the following analyses, the individual studtg svas the sample unih £ 27). To
maintain independence among sites, | did not usselond-year samples from the five bog sites
sampled both years. Bird species were analyzeatdgence—absence at a site; vegetation-
sampling measurements were averaged over eachstady conducted two principal
components analyses (PCAs) using PROC FACTOR in SA$SAS Institute Inc. 2006) to
reduce the number of correlated vegetation stracad plant species composition guild
variables to fewer, uncorrelated principal compas€RCs). | performed a PCA for the 12
habitat variables and 15 plant guilds separatetabge of limited degrees of freedom. Because |
used a different subset of study sites in theslyses, | could not use the PCAs from Chapter 1
(n=22). | used a Varimax rotation to aid in theerpretation of the PCs and retained all PCs
with Eigenvalues > 1 (Guttman 1954).

| used logistic regression to model the probabditHenslow’s Sparrow and Sedge Wren
site occupancy (PROC GLIMMIX, SAS Institute Inc.(&). | used the vegetation structure and
plant species composition PCs as the independedigor variables in an information—theoretic
model selection approach (Burnham and Anderson)20D2e third plant species PC was highly
correlated with the woody structure PC, so | ditluse the third plant PC when constructing
candidate models. | did not include area samplezhndidate models, because although
Henslow’s Sparrow density decreased with area sainpdo not believe that this was a
biological phenomenon. | estimated an overdisparfactor ¢ = Pearson?/df) by specifying
residual as a random variable for global modeldetermine the goodness of fit and the
appropriate probability distribution (Burnham andd&rson 2002). Henslow’s Sparrow and
Sedge Wren data were best modeled using the bihdistebution ¢ = 1.40 and 1.13,

respectively). Models were ranked using Akaikef®imation second-order Criterion (AdC
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for small sample size (Burnham and Anderson 2003)so calculated arigic (r? General
Information Criterion) for each model (Wright 200I0his is a pseud& calculated from any
one of the common information criteria used for elaklection and is useful for reporting
model results because it represents the relatmeoptional variance explained by a model. The
formula is as follows:

r2cic for model x =1 - exp[(Glodel x- GlChull mode)/N),

where, for my data and modeling approach, the Giie AIC value.

The global models for both species were as folidagt (bird occupancy) = herbaceous
structure PC + woody structure PC + tree density-Rpant PC 1 + plant PC 3 + plant PC 4 +
plant PC 5 (see results for interpretation of this)P | choose the variables in my candidate
models based on parsimony, ease of interpretadimhmy own biological knowledge of
grassland birds and the longleaf pine ecosysteon.béth Henslow’s Sparrow and Sedge Wren,
| created 21-29 candidate models per species (AlEn6 and 7). | found the best models by
first fitting combinations of the vegetation an@ml species composition PCs. After determining
the best models using these components, | construabdels with the raw variables that
constituted the PCs to determine if any of thesmbbes provided a better fit (Johnson 1998). If
a plant guild variable provided a better fit, Ipested the plant species that constituted the guild
to determine if any of those plant species mad®gical sense to include in the model, instead
of the guild, based on my own observations in tble fand those of previous studies. | modeled
all raw variables from PCs separately because @fnpial problems with multicollinearity. This
approach provided an effective way to test modélls many, correlated variables. If raw
variables provided an equal or better fit thanRI@s, | retained the model with the raw variables

because these are more parsimonious: a simplepnabés vegetation variable is more useful
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than ordination scores, which are harder to in&#rand require more statistical knowledge. |
included all models witlA AICc < 2 in the final confidence set (Burnham and Asdar2002).
RESULTS

Principal Components Analyses

Vegetation Structure-See Chapter 1 for a description of the raw vegetand bird

data used in the following analyses. Principal ponents analysis of the vegetation structure
variables resulted in three PCs with Eigenvalués representing 82% of the variance (Table
2.1). The first PC represented woody understotreiztsire and was positively correlated with all
woody structure variables (except trees), herbacbeight, and the herbaceous cover density
CV, and was negatively correlated with the woodyerdCV. The second PC represented
herbaceous structure and was positively correlatddherbaceous cover and structure and
negatively correlated with the herbaceous density The third PC represented tree density and
was most strongly correlated with canopy closuie taee basal area.

Plant Species Composition GuildsPrincipal components analysis of the plant sggecie

composition guilds resulted in five PCs with Eigalues > 1, representing 70% of the variance
(Table 2.2). The first PC was positively correthveth FACU and FAC graminoids and FACU
woody plants and negatively correlated with UPL &A¢CW graminoids. The second PC was
positively correlated with OBL woody plants and PAGorbs. The third PC was positively
correlated with FAC and FACW woody plants and niegt correlated with OBL forbs. The
forth PC was positively correlated with UPL and RA@rbs and UPL woody plants. The fifth
PC was positively correlated with FAC forbs and Ofgaminoids.

Modeling Henslow’s Sparrow and Sedge Wren Occupancy

Henslow’s Sparrow Models-Henslow’s Sparrow site occupancy was best prediby

the herbaceous density CV and cover of the s&dtgria muhlenbergitteud. (Muhlenberg's
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nut-rush, pitted nut-rush, SCMU8). Increasing laedous density CV reduced the probability of
Henslow’s Sparrow occupancy (Fig. 2.3). Increasioger ofS. muhlenbergiincreased the
probability of occupancy (Fig. 2.4). The null mgde comparison with the best model, had a
AICc of 13.50 (Appendix 5). The best model was thg ombdel withA AlCc < 2, whereas the
next best model hadaAICc of 5.99. The?gc for the best model was 0.39. The parameter
estimates for both variables had confidence intsriyet contained zero, meaning that although
there is an effect, the degree of the effect cabhaajuantified (MacKenzie et al. 2006). The
parameter estimate and corresponding odds rati& fauhlenbergicover is very large (Table
2.3). The size of the parameter estimate is piglthle to parameter estimate inflation that

sometimes occurs when using logistic regressioa small sample (Nemes et al. 2009).

Table 2.1. Rotated PC patterns from a PCA on 12tatign structure variables measured in
DSNF, MS. Values are the correlations of the ravialdes with each PC. The three PCs explain
a cumulative 82% of the total variance. Highestalations are in bold.

Variable Wood PC Herbaceous PCTrees PC
Woody density 0.902 -0.166 0.037
Woody cover 0.884 -0.155 0.383
Number of stems 0.819 -0.313 0.055
Woody height 0.815 -0.319 0.256
Herb cover CV 0.693 -0.553 0.379
Herb height 0.580 -0.236  -0.025
Woody cover CV -0.693 0.468 -0.158
Herb density -0.163 0.943  -0.096
Herb cover -0.480 0.773 -0.166
Herb density CV 0.529 -0.755 0.151
Canopy closure 0.122 -0.031 0.922
Tree basal area 0.118 -0.230 0.888
Proportion s2 explained 60% 13% 09%
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Table 2.2. Rotated PC patterns from a PCA anatysik5 plant species composition guilds
measured in DSNF, MS. Guilds were created by coations of each species’ life form and
Wetland Indicator Status. Values are the corratatiof the guilds with each PC. The five PCs
explain a cumulative 70% of the total variance.hdigt correlations are in bold.

Variable PC1 PC2 PC3 PC4 PC5H
Gram FAC 0.813 -0.267 -0.048 -0.049 0.028
Gram FACU 0.804 -0.323 0.095 -0.152 -0.114
Woody FACU 0.549 -0.090 0.152 0.204 -0.347
Gram UPL -0.746 -0.266 0.174 -0.200 -0.117
Gram FACW -0.751 0.133 -0.311 -0.222 0.000
Woody OBL -0.129 0.927 0.068 -0.042 -0.053
Forb FACW -0.155 0.871 -0.117 -0.033 0.022
Woody FACW -0.061 -0.139 0.862 -0.058 0.240
Woody FAC 0.073 0.139 0.744 0.186 -0.353
Forb OBL -0.582 0.052 -0.640 -0.034 -0.021
Forb UPL -0.062 0.084 0.055 0.808 -0.013
Woody UPL 0.169 -0.097 -0.041 0.684 -0.293
Forb FACU 0.175 -0.149 0.140 0.491 0.353
Forb FAC 0.024 -0.071 0.069 -0.050 0.850
Gram OBL -0.235 0.352 -0.371 -0.082 0.512

Proportion s?2 explained 28% 12% 11% 10% 09%
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Figure 2.3. Scatter plot of herbaceous density @yrésenting increasing heterogeneous
herbaceous density) plotted on predicted probglmfibccupancy from the best model logistic
model of Henslow’s Sparrow site occupancy.
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Figure 2.4. Scatter plot &cleria muhlenbergipercent cover plotted on predicted probability of
occupancy from the best logistic model of Henslo8fmrrow site occupancy.

Table 2.3. Parameter estimates for the best maoddiqting Henslow’s Sparrow occupancy from
vegetation structure and plant species composii@SNF, MS. Parameter estimates are the log
of the odds ratios. Thégc was 0.39. SCMUS is cover of the se@®eria muhlenbergii

Effect Estimate SE 95% ClI Odds ratio t df P
Intercept 4,10 2.69 -1.46 9.65 1.52 24 0.1411
Herb density CV -0.10 0.05 -0.21 0.02 0.91 -1.78 24 0.0884
SCMU8 10.75 6.67 -3.00 24.51 46,788.57 1.61 24 0.1198

Sedge Wren Models-Sedge Wren occupancy in DSNF was best predicted b

decreasing tree basal area and increasing woodrstodey vegetation structure. The null
model compared with the best model hatl AlCc of 4.99 (Appendix 6). The best model
contained the variable tree basal area and the ywstogcture PC. No other models hadl a
AICc < 2, although four other models had AICc between 2.0 and 3.0. T c for the best
model was 0.17; hence, the best model representgd@mall improvement over the null

model. Basal area had a slope with a confiderteevial that did not overlap zero, but the
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confidence interval for the woody structure PC al@rlap zero, meaning that although there is a

positive effect, this effect is not directly qudiatble (Table 2.5; MacKenzie et al. 2006).

Table 2.4. Parameter estimates for the best maddighing Sedge Wren occupancy from
vegetation structure and plant species composii@SNF, MS. Parameter estimates are the log
of the odds ratios. Thégc was 0.17.

Effect Estimate SE 95% ClI Odds ratio t df P

Intercept 1.071.04 -1.08 3.23 1.03 24 0.3134

Woody PC 1.22 0.63 -0.08 2.51 3.38 1.94 24 0.0641

Basal area -6.993.25 -13.71 -0.28 0.00 -2.15 24 0.0420
DISCUSSION

Henslow’s Sparrow—Many studies have shown the importance of deesedgeous

structure for Henslow’s Sparrows. Because herhecstiucture is maintained by fire,

Henslow’s Sparrows densities are typically higmereicently-burned pine savannas and decrease
with time since fire; thus, birds are more likebydccupy places that have been burned the
previous year. In DSNF, because of the many degradbitats, a history of frequent fire does
not mean a stand will be suitable for Henslow'sr8pas—many stands that were recently
burned were not occupied by birds because of taesgherbaceous cover. In degraded
savannas suffering from shrub encroachment, cestainb species, particulardligx spp.,

resprout quickly following fire and begin competwgh herbaceous species, creating a sparse,
heterogeneous herbaceous layer. In many uplandssia DSNF, herbaceous “layer” is
misleading because the vegetation never formsea,lagcurring in isolated patches separated by
bare ground and shrub clumps (Fig. 2.5). Whilelsnsalated herbaceous patches may consist

of dense clumps of grasses and forbs, at the &aert] the herbaceous vegetation is too patchy
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and cannot support Henslow’s Sparrows. Thus, MéoCherbaceous density is a better
predictor of sparrow occupancy than herbaceousitgens

Patchy herbaceous structure can have negativastiedenslow’s Sparrows in several
ways. First, with reduced overall herbaceous camee can infer that there may be less seed
resources to support wintering birds. Plant diksgis lower in upland habitats, which may lead
to fewer seed choices and less food availabiltyposure to predation is another reason birds
might avoid patchy vegetation. Henslow’s Sparrgmsnd the majority of their time on the
ground, and they often move through corridors entbgetation (Thatcher et al. 2006). Thatcher
et al. (2006) showed that Henslow’s Sparrow mdytalias higher in savannas that had not been
recently burned. They speculated that as groutad increased with time since fire, it filled in
the herbaceous corridors, causing birds to waltoprof the vegetation where they were more
exposed to avian predators, a main source of nitgrtakotenberry and Wiens (1980) found that
abundances of tallgrass prairie birds sampled imsia and Oklahoma, included Henslow’s
Sparrow and Grasshopper Sparrévnfnodramus savannarjymvere negatively correlated with
ground cover heterogeneity, but they did not addreasons for species-specific responses.

Low herbaceous cover caused by burrowing crawfialy be a reason three bog stands
were not occupied by Henslow’s Sparrows duringast one season of sampling. Two of these
were the largest, most pristine bogs in the foreh a history of frequent growing- and
dormant season fires. One of these two bogs haeriexced two growing seasons since fire
and had formed a thick herbaceous layer that maiane appealed to Henslow’s Sparrows.
The other of these two bogs did not have Hensl@&parrows the first season of sampling but
had one bird the next season. This bog and the llaid low herbaceous cover and considerable
exposed bare ground because of high densitieswaffish chimneys and mounds created by

burrowing crawfish in the gend&allicambarus Crawfish are common in DSNF bogs where
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they alter plant species compaosition and strudbyrleurrowing, clipping roots, burying seeds,
and mixing soil (Brewer 1999a, b, Welch et al. 200Bdid not collect data on the number of
crawfish chimneys and mounds in my study sitesjttagpears that these structures are
negatively correlated with herbaceous cover. Baigs high densities of crawfish structures
tend to lack the dense, continuous herbaceous cegeired by Henslow’s Sparrows, and birds
in these places would be more exposed to predasmause of the exposed bare ground (Fig.
2.6). Most of thd-allicambaruscrawfish that depend on bogs are sensitive spagiadimited
ranges. One specids, gordoni(Camp Shelby burrowing crayfish) is endemic tor{?&ounty

in DSNF and is a candidate for listing under thel&mered Species Act (Johnston and Figiel
1997). Management for Henslow’s Sparrows by cdimigpcrawfish is not an option.

Cover of the sedg® muhlenbergiincreases the probability of Henslow’s Sparrow
occurrence. The USDA lis§8 muhlenbergias a facultative wetland plant, but in DSNF it
occurs primarily in bogs, where it can be quiteradant & muhlenbergiis calledS. reticularis
var. pubescens8ritton orS setaceaoir. by some authorsBcleria muhlenberginever occurred
in RCW stands and occurred in only one upland stdids annual sedge, or “nut-rush,” has
many long (20-90 cm), weak, reclining stems, 1-5wmde, that form loose, tangled mats in the
vegetation (Fig. 2.7) and produces small, 1-3-mheaes (Godfrey and Wooten 1979, Flora of
North America Committee 2003). This plant occiw®tighout the southeastern U.S. and in
some parts of the Northeast and Midwest. The naspécies occurring in DSNF is unusual in
that the achene surface is smooth and glabrousam@apo the more-common morphospecies
with pitted, pubescent achenes (Flora of North Acae€ommittee 2003). All bogs that had
high densities of Henslow’s Sparrows also had Eghuhlenbergiicover. | suspect that the
tangled mat of stems sprawling prostrate throughvégetation creates an herbaceous layer that

is structurally ideal for Henslow’s Sparrows foragiand cover. The growth structure of this
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plant, combined with its color in winter, may alseate a ground pattern suitable for Henslow’s
Sparrow’s camouflage plumage.

Evidence suggests thatleriaspp. may be a preferred food of Henslow’s Sparrows
Fuller (2004), working in coastal flatwoods bogste Mississippi Sandhill Crane NWR found
thatScleriaspp. achenes were the second most abundant itelensiow’s Sparrow crop
contents and ranked second in crop composition dgspwithRhynchosporapp. achenes
ranking first in both mass and abundance. Sheioret thatScleriaspp. was common on her
sample plots on the refuge, but that seed heaes taftked achenes, which is what | also
observed in DSNFScleriais an annual and senesces in autumn (W.J. Piitt, life Sciences
Department, pers. comm.), so more of these seedsvailable to ground-foraging birds early in
winter compared to seeds of species that remathenstalk later into winter. Further evidence
of Scleriapreference by Henslow’s Sparrows was found by B&éMi(2006) who, working in
southeastern Louisiana flatwoods bogs, foundScériaspp. were the most frequent seeds in
Henslow’s Sparrow fecal samples, occurring in 84%e samples, followed bighynchospora
spp. AlthougtScleriaspp. frequency varied among their sampling montesfrequency of
occurrence never dropped below 70%, even in Mandhearly April, suggesting that although
these seeds senesce in early winter, abundancendoeecessarily decline significantly before
the end of winter. If Henslow’s Sparrows use hatlities to choose their wintering grounds
when they arrive in the fall, then the presencatmmdance ob. muhlenbergicould be an
important cue in identifying high-quality habitathus, if forest managers in DSNF wish to
determine areas potentially important for winterithgnslow’s Sparrows for restoration or
preservation efforts, they should target bogs Wwitih S muhlenbergicover. Scleria
muhlenbergiis most abundant the first growing season afterénd decreases substantially

without recent (< 1 growing season) fire (W.J. Rlaérs. comm.). Plant species composition
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and vegetation structure, in general, change with since fire; hence, a bog that does not meet
the proper criteria for Henslow’s Sparrows one yaay meet them later following fire.

Sedge Wrer—Sedge Wren site occupancy was best predicte@tnedsing tree basal
area (the raw variable) and increasing woody undexg vegetation (woody vegetation structure
PC). The parameter estimates for the woody uralensivegetation PC and basal area had wide
confidence intervals that overlapped zero, so hoaguantify how much effect they had on the
probability of Sedge Wren occurrence. The modplared very little of the variation in Sedge
Wren occurrence, so there are undoubtedly othéahlas affecting occupancy. The many
habitat types used by Sedge Wrens across the sstteow that they are habitat generalist on
the wintering grounds (Sprunt 1954, Lowery 1974h&finl976, McNair 1998, Hamel 2003,
Baldwin et al. 2007), so it is not surprising tttz best model explained so little variation. |Stil
the best model was an improvement over the nulleh@diggesting that the selected variables
might be useful in predicting Sedge Wren occurreriéeferences for woody vegetation and
low tree densities have also been observed onrdezlimg grounds (Niemi and Hanowski 1984,
Sample 1989, Cunningham and Johnson 2006).

My finding that Sedge Wrens prefer woody understmegetation contrasts with that of
Baldwin et al. (2007), the only other study of Sediren winter habitat preferences. They
found that Sedge Wrens were more common in sitds2#3 growing seasons since fire. Site
occupancy and abundance were not associated with densities, but with dense herbaceous
vegetation like the kind occurring two to three ngeafter fire. Their study, however, was
conducted in Texas coastal prairies, an ecosysteah wifferent from pine savannas. Reynolds
and Krausman (1998) also observed that Sedge Viremsented tall, dense herbaceous
vegetation on the wintering grounds. A bird witltls broad habitat preferences may respond

differently in different habitats, which is why ntiple studies across different regions are
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Figure 2.5. Photograph of the patchy herbaceousngroover typical of upland longleaf-slash
pine stands in DSNF, MS. This picture was takeApnl 2009 after one full growing season
since fire.

October 2009 at the site DAD after one growing geasnce fire. This site never had any
Henslow’s Sparrows.
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Figure 2.7. Photograph of herbaceous ground covamirthted byScleria muhlenbergifthe wiry
brown graminoid) typical in some bogs in DSNF afiee growing season since fire. This
picture was taken in April 2009 at site ZAK, whilshd the highest density of Henslow's
Sparrows.

important. Also, it is difficult to compare woodyructure between my study and that of
Baldwin et al (2007). They used a point-centernearter method, while | not only used different
measurements, but | combined them using PCA. disis possible that high woody density in
the coastal prairies could correspond to low wooelysity in DSNF. Another explanation
would be that Sedge Wrens in DSNF are not respgrdinectly to woody understorey
vegetation, but to the dense herbaceous vegeth@baccumulates along with woody
understorey vegetation as time since fire increabsst of the sites that were occupied,
however, had experienced only one growing seasme $ire, and upland stands rarely
accumulate thick herbaceous vegetation.

If Sedge Wrens prefer dense herbaceous veget#tiemhigh tree basal area could have

an indirect negative effects on Sedge Wrens. Naouosestudies have shown that high tree
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density in pine savannas alters the herbaceousategebecause of shading and belowground
competition. Understorey biomass tends to be gréatgaps (McGuire et al. 2001), and species
richness, along with density and abundance of ltexass species, is also higher in gaps and
away from trees (Brewer 1998, Harrington and Edwd@d9, Platt et al. 2006). Light
availability leads to higher species richness agmtbdiceous density in canopy gaps, but
belowground competition for resources may alsag@itant (Brewer 1998, Harrington et al.
2003). In my study, herbaceous cover was neggtoarelated with basal area, but herbaceous
density was not significantly correlated with bamada. Sedge Wren preference for woody
understorey vegetation and low tree basal areaamteadictory because high tree density
increases the establishment of woody understorggtagon (Brewer 1998, Hinman et al. 2008),
S0 most areas with high tree densities also haylestirub densities. This presents the
possibility that retention of woody understorey &&gion in the best model could be a spurious
result. Although Sedge Wrens may be tolerant addyaunderstorey vegetation as is reflected
by their preference for habitats that have > 1 gngvgeason since fire, they may not necessarily
prefer habitats with woodier understorey vegetatidhsome point, woody vegetation will
inhibit Sedge Wrens as it competes with and redbedsaceous plants. More research on Sedge
Wren winter habitat preferences, particularly indteaf pine savannas, is needed.
Conclusions

My result that herbaceous density influences Hemsl Sparrow occupancy is consistent
with previous studies conducted across multipleegions and habitat types. This study,
however, is the first to stress the importanceanitimuous, homogeneous herbaceous density.
Many areas, particularly longleaf pine savannas, itight appear suitable for Henslow’s
Sparrows are in fact unsuitable because of theénpatistribution of herbaceous vegetation.

Restoring the herbaceous component of longleaf ganannas to a continuous herbaceous layer
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should be one of the principal goals for forest ag@ns interested in managing for grassland
birds. My results also expand on other studiegssiing a dietary relationship between
Henslow’s Sparrows anSicleria These results reflect the importance of metarabn

because as plant species composition changes aegigss, the importance of specific species
will change. In DSNF, wher® muhlenbergiis common in bogs, it appears this sedge may be
important in predicting Henslow’s Sparrow occupandjore research looking at how it affects
bird abundance would be valuable.

Many of the management practices currently usdaSNF benefit grassland birds by
improving their habitat. Prescribed fire, bog oestion, and the removal of woody understorey
vegetation for management of RCWs all benefit daaskbirds. Furthermore, the reduction of
trees that occurred from Hurricane Katrina mayreciy improve the habitat by promoting the
development of a healthy herbaceous layer. Futtiening of dense pine stands would also
assist in the restoration of the natural herbacéyres. The majority of prescribed fires in
DSNF are dormant season fires. Although thess fiméially reduce woody understorey
vegetation and improve the herbaceous layer, tregymave the long-term effect of increasing
woody understorey vegetation density. Nonethel@escribed fire during any season is
preferable to no fire because without it affor@etatvould be inevitable. Frequent dormant
season fires help maintain a continually shiftingsaic of temporary habitats suitable for
grassland birds, depending on the forest type addspecies. The amount of growing season
fires used yearly in DSNF has increased over tstedecade, but logistical constraints such as an
available work force, weather, and private propergke the sole use of growing season fires
unrealistic (K. Coursey, pers. comm.). Focusingh@restoration of the many bogs occurring in
the forest is perhaps the best strategy for maimgipockets of high-quality habitat suitable for

Henslow’s Sparrows and Sedge Wrens, while incrgasia size and number of RCW clusters
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will also increase the area of potential habitataibgrassland bird species, including Bachman’s
Sparrows. Awareness of the importance of theselrag habitats for grassland birds is crucial
for the holistic management of the forest. As $tr@anagement challenges become more
complex with increasing urbanization and the iredility of future hurricanes, protecting these
sensitive areas from the impacts of developmentiamuer salvaging will benefit local

wintering grassland bird populations.
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APPENDIX 1. PLANT SPECIES GUILD ASSIGNMENTS BASED ON LIFE FORM AND
WETLAND INDICATOR STATUS.

Graminoids WIS Woody WIS

Andropogon gerardii FAC llex vomitoria FAC
Andropogon virginicus FAC Morella cerifera FAC
Chasmanthium sesseliflorum FAC Nyssa sylvatica FAC
Panicum anceps FAC Quercus nigra FAC
Panicum virgatum FAC Smilax glauca FAC
Schizachyrium tenerum FAC Symplocos tinctoria FAC
Dichantheliumspp. FAC Vaccinium elliottii FAC
Paspalunsp. FAC Gelsemium sempervirens FAC
Sporobolus junceus FACU Rubussp. FAC
Andropogon ternarius FACU Cornus florida FACU
Aristida longespica/oligantha FACU Pinus palustris FACU
Gymnopogon brevifolius FACU Prunus serotina FACU
Schizachyrium scoparium FACU Vaccinium arboreum FACU
Sorghastrum secundum FACU Vaccinium stamineum FACU
Andropogon glaucopsis FACW Vaccinium darrowi FACU
Andropogon glomeratus FACW Aronia arbutifolia FACW
Arundinaria gigantea FACW Cyrilla racemiflora FACW
Chasmanthium laxum FACW llex coriacea FACW
Ctenium aromaticum FACW llex glabra FACW
Dichromena latifolia FACW Lyonia lucida FACW
Eleocharis tuberculosa FACW Magnolia virginiana FACW
Eragrostis refracta FACW Myrica heterophylla FACW
Erianthus giganteus FACW Pinus elliottii FACW
Juncussp. FACW Smilax laurifolia FACW
Muhlenbergia expansa FACW Viburnum nudum FACW
Panicum verrucosum FACW Hypericumspp. FACW
Rhynchosporapp. FACW Gaylussacia mosieri FACW
Scleriaspp. FACW Cliftonia monophylla OBL
Scleria baldwinii FACW Nyssa biflora OBL
Tridens ambiguus FACW Persea palustris OBL
Carexspp. FACW Acer rubravar. drummondii OBL
Aristida palustris OBL Licania michauxii UPL
Andropogon gyransar. gyrans OBL Smilax pumila UPL
Andropogon gyransar. stenophyllus OBL

Andropogon mobhrii OBL

Carex glaucescens OBL

Dichanthelium scabriusculum OBL

Fuirenasp. OBL

Rhynchospora chapmanii OBL

Rhynchosporapp. “filamentou% OBL

Anthaenantia villosa UPL
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Appendix 1 continued.

Forbs
Helianthus angustifolius FAC
Asterspp. FAC
Cirsiumsp. FAC
Elephantopusp. FAC
Euthamiaspp. FAC
Solidagospp. FAC
Diodia teres FACU
Mitchella repens FACU
Pteridium aquilinum FACU
Balduina uniflora FACW
Bigelowia nudata FACW
Chaptalia tomentosa FACW
Eryngium integrifolium FACW
Eupatoriumspp. FACW
Iris sp. FACW
Zigadenus densus FACW
Viola primulifolia FACW
Bidenssp. FACW
Osmundasp. FACW
Eriocaulonspp OBL
Lycopodiella alopecuroides OBL
Sarracenia alata OBL
Sarracenia psittacina OBL
Woodwardia areolata OBL
Xyris spp. OBL
Pityopsis graminifolia UPL
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APPENDIX 2. ALL BIRD SPECIES, IN ORDER OF PERCENT OCCURRENCE IN 27
STUDY SITES, DETECTED < 50 M FROM TRANSECT AND ON TRANSECT FOR
ALL SURVEYS OVER TWO WINTERS.

Bird Species % occurrence Bird Species % occurrence
Pine Warbler 0.85 Common Yellowthroat 0.15
Swamp Sparrow 0.81 Red-cockaded Woodpecker  0.15
Chipping Sparrow 0.74 Red-shouldered Hawk 0.15
House Wren 0.74 Ammodramusp. 0.11
Brown-headed Nuthatch 0.67 Blue-headed Vireo 0.11
American Robin 0.63 Mourning Dove 0.11
Sedge Wren 0.52 Ruby-crowned Kinglet 0.11
Carolina Wren 0.48 White-throated Sparrow 0.11
Henslow's Sparrow 0.48 American Kestrel 0.07
American Crow 0.44 Cedar Waxwing 0.07
Eastern Bluebird 0.41 Dark-eyed Junco 0.07
Bachman's Sparrow 0.37 Downy Woodpecker 0.07
Song Sparrow 0.37 Golden-crowned Kinglet 0.07
American Goldfinch 0.30 Northern Cardinal 0.07
Eastern Phoebe 0.30 Northern Mockingbird 0.07
Red-bellied Woodpecker 0.30 Red-winged Blackbird 0.07
Unknown bird 0.30 Turkey Vulture 0.07
Yellow-bellied Sapsucker 0.30 American Woodcock 0.04
Hairy Woodpecker 0.22 Black Vulture 0.04
Yellow-rumped Warbler 0.22 Carolina Chickadee 0.04
Eastern Towhee 0.19 Le Conte's Sparrow 0.04
Northern Flicker 0.19 Purple Martin 0.04
Pileated Woodpecker 0.19 Red-headed Woodpecker 0.04
Unknown sparrow 0.19 Red-tailed Hawk 0.04
Ammodramusp./ 0.15 Tufted Titmouse 0.04
Bachman's Sparrow
Blue Jay 0.15 Vesper Sparrow 0.04
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APPENDIX 3. BIRD SPECIES BANDED DURING GRASSLAND BIRD SURVEYS
OVER TWO WINTERS IN MS.

Band Species Age Sex Banding Location
Number Date
1990-20027 HESP HY 12/08/2007 CAR

1990-20028 HESP HY 12/08/2007 CAR
1990-20029 HESP U 12/08/2007 CAR
1990-20030 HESP U 12/08/2007 CAR
1990-20032 HESP U 12/08/2007 CAR
U
U

1990-20033 HESP 12/08/2007 CAR
1990-20034 HESP 12/08/2007 BOG
1990-20035 HESP HY 12/09/2007 BOO
1990-20036 HESP U 12/16/2007 CAR
1990-20037 HESP  SY 01/05/2008 BOG
1990-20038 HESP AHYU  01/12/2008 BOO
1990-20039 HESP AHYU 01/12/2008 PAN
1990-20076 HESP  HY 11/29/2008 RCW28
1990-20077 HESP  HY 12/06/2008 CAR
1990-20078 HESP  HY 12/06/2008 CAR
1990-20079 HESP  HY 12/06/2008 NAN
1990-20080 HESP HY 12/06/2008 GOB
1990-20081 HESP U 12/07/2008 BOO
1990-20082 HESP HY 12/07/2008 BOO
1990-20083 HESP  SY 01/03/2009 ZAK
1990-20084 HESP  SY 01/03/2009 GOB
1990-20085 HESP AHYU  01/03/2009 ZAK
1990-20086 HESP AHYU  01/03/2009 GOB
1990-20211 HESP AHYU  02/07/2009 CAR
1990-20212 HESP SY U 02/07/2009 BOG
1990-20026 SEWR U U  12/01/2008 sum
1990-20031 SEWR HY U  12/08/2007 CAR
2530-08501 SEWR HY U  12/06/2008 DAN
2530-08502 SEWR U U  12/06/2008 DAN
2530-08505 SEWR ASY U  02/08/2009 DAN

cccccccccc

ccccccccc
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APPENDIX 4. ALL PLANT SPECIES, IN ORDER OF PERCENT OCCURRENCE OUT
OF 27 STUDY SITES, ENCOUNTERED DURING VEGETATION SURVEYS.

Species % occurrence Species % occurrence
llex glabra 1.00 Asterspp. 0.15
Dichanthelium spp. 0.96 Chaptalia tomentosa 0.15
Muhlenbergia expansa 0.93 Viburnum nudum 0.15
Schizachyrium scoparium 0.89 Andropogon gyransar. stenophyllus 0.11
Ctenium aromaticum 0.85 Eleocharis tuberculosa 0.11
Panicum anceps 0.81 Sarracenia psittacina 0.11
llex coriacea 0.81 Scleriaspp. 0.11
Aristida palustris 0.70 Solidagospp. 0.11
Schizachyrium tenerum 0.70 Sorghastrum secundum 0.11
llex vomitoria 0.70 Tridens ambiguus 0.11
Gaylussacia mosieri 0.67 Aronia arbutifolia 0.11
Andropogon virginicus 0.63 Nyssa biflora 0.11
Rhynchosporapp 0.59 Persea palustris 0.11
Andropogon gyransar. gyrans 0.56 Smilax pumila 0.11
Rhynchosporapp. “filamentous” 0.52 Symplocos tinctoria 0.11
Panicum verrucosum 0.48 Andropogon gerardii 0.07
Smilax laurifolia 0.48 Andropogon ternarius 0.07
Vaccinium darrowi 0.48 Carex glaucescens 0.07
Helianthus angustifolius 0.44 Chasmanthium laxum 0.07
Gelsemium sempervirens 0.44 Elephantopusp. 0.07
Magnolia virginiana 0.44 Viola primulifolia 0.07
Vaccinium elliottii 0.44 Cliftonia monophylla 0.07
Sarracenia alata 0.41 Cyrilla racemiflora 0.07
Xyrisspp. 0.41 Licania michauxii 0.07
Morella cerifera 0.41 Vaccinium stamineum 0.07
Rubussp. 0.41 Andropogon glaucopsis 0.04
Aristida longespica/oligantha 0.37 Balduina uniflora 0.04
Eragrostis refracta 0.37 Bidenssp. 0.04
Eriocaulonspp. 0.37 Bigelowia nudata 0.04
Andropogon glomeratus 0.33 Chasmanthium sesseliflorum 0.04
Dichanthelium scabriusculum 0.33 Cirsiumsp. 0.04
Paspalunsp. 0.33 Dichromena latifolia 0.04
Pityopsis graminifolia 0.33 Diodia teres 0.04
Scleria muhlenbergii 0.33 Erianthus giganteus 0.04
Quercus nigra 0.33 Eryngium integrifolium 0.04
Vaccinium arboreum 0.33 Fuirenasp. 0.04
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Appendix 4 continued.

Andropogon mobhrii 0.30 Gymnopogon brevifolius 0.04
Arundinaria gigantea 0.30 Iris sp. 0.04
Panicum virgatum 0.30 Juncussp. 0.04
Pinus palustris 0.30 Mitchella repens 0.04
Smilax glauca 0.30 Osmundasp. 0.04
Eupatoriumspp. 0.26 Sporobolus junceus 0.04
Euthamiaspp. 0.22 Woodwardia areolata 0.04
Rhynchospora chapmanii 0.22 Zigadenus densus 0.04
Hypericumspp 0.22 Acer rubravar. drummondii  0.04
Anthaenantia villosa 0.19 Cornus florida 0.04
Carexspp 0.19 Lyonia lucida 0.04
Lycopodiella alopecuroides 0.19 Nyssa sylvatica 0.04
Pteridium aquilinum 0.19 Pinus elliottii 0.04
Myrica heterophylla 0.19 Prunus serotina 0.04
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APPENDIX 5. SET OF CANDIDATE MODELS USED TO MODEL HENSLOW’S
SPARROW OCCUPANCY. PLANT1-PLANTS5 ARE PCS OF THE PLANT SPECIES
GUILDS. GRAM IS GRAMINOID, HERB IS HERBACEOUS STRUC TURE, WOOD IS
WOODY UNDERSTOREY STRUCTURE, TREE IS TREE DENSITY, AND CV IS

COEFFICIENT OF VARIATION.

Model AlCc AAICc W r%gc
Herb density CV + SCMUS8 25.76  0.00 0.08.39
Herb density CV + Plantl + Plant5 31.74 5.99 0.0£4
Herb density CV + Plantl + Herb density CV*Plantl 1.85 6.09 0.04 0.24
Herb density CV + Plantl 32.44 6.68 0.0a.22
Herb density CV + Plant5 32.60 6.84 0.0a.22
Herb density CV 33.54 7.78 0.040.19
Herb PC + Plant4 + Herb PC*Plant4 33.81 8.05 0.04.8
Herb cover 34.49 8.73 0.040.16
Herb density CV + Plantl + Plant4 35.17 941 0.0414
Herb density CV + Gram OBL 35.61 9.85 0.04.13
Herb density CV + Gram FACW 35.79 10.03 0.0a12
Herb density CV + Plant4 36.00 10.24 0.0a11
Herb PC + Plantl + Plant4 + Herb PC*Plantl + Herb 36.87 11.11 0.030.08
PC*Plant4
Herb PC 37.48 11.72 0.030.06
Wood PC + Herb PC 37.76 12.00 0.030.05
Herb PC + Plantl 37.89 12.13 0.030.05
Herb density 38.87 13.12 0.030.01
Null 39.26 13.50 0.030.00
Wood PC 39.73 13.97 0.03-0.02
Herb PC + Plant4 39.89 14.14 0.03-0.02
Herb PC + Tree PC 39.92 14.16 0.03-0.02
Herb PC + Plantl + Herb PC*Plantl 40.20 14.44 04804
Herb PC + Plantl + Plant4 40.43 14.67 0.08.04
Wood PC + Herb PC + Tree PC 40.46 14.70 0.@BO5
Wood PC + Plantl + Plant2 40.61 14.85 0.68.05
Tree PC 4151 15.75 0.03-0.09
Wood PC + Plant2 41.89 16.14 0.03-0.10
Wood PC + Tree PC 42.19 16.43 0.03-0.11
Global 46.52 20.76 0.02-0.31
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APPENDIX 6. SET OF CANDIDATE MODELS USED TO MODEL SEDGE WREN

OCCUPANCY.

Model AICc AAICc w rgc
Wood PC + Basal area 28.08.00 0.07 0.17
Basal area 30.492.41 0.06 0.09
Wood PC + Canopy closure 30.59.52 0.06 0.09
Herb PC + Tree PC 30.92.86 0.06 0.08
Canopy closure 31.002.93 0.06 0.07
Wood PC + Herb PC + Tree PC 31.23.17 0.06 0.07
Wood PC 32.73 4.65 0.05 0.01
Null 33.06 4.99 0.05 0.00
Plant5 33.56 5.48 0.05 -0.02
Herb PC + Plant4 34.596.51 0.05 -0.06
Plant2 35.10 7.03 0.05 -0.08
Wood PC + Herb PC 35.167.09 0.05 -0.08
Herb PC 35.307.22 0.05 -0.09
Plantl 35.39 7.31 0.05 -0.09
Wood PC + Plant4 + Wood PC*Plant85.95 7.87 0.04 -0.11
Plantl + Plant5 36.098.01 0.04 -0.12
Plant2 + Plant4 36.778.69 0.04 -0.15
Plantl + Plant4 37.048.97 0.04 -0.16
Plantl + Plant2 37.639.55 0.04 -0.18
Plantl + Plant2 + Plant4 + Plant5 40.682.61 0.04 -0.33
Global 46.86 18.78 0.03 -0.67
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APPENDIX 7. VOLUNTEERS, IN NO PARTICULAR ORDER, WHO HELPED
CONDUCT BIRD SURVEYS OVER TWO WINTERS IN MS AND LA.

Mississippi

Peter Markos
Cecilia Leumas
Nick Winstead

Lou Proudfoot
Jerry Litton & Molly
Jeremy Nicholson
Dave Fox

Megan

Hugo Gee

Laura Palasz

Toni Taylor—Salisbury
Jen Anderson

Mike Byrne

Josh Schafer
Jonathan Carpenter
Falyn Owens
Carla

Jessica Mostacedo
Joe McGee

Phil Stouffer
Becca Babbin
Isaac Knowles

Louisiana

Phred Benham

Ken Hackman & Madison High
Leslie Frank

Adam Walz

Jeremy White

Beth Wiggins

Gigi Savona

Gigi’'s friend & son
Jessie Deichmann
Jessie Brauch

Ariele Baker

Erik Johnson

Stefan Woltmann
Jacob Saucier

Erin Herbez

Randy & Sue Steill
Prospective grad student
Hanna Bieberly

Luke Powel

Karl Mokross

Aviane Aguillard
Cathrine Norma
Craig Lucker

Eric Hoff

Laura Palasz

Toni Taylor—Salisbury
Jonathan Carpenter
Falyn Owens

Dave Fox

Jen Anderson
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APPENDIX 8. ALL AREAS EXPLORED, REFERENCED BY NEARE ST ROAD OR

LANDMARK, FOR POTENTIAL STUDY SITES.

322
349
354
405
420
425
428
434
440
441
447
304D

423/Little Biloxi WMA

426 and side roads

434B

440/Big foot Rd.

Airey Tower Rd. 440-McHenry
Bachman's Sparrow sites
Beaver Pond Rd. and side roads
Blackwell farm Rd.

Blackwell Farm Rd.

Brooks' study sites and surrounding areas
Carnes Rd.

Carrbridge Rd.

309 west to 353, south along 309KCC Road

309A

313B

317 n to 306 to 358C
333/Red Creek Rd.
334A

35000 around Fort Shelby.
375/New Zion Rd.
406D

406E

406G

409/Black Rd.

419B off Blackwell Farm Rd.

420C
421 and side roads

Deep Creek Rd.
East wire Rd.
Hwy 15
Larue Rd.
Leaf River Head Quarters
Martha Redmond Rd.
Marvin Williams Rd.
McHenry Rd.
Old Biloxi Rd.
Ramsey Rd.
RCW clusters and surrounding areas
Scarborough Rd.
Walker Rd. east
West McHenry Rd. near LittleBiWMA
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