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ABSTRACT

Since European settlement, land-use practicesditared the structure and
composition of grassland, savanna, and woodlandatalin southwest Wisconsin. Many
species of birds use these habitats, includingisp@®t conservation concern. However, it is
unclear how historic and current changes in langcaffect avian biodiversity patterns.
Using remotely sensed, ground-collected, and hesRublic Land Survey System data, and
univariate and multivariate statistical methodsxplored the utility of image texture for
characterizing avian habitat, tested the relatigmbbtween avian abundance and remotely
sensed metrics, examined how habitat managemeahfendangered butterfly affects the
avian community, and shed light on two hypothesesiahow shifting tree composition may
affect habitat quality for neotropical migrants ithgrspring migration stop-over. All work
was conducted at Fort McCoy Military Installatiomdathe Kickapoo Valley Reserve, which

are both located in southwest Wisconsin.



Remotely sensed image texture can be used toatbara avian habitat, as described
by the vegetation structure indices foliage-hedjersity and horizontal vegetation
structure, in a grassland-savanna-woodland molstmond that image texture was not
related to vegetation structure indices within teti However, image texture does predict
density of Grasshopper Sparrodnimodramus savannarumw)thin grassland and Ovenbird
(Seiurus aurocapillyswithin woodland, as well as avian species rickramaong habitats.

Oak savanna habitat management for the fedenadlgregered Karner blue butterfly
(Lycaeides melissa samuglmositivelyinfluenced avian community composition and
benefited several avian species of conservationaron| found that an important
management consideration for maximizing benefitsditn Karner blue butterflies and
savanna birds is landscape placement of the mareagexttivities. | found Karner blue
butterfly habitat management activities adjacenetanant oak savanna patches, rather than
adjacent to woodland habitats, had the highesnpatdor the conservation of oak savanna
breeding birds.

Songbird species that use tree foraging substdat®sg spring migration stop-over at
Kickapoo Valley Reserve woodlands use red daliefcus rubrg, white oak Q. albg),
American elm (JImus americanpand slippery elmy. rubra) more frequently than they
would if using these species in proportion to tlaiailability. The proportional use of shade-
tolerant tree species such as sugar maer(saccharum red mapleA. rubrunj and
basswoodTilia americang was much lower than would be the case if theseisp were
used in proportion to their availability. | did niotd support for the idea that bird foraging

success among tree species varies due to foodhbNigy, but rather, that food accessibility



i
(average leaf petiole length per tree) stronglgdrines bird foraging success. Forest
composition has changed markedly between the 1&85@2010, but is still dominated by
maple and oak. The sapling composition was ovemwimglly sugar maple. This suggests
that the future forest in the Kickapoo Valley Resewill be dominated by shade-tolerant
trees. Changes in tree species composition arg ielegrade stop-over habitat for

neotropical migrants during spring migration.



ACKNOWLEDGEMENTS

Over the past four and half years, I've hardlyetakhe time to reflect on my
experiences and the people who helped make ttasrtigion possible. As with any project,
there are a multitude of people to thank. | hopmlable to adequately acknowledge
everyone who has made this experience, includunggdiin the amazing town of Madison,
one of the best of my life.

The thanks need to start with my major advisor &Rmdgeon. Anna took me, a laid-
back northern Californian, as one of her first dogk students. Over the years, she has
pushed me to think, explore, and engage in my wovkays in which | didn’t think | was
capable. Some of the time, there was frustratiahef3, there was the sense of
accomplishment and pride. However, as | look backhe researcher | am now to when |
started, it is astonishing to realize my growtktill am a laid back northern Californian. That
will never change. But, through it all, Anna hagiba great advisor and mentor and | owe
her far more then the typed thank you on this pligee’s to a working partnership that
hopefully lasts long outside the boundaries ofulinéversity of Wisconsin.

| also need to make a special thanks to VolkerelRdid Volker was my ‘interim’
advisor when | first arrived in Madison. It is imggible to put into words how important
Volker is to the Forest and Wildlife Ecology depaent and to the University of Wisconsin.
As a graduate student, you can not ask for batfgpat. From the resources provided (e.g.,
personal libraries, etc.), to the amazing cadngen$onalities and experience that make up
the SILVIS lab, Volker (and Anna) provides the hleghquality environment to succeed.

Furthermore, although Volker is not an expert amtbology, he has provided immeasurably



important feedback for my work. Without his broawkegical and conservation knowledge
and tremendous support, my work would be of fardoguality.

The members of my supervisory committee providadable feedback throughout
my research. Christine Ribic was always there twide thoughts on my chapters and help
guide my statistical analysis. | always appredmegeapproach to push wildlife ecologists in
their understanding of statistics in order to réploe highest quality output of the data.
Claudio Gratton’s passion for community ecologytpemlogy, and multivariate analyses
were incredibly influential in my growth as an emgikt. In his ‘Analysis of Ecological
Communities’ course, | was exposed to new methodarfalyzing my data. From this
course, a chapter of my dissertation, “Effectsa barrens habitat management for Karner
blue butterfly Lycaeides melissa samugle the avian community”, was fledged, for which
he is a co-author. During my preliminary examinatiBandy Jackson challenged me in
working to understand ecosystem services provigduairds in oak savanna habitat.
Although this thought was not directly translatetbia dissertation chapter, I've thought
about this statement each of the past few field@®mand have collected data to address this
challenge. Randy, | hope | make you proud frommibek which will hopefully come of this.

Throughout my time on the University of Wisconsampus, a handful of professors
have been far more influential then they may redia the course of my research. Tom
Givnish is one of these professors. Tom teachebébecourse I've taken in my life: The
Vegetation of Wisconsin. | can’t describe how ietging the lectures were, how thought
provoking the material was, and how much influetiitg course had on my understanding of

my study region: the Driftless Area. Although Tosmiot a member of my committee, he



Vi

deserves as much praise as the preceding facufigtaned for his impact on my work. From
his class, | began developing ideas related tooustlh chapter “Changes in forest tree-
species composition may affect neotropical songhilaring spring migration stop-over”.
Bob Wernerehl, who is one of Tom'’s doctoral studenas a teacher’s assistant for this
course and was also influential in teaching me WWAsm ecology. Other professors who
provided valuable guidance include David Mladenbfgnica Turner, Phil Townsend, Craig
Lorimer, and Dan Young.

The SILVIS lab — Adrian Lesak, Alex Syphard, Alax@abor, Anna Estes, Camilo
Alcantara, Avi Bar Massada, Carlos Ramirez ReyésdRittenhouse, Chris Hamilton,
Dave Helmers, Fred Beaudry, Grego Gavier Pizaenme$ Burnham, Jodi Brandt, Kelly
Wendland, Matthias Baumann, Marty Pfeiffer, Maximlinin, Nick Keuler, Patricia
Alexandre, Patrick Culbert, Sarah Carter, SashehBinepov, Sebastian Martinuzzi, Shelley
Schmidt, Tobias Kummerle, Todd Hawbaker, Tom AlbtjdJrs Gimmi, Van Butsic,
Veronique St-Louis, and Wiebke Newmann, including tihany great visiting scientists, is
one of the most interesting, thoughtful, odd, faimg impressive group of characters I've ever
been a part of. It would take 15 pages for me tmadtely share how important each and
every one of you has been to me. That includey daitversations about research, life,
birds, and fantasy sports, to technical help (stdteanks Nick! and GIS — thanks Dave!), to
travel and just plain ole good times. Of course,reigtionships with some are closer than
others. Nonetheless, in the spirit of brevity, h canfidently say, | love each and every one

of you and hope you all continue to be a part oflifleyin one way or another.



vii

Some of the most amazing people I've met have Balw graduate students or
faculty at the University of Wisconsin. | considayself a pseudo Nelson Institute for
Environmental Studies member due to instantly baohgpted into the department social
scene in large part because this was the groupyafitiral housemates upon moving to
Madison, Dave Toland and Gini Knight. You both wereredibly important in helping me
gain my ‘walking legs’ during my first winter. Sifar to the SILVIS lab members, | can go
on for pages about how important my friends in Madiare to me. Thus, | won't list those
of you whom are my ‘community’. You know who yoweadust know | love you. To
summarize, I've been exposed to many laughs, am#aod, great parties, incredibly
interesting stories, great conversation, fun badrastaurants, warm summer nights on the
terrace crowded around a table with pitchers of @y winter nights in the Rathskeller,
and a top notch community of people who've madeexperiences in Madison
unforgettable. | owe a special thanks to Jesse,Hlbm Prestby and Jess Long, who were
never shy to head out and look for birds with meeéd people like Jesse, Tom and Jess in
my life. Debbie Seiler was the closest person tahmeughout the majority of my PhD. You
were always a great ear, a warm hug, an amazirky eadncredible adventure partner, a
dear friend, and the person who was there to helphmough the rough patches and celebrate
the many milestones along the way.

My great friends Spencer Scribner, Rob Schnareh Z&elson, and Amy Leist are
essentially family to me. | hope to never stop ethwg, surfing, and birding with you all.
Basically, whether you like it or not, you and ydamilies are going to always be a part of

my life. Other great friends, who’'ve had a majopaunt on my life over the past few years,



viii
whether for traveling, conversation, birding, oppart, include Chris Tonra, Leah Culp,
Jherime Kellermann, Amy Stercho, Jill Bluso, S&mers, Jared Wolfe, Matt Johnson,
Clark Jones, Brady Matteson, Elena Doucet-Beegelyo@Behm, Raina Duran, Alycia Crall,
Jane Foster, Julia Burton, Shawn Serbin, JordarsMR&schel Mallinger, Stephanie
Steinhoff, Christina Locke, and Bob Fahey.

As a naturalist from the west, | must admit, t feblated from nature when | first
began exploring the environs of Madison. Howevengdn discovered the Lakeshore
Preserve on the University of Wisconsin campus. Wthe weather was appropriate, | would
go for a walk, or run, always with my binocularskig for birds, butterflies, and
dragonflies and testing my plant identificationliskiAlthough I've spent countless hours
walking through the Preserve, there was always gunge‘new’ to learn about the system’s
ecology and phenology. Computers can be your friBad, just not all the time for me,
please. Fresh air, sun on my face, natural soullidg iny ears, and observations of
interactions among animals and their environmeastamal will continue to be my foundation
for ecology lessons. Without the Lakeshore Presenve all of the folks who make it a
special place, | would have collapsed early in rogtdral studies.

| spent approximately 25% of my PhD physicallyhe field collecting data. That
does not count all the prep work, hiring technisiamrangling with human resources about
something, vehicles and data/gear sorting and iclgaand renting field houses. This work
would not have been possible without the valuadigstical support of Tim Wilder, the
endangered species biologist at Fort McCoy. Suewéassinstrumental in showing me the

ropes at McCoy. Without her guidance, | may haveegdown the wrong road one too many



times. Marcy West was generous in her on-the-graumpgort, as well as letters of support
for funding, for my study at the Kickapoo Valley $@eve. Gina Rae and Ben Johnston made
just about everything happen regarding housingcanafort away from the field sites. Gina,
the pies were amazing. Ben, your sense of humofraamdiship were always welcomed in
order to get my mind off of my work. Donna Baueemiil was gracious enough to let my
crew and | use her house during the 2010 fieldsead/ithout a doubt, this was the best
field house I've lived in. Eric Epstein was instrental in helping push my ideas and
research to a higher level. Furthermore, thank#hfetetter of support (i.e., funding). | aspire
to be half the naturalist Eric is. Andy Paulios amdve had many good conservations about
‘savanna’ birds and their conservation over arcream cone or two from the Memorial
Union. Without Sheila Timme’s perseverance andepag, I'm not sure much of anything
would have been accomplished as far as cuttingkshtedand lords.

Ten field technicians — Aaron Nolan, Beth Summeéls;stina Rockwell, Pat Kearns,
Heather Llanas, Serena Grover, Audrey DeRose-WiBaul Schilke, Stephanie Beilke, and
Kathleen Grady - were directly responsible for iregpme collect the data behind this
dissertation. Quite simply, this wouldn’t have be@ssible without all of your help. | had an
absolute blast with you all whether we were chasiagblers, banding birds, point counting
breeders, surveying butterflies, measuring vegetagathering foliage-height diversity
measurements, talking about ecology, drinking chxesgy, making brownies, hanging out at
Wal-Mart, enjoying the culture of Tomah, going to&s for pizza and pie, biking and
birding on the Sparta-Elroy trail, or hiking thrduthe savanna and forest picking ticks off

our clothing. Although this sounds paternal, I'mrywproud of all of you.



This wouldn't feel complete if | didn’t acknowledghe stars of this show. Those
would be the birds and butterflies that I'm obsedss&h. Each day while | was in the field, |
made sure | appreciated the diversity and uniqueokithe wildlife and the vegetation
around me. That included the songs of the VespaiiLark Sparrow, the contrast in red,
white, and black of the Red-headed Woodpeckerntredible diversity of warblers in the
savannas at McCoy and the oak forests at Kickapooglspring migration stopover, the
intricacies of the foraging plasticity of the wagtd in relation to subtle changes in the annual
tree flowering and leaf out phenology, the diffexesin flight patterns of butterflies, seeing
my favorite butterfly, the Gorgone Checkerspot,taeon a brilliant orange flowering
butterfly weed, and the calls of both Black andldetbilled Cuckoos echoing through the
habitat in the early morning. Fort McCoy and thekéipoo Valley Reserve are spectacular
places that are very special to me. Often, at degi I'd walk on my own or with my crew
with a massive smile on my face feeling somewhdtthat | couldn’t be sharing the sunrise,
the excitement over the increase in bird actiatyd the dawn chorus with my friends. |
suppose | should have just bought a video camer@ny case, | will horribly miss not being
in the field at McCoy and Kickapoo this, and evepying.

Funding for this dissertation was provided by 8tetegic Environmental Resource
and Development Program (SERDP), the Mcintire-Sgeharmula Fund, The Kickapoo
Valley Reforestation Fund, and the Prairie BiotesRBarch, Inc. award.

Finally, this dissertation would not have beenstlas without the support of my
family. My parents, Barry and Susan, have alwaynkencouraging of just about everything

I've set out to accomplish. My mom has used thegrl worry about you, because....”



Xi

probably one too many times. But, in the end, thepport has meant everything. | wish |

lived closer to them, my sister, Amy, her wife, Lamd my nephew Henry. Although I plan
to travel and see wildlife, learn ecology, and amnd my pursuit of applied, conservation-
based research throughout my career, | will alvthys about my family and my friends

often, wherever | go.



Xii

TABLE OF CONTENTS

N 1 2 2 PSP i
ACKNOWLEDGMENTS ..ottt e e et e e et e e e aaeneeeeaaeeees v
LIST OF FIGURES ..ottt et e e e e e e e e e e e e aa s XVii
N I @ 1 1 L @ I 1\ P 1
LItErature CITEA .......ooiiiieeeeeeeie et e e e et e e e e e e e b benaa s 6
CHAPTER 1: IMAGE TEXTURE AS A REMOTELY SENSED MEARE OF
VEGETATION STRUCTURE.......oiiiiiii s 9
ADSTIACT ...ttt ——————— e e e e e e eaaes 9
T oo [¥ o 1o o T TSSUTRPP 10
METNOAS ... . ettt e e e e e e e e et e et e e et teeeene et e e e erbnn s 14
Y LH 6 | T 14

Foliage-height Diversity Field Measurements ......cccceeeeevveeeeeeiiiiniennnnnnn. 15

Remote Sensing Data SOUICES .........uuuuuicce ettt 16
Image Texture ANAIYSIS ........oooiiiiiiiiiiceeee e eeeeee s 17
StatisStiCal ANAIYSIS......ooo e 18
RESUIES e ettt a e e e 22
Correlation among Texture MEASUIES........ . eeeeeeeeeriirinniiaaaaaaeeaaeeaeeeees 22

Relationships between Air Photo Image Texture Messsand Vegetation

) £ o L0 R PRP 22
Relationships between Landsat Image Texture amgtdéon Structure .......... 23
D1 o U 1= (0] o [P RPPRRPNt 24



Relationships between Image Texture and Veget&iarcture........................ 26

Recommendations for Use of Texture MeasureS. ...............ooooeeevvvvvvninnnnnn. 27
1070} o o3 1] 0] o 1TSS 29
ACKNOWIEAGEIMENTS. ...ttt e naa e e e e e e e e e 29
LItErature CILEA .....uvueeeiiiee e eeeeeee ettt eee e e e e e e e e e e e e e e e eees 30
T AL e e a e 36
LT[0 (I OF=T o1 o] o F PR 39
FIQUIES ..t ettt e e e e e e e e e e e e aaaaeeeeaeeeaeeeeeennnenes 41
Y o] o 1= T [To =T PP PPPPTTPPPRPPN 45

CHAPTER 2 : IMAGE TEXTURE PREDICTS DENSITY AND SPHES RICHNESS OF

BIRDS IN A GRASSLAND-SAVANNA-WOODLAND MOSAIC .........50

ADSTIACT . ...ttt a e e e e e e eees 50
T goTo [¥]ox 1 o] o APPSO 51
METNOAS ... . ettt e e e e e e e et e et e e et teeneee e e e e e rrrnn s 54
Y LH [0 )V T 54
Field-measured Vegetation Structure Measurements................uvvvveeiinnennnn. 55
Avian Point Counts and FOCal SPECIES .......uummmmmeerrrnnniiaiaieeeeeeeaeeeeeeeeeennnnnnnd 6.5
Density CalCulatioNS ...........oooeiiiiiiiiimmmmmn e e e e 57
Image TeXture ProCESSING .......uuuuuuu e e e e e e e e e e 57
StatiStiCal ANAIYSIS......coo e 60
RESUIES e ettt e e e e e 61

Predictions of Focal Species Density........cccuuuuuiiiiiiiiiiieiiiiiieeeeeeiiiiia 61



Xiv

Predictions of Avian Species RICANESS......cciiiiiiiiiiiiiic e 62
DISCUSSION ...ttt ettt ettt e e e e e e e e et e e e e e e e e e e s e e e e e 63
CONCIUSION <.t ettt ettt e e et e e e e e e e e r e e e e e e e e e e e e e e e s e e anna 68
ACKNOWIEAGEMENTS ...ttt e e e e e e e et et beennaeeseeeennnnns 69
LItErature CIEA ........ooiiiiiiiii e ee ettt e e e e e e e et e e e e e e e e e as 69
LI 0= ST TPPPPPPPPP 78
FIQUIE CaPtiONS ...eeeiiiiie e e e e e e e e e e e e e eees 81
FIgUIES .. e e e e e e e e e ettt ettt ettt bbbt e e e e e e 82

CHAPTER 3 : EFFECTS OF OAK BARRENS HABITAT MANAGEM¥T FOR

KARNER BLUE BUTTERFLY LYCAEIDES MELISSA SAMUELDISN

THE AVIAN COMMUNITY ..ot 85
Y 0111 = To! PSSR PPPPRPPPRRR 85
T oo [¥ o 1o o T TSSUPRPP 86
IMBETNOAS. ...t ettt e e e e e e e e e e e e e e e e e e e e eeeeeeraanne 90
Y LH [0 ) T 90
Karner Blue Management and Conservation Ar€aS..cu......ccceeeeevvevvviieeennnnns 91
SAMPIE POINTS...cciiiiiiiiiiiiiei et e e e e e e e e e e e eeees e nnnneerennnne 92
Vegetation CharacCteriStiCS ........... v e et 93
AVIAN POINT COUNTS ...ttt st s e e e e e eee b 94
Data ANAIYSES ...t a e e 94

Factors Influencing the Avian Community Found iarder Blue Managed

[ F=1 011 = £SO TTRTRRRPR 96



XV

RESUIES e e e ettt e e e e 98
Vegetation CharacCteriStiCS ............ it 98
Patterns of Avian Community DIVEISItY.......cccceeiumiiiiiiiiee e 98
Factors Influencing the Avian Community Found iarder Blue Managed
[ F= 101 7= R 100

[ R U 11 o] PP 101

Conservation IMPlICAtIONS .......oooeiiiii e eeeeneeeeenee 104

ACKNOWIEAGMENTS. ...ttt e eee e e e 105

LIterature CILEa ......ccoo i ettt ee et e e e e e e e e e e e e e eeeeeeeeeeeennenes 105

TADIES .. e 111

[0 [0](=IOF=T o1 o] o 1SR 115

10 T PSP 116

Y o] o1=] Lo [[o = PP PPPPPPPPRRPR 118
CHAPTER 4 : CHANGES IN FOREST TREE-SPECIES COMPQASN MAY AFFECT
NEOTROPICAL SONGBIRDS DURING SPRING MIGRATION
STOPOVER ... e e e eaaas 120
ADSTIACT ...ttt e e e a e e e e e e e e e e e e e e eeeeearane 120
T o To [¥ ox 1o o SRS 121
IMEBTNOAS. ...t ettt e e e e e e e 125
Y106 ) T U 125
Avian Foraging Observations and Calculations abBgmg Success............... 127

Tree and Sapling Availability ... 130



XVi

Public Land Survey System Data ............uceeveeeiiiiiiiiiiiiiin e 311
StatistiCal ANAIYSIS.......cooiiiiiee e 132
RESUILS ... e e e e e 134
Use of Foraging Substrates by Neotropical Migraongbirds..................... 134
Factors Affecting Foraging Success by Neotrogigiratory Songbirds....... 136

Changes in Availability of Tree Foraging Substsdita Neotropical Migratory

SONGDITAS e 136
DISCUSSION .ttt mrreen ettt e e e e e e e e e e e e ettt e e e e e s s nnnnnnnne e 137
CONCIUSIONS ...ttt e e e e e e e e e e 143
ACKNOWIEAGEMENTS ...ttt e e e e e e e e e e e e e nnnneeeennnees 144
LItErature CIEA ........oooiiiie e eeeee et e e e e mmnn et e e e e e e 144
LI 10 = PP PP PPPPPPPRP 151
FIQUIE CAPLIONS ...ttt ettt e e ee e e e e e e e e e e e e e eees 154
1o 10 =S PSP 156

CONCLUSIONS . ..o ettt e e e e e et e e e e e e e ss e e e e e e eennnn e eaeas 162

LITEIAtUIE GO ... e e et e e e e e e e e a e eaaens 166



XVil
LIST OF FIGURES
Figure 1-1: A) Fort McCoy Military Installation, \Weonsin, USA. B) Distribution of 193
sample points where foliage-height diversity dages wollected and texture values were
calculated. The sample points were distributedsscam open to dense tree canopy cover
gradient in three habitat types, 1) grasslands téenoy barred polygons, 2) savanna
denoted by white outlined polygons, and 3) woodsatkeinoted by black outlined
10 1Y/ 0] 0 PP 41
Figure 1-2: A) Grassland, B) savanna, and C) wowtl&ach habitat type depicted with a 1)
ground photo, 2) a 1 m resolution infrared air ph@) infrared air photo-derived®
order contrast calculated in a 3x3 moving windoW\®VI calculated from a Landsat
scene, and 5) NDVI-derived®order contrast calculated in a 3x3 moving windbw.
images with cross the color ramp was stretched and inverted faareledisplay...... 42
Figure 1-3: Box plot summaries of vegetation stitetand image texture characteristics in
grassland, savanna, and woodland vegetation ty)dsliage-height diversity, B)
horizontal vegetation structure (horizontal stroejuC) 2 order contrast calculated in a
3x3 pixel moving window on an infrared air photieet summarized by the mean of
pixels found within a 100 m radius circle, D) Infed air photo plot level values
summarized by the standard deviation within a 10@adius circle, E) Band 4 plot level
values summarized by the mean within a 100 m radrake, and F) NDVI plot level
values summarized by the mean within a 100 m ragiake. ...........ccccooooeiiiiiii s 43
Figure 1-4: Scatter plots from least-squares ragrasof best plot-level digital number

summaries, or image texture measures in predietingng-habitat foliage-height



Xviii
diversity (Shannon diversity index, (A). Scatteotglfor horizontal vegetation structure
(meters) depict best Spearman’s hpdorrelation among habitats, (B). Plot-level dajit
number summaries and image texture measures wetgatad from an infrared air
photo (row 1) and Band 4 and NDVI from a Landsa&ngc(row 2). The habitat of each
plot is denoted as follows: grassland -solid bleickle, savanna -hollow square,
WOoOdland -gray traANGIE. ..........u s ettt reeene e 44

Figure 2-1: A. Location of Fort McCoy Military Iretation, within Wisconsin, USA, and B,
distribution of 172 sample points. White circledigate points that are in grasslands,
black circles indicate points that are in oak saaam@and white crosses indicate points that
are in oak woodlands. The grey shaded area waacoessible for this study............... 82

Figure 2-2: Scatter plots of the relationship bemwdensity of Grasshopper Sparrow at 43
grassland sample points, Field Sparrow at 78 savaample points, and Ovenbird at 51
woodland sample points, and avian species richatesi 172 sample points with texture
measures derived from an infrared air-photo (lefticin), and NDVI (right column). All
relationships significant at the 5% alpha leveleptdor Field Sparrow regressed against
NDVI texture measures. The black lines represesulte from linear regression with
least-squares fitted and®@rder polynomial iNes..............cccvieeceereeeeeeeeeeeeeeenn 83

Figure 2-3: Predictive maps for A) Grasshopper @padensity, B) Field Sparrow density,
C) Ovenbird density, and D) avian species richnBsst model obtained from linear
regression analysis relating density and avianispeichness versus plot-level
summaries and image texture measures calculateddriolack-and-white infrared air

photo and a NDVI (see Tables 2, 3). Equations uSeasshopper Sparrow: y = 9.22 +



XiX
second-order contrast 51x51 sd*-0.36 + second-amaietrast 51x51 sd*0.000% Field
Sparrow: y = -10.85 + first-order entropy 3x3 s&%+ first-order entropy 3x3 sd*-
0.0052% Ovenbird: y = -4.7 + NDVI plot-level mean*0.05NDV!I plot-level mean*-
0.0008% avian species richness: y = 7.08 + first-ordeiarce 15x15 sd*0.40 + first-
order variance 15x15 SA*-0.0021..........c.c.ccovevevereeereceeeeseeeeeeeeeesees e eeeesn s s, 84

Figure 3-1: A. Location of Fort McCoy Military Iretation, Wisconsin, USA, B. Fort
McCoy, C. Subset of five habitats and sample poatitsre bird and vegetation surveys
were completed during the 2007-2009 breeding season...........cccccevvvvvviieeeeeeennnnnn. 116

Figure 3-2: NMS plots of resemblance matrix (BrayH, log-transformed average bird
abundance) for (A) fifty four common breeding bépecies among barrens and
woodland habitats, (B) and all sample points tstied among all five habitats. Stress
indices were a measure of fit between the reseroblaratrix and the two-dimensional
representation of the similarity matrix (0.10 t@@= good fit). Lines around points in
(B) were groupings indicating avian community menshg, independently determined
by cluster analysis (group average, > 40% simyfarDotted circle indicates barrens
avian communities. Solid circle represents woodlavidn communities.................... 117

Figure 4-1: Location of Kickapoo Valley Reserve @ieen), in the Driftless Area (darker
gray), Wisconsin, USA, and, distribution of forabstands within the reserve with 310
lattice points superimposed. Larger surroundingipgrid is 326 corner and mid-section
Public Land Survey System locations used to eséirhatoric forest composition profile

of the Kickapoo Valley ReQION.......ccooi s 156



XX

Figure 4-2: Use of tree species by all foragingtregmcal migratory songbirds at the
Kickapoo Valley Reserve study sites for 2009 antl2Q...........cccoeveeeeiieeiiiiiieeeiiiinnn.
Figure 4-3: Proportion of tree use (use values &l avoidance (use values < -5) by
neotropical migratory songbirds during stopovext&in tree species were included in
this analysis (Table 2). However, focal speciesmtitiuse Bur Oak during our two
sampling seasons. Therefore, it is not displayeth@figure ............ccccceeeiiiinnieeeenennn
Figure 4-4: Scatter plot, and Spearman’s rho caticei (o) of use-index versus mean arrival
time of twelve focal species. Arrival date deteredrby the mean first detection of each
focal species in the 2009 and 2010 foraging obsiervaampling period....................
Figure 4-5: Results of linear regression of (A) ideptera richness per tree, an indicator of
food availability (from Tallamy and Shropshire 20@®rsus attack-index and (B) leaf
petiole length (cm) of twelve tree species, andattir of food accessibility, versus leaf
attack-index. Attack-index in (A) is the total nuemnlof attacks, whereas in (B) it refers to
observed attacks of leaves only, and is the numbleaf attacks divided by total search
maneuvers, scaled per minute. Higher attack-in@déxes indicate greater success (prey
items ingested) per search effort......... ..o
Figure 4-6: Public Land Survey System 1850s wittiessssimportance values (PLSS 1Vs),

current tree 1Vs (2010), and sapling relative freaey (future) within the Kickapoo
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INTRODUCTION

In the area of prairie-oak transition in the Aman Midwest, human land-use
changes have severely reduced the extent of nataree and oak savanna (Nuzzo 1986).
Loss of disturbance from the landscape (e.g., fies) changed grasslands and savannas by
allowing succession toward climax communities th#er in both their plant composition
and vegetation structure (Larsen 1953, Wolf 200zwakLki and Abrams 2008, Rogers et al.
2008). In southern Wisconsin, in addition to thedal scale changes in habitat (e.g., loss of
oak savanna), this process has led to a change mominant tree species. O&kugercus
spp.) has declined in dominance, while shade-totespecies like maplédterspp.) have
increased in dominance (Rogers et al. 2008).

Fifty-eight species of breeding birds are knowhecassociated with grassland or oak
savanna in Wisconsin and 26 of those are speciempigement concern (Sample and
Mossman 1997). Many more species of nearctic-npim@bmigrants utilize habitats in
Wisconsin during spring migration stop-over (Ewaartd Hamas 1996). Yet, it isn't clear how
changes due to successional and anthropogeniaBmgractices and the resulting changes
in habitat affect avian biodiversity in the region.

To assess changes in habitat and their implicafionbreeding bird species of
concern and migrant birds passing through, effidiechniques are required for measuring
avian habitat. Remote sensing analysis has beehtoaseonitor correlates of avian species
and diversity patterns (Pidgeon et al. 2003, Laueeal. 2005). Recently, image texture has
been used to characterize patterns of avian diyeasd distribution in heterogeneous

ecosystems including eastern deciduous (Tuttlé 086) and conifer forests (Hepinstall



and Sader 1997), sparsely vegetated desert grdssklirublands, and woodlands (St-Louis
et al. 2006, St-Louis et al. 2009), and South Angerigrasslands (Bellis et al. 2008). Image
texture also characterizes vegetation patternaiiows ecosystems throughout the world
(Hudak and Wessman 1998, Hudak and Wessman 20@hgzZind Franklin 2002, Coburn
and Roberts 2004, Estes et al., 2010). Foliagéhhdigersity is a field based measure of
vegetation structure that avian ecologists have ssee the mid 2bcentury (MacArthur
and MacArthur 1961). However, it is unclear if inedgxture is correlated with vegetation
structure (e.qg., foliage-height diversity) in aipgsavanna-woodland habitat system.
Because avian diversity is positively correlatethwiegetation structure (i.e., foliage-height
diversity, MacArthur and MacArthur 1961), understeng the degree of correlation between
image texture and foliage height diversity is intpat because of the potential for deriving
measures of vegetation structure across broadtexten

While there is clear evidence that image texturdgrdautes to understanding patterns
of avian diversity and distribution, it is uncleimage texture is a useful predictor of avian
abundance patterns (e.qg., density). Density idigebi related to habitat quality (Bock and
Jones 2004). Thus, a better understanding of theemtion between image texture and avian
density could reveal information regarding a neul for evaluation of habitat quality.

Habitat management is one approach to managiraespef conservation concern In
Wisconsin, the federally endangered Karner bluéehily (Lepidoptera: Lycaenidae,
Lycaeides melissa samuelereafter Karner blue) is the subject of a recoydan focused
on restoring and managing the species’ preferreddtaoak savanna (U.S Fish and Wildlife

Service 2003). While the primary goal of the Karhkre recovery plan is to restore viable



metapopulations of Karner blue, a secondary gdal cseate savanna habitat (U.S Fish and
Wildlife Service 2003, Wisconsin Department of NatlResources 2009). It isn’'t clear how
management for Karner blue populations affects jpioulations. This is important to
understand because there is currently no comprafeeinabitat conservation and
management plans for oak savanna avian commumtM&sconsin (Wisconsin Bird
Conservation Initiative, 2011). Thus, in additienproviding habitat for a federally
endangered species, learning how habitat managdaoreghte Karner blue impacts bird
populations, is an opportunity to better understama oak savanna restoration and
management impact breeding bird communities.

Effective conservation of neotropical bird specieguires understanding resource
and habitat use during all periods of their anmmyale. Spring migration is a taxing time in
the life cycle of migratory bird species (Hutto PO&illett and Holmes 2002, Newton 2004,
Newton 2006). Amid the many challenges they enaauwhiring migration, birds must make
critical decisions regarding resource selectiost@p-over sites (Moore et al. 2005b, Buler et
al. 2007). Stop-over habitat is “...areas with thenbmation of resources (e.g., food, cover,
water) and environmental conditions (e.g., preatmn, presence and absence of competitors
and predators) that promotes site occupancy byengipecies and allows individuals to
survive...” (Morrison et al. 2006). In optimal stopey habitat birds refuel (i.e. forage)
efficiently, and thus are able to depart quicklytfee next stop-over location or breeding area
(Moore and Simons 1992, Schaub et al. 2008). Seteof habitat to use during stop-over is

a critical decision with fithess and survival coggences (Berthold and Terrill 1991, Moore



et al. 2005a). However, it is not clear how changesee-species composition of
Midwestern hardwood forests will affect birds dgystop-over.

The overarching goal of this dissertation is taswge factors affecting habitat use
and abundance patterns of birds in grassland, sayand woodland habitats in
southwestern Wisconsin during the breeding seasdrspring migration stop-over using
both remotely sensed and field-measured data ¢etlext varying spatial scales.

This dissertation is divided into four chapterbegin inChapter 1 by examining the
use of image texture as a tool for predicting vatyet structure as represented by foliage-
height diversity and horizontal vegetation struet®ince vegetation structure is a critical
component for habitat selection by birds (Cody )98fis is an important step in the
development of image texture as a tool for mappimd) predicting avian biodiversity
patterns. IrChapter 2, | examine the use of image texture in predictiag important
components of avian biodiversity: focal bird depsihd avian species richness. The results
of this analysis suggest image texture is a usebllfor predicting focal species density
within habitat types, and avian species richnessngnabitats. This is an exciting finding
highlighting the potential for using image texttweslucidate patterns of habitat quality
across broad spatial extentsQhapter 3, | examine how oak savanna habitat management
for the Karner blue affects breeding bird commuasitil learned that management for the
Karner blue has a positive effect on bird commasithat use oak savanna. Sparse canopy
associated birds use the Karner blue butterfly-gadaak savannas in similar proportions
to remnant oak savannas and in different propasttortheir use of woodland. | found that an

important factor influencing composition of savarmma communities was the composition



and structure of the adjacent habitat typeClhapter 4, | explore how changes in tree-
species composition, due to succession, influeirdespecies that use trees as foraging
substrates during spring migration stop-over. la #8malysis, conducted in the forest of the
Kickapoo Valley Reserve, | first examine which tegeecies are used by birds. Oak, elm
(Ulmusspp.), and to a lesser extent, big-tooth aspep\flus grandidenta)aand paper

birch Betula papyriferawere used in higher proportion than their avdlitytin the forest,
suggesting that these species are higher qualigiiog habitat. Maple and basswoddia
americand were used in lower proportion than their avaiighisuggesting that they are
lower quality foraging habitat. Additionally, | cqrare how forest composition has changed
since the pre-settlement period (1850s), usingi®lubhd Survey System data, to the current
time period (2010), and, using tree sapling dagxplored potential future forest
composition. My results indicate that forest comias has undergone large changes from
the 1850s to 2010 and that the Kickapoo Valleyreseerhaps together with all the forests
of southwest Wisconsin, will likely be dominated ¢hyade tolerant species such as maple
and basswood in the future. Coupled with the forggiatterns | observed, this portends
strongly diminished quality of southwestern forestsstop-over foraging habitat for

neotropical migrant birds.
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CHAPTER 1: IMAGE TEXTURE AS A REMOTELY SENSED MEASU RE OF

VEGETATION STRUCTURE

Coauthors: Anna M. Pidgeon, Volker C. Radeloff, and NichofasKeuler

In review: Remote Sensing of Environment

Abstract

Avian ecologists commonly collect data on vegetatitucture, which is an important
attribute for characterizing habitat of landbiretsies. However, measuring vegetation
structure across large areas is logistically difficOur goal was to evaluate the degree to
which plot-level digital number values, and imaggttire of remotely sensed data are
associated with vegetation structure in a North Acaa grassland-savanna-woodland
mosaic. In the summers of 2008-2009 we collectédde-height diversity measurements at
193 sample points from which we calculated folibhgéght diversity and horizontal
vegetation structure at Fort McCoy Military Ins&dibn, Wisconsin, USA. Plot-level digital
numbers, and first- and second-order image texh@asures, were calculated from two
remotely sensed data sources: an infrared air gieto resolution) and a Landsat TM
satellite image (30-m resolution). We regresseidde-height diversity against, and
correlated horizontal vegetation structure witlotyevel digital numbers and texture
measures among and within habitats. Among habttaanean of the texture measure
‘second-order contrast’ from the air photo expldii®% of the variation in foliage-height

diversity while ‘first-order variance’ from the gahoto was most strongly correlated with
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horizontal vegetation structure<£ 0.73,p-value<0.01). Within grasslands, savanna, and
woodland habitats, plot-level digital numbers amége texture measures explained 22-60%
of foliage-height diversity. Similarly, within halats, plot-level digital numbers and image
texture measures were moderately to strongly aedlwith horizontal vegetation structure
(»p=0.41-0.71p-value<0.01). Our results suggest that plot-level digitambers and image
texture measures calculated from remotely sensiedcdgture a substantial amount of the
variation in foliage-height diversity and horizoagetation structure among and, to a
lesser extent, within grassland, savanna, and vaoddbabitats. Vegetation structure, which
is a key component of avian habitat, can thus bgped for large areas using remotely

sensed image texture.

Key words: avian habitat, Band 4, foliage-height diversktgrizontal vegetation structure,

image texture, infrared air photo, Landsat, NDVI

Introduction

Vegetation structure is an important attributeafin habitat quality (MacArthur &
MacArthur, 1961; Nudds, 1977; Cody, 1981, 1985) amgetation structure characteristics
partition landbird species both within and amonpitaés (Rotenberry & Wiens, 1980; Wiens
& Rotenberry, 1981; Hutto, 1985). Throughout thimes, landbird species make habitat
selection decisions at multiple scales (Hutto, 198tens et al., 1987). At broad scales,
landbirds select habitat types with strongly déferstructural characteristics, such as a

grassland or woodland (Cody, 1985). At fine scalé$grences in vertical and horizontal
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vegetation structure are strongly associated wat placement (Martin, 1993), and foraging
site selection during migration (Hutto, 1985) ahd breeding season (Robinson & Holmes,
1984). Thus, in the half century since MacArthud &acArthur (1961) put forth their
hypothesis that vegetation structure influencearadiversity, this relationship has become a
central tenet of landbird habitat selection theory.

The measur®liage-height diversity(MacArthur & MacArthur, 1961), or
derivations of this measure, are commonly usedh&wacterize vegetation structure. Foliage-
height diversity quantifies vertical heterogeneaityegetation structure at a given point.
Furthermore, multiple measures of foliage-heighedity can be used jointly to derive an
index of horizontal vegetation structure depictihg variation in canopy heights within a
habitat patch (Wiens & Rotenberry, 1981). Foliagght diversity is a flexible measure that
has been applied to describe avian habitat in stes)s from sparse grasslands (Rotenberry
& Wiens, 1980; Wiens & Rotenberry, 1981; Patter&ddest, 1996), to patchy deserts
(Pidgeon et al., 2001), and dense forests (KarogéhR1971; Estades, 1997). In addition to
being used to describe avian habitat, foliage-heigrersity has also been used to
characterize habitat for tropical mammal commusif@ugust, 1983), ant biodiversity in
grazed and ungrazed habitats (Bestelmeyer & WROE]), spider communities
(Greenstone, 1984), and insect diversity (Murddcil.e1972; Southwood et al., 1979).
However, while foliage-height diversity is a keyasare for describing avian habitat, it is
labor intensive to collect and consequently is hydimited to small scale studies of

landbirds. Therefore, avian ecologists have beatiariged with finding efficient methods
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for characterizing foliage-height diversity, ansl derived measures, at a sufficiently fine
grain yet broad extent to be useful for managerardtconservation applications.

Remotely sensed data are powerful for charactgrizabitat at broad extents, for
example to describe landscape configuration (Tuehat., 2001) and for assessing
biodiversity (Roughgarden et al., 1991; Turnerlet2®03; Estes et al., 2008; Gillespie et al.,
2008). Broad scale land cover classifications aedul predictors of breeding bird
occurrence (Thuiller et al., 2004; Venier et a02). Indices derived from remotely sensed
data sources, such as the normalized differencetagn index (NDVI), which is a proxy
for vegetative cover and productivity, are assedatith patterns of avian species richness
(Bailey et al., 2004; Seto et al., 2004; St-Louiale 2009), and habitat suitability (Naugle et
al., 1999). Additionally, Light Detection and Rangi(LiDAR) can characterize vegetation
heights, which are positively associated with lmcdurrence (Seavy et al., 2009), diversity
(Goetz et al., 2007; Clawges et al., 2008; Lesalt.e2011), and habitat quality (Hinsley et
al., 2006; Goetz et al., 2010). However, among¢hneote sensing data that are used to
characterize avian habitat, LIDAR and Synthetic A Radar (SAR) are the only products
from which foliage-height diversity can be mapp€th{vges et al., 2008; Bergen et al.,
2009), and although SAR data is widely availabi®AR data is not. Furthermore, there are
limited image archives for LIDAR, thus it is notgsible to analyze change in vegetation
structure over time.

However, while optical satellite data cannot measegetation height directly,
image texture, derived from remotely sensed imagagay be a good proxy of vegetation

structure, since image texture can successfullgigiréne scale distributions of landbirds in
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heterogeneous habitat types including eastern Martbrican deciduous and coniferous
forests (Hepinstall & Sader, 1997; Tuttle et abQ@&; Culbert et al., 2009), desert shrublands
and grasslands (St-Louis et al., 2006, 2009), gnidwdtural grassland ecosystems (Bellis et
al., 2008). Image texture measures the heterogendite tonal values of pixels (i.e., digital
numbers, which represent brightness) within a @efiarea of an image. Image texture data is
fine grained, depending on the image resolutiohpy@ad in extent, a combination of
attributes that are desirable for landscape-sdaeacterization of avian habitat.

In addition to its use in characterizing aviartrigition patterns, image texture has
also been used for characterizing vegetation pett@gse et al., 2006) and as input for
vegetation classifications, for example in the @aaa Rocky Mountain (Zhang & Franklin,
2002), Canadian coastal forests (Coburn & Rob2884), African grasslands and savannas
(Hudak & Wessman, 1998; Hudak & Wessman, 2001),raodtane habitats (Estes et al.,
2010). However, to our knowledge, no study hasctliyeevaluated the use of image texture
for quantifying vegetation structure as represebtetbliage-height diversity, which is
unfortunate, because it is presumably the abilityn@ge texture to measure vegetation
structure that underlies its strong correlatiorhvavian diversity measures.

Our goal was to evaluate the strength of the iatiip of remotely sensed digital
numbers and image texture measures, calculateddmopiotos and satellite images, with
foliage-height diversity and horizontal vegetatgiructure that are widely used to
characterize avian habitat. We conducted this arslg a North American grassland-
savanna-woodland mosaic where a wide range of aggetstructural characteristics

provided a perfect setting for testing these retethips. Our specific objectives were 1) to
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determine which plot-level digital number summagaesl image texture measures derived
from air photos and Landsat TM data are best atackerizing foliage-height diversity and
horizontal vegetation structure both among andiwitiabitats, and 2) to offer

recommendations for using remotely sensed measititesture in avian habitat models.

Methods
Study Area

Our study area was the 24, 281 ha Fort McCoy Mifiinstallation, in the Driftless
Area of southwestern Wisconsin, USA (Fig. 1). Thenthant habitat types at Fort McCoy
include grasslands (defined here as less than&ctanopy cover), composed of grasses and
forbs with intermittent patches of bare ground kvd shrub cover; oak savannas (5 — 50%
tree canopy cover with variable shrub cover), askiwoodlands (> 50% tree canopy cover
with variable shrub cover, Curtis 1959, Fig. 2) nbinant tree species include black oak
(Quercus veluting northern pin oak@. ellipsoidalig, bur oak Q. macrocarpg jack pine
(Pinus banksiang black cherryPrunus seroting red oak Q. rubrg, and white oakQ@.
alba). Dominant shrubs include blueberijaccinium angustifoliujnand American hazelnut
(Corylus americang while dominant grasses include big bluestémdfopogon gerardji
and little bluestem3chizachyrium scopariym

Fort McCoy is an operational military installatiand approximately 50% of its area
is off limits to non-military personnel. Of the raming area, roughly 16% is grassland, 24%
is oak savanna, and 40% is oak woodland. Smalhpatof cattail marshes, riparian tracts,

and bogs make up the remaining 20%. Within thesasaa stratified random sampling
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design was used to select points for ground basliedjé-height diversity quantification and
image texture calculation. Three habitat typessgjeand, oak savanna (hereafter savanna),
and oak woodland (hereafter woodland) were claskifising an infrared air photo and a
digital raster graphic map depicting land coverep

Polygons encompassing patches of the three fatadat types were manually
digitized. Within the digitized polygons, 400 ramid@ample points were generated using
Hawth’s Tools extension (Beyer, 2004) in ArcGIS EBRI, Redlands, California, USA,
2006). Reflectance of roads or other non-vegetatieas (i.e., buildings) can influence
texture calculations, so all sample points thateweithin 150 m of a paved road or human
structures were removed from consideration. Saipqiets that were located within 150 m
of marginal roads (i.e., non-paved, single vehicdets) were included in this analysis
because marginal roads were similar in their effecimage texture to naturally occurring
bare areas. From this set, sample points that stereunded by at least 100 m of one habitat
type, and that were separated from other samphapby at least 300 m, were retained. This

resulted in a total of 193 sample points (Fig. 1).

Foliage-height Diversity Field Measurements

Foliage-height diversity was measured at each Eapgnt once in the summers of
2008 or 2009. Mean temperatures from March 1 tousti@5, which corresponded to the
time frame ranging from the early spring thaw te tluration of our foliage-height diversity

sampling, were not significantly different betwez08 (10.94 ° C) and 2009 (11.23 °t¢y
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=-0.60,p = 0.55). Similarly, mean precipitation of 2008 lwansformed, 0.35 mm) and
2009 (log transformed, 0.51 mm) were not signiftbadifferent ¢s, = -0.04,p = 0.98).

At each sample point, measurements were colle¢tidiasub-plots, located at the
center of the sample point and with one each atath angles of ) 120, and 240, at a
random distance between 20 and 80 m. From therceoit® of each sub-plot, one observer
walked 5 m in each of the cardinal directions ari@-an tall telescoping pole marked at 30-
cm intervals was placed vertically on the grouncgesond observer recorded the number of
hits (i.e., instances where vegetation touchegthe) in each 30 cm section. If the canopy
was taller than 12 m, the second observer usecabliais to estimate vegetation hits at
approximate 30-cm intervals. This yielded four meaments at each of the four sub-plots
totaling 16 foliage-height profiles at each sanymet.

From these 16 foliage-height tallies two indicey@detation structure were
calculated. First, foliage-height diversity was guted using the Shannon diversity index
(MacArthur & MacArthur, 1961; Krebs, 1989). Secohdrizontal vegetation structure was
derived by taking the standard deviation of canlogight at the 16 foliage-height diversity

measurements per sample point (Wiens & Rotenb288§1).

Remote Sensing Data Sources

A leaf-on, 1-m resolution, infrared air photo take late August 2006, and bands 1-5
and 7 from a Landsat TM (hereafter Landsat) sceqgaiged July 13, 2009 (path 25, row 29)
were the basis of our image texture analyses. \We tnee infrared air photo (hereafter air

photo) because infrared film is sensitive to nefrared light which vegetation reflects
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(Gausman, 1977). Furthermore, because birds resporetetation productivity and
greenness (Lee et al., 2004; Seto et al., 2004 Szaél., 2006), we calculated the NDVI

(Tucker, 1979).

Image Texture Analysis

Image texture was calculated as plot-level sumesant digital numbers and in a
moving window analysis of first-order (occurrene@y second-order (co-occurrence)
statistics (Haralick et al., 1973; Haralick, 19799r plot-level summaries, the mean and the
standard deviation of the digital numbers withi® 10 of a sample point were summarized
(hereafter plot-level mean or standard deviation).

To compute first-order statistics for a given sa#lenterest (e.g., a 3x3 or a 9x9 pixel
window), the digital numbers of the pixels withimeving window were used to calculate a
statistic (e.qg., variance), which was assignethéocentral pixel. Second-order statistics
consider the spatial relationships among neighlgquirels (Haralick et al., 1973; Haralick,
1979; Hall-Beyer, 2007). To calculate second ostatistics, the digital numbers for a given
scale of interest, were first translated into a/dexel co-occurrence matrix (GLCM) and the
texture statistics were calculated based on thisixn@lall-Beyer, 2007). As for first order
statistics, this process was repeated for eveml pisross an image. Image texture was
calculated using ENVI software (Research Systems Boulder, Colorado).

Since the scale (as represented by window sizah ahage texture measure may
affect the strength of its relationship with vegieta structure, we explored the potential of

several scales to characterize vegetation strudtnege texture from the air photo was
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calculated in 3x3, 7x7, 15x15, 21x21, 31x31, ankBA1moving windows. Image texture
from the six Landsat spectral bands and the ND\Wfevealculated in 3x3, 5x5, 7x7, and
11x11 moving windows. Texture measures were saldised on their established ability to
characterize vegetation structure (Kuplich et2005, Lu & Batistella, 2005, Tuominen &
Pekkarinen, 2005, Ge et al., 2006, Dobrowski e28l08). We calculated three first-order
texture measures (entropy, mean, and variance)ightisecond-order texture measures
(angular second moment, contrast, correlationjrdikgity, entropy, homogeneity, mean,
and variance, Table 1). The tool ‘zonal statistiosArcGIS 9.1 was used to summarize the

mean and standard deviation of each texture meastima 100 m of each sample point.

Statistical Analysis

From the air photo, we calculated 18 first-orded 48 second-order texture
measures. Summarized by the mean and standardideytais resulted in 132 texture
measures for each sample point. Similarly, 84-brsier and 224 second-order texture
measures were calculated from the six spectraldand the NDVI of the Landsat scene.
Once summarized by mean and standard deviatiadbulted in a total of 616 sample
point-specific texture measures. To identify thieafenost promising spectral bands and
texture measures, we investigated the correlatioictsire among Landsat image spectral
bands, among the different first- and second-otebdure measures, and among the scales
(i.e., window sizes) of first- and second-orderepy. We used Spearman rank correlation in
this analysis because it is a non-parametric measiustatistical dependence that is robust to

extreme values and monotonic relationships, whiehevevident from inspection of initial
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scatter plots (Zar, 1999). To examine the degremitihearity among Landsat image data,
we constructed Spearman rank matrices for thelplet- A) mean and B) standard deviation
summary from six Landsat spectral bands and the ND&investigate the degree of
collinearity of texture measures with one another held scale constant for each data source
(air photo and Landsat) as a 3x3 window and byi&eg@man rank matrices for the C) mean
and D) standard deviation summary of three first @ight second-order texture measures
derived from the air photo, and the E) mean anst&)dard deviation of three first and eight
second-order texture measures derived from theinfrared band (hereafter called Band 4)
of the Landsat image. Finally, to explore the d@Hexf scale, we focused on one texture
measure, entropy, which stood out for its strofati@ship with other texture measures, in
both our initial correlation matrices (Appendix 2da3) and in a previous study (St-Louis et
al 2006). We calculated Spearman rank matricethoG) mean and H) standard deviation
summary of first- and second-order entropy fordixewindow sizes applied to the air photo,
and the 1) mean and J) standard deviation sumnfdigst and second-order entropy for the
four window sizes calculated on Band 4 of the Lahdsene.

Based on the results of the correlation analysedimited all further analyses to the
air photo, and Landsat Band 4 and NDVI. Band 4 &B¥| were chosen because we found
that although the mean summaries were correlatddother Landsat spectral bands
summaries, the standard deviation summaries werstromgly correlated (Appendix 1).
Based on their known usefulness for vegetation toang (Kerr & Ostrovsky, 2003), we
hypothesized that Band 4 and NDVI would be paréidyluseful for characterizing

vegetation structure.
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We also eliminated from further analysis texturmasures that were strongly
correlated with other texture measuggs> 0.7, in the correlation matrices. We retairtes t
plot-level mean and standard deviation from airtplttata, Band 4, and the NDVI data. The
plot-level mean values were identical to first-ordeean, were mathematically less complex
than second-order mean, and were not related & t#kture measures (Appendix 2 and 3).
We also retained first-order entropy and first-ordgriance because, although the mean
summaries were strongly related to other texturasuees, the standard deviation summaries
of these measures were not strongly correlated atiter measures (Appendix 2 and 3)
suggesting that these measures may contribute elgitpucharacterizing foliage-height
diversity and horizontal vegetation structure. Rartore, we retained second-order contrast
in order to determine if using a texture measua¢ ithcalculated using the GLCM, which
guantifies ‘neighborhood relationships’ is supetmfirst-order measures in characterizing
foliage-height diversity and horizontal vegetatgiructure.

We retained the smallest window size for all imggeure analyses. In preliminary
analysis, we found the majority of window sizestfog mean, and to a lesser extent, the
standard deviation summaries of first- and secad@rcentropy calculated on the air photo
and Band 4 were highly correlated (Appendix 4 and’Be smallest window size has the
advantage of capturing heterogeneity of digital bara over small extents. Vegetation
structure varies abruptly in our study system (englividual or small groups of shrubs or
trees located in savanna habitat), suggestinghkatmaller window sizes would best match

the scale of the vegetation structure patterns.
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We constructed semivariograms for both foliage-hietiversity and horizontal
vegetation structure among all sample points arnhlinvthe three focal habitats (Legendre
and Fortin, 1989). There were no apparent patigfrspatial autocorrelation for foliage-
height diversity among and within habitats. Theesslight spatial autocorrelation for
horizontal vegetation structure within grasslanbitas. However, there were no obvious
patterns of spatial autocorrelation for horizonegietation structure within savanna and
woodland sample points, and among all sample points

To determine the amount of variance in foliage-hedjversity that could be
explained by image texture measures we used Inegaession models. Normality of data
distribution was checked using a Shapiro-Wilk tesd QQ norm plots, and
heteroscedasticity was checked using a Levend'abekvisual inspection of residual plots
(Zar, 1999). We applied logarithmic transformatidmsindependent variables that were not
normally distributed or that exhibited unequal gage. If the relationships appeared non-
linear, we fit second-order polynomial models.

Horizontal vegetation structure data consisterdiletl to meet requirements of
normality and equal variance which are necessangitions for conducting linear
regression, even when we applied logarithmic tiamnsétions. Therefore, to determine
whether a relationship existed between image textwasures and horizontal vegetation
structure, we used Spearman’s rank correlationstalistical analysis was completed using

the R software package (R Development Core Teafi§)20
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Results

As expected, grassland exhibited the lowest fellagight diversity and horizontal
vegetation structure and savanna and woodlanddxttibited considerably greater mean and
variation in foliage-height diversity and horizolngéructure (Fig. 3A&B). The plot-level
standard deviation and second-order contrast eakulifrom the air photo, as well as the
plot-level mean from Band 4 and NDVI exhibited miar pattern as the vegetation structure

measures (Fig. 3C-F).

Correlation among Texture Measures

Three broad patterns emerged from the Spearmércaarelation analyses. First,
most plot-level mean and standard deviation sunesaterived from Landsat spectral bands
were moderately| > 0.4 - 0.7, to highly correlategp[> 0.7, Appendix 1). Second, the
mean summaries of most texture measures were hightglated (Appendix 2 and 3), but
standard deviation summaries of texture measu@sesha greater range of variation in
their relationships with each other (Appendix 2 &ndThird, there were strong inter-scale
correlations (i.e., among window size) with theagest magnitude of difference occurring

among the smallest and largest window sizes (Apgehdnd 5).

Relationships between Air Photo Image Texture Meases and Vegetation Structure
Among habitats, about 80% of the variation indgk-height diversity was associated
with the mean of second-order contrast (Table Byizdntal vegetation structure was also

strongly associated with second-order contrasiyedisas the mean of first-order variange (
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= 0.73 for both measures, Table 3). The relatignbletween foliage-height diversity and
second order contrast was positive and linear tla@delationship was positive and
curvilinear for first-order variance and horizontalgetation structure (Fig. 4).

Within grassland habitat, image texture weaklyrabgerized foliage-height diversity
(second-order contrast accounted for 11% of thenee, Table 2). However the standard
deviation of first-order variance and second-oieitrast were both moderately to strongly
correlated with grassland horizontal vegetationditire p = 0.71 angh = 0.67 respectively,
Table 3). Within savanna habitat, foliage-heighvedsity was best characterized by the mean
summaries of both first-order variance and secad@rocontrast, which each accounted for
approximately 30% of the variance (Table 2). Sagamorizontal vegetation structure was
moderately correlated with the mean summary of icgtiorder entropy and second-order
contrast 4 = 0.41, Table 3). Within woodland habitat, abod@of variation in foliage-
height diversity was characterized by the mean sammf second-order contrast (Table 2).
In woodland habitat horizontal vegetation structwes not associated with any image

texture measure.

Relationships between Landsat Image Texture and Vegation Structure

Among habitats71% and 74% of the variance in foliage-height dhitg was
associated with the plot-level mean of both NDWil &and 4 (Table 2). The plot-level mean
of NDVI was also strongly correlated with horizdntagetation structure (= 0.70, Table
3). But in contrast to the air photo findings, firand second-order image texture measures

calculated from Landsat data did not strongly ctigraze foliage-height diversity and
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horizontal vegetation structure among habitatslaximg only 15% of the variance in
foliage-height diversity (Table 2), and were weaktyrelated with horizontal vegetation
structure (Band 4 measuress 0.27, Table 3). As was the case for air photeeda
regression, the relationships between the plottHienaan of the Landsat data were positive
and linear for foliage-height diversity, and posstiand slightly curvilinear for horizontal
vegetation structure among habitats (Fig. 4).

Within grassland habitat, 26% of the variatioriafage-height diversity was
associated with the plot-level standard deviatibNDVI and second-order contrast of
NDVI (Table 2), and horizontal vegetation structwas moderately correlated with the plot-
level mean of NDVI4 = 0.48, Table 3). Within savanna, the associatiaa weaker, with
the plot-level mean of NDVI accounting for 10% bétvariance in foliage-height diversity
with the strongest association capturing only 16%he variation (Band 4, Table 2).
Horizontal vegetation structure was moderatelyedated with the plot-level mean of NDVI
(p = 0.37, Table 3). Within woodland habitat, howeaout 60% of the variation in foliage-
height diversity was associated with the plot-lanelan summaries of both Band 4 and
NDVI (Table 2). We did not find any significant celations between image texture

measures and horizontal vegetation structure witlwadlands (Table 3).

Discussion
Vegetation structure greatly influences habitt#écen by landbirds. However,
ornithologists lack adequate methods for measwraggptation structure across broad extents.

Our results suggest that in ecosystems that encssygbeong differences in structure, such as
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the grassland-savanna-woodland mosaic we studnedja texture of remotely sensed data
characterizes foliage-height diversity and horiabmegetation structure very well. However,
at the finer within-habitat scale, the relationshiggtween image texture measures and
foliage-height diversity and horizontal vegetatgiructure were less strong.

Our results were consistent with previous stuthas applied image texture to
discriminate among-habitat vegetation structuréepas. While investigating brush
encroachment in African savannas, Hudak and Wes$a#1) found high correlations
among canopy cover and image texture, and betweedystem counts and image texture
(1998). These African study sites were a mosaghafiblands and savanna, similar in
vegetation structure to our grassland-savanna-vaoodstudy site. The mean summary of
first-order standard deviation, calculated fromhhigsolution air photos, was best related to
the vegetation structural measurement, woody stamts (Hudak & Wessman, 1998). First-
order standard deviation is mathematically sinmitefirst-order variance which we found to
be related to foliage-height diversity within samarhabitats (Table 2), suggesting that this is
a consistent measure of vegetation structure isystems that include grass, shrub, and
scattered tree (i.e., savanna) elements. In a nednagyeal forest in Finland, second-order
image texture measures, including contrast, caledl&om high resolution air photos, were
moderately correlated with vegetation structuratriog (Tuominen & Pekkarinen, 2005).
The strength of the correlations among image-textaeasures and vegetation structure
metrics used in Finland corroborate our findingsulithe strength of the relationship

between second order contrast and vegetation gteuahd provide further evidence that
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image texture measures can discriminate amongdialagetation structural patterns, which

may be useful for characterizing avian habitat staroad extents.

Relationships between Image Texture and Vegetatidtructure

Our analysis highlighted differences among airtphand satellite- derived data in
the degree of association with vegetation strucfline fine grained air photo better
characterized foliage-height diversity and horiabnegetation structure among habitats and
within savanna habitat than did the satellite dat@ontrast, the plot-level mean from Band
4 and NDVI were more strongly related to foliageghé diversity within grasslands and
woodlands. This finding came as a surprise to usdo reasons. First, we expected that
measures calculated at the finest scale (the 3 pioving window), which most closely
matched our perception of the scale of vegetataiapdistribution within savanna plots,
would best characterize vegetation structure. leantlore, in Finnish boreal forests, patterns
of vegetation structure exhibited stronger relatops with image texture measures than
with plot-level digital numbers (Tuominen & Pekkan, 2005). We did not expect the plot-
level mean and standard deviation of Landsat-bBi§®dl to emerge as a strong correlate of
vegetation structure because this metric did ncowaat for difference in scale (i.e., window
sizes used to calculate image texture measureshwig hypothesized to be more strongly
associated with vegetation structure. However results do coincide with evidence that
NDVI characterizes vegetation metrics ranging fleaf-area index (Gamon et al., 1995) to

plant species richness (Gould, 2000).
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We suggest that image texture is a useful tooh¥main ecologists interested in
characterizing vegetation structure, as representddliage-height diversity over broad
extents. Our findings suggest that image texturasmess calculated using smaller window
sizes with high resolution imagery and plot-leviglitél numbers from Band 4 and NDVI are
most strongly associated with vegetation struch@terogeneity as it is measured on the
ground. Other studies, in which there was a mismbétween the scale of ground data and
the scale of texture processing, did not find datiens between image texture measures and
vegetation metrics. For example, Lu and Batist¢d805) used vegetation data collected in
sub-plots ranging from 1 fto 100 nf to characterize tree-height, stem-height, and eiem
at breast height of early successional and masunéorest in Brazil across a highly
fragmented landscape. These data were relatedhtdtshfiimagery and image texture
calculated in window sizes ranging from 150 tm 750 nf where there were only moderate
to poor correlations discovered. One explanatiowloy there were not stronger correlations
in areas with high within-habitat heterogeneity nbaythat the scale of the ground-based
measurements were not well matched to the scateagfe texture calculation, resulting in

moving windows that incorporated habitat data thas not sampled in the field plots.

Recommendations for Use of Texture Measures

We suggest that if the goals of a study are to ampcharacterize vegetation
structure as a proxy for characterizing avian i a strongly heterogeneous landscape,
investigators should match the scale of analyss, tiype and resolution of imagery and size

of moving windows) with the scale of the vegetatoatches. If the goals of the study are to
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guantify vegetation structure at larger extents @grizeterogeneous habitats, in order to
capture variation of adjacent habitats (i.e., laage structural context), which may be
influencing landbird habitat selection, investigatshould use larger window sizes.
Furthermore, we suggest using the plot level meamalse this quantifies information of the
‘local’ area of interest (e.g., 100 m radius sangaats), which we found to relate well with
vegetation structure among habitats.

Finally, due to the high correlation among rempgsnsed variables, we recommend
using a subset of first- and second-order textugasures. We suggest using one or two first-
order texture measures such as variance, or envdeyound these texture measures to be
strongly related to foliage-height diversity andihontal vegetation structure among habitats
and moderately related within savannas. Because tiexture measures are strongly
correlated with second-order entropy and variadgpéndix 2 and 3), we recommend the
simpler first- and second-order image texture messWwWe found second-order contrast to
be highly related to foliage-height diversity amdrapitats, and others have characterized
avian habitat using a closely related texture meagLe., second-order homogeneity, Tuttle
et al., 2006). Thus, we recommend using a secoterdexture measure such as contrast
(Appendix 2 and 3), when characterizing foliageghédiversity. Finally, since we found the
plot-level mean of Band 4 and NDVI to be strongiated to foliage-height diversity among
habitats and within woodlands, and since these uneasire highly collinear with first- and
second-order mean, we suggest investigators use theasures when using Landsat data to

characterize vegetation structure patterns acnassllextents.
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Conclusions

Ornithologists need effective tools for measu@wgn habitat at both fine scales and
broad extents. Field-based methods for fine scatbétdt quantification are well established.
However, efficient methods that could charactefize grained habitat features across broad
extents are lacking. The results of our study ssigtpat plot-level digital numbers and image
texture calculated from remotely sensed data camcterize foliage-height diversity and
horizontal vegetation structure among and, to selesxtent, within grassland, savanna, and
woodland habitats. These findings are importanabse avian diversity, richness, and
distributions are linked to foliage-height diveys#ind horizontal vegetation structure. We
provide evidence that remotely sensed data caséx to characterize foliage-height
diversity and horizontal vegetation structure dmgstis a useful tool for mapping avian

habitat across broad spatial extents.
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Table 1-1: Eight second-order measures of imagerexalculated from a gray-level co-

occurrence matrix (GLCM) with description of whhey measure, and the statistic formula.

Second-order statistic

Statistic description of bedwior

Statistic formula’

Angular- second moment

Contrast

Correlation

Dissimilarity

Entropy

Homogeneity

Mean

Variance

High when the GLCM is locally
homogenous. Similar to
Homogeneity.

A measure of the amount of local
variation in digital numbers among
neighboring pixels. It is the opposite
of homogeneity.

Linear dependency of digital
numbers on those of neighboring
pixels.

Similar to contrast and inversely
related to homogeneity.

Shannon-diversity. High when the
digital numbers of the GLCM have
varying values. Opposite of angular
second moment.

A measure of homogenous digital
numbers across an image.

Gray level average in the GLCM
window.

Gray level variance in the GLCM
window.
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"From Haralick et al. (1973)



Table 1-2: Univariate linear regression modelshefstrength of the relationship between foliageiediversity and the mean
(MEAN) and standard deviation (SD) of plot-levedjitil numbers and®land 29 order texture measures calculated from an infrared
air photo, the near-infrared spectral band fronaadsat TM scene (Band 4), and a vegetation indBX/INvom a Landsat TM scene
within three habitats (grassland, savanna, and i&add) and among all three habitats (Global). Cokithat are not populated with
model metrics indicate that the assumptions ofilimeodels could not be met.

Grasslands Savanna Woodland Global
(n=49) (n =84) (n =60) (n=193)

R® p-value R® p-value R® p-value R® p-value
Air photo plot-level MEAN -0.04 0.95 0.11 <0.01 0.04 0.12
Air photo plot-level SD 0.00 0.35 0.28 <0.01
Air photo first-order entropy MEAN 0.02 0.26 023" <001 016" <o0.01 0.74" <o0.01
Air photo first-order entropy SD 0.00 0.36 020" <001 014" <o0.01 073"  <o0.01
Air photo first-order variance MEAN 0.05 0.12 032" <001 018" <o0.01 0.74" <o0.01
Air photo first-order variance SD 0.09" 0.04 026" <0.01 0.03 0.18
Air photo second-order contrast MEAN 0.05" 0.11 031 <0.01 0.31 <0.01 0.79 <0.01
Air photo second-order contrast SD 0.11" 0.02 0.24 <0.01 0.06 0.04
Band 4 plot-level MEAN 0.14 <0.01 0.16 <0.01 0.59 <0.01 0.74 <0.01
Band 4 plot-level SD 0.18 <0.01 0.00 0.32 0.04 0.11
Band 4 first-order entropy MEAN 0.14" 0.01 0.06" 0.03 0.02 0.20 0.15" <0.01
Band 4 first-order entropy SD 0.05 0.12 0.02 0.16 -0.03 0.90 0.12" <0.01
Band 4 first-order variance MEAN 0.19" <0.01 0.02 0.15 0.01 0.25 0.01 0.16
Band 4 first-order variance SD 0.15" <0.01 0.00 0.32 0.00 0.48 0.01 0.13
Band 4 second-order contrast MEAN 0.09 0.03 0.01 0.17 0.03 0.09 0.00 0.31
Band 4 second-order contrast SD 0.02 0.17 0.06 0.02 0.00 0.40 0.00 0.41
NDVI plot-level MEAN 0.21 <0.01 0.10 <0.01 0.60 <0.01 0.71" <0.01
NDVI plot-level SD 0.26 <0.01 -0.01 0.69 0.22 <0.01
NDVI first-order entropy MEAN -0.01 0.45 0.00 0.32 0.06 0.07
NDVI first-order entropy SD -0.02 0.82 0.00 0.38 0.04 0.11 0.04 0.01
NDVI first-order variance MEAN -0.03 0.72 0.00 0.27 0.15 <0.01 0.00 0.84
NDVI first-order variance SD -0.02 0.82 0.02 0.15 0.11 0.01 0.00 0.48
NDVI second-order contrast MEAN 0.26 <0.01 0.00 0.59 0.10 <0.01
NDVI second-order contrast SD 0.12 <0.01 0.00 0.68 0.00 0.40

"Model fit using the 2 order polynomiall.

LE
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Table 1-3: Spearman rank correlations for horizorggetation structure against the mean

(MEAN) and standard deviation (SD) of plot-levedjitial numbers, and*land 29 order texture
measures calculated from an infrared air photondee-infrared spectral band from a Landsat
TM scene (Band 4), and a vegetation index, NDVirfra Landsat TM scene within two habitats
(grassland and savanna) and among all three raf@&ibal). Woodland sample points were
excluded from this table because no significantetations could be found.

Grasslands Savanna Global
(n=49) (n=84) (n=193)

p p-value p p-value p p-value
Air photo plot-level MEAN -0.24 0.09 -0.15 0.16 -0.45 <0.01
Air photo plot-level SD 0.37 0.01 040 <0.01 0.72 <0.01
Air photo first-order entropy MEAN 0.05 0.74 041 <0.01 0.71 <0.01
Air photo first-order entropy SD -0.04 0.80 -0.39 <0.01 -0.70 <0.01
Air photo first-order variance MEAN 040 <0.01 0.39 <0.01 0.73 <0.01
Air photo first-order variance SD 0.71 <0.01 0.28 0.01 0.65 <0.01
Air photo second-order contrast MEAN 0.37 <0.01 041 <0.01 0.73 <0.01
Air photo second-order contrast SD 0.67 <0.01 0.33 <0.01 0.71 <0.01
Band 4 plot-level MEAN 0.08 0.56 0.32 <0.01 0.61 <0.01
Band 4 plot-level SD 040 <0.01 0.09 0.41 0.24 <0.01
Band 4 first-order entropy MEAN 0.33 0.02 0.13 0.25 0.27 <0.01
Band 4 first-order entropy SD -0.15 0.32 -0.12 0.26 -0.21 <0.01
Band 4 first-order variance MEAN 045 <0.01 0.07 0.50 0.13 0.07
Band 4 first-order variance SD 045 <0.01 0.09 0.43 0.10 0.18
Band 4 second-order contrast MEAN 0.37 <0.01 0.00 0.95 0.06 0.38
Band 4 second-order contrast SD 0.31 0.03 -0.07 0.51 0.02 0.78
NDVI plot-level MEAN 048 <0.01 0.37 <0.01 0.70 <0.01
NDVI plot-level SD 0.37 <0.01 0.15 0.17 0.03 0.68
NDVI first-order entropy MEAN -0.11 0.46 0.06 0.58 0.13 0.07
NDVI first-order entropy SD 0.09 0.53 -0.10 0.38 -0.13 0.08
NDVI first-order variance MEAN 0.17 0.25 -0.11 0.30 0.06 0.43
NDVI first-order variance SD 0.19 0.19 -0.10 0.36 0.05 0.47
NDVI second-order contrast MEAN 0.36 0.01 0.05 0.68 -0.13 0.07

NDVI second-order contrast SD 0.36 0.01 0.05 0.68 -0.14 0.06
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Figure Captions

Figure 1-1: A) Fort McCoy Military Installation, \Weonsin, USA. B) Distribution of 193
sample points where foliage-height diversity dages wollected and texture values were
calculated. The sample points were distributedsscam open to dense tree canopy cover
gradient in three habitat types, 1) grasslandsteéenoy barred polygons, 2) savanna denoted

by white outlined polygons, and 3) woodlands dedidg black outlined polygons.

Figure 1-2: A) Grassland, B) savanna, and C) wowtl&ach habitat type depicted with a 1)
ground photo, 2) a 1 m resolution infrared air ph@) infrared air photo-derived%order
contrast calculated in a 3x3 moving window, 4) N@lculated from a Landsat scene, and
5) NDVI-derived 29 order contrast calculated in a 3x3 moving windbwimages with cross

(") the color ramp was stretched and inverted foareledisplay.

Figure 1-3: Box plot summaries of vegetation stiteiand image texture characteristics in
grassland, savanna, and woodland vegetation ty)dsliage-height diversity, B) horizontal
vegetation structure (horizontal structure), ¢)ader contrast calculated in a 3x3 pixel
moving window on an infrared air photo, then sumeea by the mean of pixels found
within a 100 m radius circle, D) Infrared air ph@iot level values summarized by the
standard deviation within a 100 m radius circleBahd 4 plot level values summarized by
the mean within a 100 m radius circle, and F) NPWit level values summarized by the

mean within a 100 m radius circle.
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Figure 1-4: Scatter plots from least-squares ragrasof best plot-level digital number
summaries, or image texture measures in predietingng-habitat foliage-height diversity
(Shannon diversity index, (A). Scatter plots forihontal vegetation structure (meters)
depict best Spearman's rt@) €orrelation among habitats, (B). Plot-level cagihumber
summaries and image texture measures were caldudtata an infrared air photo (row 1)
and Band 4 and NDVI from a Landsat scene (row Bg Aabitat of each plot is denoted as

follows: grassland -solid black circle, savanndldwe square, woodland -gray triangle.
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Appendix 1-1: Spearman rank correlation coeffigenitthe plot-level digital numbers from a
Landsat image and a vegetation index (NDVI). Abtheediagonal is the standard deviation, and
below the diagonal is the mean, summarized in ad@&@dius buffer around sample points.

sample points =193.

Band1l Band2 Band3 Band4 Band5 Band7 NDVI

Band 1 0.95 0.95 0.08 0.77 0.86 0.66
Band 2 0.98 0.64 0.09 0.79 0.83 0.63
Band 3 1 0.98 0.10 0.85 093 0.77
Band 4 -0.82 -0.76 -0.81 0.15 0.13 041
Band 5 0.96 0.96 097 -0.73 090 0.76
Band 7 0.99 0.98 099 -081 0.98 0.84

NDVI -098 -095 -0.98 0.89 -0.93 -0.98




Appendix 1-2: Spearman rank correlation coefficsenftthree T order and eight™ order texture measures calculated from an
infrared air photo in a 3x3 moving window in a I@Qadius buffer around 193 sample points. Abovedihgonal are texture

measures summarized by the standard deviationwBéle diagonal are texture measures summarizeldeognean.

Measure Sorder 2% order
Texture Infrarell ENT MN VAR CON COR DIS ENT HOM MN ASM VAR
Infrared -0.75 097 0.89 0.88 -0.75 0.85 -0.72 0.06 0.97 -0.73 0.89

1% order ENT -0.46 -0.62 -0.70 -0.81 095 -062 099 051 -0.62 1 -0.70
MN 1 -0.46 0.84 0.78 -0.62 0.83 -0.58 0.13 1 -059 0.83
VAR -051 095 -05 0.95 -0.68 0.96 -0.66 0.05 0.84 -0.68 1

2"order  CON -0.51 096 -051 0.99 -0.80 0.93 -0.77 -0.13 0.78 -0.79 0.95
COR -064 095 -0.64 0.93 0.94 -0.63 093 045 -0.62 094 -0.68
DIS -0.51 097 -05 0.99 1 0.95 -0.57 0.21 0.83 -0.59 0.96
ENT -0.41 099 -041 0.93 0.93 0.93 0.95 0.54 -0.58 1 -0.66
HOM 0.48 -0.99 047 -0.97 -0.98 -0.96 -0.99 -0.98 0.13 0.54 0.05
MN 1 -0.46 1 -0.50 -0.51 -0.64 -0.5 -041 047 -0.60 0.83
ASM 0.45 -1 045 -0.95 -0.96 -095 -097 -0.99 0.99 0.45 -0.68
VAR -051 095 -05 1 0.99 0.93 099 092 -0.97 -0.50 -0.95

Infrared = Plot-level digital numbers (no moving window bysis)
First-order measures: ENT = Entropy, MN = Mean, VAR ariance - Second-order measures: CON = Contt&3R = Correlation,
DIS = Dissimilarity, ENT = Entropy, HOM = HomogemgiMN = Mean, ASM = Angular Second Moment, VAR aNance.

o



Appendix 1-3: Spearman rank correlation coefficsenftthree T order and eight™ order texture measures calculated from the near-
infrared band (Band 4) of a Landsat scene in al8a@ing window in a 100 m radius buffer around 188 ple points. Above the

diagonal are texture measures summarized by thdath deviation. Below the diagonal are texturesuess summarized by the

mean.

Measure T order 2" order
Texture Band 4 ENT MN VAR CON COR DIS ENT HOM MN ASM VAR
Band 4 -0.35 0.92 0.77 0.67 0.59 0.58 -0.39 042 094 -0.52 0.80

1% order ENT 0.50 -0.30 -0.25 -0.22 -0.34 -0.07 0.65 0.06 -0.28 0.65 -0.24
MN 0.99 0.51 0.78 0.61 0.47 0.56 -0.29 043 096 -041 0.75
VAR 0.29 077 031 0.75 051 068 -023 050 075 -036 0.95

2"order CON 0.30 068 029 0.80 048 093 -020 073 063 -0.33 0.80
COR -0.30 -064 -0.30 -0.63 -0.62 041 -027 031 050 -0.38 053
DIS 0.36 074 035 074 094 -0.62 -0.02 089 057 -013 0.73
ENT 0.46 085 046 073 0.76 -0.68 0.86 0.19 -0.31 0.95 -0.25
HOM -0.39 -0.76 -0.38 -0.68 -0.88 0.62 -0.98 -0.88 0.43 0.07 0.55
MN 1 0.50 0.99 0.30 0.31 -0.30 0.37 0.47 -0.40 -0.44 0.78
ASM -0.46 -0.84 -0.46 -0.70 -0.74 0.66 -0.85 -099 0.88 -0.46 -0.39
VAR 0.33 075 033 095 084 -067 0.79 0.78 -0.74 034 -0.76

Band 4 = Plot-level digital numbers of Band 4
First-order measures: ENT = Entropy, MN = Mean, VAR ariance - Second-order measures: CON = Contt&3R = Correlation,
DIS = Dissimilarity, ENT = Entropy, HOM = HomogegiMN = Mean, ASM = Angular Second Moment, VAR aNance.

LY



Appendix 1-4: Spearman rank correlations fdotder and % order entropy calculated at different scales (windizes) from an
infrared air photo, in a 100 m radius buffer arod8@ sample points. Above the diagonal are thelstahdeviation summaries of 1

and 2° order entropy. Below the diagonal are the meamsames of i and 29 order entropy.

T order 2% order
Window Size 3x3 7x7 15x15 21x21 31x31 51x51 3x3 7x7 15x15 21x21 31x31 51x51
1% order 3x3 0.55 0.56 0.60 0.65 0.72 0.99 082 -0.28 0.66 0.65 0.66
X7 0.99 0.97 0.93 0.88 0.78 0.57 0.88 0.55 0.95 0.92 0.86
15x15 0.96 0.99 0.99 0.96 0.88 0.56 0.86 0.50 0.98 0.97 0.93
21x21 0.94 0.98 1 0.98 0.92 0.59 0.85 0.42 0.98 0.99 0.96
31x31 0.93 0.96 0.99 1 0.97 0.64 0.85 0.31 0.97 0.98 0.98
51x51 0.91 0.95 0.98 0.99 1 0.70 0.83 0.15 0.91 0.94 0.97
2" order 3x3 0.99 0.97 0.93 0.92 0.90 0.88 0.85 -0.24 0.67 0.65 0.66
X7 1 0.99 0.97 0.96 0.94 0.93 0.99 0.21 0.91 0.88 0.86
15x15 0.97 0.99 0.97 0.96 0.95 0.93 0.95 0.98 0.39 0.38 0.31
21x21 0.98 1 0.99 0.99 0.98 0.96 0.96 0.99 0.98 0.99 0.96
31x31 0.97 0.99 1 0.99 0.98 0.97 0.95 0.98 0.98 1 0.98
51x51 0.96 0.99 1 0.99 0.99 0.98 0.94 0.97 0.98 1 1

8y
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Appendix 1-5: Spearman rank correlations coeffitsidar = order and % order entropy
calculated at different scales (window sizes) sfra® the near infrared band (Band 4) of a
Landsat scene, in a 100 m radius buffer aroundsh@®le points. Above the diagonal are the
standard deviation summaries 6fand 2° order entropy. Below the diagonal are the mean

summaries of tand 2° order entropy.

1 order 2% order
Window Size 3x3 5x5 7x7 11x11 3x3 5x5 7x7 11x11
1% order 3x3 0.67 0.36 0.23 0.65 058 0.37 0.24
5x5 0.95 0.75 0.38 0.59 0.77 067 041
7 0.90 0.98 0.56 040 059 0.79 0.54
11x11 0.79 0.89 0.95 0.20 0.31 046 0.79
2" order 3x3 0.85 0.86 084 0.76 0.77 042 0.22
5x5 0.87 091 090 0.83 0.97 0.75 0.38
X7 0.85 091 093 0.89 0.93 0.98 0.59

11x11 0.77 085 0.89 0.93 0.81 0.89 0.95




50

CHAPTER 2: IMAGE TEXTURE PREDICTS DENSITY AND SPECI ES RICHNESS

OF BIRDS IN A GRASSLAND-SAVANNA-WOODLAND MOSAIC

Coauthors: Anna M. Pidgeon and Volker C. Radeloff

Abstract

For decades, avian ecologists have collected irdbam in the field about habitat in order to
understand and predict patterns of bird distribuaad abundance. Although field-measured
data provides valuable information, the scale t@rence possible from such data is limited
because large-scale data collection is rarely bmdRemote sensing methods may offer an
alternative, efficient approach to characterizeaviabitat across broad areas. We compared
the ability of field-measured foliage-height divieysand horizontal vegetation structure with
remotely sensed plot-level summaries of digitaliealand image texture calculated from
both an air photo and from a Landsat TM sateliitage, to predict patterns of bird density
and species richness in a grassland-oak savannaeamaktand mosaic in the 24,281 ha Fort
McCoy Military Installation, Wisconsin, USA. Withinabitats, we related these predictive
data to the density of three avian species: GragggrdSparrowAmmodramus savannarjm

a grassland associated bird, Field Sparr®pi4ella pusill}a savanna associated bird, and
Ovenbird Geiurus aurocapillusa species associated with deciduous woodland$oaests.
Among habitats, we compared the ability of thedfirleasures and remotely sensed data to
predict avian species richness. Image texture lbxifrom the air photo was best in

predicting Grasshopper Sparrow densi§< 0.52,p-value<0.01), and avian species
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richness I = 0.54,p-value<0.01). Ovenbird density was best predicted by-leicel
summaries of the satellite data (mean ND®fi= 0.54,p-value<0.01). Field Sparrow
density was not particularly well captured by eitheld-measured or remotely sensed
variables, but was best predicted by air photo entagture R = 0.13,p-value<0.01). Our
results highlight that image texture measures @persor to field-measured foliage-height
diversity in predicting avian biodiversity patterasd thus are useful for biodiversity

monitoring and mapping across broad areas.

Key words: avian density, Field Sparrow, foliage height dsig, Grasshopper Sparrow,
horizontal vegetation structure, image textureairdd air photo, NDVI, oak savanna,

Ovenbird

Introduction

It is difficult to monitor and map patterns of diife diversity and abundance
efficiently across broad areas. However, theresgang need for effective monitoring of
biodiversity, given that more than 12% of the wixldirds, 25% of the world’s mammals,
40% of the world’s amphibians, and 20% of the warldvertebrates are threatened with
extinction (Vié et al. 2009), and current trenddiodiversity loss likely to continue (McKee
et al. 2004) due to human land-use (Vitousek 1994l)climate change (Botkin et al. 2007).
Fine-grained information about biodiversity patgersuch as field-measured habitat
measurements or avian point counts, is commonlgdeld at local scales using well

established protocols (Ralph et al. 1995, Martiale1997). However, obtaining fine grained
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data across broad spatial extents, which is negekseaefficient large scale management and
monitoring, is logistically difficult, if not impasble.

Ecologists have long used field-measured datacidn methods for measuring
habitat variables that influence species diver@itgcArthur and MacArthur 1961, Cody
1981, Cody 1985, Martin et al. 1997). A commondigieasured habitat metric used by
ornithologists (Karr and Roth 1971, Wiens and Rbézry 1981, Rosenzweig 1995, Pidgeon
et al. 2001), and to a lesser extent mammalogisigyst 1983), and entomologists
(Murdoch et al. 1972, Southwood et al. 1979, Bestger and Wiens 2001) is foliage height
diversity (MacArthur and MacArthur 1961). Foliageight diversity is an index of
vegetation structure (MacArthur and MacArthur 1961t characterizes heterogeneity in
vertical and horizontal vegetation (MacArthur anddArthur 1961, Wiens and Rotenberry
1981). Variation in foliage-height diversity wasgmnally used to predict avian diversity
patterns and niche partitioning among species (Nidch and MacArthur 1961). Since
MacArthur and MacArthur’s (1961) seminal work, emgikts have linked foliage height
diversity to biodiversity in habitats around therlgdge.g., shrub-steppe, Rotenberry and
Wiens 1980, Wiens and Rotenberry 1981; scrub véagetaGreenstone 1984; grassland,
Patterson and Best 1996; montane forests, Est&9&s ¢hrub-steppe and desert,
Bestelmeyer and Wiens 2001). However, althoughlfeéasured data, such as foliage
height diversity, provides valuable fine grainetbmmation about habitat heterogeneity, it is
generally of limited use for large scale analysdsch is unfortunate since land management
and conservation typically operates at broadeesa@urley 1988, Szaro and Johnston 1996,

Sutherland 2000).
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Remotely sensed data has been used to monitawéisiy across broad areas
(Roughgarden et al. 1991, Stoms and Estes 199&rdag 2001, Turner et al. 2003).
Typically, land-cover classes are related to anigttibutions (Venier et al. 2004,
Gottschalk et al. 2005, Luoto et al. 2007). Howewee limitation of this method is that
land-cover classes mask within-class variationagetation structure (Wood et al. in
review). This is problematic because variationegetation structure influences the
distribution of biodiversity (MacArthur and MacAdh1961). Alternative approaches to
characterize habitat heterogeneity include Lightebgon and Ranging (LIiDAR, Lesak et al.
2011), Synthetic Aperture Radar (SAR), Bergen ¢28l09, and image texture, which is a
measure of the contrast in digital values of pixksge texture has been used to
characterize vegetation patterns in heterogenealisalts including sparsely vegetated
shrubland and desert (Hudak and Wessman 1998, Harahkvessman 2001), grassland-
savanna (Wood et al. in review), and forest habif@ulbert et al. 2009, Estes et al. 2010).
Image texture has also been used for studies efglity (e.g., avian species richness, St-
Louis et al. 2006, St-Louis et al. 2009), habiatupancy (Hepinstall and Sader 1997),
habitat selection (Tuttle et al. 2006, Estes e2@08), and habitat suitability (Pasher et al.
2007, Bellis et al. 2008).

While image texture offers promise as a tool flegical studies, it is not clear how
well it compares with measures of vegetation stmgctierived from field-measured foliage
height diversity in characterizing avian distrilautipatterns. Furthermore, the potential of

image texture for predicting avian density (i.&y@adance) is untested. Additionally, the
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range of habitat types in which image texture éffety predicts avian diversity measures
such as species richness, is unclear.

Our goal here was to compare the variation inepastof avian density and species
richness associated with field-based vegetatiarcitire measurement, and remotely sensed
data including image texture. Our first objectivasno assess the amount of variation in
densityof three bird species associated with a) fieldsuead foliage-height diversity and
horizontal vegetation structure b) plot-level sumegof digital values, and c) image texture
measures from two remotely sensed data sourcesdgaand objective was to assess the

amount of variation in aviaspecies richnesassociated with the same three types of data.

Methods
Study Area

We collected data on field-measured vegetatiarcgire and avian abundance at the
24,281 ha Fort McCoy Military Installation, locatedsouthwestern Wisconsin, USA (Fig.
1). Approximately 50% of Fort McCoy is off limite non-military personnel. Three habitat
types occur within the boundaries of the availddhel for study. These include: grasslands,
which occur on 16% of the available land, and Hass than 5% tree or shrub cover; oak
savanna (hereafter referred to as savanna) whalr ot 24% of the available land and are
characterized by between 5 — 50% tree canopy @nekrariable shrub cover; and oak
woodland (hereatfter referred to as woodland), woitur on 40% of the available land and
are characterized by greater than 50% tree canmysr @and variable shrub cover (Fig. 1,

Curtis 1959). Common tree species include, in ooflelominance, black oakQUercus
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veluting, northern pin oakQ. ellipsoidalig, jack pine Pinus banksiang black cherry
(Prunus seroting red oak Q. rubra), and white oak@. albg. Shrubs include blueberry
(Vaccinium angustifoliupnrand American hazelnu€prylus americang and grasses include
big bluestemAndropogon gerardjiand little bluestemSchizachyrium scoparim

To select field sampling points, 400 random pgiséparated by at least 300 m, were
generated within grassland, savanna, and woodlabidat, using Hawth’s Tools extension in
ArcGIS 9.1 (ESRI, Redlands, California, USA 200B)ese habitat types were initially
identified from a leaf-on infrared air photo takerlate August 2006 and a digital raster
graphic map depicting land cover types. Textureuwations can be influenced by paved
roads and other manmade structures (e.g., buildindgdraining ranges). Therefore, all
sample points that were within 150 m of such fezsgwere removed from consideration.
From this set, sample points that were at leastmi@dvay from the edge of a focal habitat
type were retained. Additionally, sample pointsevenly incorporated if there was no
significant disturbance (e.g., fire or construcjibetween the dates when the remotely
sensed data was acquired and the field data wkestsml. This resulted in a total of 172

sample points, with 43 in grasslands, 78 in saveynarad 51 in woodlands (Fig. 1).

Field-measured Vegetation Structure Measurements

At each sample point, foliage height profile measwents were collected in four sub-
plots, one located at the center and one eachaaidom determined distance within 20 - 80
m in the compass directions of 0°, 120°, and 2&408dArthur and MacArthur 1961, Wiens

and Rotenberry 1981). From the center point of eadiplot, one observer walked 5 m in
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each of the cardinal directions and vertically ptha 12-m tall telescoping pole, marked at
30-cm intervals, on the ground. A second obsemesnded all vegetation instances where
vegetation touched the pole (hits) in each 30-ogmsnt of pole. If the canopy was taller
than 12 m, the second observer used binocularstitnae vegetation hits at approximate 30-
cm intervals. This yielded four measurements at @h¢he four sub-plots totaling 16 foliage
height profile measurements at each sample paiomfhese 16 foliage height profile
measurements, foliage-height diversity was compusaag the Shannon diversity
(MacArthur and MacArthur 1961, Zar 1999) and a homtal vegetation structure index was
calculated by taking the standard deviation ofttiglest intersection of vegetation with the

measuring pole at the 16 sub-plots per sample Pdirens and Rotenberry 1981).

Avian Point Counts and Focal Species

At each of the 172 sample points, four 100-m \detaadius, five-minute point
counts were completed from 25 May to 4 July in 2087 and 2008 to characterize the
avian community during the breeding season (Ral@h 4995). In 2009 sample points were
visited three times during the same time frame.e@les's were trained in bird identification
by EMW, who participated in data collection eaclry@fter the training, four observers
conducted one count at each sample point during@ 26d 2008. Three observers performed
one count at each sample point in 2009. Avian oagiens were limited to those occurring
within 100 m of the sample point, and distanceachedetected individual was estimated
using laser rangefinders. We recorded raw abundainteee bird species, Grasshopper

Sparrow Ammodramus savannarynirield Sparrow$pizella pusilly, and Ovenbird
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(Seiurus aurocapillus which were selected on the basis of their stiasgpciation,
respectively, with grassland (Vicery 1996), savaf@®arey et al 2008), and woodland habitat
(Van Horn and Donovan 1994). Additionally, totakspes richness among all three counting

seasons was calculated per sample point.

Density Calculations

To reduce bias due to detectability differencessity of the three species was
estimated by adjusting raw abundance data usingr&roDistance (Buckland et al. 2001,
Buckland et al. 2004, Thomas et al. 2004, Thomas €010). We fit six distance-adjusted
models (half-normal cosine, half-normal hermiteypoimial, uniform cosine, uniform
simple-polynomial, hazard-rate cosine, and hazatel-simple polynomial, Buckland et al.
2001). We recorded 1119 unique observation of Gagser Sparrow, 1354 unique
observations of Field Sparrow, and 334 unique ofasiens for Ovenbird over the sampling
period, which exceed sufficient observation leel®0 observations) for accurate density
calculations (Thomas et al. 2010). The top modaliclvwe used to estimate sample point-
specific focal species density, was selected uskeagke’s Information Criterion (AIC,
Thomas et al. 2010). The resulting sample poinsidgestimates were used as dependent

variables in statistical analyses.

Image Texture Processing
Among remotely sensed data products, avian biosityehas been linked to

vegetation productivity and greenness (Lee et@42Seto et al. 2004, Szép et al. 2006).
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Vegetation absorbs more red light, while reflectafigput half of the near-infrared light
(Gausman 1977), and variations in the ration ofirefd to near-infrared reflectance are
associated with variation in vegetation producyivithus, we calculated plot-level digital
value summaries and image texture measures fronsawaes of remotely sensed data
related to productivity and greenness. The firss e infrared air photo (hereafter air photo).
Second, we used a Landsat TM image acquired JUlRQ0® (path 25, row 29) from which
we calculated the Normalized Difference Vegetatimex (NDVI), which is a measure of
photosynthetic capacity (greenness, Tucker 19¢8gdch pixel.

Plot-level mean and standard deviation summafidéseadigital values were
calculated using the tool ‘zonal statistics’ in &1& 9.1 for all pixels within 200 m of the
sample point. Image texture calculations generateynmeasures that are collinear (St-Louis
et al. 2006, Wood et al. in review). Rather thanw#ean exhaustive list of image texture
measures we used recent findings about the strefgisociation between birds or field-
measured vegetation structure and specific textiwasures (St-Louis et al. 2006, St-Louis et
al. 2009, Wood et al. in review) to inform our s#ien of an initial set of image texture
measures for predicting avian density and speaihaess patterns. We included two first-
order occurrence measures, variance and entrogygransecond-order measure, contrast
(Haralick et al. 1973, Haralick 1979). First-ordexture measures do not consider the spatial
arrangement of neighboring digital values, whileasw®l-order measures do (Haralick et al.
1973, Haralick 1979, Hall-Beyer 2007).

The first-order measures variance and entropy @leannon diversity index, Haralick

et al. 1973) were computed with a moving windowg.(e3x3 window), and the texture
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measure was assigned to the central cell of eacimgaindow. These measures were
summarized both as the mean and the standard ideviat each plot. To calculate second-
order contrast, the digital values within a windofapixels were translated into a gray-level
co-occurrence matrix (GLCM) and the texture statisfas calculated base on this matrix
(Haralick 1973, 1979). Image texture was calculatgidg ENVI (Research Systems Inc.,
Boulder, Colorado). The tool ‘zonal statistics’/AncGIS 9.1 was used to summarize mean
and standard deviation of each texture measurenvitlD m of each sample point.

Since the scale (as represented by window sizah ahage texture measure may
affect the strength of its relationship with avidansity and species richness, we compared
several window sizes. Image texture from the aatphvas calculated in 3x3, 7x7, 15x15,
21x21, 31x31, and 51x51 moving windows. Image textcom the NDVI was calculated in
3x3, 5x5, 7x7, and 11x11 windows. We chose theselow sizes because they matched the
scale of the field-measured vegetation structudeces, they spanned the approximate
territory sizes of the focal avian species, ang taptured information on the landscape
surrounding each plot, which may influence aviastrdution patterns (Temple 1998, Mabry
et al. 2010). The scales at which texture was &atled from the air photo ranged from 0.001
to 0.26 ha. The scales at which texture was cateailan the NDVI ranged from 0.81 to
10.89 ha. In Wisconsin grasslands, Grasshopper@pahave territory sizes from 0.32-1.34
ha (Wiens 1973). In lllinois, Field Sparrow territs range from 0.31 — 1.62 ha (Best 1977).
Ovenbird territories range from 0.15 — 0.40 ha @mfilessee (Smith and Shugart 1987), and

from 0.45 — 1.62 ha in Ontario (Stenger 1958).
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Statistical Analysis

To check for patterns of spatial-autocorrelatiwa,fit semivariograms of the
residuals for the models for each focal speciegisadd density patterns and the models of
overall avian species richness (Legendre and Fb889). Semivariograms revealed no
spatial autocorrelation affecting the models dfi@itfocal species density or avian species
richness.

To test our two objectives, whether the amountaoiation in density of three bird
species or avian species richness was best ch@zadtby a) field-measured foliage-height
diversity and horizontal vegetation structure ot{vel summaries of digital values, or c)
image texture measures from the air photo and D¥INve derived linear regression
models with the focal species’ densities and as@ties richness as dependent variables.
For the density regressions, only data from withmfocal species’ habitat was used, while
for regression models involving species richneata tfom all 172 sample points was used.
If model assumptions were met, but there was adéeklinear relationship between
independent and dependent variables, second-ootiergmial (i.e., addition of a quadratic
term) regression models were fit. All statisticahlysis was completed using the R software
package (R Development Core Team 2005).

To evaluate the predictive ability of the bedirig models (i.e., the models with the
highest coefficient of determination in regressioralysis) we used leave-one-out cross-
validation. We used the leave-one-out approachppesed to k-fold cross-validation
because it performs better when the number of @hsens is low (Shao 1993) and we had

only between 43-80 observations (i.e., sample ppiot the focal species density
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regressions. Smaller prediction error values indistronger predictive ability. All statistical

analysis was completed using the R software paci@development Core Team 2005).

Results
Predictions of Focal Species Density

Grasshopper Sparrow density was not significamtigted to foliage-height diversity
or horizontal vegetation structure (Table 1). The-fevel mean summary of the air photo
explained 26% of the variation in Grasshopper $padensity (Table 2). However, plot-
level summaries of NDVI were not significantly redd to Grasshopper Sparrow density
(Table 3). Grasshopper Sparrow density was mastgly related to the standard deviation
of second-order contrast calculated from the ait@in a 51x51 moving windowrf = 0.52,
p-value<0.01, Table 2, Fig. 2). The texture measure ¢afed from the NDVI that best
predicted Grasshopper Sparrow density was the wigfanst-order entropy calculated in a
5x5 moving window R = 0.34,p-value<0.01, Table 3, Fig. 2). The top model based en th
highest coefficient of determination (see above) A@rediction error of 3.77 (Table 2, Fig.
3).

Field Sparrow density was not significantly rethte vegetation structure indices,
plot-level summaries from either the air photo @\N, or texture measures calculated from
NDVI (Table 1-3). Field Sparrow density was mosbsgly associated with the standard
deviation of first-order entropy calculated on giephoto in a 3x3 moving windoviRt =
0.13,p-value0.02, Table 2, Fig. 2). The top model of Field i$pa density had a prediction

error of 3.82, which was slightly higher than thesbprediction error of 3.66 for the second
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best model based on the highest coefficient ofrdetation, standard deviation summary of
first-order variance in a 7x7 moving window. Howgubat second-best model was
associated with only 7% of the variance in Fieldu$pv density (Table 2, Fig. 2 and 3).
Ovenbird density was significantly related to &gjée-height diversityR¢ = 0.10,p-
value<0.01), but not to horizontal vegetation struct{irable 1). The top model explaining
Ovenbird density was the plot-level mean summaryD¥! (R? = 0.54,p-value<0.01,
Table 3, Fig. 2). The mean summary of second-ardetrast in a 51x51 moving window
calculated from the air photo explained 19% ofwagance in Ovenbird density (Table 2,

Fig. 2). The top model had a prediction error d@f3(Table 3, Fig. 3).

Predictions of Avian Species Richness

Foliage-height diversity was intermediate in gs@ciation with avian species
richness R = 0.32,p-value<0.01, Table 2). Horizontal vegetation structuesihe best
field-collected vegetation structure index explagnavian species richnes® & 0.40,p-
value<0.01, Table 2). Plot-level summaries from thephioto were not significantly related,
and NDVI-derived plot-level summaries were only Wigaelated with avian species
richness I = 0.13,p-value<0.01, Table 2-3, Fig. 2). Avian species richneas best
predicted by the standard deviation of first-ordg@nance calculated from the air photo in a
15x15 moving windowR¢ = 0.54 p-value<0.01, Table 2, Fig. 2) and NDVI-derived texture
measures were again only weakly associated widgmasfpecies richness (Table 3). The top
model based on the highest coefficient of detertitonéhad a prediction error of 23.20

(Table 2, Fig. 3).
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Discussion

Surprisingly, we found that image texture measuaed to a lesser extent, plot-level
summaries, were more strongly related to variaticavian density and species richness than
field-measured foliage height diversity and horiabwegetation structure. This is an
exciting advance, and a significant step forwarthaability to characterize variation in
avian habitat over broad spatial extents. Effeatnethods for monitoring and mapping
species distributions require broad-scale datayamwtely sensed data can provide a
‘snapshot’ of habitat over extensive areas. We dainat image texture can predict density
patterns of bird species associated with grassaddvoodland habitats. However, this
relationship was far weaker within savanna habitat.

For our first objective, we were interested irtitegwhether the amount of variation
in density of three bird species is best charazgdrby a) field-measured foliage-height
diversity and horizontal vegetation structure lot{vel summaries of digital values, and c)
image texture measures from the air photo and NDVAll cases, image textures measures,
and for the Ovenbird, the plot-level mean of NDWeEre superior to field-measured foliage-
height diversity and horizontal vegetation struetur predicting focal avian density.

Grasshopper Sparrow density was highest in arbasewsecond-order contrast was
very low in both the air photo and the NDVI dat&g(R). These low values correspond to
the central areas of two large grassland patcheshvis what we expected, because
Grasshopper Sparrows use large, open grasslanu$itiiet woody cover (Vickery 1996).
Furthermore, the strongest relationship with awtpkderived data occurred at the largest

scale, 51x51 pixels, (0.26 ha.), and the strongdationship with NDVI data occurred at the
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5x5 window scale (2.25 ha). Thus, texture meastdeesed from these data sources that
differ markedly in resolution, were both stronggsaciated with variation in Grasshopper
sparrow density at scales that span the speciestbrg territory size.

We found that both field-measured vegetation stingcindices, and remotely sensed
image texture were poor predictors of Field Spardewsity patterns. Field Sparrows use
habitats with sparse canopies and moderate todhiglb cover (Carey et al. 2008). We
expected image texture would capture the varigiilitree cover within savanna habitats
where Field Sparrow were found in high densitiesb(€ 2) because image texture has been
successfully used to characterize avian diversithé sparsely vegetated Chihuahuan desert
(St-Louis et al. 2006, St-Louis et al. 2009). WHhikeh field-measured and remotely sensed
measures of vegetation structure are significaiffgrent in savannas than in grassland or
woodlands (Wood et al. in review), this compondrtabitat by itself was not strongly
associated with patterns of Field Sparrow denéiig.likely that additional habitat elements
may influence Field Sparrow habitat selection, sagkegetation composition (Rotenberry
1985, MacNally 1990), or landscape scale habittufes (e.g., landscape context, Mabry et
al. 2010), and these were not captured by eitleefi¢hd-measured vegetation structure
indices or image texture measures.

We found that plot level mean summary of NDVI \edwas the best predictor of
variation in Ovenbird density. In Michigan forestsurent et al. (2005) also found NDVI to
be a good predictor of Ovenbird occurrence. Funtioee, in both Laurent et al.’s (2005)

study and in ours, the scale at which remotelyesdaita was most strongly associated with
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Ovenbird patterns (in our study, 3.14 ha) corredgomell to the approximate size of the
breeding territory (1.6 ha, Stenger 1958).

An unexpected finding of our study was the imporgaaf matching the grain size of
an image with the resolution of habitat heterogigrneke., vegetation structure) within a
habitat patch. Two habitats at Fort McCoy, grassdaand woodlands, occur in large,
contiguous patches throughout the study area. Tdgrerenformation generated using the
coarser resolution NDVI was moderately successfprredicting Grasshopper Sparrow
(although not as strong as image texture calcullabed air photo) and Ovenbird density
(Table 3, Fig. 2). Savanna habitats at Fort McCaguotypically in smaller patches at the
edge of grasslands or woodlands. We were not alflad any significant relationships
between image texture calculated from NDVI andd~&parrow density (Table 3).
Therefore, we suggest that the within habitat Valitg of savanna habitats at Fort McCoy,
which are high in avian species richness are diffio capture using image texture measures
calculated from the coarser grained NDVI becausarss@’s occur in small patches
throughout the study area. This is an importartifig suggesting plot-level summaries and
image texture from NDVI may be better at captusragation in habitat that occurs in large
continuous blocks, and not as well suited to adsalsgat that occurs in relatively small
patches.

Estimating the density of organisms is a commactte for ecologists (Buckland et
al. 2001, Thomas et al. 2002, Thomas et al. 2Gi@®),density can provide important
information about habitat quality (Bock and Jon@84). Recent studies have focused on

estimating animal densities for unique habitat sypelineated by field-measured data (e.qg.,
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Grundel and Pavlovic 2007a, b), with few studiekiig remotely sensed data to animal
density (Clawges et al. 2008). An advantage ofgusagmote sensing based image texture for
predicting avian density patterns is that it allonaking detailed maps of habitat quality
across broad extents. This is often a difficulktath field-measured data. Furthermore,
previous maps were generated based on broad larmid-classes which omit important
within-in habitat heterogeneity (e.g., vegetatiomaure). Based on our findings, and those
of others (e.g., St-Louis et al. 2006, St-LouigleR009), image texture data can provide a
significant increase in the amount of informatibno@der coverage than field-measured
variables) and spatial detail (heterogeneity ofetatjon structure), which is necessary for
broad-scale conservation planning.

For our second objective, we predicted the amotiaériation in avian species
richness. Similar to our first objective, imagettag measures, derived from the air photo,
were superior to field-measured foliage-height dsitg and horizontal vegetation structure,
plot-level summaries, and image texture derivethftbe NDVI in predicting focal avian
density.

It is well documented that increases in vegetasiomctural diversity are associated
with increases in avian diversity (MacArthur andd@ahur 1961, Cody 1981, Cody 1985).
We chose our study area, Fort McCoy, in part bexatithe wide variation in vegetation
structure found there (Wood et al. in review). by texture measure, first-order variance
calculated within a 15x15 moving window from a Ir@solution air photo, predicted 54% of
the variance in avian species richness (Table@,&i In a similar analysis, St-Louis et al.

(2006) found the standard deviation summary of-brsler standard deviation calculated
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within a 51x51 moving window from a 1-m resolutiain photo, explained approximately
56% of the variance in avian species richnessGhiduahuan desert grassland-shrubland-
pinyon-juniper study area in New Mexico. First-ardeandard deviation and first-order
variance are very strongly correlated texture messururthermore, we found that the
standard deviation summary of first-order variamca 51x51 moving window, the window
size used by St-Louis et al. (2006), was also naidbr related to avian species richness
accounting (accounting for 42% of the variancefstForder texture measures derived from
high resolution imagery exhibit strong correlateamong scales (i.e., window sizes, Wood et
al. in review). Together, these findings suggesragpecies richness can be well
characterized across broad spatial extents usiagertexture derived from relatively fine-
grained remote sensing data. This highlights thigyubf using image texture calculated
from high-resolution air photos to characterizeiteland species richness patterns for large
areas.

While NDVI has been useful in predicting aviandirsity patterns in other studies
(Seto et al. 2004, Szép et al. 2006, St-Louis.€2@)9) , in the grassland-savanna-woodland
mosaic of our study area, it was not strongly assed with patterns of species richness.
Additionally, field-measured vertical and horizdntagetation structure performed better in
explaining variation in species richness. We spgeuhat NDVI may not be a strong
predictor of species richness due to the combinaifggrain size (30 m) and scales (window
size) of analysis, which may not capture the strdiffgrences in vegetation structural
characteristics of the habitat types. Image textateulated from NDVI in areas with subtle

changes in vegetation may characterize within-aabdriability related to avian species
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richness (e.g., St-Louis et al. 2009). Howeverjtagbthat vary greatly in vegetation
structure (e.g., savanna and woodland) occur gtertdigeneous mosaic throughout our study
area. Depending on the landscape context of adtadatch, for example a small savanna
patch neighboring dense woodland, a moving-windoahsis may quantify digital number
values from the woodland habitat into the textuakigs assigned on the outer edge of a
sample point located in the small savanna patcis. iy mask the ability to quantify
important vegetation structure heterogeneity (ireg and shrub cover) which may be

influential in determining species richness patern

Conclusion

The goal of our project was to compare the amotigariation in patterns of avian
density and species richness that are associatedigld-measured foliage height diversity
and horizontal vegetation structure, remotely sgmdet-level summaries, and first- and
second-order image texture measures. For GrasshS8pperow and Field Sparrow density,
and avian species richness, field-measured vediwdhorizontal vegetation structure, and
plot-level summaries were inferior to image textomeasures calculated from a high
resolution air photo for predicting patterns witljim., focal species density) and among (i.e.,
avian species richness) habitats at Fort McCoy.pltielevel summary of NDVI was
superior to field-measured vertical and horizomtggetation structure data and image texture
measures for describing Ovenbird density. Becaopelption density is frequently related to

habitat quality, and because remotely sensed saaailable at the broad scales that are
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most relevant to management, this is an excitingld@ment in advancing new data

available to avian ecologists.
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Table 2-1. Results of field measured vegetationctiire analysis relating Grasshopper Sparrow, Belarrow, and
Ovenbird density and avian species richness tadeliheight diversity and horizontal vegetationcttrite. The

prediction error for significant models resultirrgrh leave-one out cross validation is also preskente

R p-value  Prediction error

Grasshopper Sparrow
Foliage-height diversity 0.04 0.146
Horizontal vegetation structure 0.06 0.060

Field Sparrow

Foliage-height diversity -0.01 0.774

Horizontal vegetation structure 0.00 0.293

Ovenbird

Foliage-height diversity 0.10 0.009 0.74

Horizontal vegetation structure -0.02 0.636

Avian species richness

Foliage-height diversity 0.32 <0.001 47.32
Horizontal vegetation structure 0.40 <0.001 39.62
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Table 2-2. Results of linear regression air photalysis relating Grasshopper Sparrow, Field Sparema

Ovenbird density and avian species richness tolglel summaries of digital values, and image textneasures
derived. Plot-level indicates simple summariesigital values whereas image texture measures vacelated
within moving windows of several scales (windowesiz Values within cells af@. The prediction error for the
best model (highe$?), resulting from leave-one out cross validatisnaliso presented. Non-significant models at

the critical alpha value of 0.05 were not evaludtedrediction performance (i.e., leave one owossrvalidation).

Best

model Prediction

Texture measure Window size p-value error
Plot-level 3x3 7x7 15x15 21x21 31x31 51x51

Grasshopper Sparrow
Air-photo MEAN 0.26 <0.001 6.13
Air-photo SD 0.01 0.280
Entropy MEAN 0.00 0.05 0.06 0.106
Entropy SD 0.00 0.17 0.010 7.10
Variance MEAN 0.17 0.23 0.002 5.97
Variance SD 0.46 0.40 0.37 0.36 0.35 <0.001 4.44
Contrast MEAN
Contrast SD 0.48 0.43 0.42 0.43 0.45 0.52 <0.001 3.77
Field Sparrow
Air-photo MEAN 0.00 0.609
Air-photo SD
Entropy MEAN 0.10 0.10 0.09 0.08 0.007 3.70
Entropy SD 0.13 0.00 0.00 0.00 0.00 0.002 3.82
Variance MEAN 0.12 0.09 0.08 0.08 0.08 0.003 3.85
Variance SD 0.06 0.07 0.05 0.04 0.03 0.01 0.021 3.66
Contrast MEAN 0.09 0.09 0.09 0.00 0.09 0.09 0.010 3.95
Contrast SD 0.01 0.00 0.00 0.00 0.00 0.00 0.213
Ovenbird
Air-photo MEAN 0.00 0.339
Air-photo SD 0.00 0.580
Entropy MEAN 0.02 0.06 0.08 0.07 0.07 0.07 0.057
Entropy SD 0.02 0.00 0.00 0.00 0.00 0.240
Variance MEAN 0.17 0.08 0.05 0.01 0.004 0.81
Variance SD 0.07 0.00 0.00 0.00 0.00 0.00 0.072
Contrast MEAN 0.17 0.18 0.18 0.18 0.18 0.19 0.002 0.80
Contrast SD 0.09 0.01 0.00 0.00 0.00 0.00 0.028 0.76
Avian species richness
Air-photo MEAN
Air-photo SD
Entropy MEAN 0.35 0.42 0.39 0.36 0.33 0.31 <0.001 44.69
Entropy SD 0.41 0.22 0.21 0.18 0.13 <0.001 47.73
Variance MEAN 0.45 <0.001 35.76
Variance SD 0.33 0.48 0.54 0.52 0.49 0.42 <0.001 23.20

Contrast MEAN
Contrast SD

TColumns not populated with model metrics indicateumptions of linear models could not be met.
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Table 2-3. Results of linear regression NDVI anialyslating Grasshopper Sparrow, Field Sparrow, and
Ovenbird density and avian species richness to |@kel summaries of digital values, and imageusximeasures.
Plot-level summaries of digital values were notakdted in moving windows (i.e., they encompasbedentire
plot) whereas image texture measures were calceitin moving windows at various scales (windares).
Values within cells ar&. The prediction error for the best model (high&t resulting from leave-one out cross
validation, is also presented. Non-significant medé the critical alpha value of 0.05 were notleated for

prediction performance (i.e., leave one out crad&lation).

Best model Prediction
Texture measure Window size p-value error

Plot-level  3x3 5x5 X7 11x11

Grasshopper Sparrow

NDVI MEAN 0.05 0.335

NDVI SD 0.06 0.270

Entropy MEAN 0.34 0.29 <0.001 6.01
Entropy SD

Variance MEAN
Variance SD
Contrast MEAN
Contrast SD
Field Sparrow

NDVI MEAN 0.02 0.195

NDVI SD 0.00 0.731

Entropy MEAN 0.00 0.00 0.01 0.00 0.283

Entropy SD 0.00 0.00 0.00 0.03 0.130

Variance MEAN 0.00 0.00 0.01 0.00 0.286

Variance SD 0.00 0.00 0.01 0.294

Contrast MEAN 0.00 0.00 0.00 0.00 0.574

Contrast SD 0.00 0.00 0.00 0.367

Ovenbird

NDVI MEAN 0.54 <0.001 0.43
NDVI SD 0.16 0.006 0.53
Entropy MEAN 0.13 0.13 0.20 0.002 0.73
Entropy SD 0.00 0.00 0.524

Variance MEAN 0.09 029 0.26 0.27 <0.001 0.65
Variance SD 0.06 0.19 0.16 0.07 0.002 0.69
Contrast MEAN 0.12 0.17 0.16 0.24 <0.001 0.48
Contrast SD 0.09 0.11 0.09 0.026 0.60
Avian species richness

NDVI MEAN 0.13 <0.001 41.74
NDVI SD 0.00 0.598

Entropy MEAN 0.00 015 0.14 <0.001 40.56
Entropy SD 0.00 0.09 0.07 0.01 <0.001 43.24
Variance MEAN

Variance SD 0.00 0.00 0.09 <0.001 48.36

Contrast MEAN
Contrast SD

TColumns not populated with model metrics indicatsumptions of linear models could not be met.
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Figure Captions

Figure 2-1: A. Location of Fort McCoy Military Iretation, within Wisconsin, USA, and B,
distribution of 172 sample points. White circledigate points that are in grasslands, black
circles indicate points that are in oak savannd,vanite crosses indicate points that are in oak

woodlands. The grey shaded area was not accefwilihes study.

Figure 2-2: Scatter plots of the relationship betdensity of Grasshopper Sparrow at 43
grassland sample points, Field Sparrow at 78 savaample points, and Ovenbird at 51
woodland sample points, and avian species richateslé 172 sample points with texture
measures derived from an infrared air-photo (leftimin), and NDVI (right column). All
relationships significant at the 5% alpha leveleptdor Field Sparrow regressed against NDVI
texture measures. The black lines represent refsoitslinear regression with least-squares

fitted and 2° order polynomial lines.

Figure 2-3: Predictive maps for A) Grasshopper &padensity, B) Field Sparrow density, C)
Ovenbird density, and D) avian species richnesst B@del obtained from linear regression
analysis relating density and avian species richmessus plot-level summaries and image
texture measures calculated from a black-and-vitiitared air photo and a NDVI (see Tables 2,
3). Equations used: Grasshopper Sparrow: y = 9. @tend-order contrast 51x51 sd*-0.36 +
second-order contrast 51x51 sd*0.000ield Sparrow: y = -10.85 + first-order entropy33
sd*0.57 + first-order entropy 3x3 sd*-0.00520venbird: y = -4.7 + NDVI plot-level mean*0.05
+ NDVI plot-level mean*-0.0008; avian species richness: y = 7.08 + first-ordetaree 15x15

sd*0.40 + first-order variance 15x15 sd*-0.0021
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CHAPTER 3: EFFECTS OF OAK BARRENS HABITAT MANAGEMEN T FOR
KARNER BLUE BUTTERFLY ( LYCAEIDES MELISSA SAMUELIS) ON THE

AVIAN COMMUNITY

Coauthors: Anna M. Pidgeon, Claudio Gratton, and TimothyMilder

Abstract

At Fort McCoy Military Installation in Wisconsin, A, the federally endangered Karner
blue butterfly Lycaeides melissa samuglis the focal species for a conservation plan
designed to create and maintain dry oak barresigeiquired habitat. Management of habitat
affects not only target species, but also non-tasgecies. We investigated whether habitat
management for Karner blue butterflies influenogaaracommunities using remnant oak
barrens (i.e., habitat that has remained in a aimstiate for approximately 50 years). From
2007 through 2009 breeding bird point count ancetegpn data were collected at 186
sample points in five habitats spanning a sparstoged tree canopy gradient, including
remnant oak barrens and oak barrens managed spégifor the Karner blue butterfly.
Vegetation characteristics were similar in managgudens and remnant oak barrens and
significantly different from woodlands. Althoughettbird communities of managed barrens
were not analogous to the remnant oak barrensiespeicconservation concern, including
the Field Sparrow and Vesper Sparrow, and sparsggaassociated bird species, such as
the Baltimore Oriole and Eastern Bluebird were fbtmcontribute similarly to the average

bird community composition in managed barrens andhant oak barrens. Adjacent habitat
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(i.e., vegetation composition of surrounding halp@ches) was the most influential factor
in determining the community of bird species ugimg managed habitat. The findings of this
study suggest that management for the Karner hitterfly influences avian community
composition and benefits several avian speciesmdarvation concern. Additionally, our
results suggest that Karner blue butterfly halitahagement activities adjacent to remnant
barrens, rather than adjacent to woodland habhatse the highest potential for the

conservation of oak barrens breeding birds.

Key words: avian community, bird, butterfly, habitat managem&arner blue butterfly,

adjacent habitat, oak barren, savanna

Introduction

Without effective strategies to stem the lossiofllversity, the current trends of
species decline and ecosystem decay will likelgise(Grumbine, 1994; Bengtsson et al.,
2000; Hooper et al., 2005). In response, in thdddnStates, federal, state, and private
agencies have established conservation plans atrsggecies recovery. These plans often
require restoring or maintaining habitat for sps@é&concern through active management.
Managing habitat to promote populations of wildkf@ecies is a science that has evolved
from focusing on altering the structure of habitatsingle game species (Leopold, 1933) to
complex ‘active adaptive management’ approachesdim optimize decision-making
processes (Walters and Hilborn, 1978; Wilhere, 208Rhough habitat management

planning that takes into account all species issardd goal, practically there may be enough
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resources to only address the most vulnerable epeédulnerability arises for many reasons,
one of which is dependence on a very specific habipe that has declined in extent. The
degree to which the vulnerable species functiorsagrogate for other species (i.e., a
species for which management benefits other speCa® and O’Doherty, 1999) is usually
unknown (Simberloff, 1998; Loyola et al., 2007).

In the north eastern and central portions of thedd States, conservation and
recovery plans have been implemented for the fdglemadangered Karner blue butterfly
(Lepidoptera: Lycaenidaéycaeides melissa samuelereafter Karner blue, U.S Fish and
Wildlife Service, 2003). Across their range, whittends from Minnesota east to New York
(Haack 1993), Karner blue populations have seveatetyined, due primarily to the loss of
barrens habitat (Nuzzo, 1986; Heikens and Robertse®v). Barrens are a type of savanna
habitat classified by sparse tree canopies (5 —&b%r), with a diverse forb and grass
understory, typically found on poor soils (Curti®59; Bray, 1960). Barrens were
historically maintained by fires (Wolf, 2004) aratde native grazers (Ritchie et al., 1998).
However, following European settlement, anthropagerodifications, such as plowing and
clearing for agriculture and fire suppression haduced the extent of barrens to highly
localized regions (Nuzzo, 1986; Anderson and Boywl899; Leach and Givnish, 1999). The
Karner blue needs barrens habitat because the@laogtof Karner blue larvae, lupine
(Lupinus spp, along with ant species needed by larvae tohreapation (Pierce et al., 2002)
occur in these habitats (Grundel et al., 1998; @Gelet al., 2000). Additionally, the spatially
heterogeneous tree canopy cover of barrens proaidegerse suite of Karner blue foraging

substrates (i.e., flowering species, Grundel e2800; Grundel and Pavlovic, 2007b) as well
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as optimal ovipositing locations for females (Grehet al., 1998). Therefore the federal
conservation and recovery plan focuses on restamogmaintaining barrens habitat with the
purpose of ‘perpetuating viable metapopulationthefKarner blue’ (U.S. Fish and Wildlife
Service, 1997).

Wisconsin is important for the conservation of Kener blue (Wisconsin
Department of Natural Resources, 2009) because ebthe largest patches of oak and pine
barren in the upper Midwest are found in the statelerson and Bowles, 1999).
Furthermore, various federal, state, and privatddavners have restored barrens habitat for
the Karner blue by thinning and burning overgrovanréns or oak woodlands, in addition to
mowing, and direct seeding of lupine and other @ased forbs (King, 2003; Kleintjes et al.,
2003; Wisconsin Department of Natural Resource89p@Because of the extent of remnant
barrens habitats and management efforts, Wiscd@srsome of the highest densities of the
Karner blue (U.S Fish and Wildlife Service, 2008Ithough the primary objective of federal
and state habitat conservation plans is to regtopelations of the Karner blue, a secondary
objective is to conserve barrens habitat (U.S &isthWildlife Service, 2003; Wisconsin
Department of Natural Resources, 2009).

Many animal species use barrens habitat in Wiscom&ese include rare species,
such as the federally endangered Kirtland’s Wartidendroica kirtlandij Probst et al.,
2003), the state endangered Western Slender GlzesllOphisaurus attenuatus
McConkey, 1954), and Phlox MotB¢hinia IndianaEckstein and Moss, 1995) as well as
unique communities of arthropods (Siemann et 8B7). In addition, a multitude of bird

species are found in the sparse canopy habitatdiMas et al., 1991; Grundel and Pavlovic,
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2007a; Au et al., 2008; Mabry et al., 2010), inahgda nationally listed species of
conservation concern, the Red-headed Woodpecke @ial., 2004). Furthermore, many
more sparse canopy associated birds that are Partmé&light (PIF) species of regional
concern within the Prairie Hardwood Transition (Reg23) use barrens habitat such as the
Brown Thrasher, Clay-colored Sparrow, Field Sparramd Vesper Sparro(Rich et al.,
2004).Even though barrens are an important habitatdeersl avian species, there are
currently no state habitat conservation and manageplians for oak barrens avian
communities in Wisconsin (Wisconsin Bird Consermatinitiative, 2011).

It has been argued that butterflies are impomanitrella taxa for invertebrate
conservation (New, 1997; Kerr et al., 2000). Biiyativersity may also be a useful
surrogate for bird diversity (Blair, 1999; Swengald Swengel, 1999; Fleishman et al., 2003;
Thomson et al., 2007), but to our knowledge theeena studies assessing habitat
management for a butterfly influences the avianmomity. We investigated how vegetation
and the bird community in habitat maintained andhaggd for the Karner blue differs from
vegetation and the bird community in unmanaged esrhhabitats (i.e., habitat that has
remained in a similar state for at least 50 ye@sly. study was conducted at Fort McCoy
Military Installation, Wisconsin, USA, in five halits spanning the continuum from sparse
canopy oak barrens to closed canopy woodlands. Ailédur objectives. The first was to
determine the degree of similarity of the vegetattbaracteristics among oak barrens
managed for the Karner blue, remnant oak barredsvaodland habitats. We hypothesized
that oak barrens managed for the Karner blue wbelsimilar in vegetation structure

characteristics to remnant barrens and differembfwoodlands. Our second objective was to
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evaluate the similarity of bird species diversityglaaomposition in oak barrens managed for
Karner blue, remnant oak barrens and woodland &sbiVe hypothesized that bird species
diversity and community composition of oak barrerenaged for the Karner blue would be
similar to remnant barrens habitats and differemihfwoodland habitats, in large part
because of differences in vegetation structure.tfitot objective was to determine if
individual bird species, particularly species ofnragement and conservation concern,
contribute similarly to the bird community in oalrbens managed for Karner blue as in
remnant oak barrens. We hypothesized that pattérsisecies similarity, including sparse
canopy breeding bird species of conservation coneesuld be similar in the various
barrens habitats and different from woodland h&hiféor our fourth objective, we
investigated whether management method, time sasteration, and type of adjacent
habitat would be more influential in shaping theaavcommunity in oak barrens managed

for the Karner blue. See section 2.6.4 for detdilgobtheses related to our fourth objective.

Methods
Study Area

We studied bird and vegetation characteristith@®4, 281 ha Fort McCoy Military
Installation, in southwestern Wisconsin, USA (Hiyj. Fort McCoy has been an operational
military installation since 1909. The study areaharacterized by varying topography with
well-drained sandy soils (Curtis, 1959). The domtrfabitats at Fort McCoy range from
open sand prairie, to dry oak barrens, which aaase tree canopy cover savanna type, to

open woodlands and dense forests that are repagiseraf southern Wisconsin. Fire, which
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has occurred either by prescription, accidentalg.( military training), or naturally at Fort
McCoy for the past century, has maintained sonmtbefargest tracts of remnant oak barrens
habitats in southern Wisconsin. Dominant treegyjlshand grasses in the upland habitats
where this study was focused include black dakgfcus veluting northern pin oakQ@.
ellipsoidalig, jack pine Pinus banksiang bur oak Q. macrocarpg black cherryPrunus
seroting, red oak Q. rubra), white oak Q. albg, red mapleAcer rubrun), big-toothed

aspen Populus gradidentada quaking asper( tremuloidey red pine P. resinosy white

pine . strobu$, blueberry Yaccinium angustifoliujn American hazelnutJorylus

americand, big bluestemAndropogon gerardjiand little bluestemSchizachyrium

scoparium.

Karner Blue Management and Conservation Areas

Fort McCoy has an approved Karner blue managepiantthat is used to guide
survey and habitat management activities for theces (Wilder, 2006). The plan’s main
objective is to maintain two large viable populas®mf Karner blues. To achieve this
objective, the installation established 17 Karrlaebmanagement areas (Fig. 1). Karner blue
management areas were selected for their potéatsalpport high Karner blue populations,
were located in low use military training areag] aften contained other rare or sensitive
species such as Phlox Moths and Western Slendss Gizards. Many different
management actions have been utilized over thetipast decades to maintain these open
areas including: commercial timber sales (i.enrimg), mowing, removal of small trees and

brush with chainsaws, and prescribed burning (Wjl2806). It is estimated that to maintain
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high quality barrens habitat, 15 years is the maxmamount of time that can pass before a
burn or thinning treatment is needed (U.S Fish\afildlife Service, 2003). Mechanical
removal of trees and brush are favored over burimmgost instances because the Karner
blue and many other rare insect species foundratM@Coy are sensitive to burning
(Swengel, 2001; Swengel and Swengel, 2001). Onsamtathe objective is to increase the
amount of wild lupine and various flowers that #uilt Karner blue uses as a nectar source.
This can normally be achieved through the manageawions listed above, though

occasionally wild lupine and other native flowers planted.

Sample Points

One hundred and eighty six sample points weretsglaising a stratified random
sampling design. Classifications of five uplanditatb which are distributed along a sparse
canopy to closed canopy gradient, including oakdves; diverse barrens, oak barrens
managed for the Karner blue (hereafter called Kapaeren), open woodland, and mixed
woodland were adopted and modified from Curtis @%hd Sample and Mossman (1997)
to represent habitats at Fort McCoy. Four of thatass, oak barrens, diverse barrens, open
woodland, and mixed woodland are naturally occgrhabitats that are not actively
managed. Forty-five sample points were locatedalnlmarrens, which are characterized by a
5 —50% tree canopy cover, a low percentage otstouer (i.e., < 20%) and a diverse
herbaceous layer situated on sandy soils. Forgeteample points were located in diverse
barrens, which are similar to oak barrens but wi20% cover consisting of shrubs (both

true shrubs and oak sprouts). Twenty-eight sampilepwere located in Karner barrens,
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where active management for the Karner blue is gcted. Thirty-three sample points were
located in open woodlands, which have greater canoper than barrens (> 50%) and low
shrub cover. The previous four habitats are foumdandy soils and have relatively low tree
diversity. Thirty-seven sample points were locatethixed woodlands, which are located on
more nutrient rich soils than open woodlands anck lgreater tree diversity and shrub cover.
Habitats were delineated using digitized air-pholasd-cover maps, and ground-truthing
(e.q., site-surveys prior to vegetation and bimhgiang). Random sample points were
generated within these stratified regions using tHaaTools (Beyer, 2004) in ArcGIS 9.1
(ESRI, Redlands, California, USA, 2008). Samplenfsowere separated by at least 300 m

and were located at least 110 m from roads or mdarstuctures.

Vegetation Characteristics

Vegetation data was collected at 186 sample p&aftsving methods adapted from
the Breeding Biology Research and Monitoring Dasalb@BIRD) protocol (Martin et al.,
1997). We placed four 5-m radius sub-plots, onatkxt at the center of the sample point,
and three at a random distance within a range @h 20 80 m at 0°, 120°, and 240°. At each
sub-plot we visually estimated percent cover farebground, leaf litter, moss, fern,
herbaceous materials (e.g., grass, forb, sedde), mrsd woody materials (e.g., shrub and
tree saplings). From the center of each sub-péotppy cover was estimated using a
spherical densitometer. Data from each of the $oorplots was averaged, resulting in a

single value for each vegetation variable for esample point.
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Avian Point Counts

At each of the 186 sample points, four, standadifzave minute point counts were
completed from 25 May to 4 July from 2007 to 200&haracterize the avian community
during the breeding season (Hutto et al., 1986piRat al., 1995). In 2009 sample points
were visited on three occasions during the same tieime. Observations were limited to
100 m, and distance to each bird was estimatedanlgiser rangefinder and flagging placed
at known distances. To distribute observer varitgtals equally as possible, four trained
observers during 2007 and 2008 and three trainedreérs in 2009 performed one count at
each sample point. Observers were extensivelyaddny the lead author on bird
identification and sampling protocol prior to fieddmpling. The lead author was one of the

observers each year.

Data Analyses
To determine if there was a global difference @jetation characteristics among

habitats, we using a multiple analysis of varia(MANOVA) using six response variables,
% cover of tree, shrub, bare ground, grass, fort l@af litter, with habitat as the treatment.
Because the MANOVA revealed a global difference agnhe five habitat typegp<{value
<0.001), we then used a one-way analysis of vagi§dAbIOVA) to determine the difference
in the six vegetation elements among habitat tywéh, habitat type used as the treatment.
Assumptions of normality and equal variance wemckbd and following all significant

ANOVAs, a Tukey’'s HSD test for multiple comparisaraong habitats was used (Zar,
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1999). Pairwise comparisons among habitats werei@eal using a Bonferroni adjustment
of the critical value alpha (0.05/10 = 0.005).

To investigate the structure of the avian comnyuaihong habitats, we calculated
two indices of community diversity: species richs1€3, and Shannon diversity{{). Both
indices were averaged among years for each sarople Ve used ANOVA, with habitat as
the treatment and, for all significant ANOVAs, akéy's HSD test for multiple comparisons.
All ANOVA analyses, and species richness and Shamingersity metrics were computed
using the R statistical software program (R Devedept Core Team, 2005).

To identify the degree of similarity of the avieommunities in the five habitat types,
we performed nonmetric multidimensional scalingimation (NMS) on the square-root
transformed average abundance of bird speciestbge¢hree seasons (Carr, 1997). We used
a square-root transformation because it is commosey for count data (Zar, 1999). To
explore group membership of bird species amongdiasbiwe used a hierarchical cluster
analysis (Clarke and Gorley, 2006). In this analyse used the Bray-Curtis dissimilarity
measure, which is commonly used to quantify spesiradarity among environmental
gradients (McCune et al., 2002)

In a second analysis of community similarity wadocted a one-way analysis of
similarities test (ANOSIM, Carr, 1997), using theag-Curtis similarity of the square-root
transformed average abundance of bird speciesAN@SIM test uses Monte Carlo
randomization of observed data to assess whethkrsrailarities within habitats are more
different than among habitats. We used 999 MonttoQeermutations to generate the

random test statisti®, which generally ranges from 0 to 1. Rrvalue near zero indicates
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that the avian community does not differ among taaki while largeR values indicate
increasing dissimilarity. Pairwise comparisons agbabitats were evaluated using a
Bonferroni adjusted alpha value (0.05/10 = 0.005).

To assess which bird species were primarily resiptafor an observed difference in
avian communities among habitats, we used a sipderentages (SIMPER) analysis, with
habitat as the factor (Clarke and Warwick, 1994)the square-root transformed bird
abundance. A SIMPER analysis is a non-parametritivatate analysis of difference in
community structure in relation to factors diffetiating sample points. We used Bray-Curtis
as our dissimilarity measure (McCune et al., 2008 NMS, and all ANOSIM and
SIMPER analyses were completed using the PRIME#SStal software package (version 6,

PRIMER-E, Ltd., Plymouth, U.K., Clarke and Gorl@p06).

Factors Influencing the Avian Community Found in Karner Blue Managed Habitat

In order to investigate if the avian communityKiarner barrens was influenced by
the Karner blue management plan, randomizatios teshg theR test statistic (ANOSIM,
Carr, 1997), were performed following methods désct in 2.6.2. We hypothesized that
three factors potentially influence community stane, diversity, and distribution, and we
included these factors in randomization tests. fireefactor was management method used
for the management of Karner barrens, which inadutdning, burning, both thinning and
burning, or no treatment (i.e., existing barrenitap We believed that bird species would
respond differently to different management treatts®ecause other studies in similar

habitat to our study found management methods, ging) influenced which birds use
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managed oak savanna (Au et al., 2008). Of 28 sapgahds, 14 were thinned, 11 were
burned, and three were not treated during the pusviwenty years, although they were
designated as Karner management areas. The sexmiodwas time, measured in years
since the last treatment used to restore habitah&Karner blue, and ranged from 1 to 20
years. This factor was categorized into three gspiplO (= 17), 10-2014 = 8). The third
group included the three untreated sample poinE)(years). We hypothesized that the
number of years since management treatment wofilegeice the avian community, with
species that prefer structurally simpler conditiore likely to occupy sites in the years
immediately after treatment, and species prefemgnmegter structural heterogeneity to be
more evident with increasing time since treatmerd.( increase in oak sprouts and shrub
growth). The third management factor we consideras habitat adjacent to Karner
management patches. We hypothesized that the Wegetamposition and structure of
habitat patches adjacent to managed Karner bapegnkes would influence the avian
community within Karner barrens, because otheristuith the region had found habitats
adjacent to oak savanna (i.e., landscape contexXgrgely influence the bird community
within the oak savanna habitats (Mabry et al., 200 classified the habitat of neighboring
patches, using high-resolution air-photos, intadyas, woodlands, or other. We found that
nine Karner barrens were adjacent to remnant oakfsmand 19 were adjacent to
woodlands. We used a Bonferroni adjustment forypa& comparisons for management and
treatment yearo(= 0.05/3 = 0.017).

To assess which bird species were primarily resiptafor an observed difference in

the avian community among Karner barrens samplegcd SIMPER analysis on the
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square-root transformed average bird abundanceisexs(Clarke and Warwick, 1994).We
used the Bray-Curtis as our dissimilarity meastteCune et al., 2002). Three separate
SIMPER analyses were conducted where sample peeres grouped by the three factors

described above for each individual analysis.

Results
Vegetation Characteristics

Unsurprisingly, vegetation characteristics vaa@aabng the five habitats (Table 1).
Karner barrens were similar to the oak and diveeseens and different from open and
mixed woodlands in percent tree canopy cover artwidover and similar to the diverse
barrens and mixed woodlands in percent shrub cdiean percent bare ground cover was

lower in Karner barrens than in either oak bar@mndiverse barrens.

Patterns of Avian Community Diversity

We found that one measure of diversity, avian igsaichness, was highest in oak
and diverse barrens and both values were signtficgreater than species richness in Karner
barrens. Species richness in Karner barrens anedwwwodlands was similar, and species
richness in Karner barrens was greater than in eperland (Table 1). Shannon diversity
of the bird community was significantly higher iakoand diverse barrens than in the two
woodland habitats. Shannon diversity in the Kab@erens was not different from diversity

in any of the other four habitats (Table 1).



99

The hierarchical cluster analysis revealed twaignags at the 40% similarity level
representing sparse canopy and dense canopy ananunities (Fig. 2). Although the
community of bird species using Karner barrens masly grouped with the oak and
diverse barrens avian communities, the Karner harcemmunity spans a broad range and
some of the points are placed in the area of iatéien between barrens and woodland
groups. The ANOSIM randomization tests of specieslarity matrices suggest that all five
habitats harbored different avian communities (@léb= 0.46,p < 0.001; Table 2).
However, on closer inspection, similarities amadmg three barrens habitats and between the
woodland habitats indicated that the avian comnesivithin these habitat groupings were
more similar to each other. The Karner barrensragtanmunity was most similar to the
diverse barrens avian communig € 0.23,p < 0.001), and was most different from the
avian communities of mixed woodland £ 0.34,p < 0.001), oak barrerR(= 0.36,p <
0.001), and open woodlani € 0.53,p < 0.001, Table 2). The avian communities of open
woodland and mixed woodlan® € 0.06) and the oak barrens and diverse barre@6)(0
were most similar.

We found that birds tended to fall into one ottgroups: those that used the three
barrens habitats, those that used the two woodiabdats, and those that used both barrens
and woodland habitat (Table 3). A species of corsgm concern, the Field Sparrow, as
well as American Goldfinch, Baltimore Oriole, Chipg Sparrow, Eastern Bluebird, and
House Wren contributed comparable cumulative snitigg in oak, diverse, and Karner
barrens (Table 3). Four other species of consemvatncern, the Blue-winged Warbler,

Brown Thrasher, Grasshopper Sparrow, and Vesper@paogether with the Eastern
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Kingbird, Gray Catbird, Mourning Dove, Orchard OQepand Song Sparrow were most
common in barrens habitats (Table 3). Bird speitiascontributed more to the cumulative
similarity of woodland habitats included the regibstewardship species Rose-breasted
Grosbeak, as well as the Blue-gray GnatcatcheteEa®/ood-Pewee, Great-crested
Flycatcher, Ovenbird, Red-eyed Vireo, Scarlet Tanageery, White-breasted Nuthatch,
and Yellow-throated Vireo (Table 3). Four speciesluding the Blue Jay, Brown-headed
Cowbird, Eastern Towhee, and Indigo Bunting contiel comparable percent similarities to

all habitats (Table 3).

Factors Influencing the Avian Community Found in Karner Blue Managed Habitat

Of the three factors we tested that were direatigociated with the avian community
of Karner blue management areas, adjacent habéatwhether Karner barrens were
adjacent to remnant barrens or woodlands) hadrgregest effect on the community within
the Karner managed patdR € 0.32,p < 0.001), as we had predicted it would. Management
method R = 0.21,p = 0.006) also affected the avian communities, ¢ihaio a lesser degree.
In contrast to our expectation, treatment y&ax (0.15,p = 0.052) did not result in
significantly different communities (Table 4).

The avian community in Karner barrens adjacemtdodlands harbored bird species
more typical of dense canopy habitats such as Ea¥leod-PeweeRed-eyed VirepRose-
breasted Grosbeaind Scarlet Tanagé€fFable 4). Sample points in Karner barrens situated
next to oak and diverse barrens harbored bird spégpical of sparse to open canopy cover

habitats such as Vesper Sparrow, Eastern Bludbaitimore Oriole, Eastern Kingbird,
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Mourning Dove, Brown Thrasher, and Orchard Oridlake 4). In terms of the effect of
management technique used to create Karner balremsed areas tended to harbor bird
species typical of sparse canopy habitats. Howewver surprising species, the Scarlet

Tanager, also contributed moderately to the bmdlarity within burned Karner barrens.

Discussion

Our results suggest that the management of oakrizafor the Karner blue in
Wisconsin creates habitat that closely resembiasiaat barrens, in both vegetation and
avian community patterns. Furthermore, it appdaasthe adjacent habitat surrounding the
management areas affects the composition of bsilgyuhe managed barrens. Thus, habitat
management for the Karner blue does affect thenasoanmunities. The Karner barrens
included avian species typical of sparse canopytdtalas well as a low number of species
typical of woodlands, and provided habitat for fsecies of conservation concern (Table
3).

One of the primary techniques used for the cordenv of the Karner blue is habitat
management (Kleintjes et al., 2003; King et alQ20 For our first objective, we
hypothesized Karner barrens would be similar inet&gon structure characteristics to
remnant barrens and different from remnant woodiawdk found this to be true and
consistent with findings of other studies in thgioa (King, 2003; Nielsen et al., 2003).
Karner barrens also exhibited a distinctly highercent cover of shrubs and tree sprouts than
oak barrens, but not diverse barrens (Table 1)eiGitudies in similar systems within the

region have also noted the rapid growth of shrutasteee saplings following thinning
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(Peterson and Reich, 2001; Brudvig and Asbjornge@7). Not only was shrub cover in
Karner barrens and diverse barrens similar, therasommunities of Karner and diverse
barrens were also more similar to each other thdhe avian communities of oak barrens
(Fig. 2), suggesting that shrub cover is an inftismriver of bird distributions in this
ecosystem. Our findings echo those of (Sirami.e2809) who found that the amount of
shrub cover in African savannas influenced bircedsity.

Species richness and diversity were highest inamakdiverse barrens, followed by
Karner barrens, and lowest in woodland habitatctvivas consistent with findings in other
regional savannas and barrens (Temple, 1998; Al,&1008; Mabry et al., 2010). However
our findings differed from those of (Grundel ana/Bgic, 2007a) who found woodlands and
forests, in an Indiana prairie-savanna-woodlanégbmosaic to harbor more avian species
and higher diversityH’). It is possible that differences in the vegetatomposition and
structure, as well as differences in patch arealamadjacent habitat among habitats
contributed to differences in avian use of the tabibetween Indiana and Wisconsin.

For our second objective, we originally hypothedithat bird species diversity and
community composition of oak barrens managed fanKiablue would be similar to
remnant barrens habitats and different from woatilzabitats. Despite the similarities
among species diversity (Table 1) and the aviannconities of the barrens habitat (Fig. 2),
the avian species composition of the Karner baragpgar to be similar but not identical,
with substantial overlap with the other two barrgnees (Fig. 2). Although we found support

for our hypothesis, we suggest that shrub coveswats for the differences in the avian
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communities among the three barrens habitats ajididints the need to possibly manage
shrub encroachment in recently treated (e.g., ddhbarrens habitats.

We found support for our hypothesis related totbird objective that sparse canopy
bird species contributed similarly to the bird coomity in Karner barrens as in remnant
barrens, and different from woodlands (Table 3)sTmas similar to findings in a restored
lllinois oak savanna (Brawn, 2006) where sparsepgamssociated bird species, such as the
Baltimore Oriole, where more abundant in restodienas than woodland habitats. Temple
(1998) predicted that a given barrens (savannanasemmunity will be composed of sparse
canopy species such as the Baltimore Oriole anteEeBluebird, which occupy niches
provided by the stochastic heterogeneity of barralusmg with species from neighboring
open grasslands such as the Grasshopper Spar@osed canopy woodlands such as the
Scarlet Tanager, highlighting the influence of diigacent habitat (or landscape context) on
avian communities among prairie-savanna-woodlamadis. Even though the diversity and
composition of avian communities in Karner barrdigsnot mirror those of oak and diverse
barrens (Table 2), our results suggested that neameigt for the Karner blue provides
important breeding habitat for sparse canopy aasngispecies including some of
conservation concern like the Field Sparrow, ana l@sser extent the Vesper Sparrow
(Table 3).

We found greater support for the hypothesis thgracommunity structure within
Karner barrens was more likely to be influencedhigyadjacent habitat than by management
technique, or time since major restoration treatnj€able 4). Our results concur with

findings in Midwestern oak savannas (Temple 1998bM et al., 2010) and California oak
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woodlands (Sisk et al., 1997) that the compositibtine surrounding habitats strongly
influences avian community composition. Managenagt treatment year were not as
influential as adjacent habitat possibly becausdgg as barrens habitat exists, regardless
of how it was created or how long since the magatiment (i.e., time lags of vegetation
succession) it meets the breeding habitat requinésyad a particular set of species and
influences which bird species colonized the mandgedding habitat (Dunning Jr. et al.,

1992; Dunning Jr. et al., 1995).

Conservation Implications

We found that habitat management for the Karnee bk Fort McCoy not only
perpetuates viable Karner blue metapopulationsalsot provides habitat for oak barrens
birds. Further, we found the composition and stmecbf habitat adjacent to sites selected for
restoration and management for Karner blue habésata large effect on bird species
composition. Although it is true that the firstqmity for Karner blue management is to create
suitable conditions for the Karner blue butterflythin this goal there is the opportunity to
provide breeding habitat for sparse canopy ass®utiaitd species, including some species of
conservation concern. This is important because thee currently no management plans for
bird species using oak barrens habitats in Wiscoisr careful consideration of patch
context and selection of sites for restoration #ratadjacent to existing remnant barrens, the
highest habitat benefit is achieved for oak barkleeeding birds, with no compromise to

Karner blue habitat and populations.
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Table 3-1. Mean summary (£ SE) of percent covesixhabitat elements and of avian diversity repnesg by species richness and the Shannon indeg alon
canopy cover gradient at Fort McCoy Military Intibn, Wisconsin. Variables with same letter (Ad®) not differ significantly among habitats (oneywa

ANOVA, Tukey’s HSD testp < 0.05). Variables without letter were not incldde multiple comparisons test because they dichmest critical assumptions of

the tests.

Oak barren Diverse barren Karner barren Open woodland Mixed woodland
Vegetation
Tred 18.29% + 1.87 2449 + 193 2421" + 299 86.02° * 2.49 81.13° + 2.49
Shrud 1157 + 1.78 34.38° + 183 34.88° + 284 10.83" =+ 237 29.63° + 1.98
Bare 21.87" + 241  13.19° + 249 1069° + 3.85 3.03 + 321 1.17 + 2.69
Gras$ 18.76" + 1.76  17.60" + 1.82 29.02° + 2.82 425 + 234 451 + 1.96
Forb 10.76" + 0.99 12.38" + 1.02 11.50" + 1.58 3.33°% + 131 542° + 1.10
Leaf Litter 14.15" + 1.99 24.39° + 206 18.21° + 3.18 56.20° * 2.64 44.22° + 2.22
Avian diversity
Richness 2471 + 089 2479" + 078 21.10° + 093 16.21° + 0.90 18.72°¢ + 0.85
Shannon index 3.02" + 0.06 3.04" + 005 287° + 0.06 2.64° + 0.06 2.76° + 0.05

"Tree — composite variable of hardwood cover andfeonover combined.
* Shrub — composite variable of percent cover ofetishrubs, and ‘tree-shrubs’ (i.e., tree saplipgfsveen 1 m > < 5 m) combined.

8 Grass — composite variable of percent cover ofsaasl sedge combined.

TT1T
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Table 3-2. One-way analysis of similarities (ANOSIbdf avian communities in five habitats: oak barréinerse
barren, Karner managed barren (Karner barren), apedland, and mixed woodland, from three breedeasons,
2007-2009. Numbers below the diagonalRrealues. Numbers above the diagonal@m&lues. Pairwise
comparisons among habitats were evaluated usirapéeBoni adjustment of the critical alpha valued@10 =
0.005).

Oak barren Diverse barren  Karner barren Open woddla Mixed woodland

Oak barreh 0.002 <0.001 <0.001 <0.001
Diverse barreh 0.06 <0.001 <0.001 <0.001
Karner barren 0.36 0.22 <0.001 <0.001
Open woodlantl 0.86 0.81 0.53 0.009'
Mixed woodland 0.74 0.65 0.34 0.06

Global R = 0.46P < 0.001
"Not significant at the Bonferonni adjustec: 0.005
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Table3-3. Contributed % of similarity calculatedngsa similar percentages analysis (SIMPER) fortligy one
most abundant bird species in five habitat typdsoat McCoy Military Installation, WI, USA.

Oak Diverse Karner Open Mixed
barren barren barren woodland woodland
(n=45) (n=43) (n=28) (n=33) (n=37)

Species of conservation concern

Blue-winged Warblert# 1.55

Brown Thrashef 261 237
Field Sparrow* 11.57 1430 15.07 2.13
Grasshopper Sparrdiv 5.89
Rose-breasted Grosbhéak 1.53 1.91 2.00 7.52 8.11
Vesper Sparroli 8.38 7.42 2.16

Species of least concern

American Goldfinch 1.54 1.38 1.74
Baltimore Oriole 4,52 3.98 458 1.31
Black-capped Chickadee 1.39 1.67 1.81
Blue Jay 2.49 2.33 2.03 2.58 1.15
Blue-gray Gnatcatcher 2.13 2.19 1.17
Brown-headed Cowbird 9.07 9.05 9.92 12.61 10.52
Chipping Sparrow 8.24 8.09 6.84 2.30
Common Yellowthroat 1.06
Eastern Bluebird 6.47 6.51 4.33

Eastern Kingbird 4.10 1.61
Eastern Towhee 5.35 8.15 10.93 6.78 7.29
Eastern Wood-Pewee 1.72 1.75 3.00 11.87 8.26
Gray Catbird 2.09 2.04
Great-crested Flycatcher 2.55 1.68 1.22
House Wren 2.67 2.95 1.84
Indigo Bunting 4.90 8.22 11.90 7.66 10.09
Mourning Dove 4.38 4.08 1.53

Orchard Oriole 2.11
Ovenbird 14.03 12.95
Red-eyed Vireo 2.11 11.36 6.49
Scarlet Tanager 1.25 2.77 9.85 7.70
Song Sparrow 1.41
Veery 1.08
White-breasted Nuthatch 1.61 2.26 3.99
Yellow-throated Vireo 1.06

T Partner’s in Flight priority species of contindraad regional concern: Region 23 Prairie Hardw®ahsition.
*Species of Greatest Conservation Need (SGCN) fecWisin's Comprehensive Wildlife Conservation Plan.

$Partner’s in Flight species of regional stewardsRipgion 23 Prairie Hardwood Transition.



Table3-4. Contributed % of similarity calculatedngsa similar percentages analysis (SIMPER) foc@3mon birds in Karner blue butterfly managed bare
Analysis evaluated % similarity as a function akthindependent factors including management meitadtype of management technique used to restor
maintain Karner barrens), treatment year (i.e.et@imce treatment method), and adjacent habitat Wwhether sample points located in Karner bawars
adjacent to remnant barrens or woodland habit&teéalues represent results of randomization testYBIM) on the differences in avian communities acke
of the factor groupings

Management method Treatment year Adjacent habitat
(R=0.21, p = 0.006) R=0.15, p=0.052) R=0.32, p<0.001)
Thinned Burned Notreatment 1to10 10to20 >20 Barrens Woodlands
(n=14) (n=11) (n=3) (n=17) (n=8) (n=3) (n=9) (n=19)
Species of conservation concern
Blue-winged Warbléf 2.04 2.51 5.62 1.72
Brown Thrashéf 2.92 4.06 3.22
Grasshopper Sparréiv 2.44
Field SparroW 13.18 11.97 12.92 11.77 1093 1296 11.88 12.64
Rose-breasted Grosh8ak  2.12 5.68 5.22 3.14 3.02
Vesper Sparrol 4.08 4.05 6.09
Species of least concern

Baltimore Oriole 3.71 5.09 7.77 3.02 7.33 2.64
Blue-gray Gnatcatcher 5.15 5.22 4.43 5.06
Brown-headed Cowbird 9.85 9.23 9.61 8.33 8.67 9.84 8.80 9.72
Chipping Sparrow 7.82 4.31 7.36 6.24 3.21 8.02 3.70 7.65
Eastern Bluebird 5.16 4.07 7.55 4.32 8.04 2.96
Eastern Kingbird 2.20 10.71 3.53
Eastern Towhee 12.06 9.67 6.80 10.22 8.79 8.31 11.26
Eastern Wood-Pewee 3.60 2.15 5.66 4.39 4.59 4.66
Gray Catbird 3.28 4.68 2.45 2.87
Great-crested Flycatcher  2.53 1.93 5.66 5.22 2.85 1.42 3.18
House Wren 2.47 2.69 3.98 1.42 3.05 1.55
Indigo Bunting 11.99 8.69 9.61 9.41 7.74 1157 8.54 11.13
Mourning Dove 4.07 5.62 3.06 3.71
Orchard Oriole 2.82 2.24
Ovenbird 5.66
Red-eyed Vireo 3.35 2.51 3.92 3.48
Scarlet Tanager 1.72 2.75 7.36 5.10 1.80 2.92 1.35 3.40

" Partner’s in Flight priority species of contindraad regional concern: Region 23 Prairie Hardwdoahsition.
*Species of Greatest Conservation Need (SGCN), Wéets Comprehensive Wildlife Conservation Plan.
$Partner’s in Flight species of regional stewardsRiggion 23 Prairie Hardwood Transition.

Vi1
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Figure Captions
Figure 3-1: A. Location of Fort McCoy Military Iretation, Wisconsin, USA, B. Fort
McCoy, C. Subset of five habitats and sample poatitsre bird and vegetation surveys were

completed during the 2007-2009 breeding season.

Figure 3-2: NMS plots of resemblance matrix (BrayH, log-transformed average bird
abundance) for (A) fifty four common breeding bspkcies among barrens and woodland
habitats, (B) and all sample points distributed agnall five habitats. Stress indices were a
measure of fit between the resemblance matrix laadvwo-dimensional representation of the
similarity matrix (0.10 to 0.20 = good fit). Lin@sound points in (B) were groupings
indicating avian community membership, independetéitermined by cluster analysis
(group average, > 40% similarity). Dotted circldicates barrens avian communities. Solid

circle represents woodland avian communities.
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Appendix 3-1. Common name, scientific name, and Aecaa Ornithologists’ Union four-

letter code (AOU) within our for fifty four commdoreeding bird species.

Common name Scientific name AOU
American Goldfinch Spinus tristis AMGO
American Redstart Setophaga ruticilla AMRE
Baltimore Oriole Icterus galbula BAOR
Black-and-white Warbler Mniotilta varia BAWW
Black-billed Cuckoo Coccyzus erythropthalmus  BBCU
Black-capped Chickadee Poecile atricapillus BCCH
Blue Jay Cyanocitta cristata BLJA
Blue-gray Gnatcatcher Polioptila caerulea BGGN
Blue-winged Warbler Vermivora pinus BWWA
Brown Thrasher Toxostoma rufum BRTH
Brown-headed Cowbird Molothrus ater BHCO
Cedar Waxwing Bombycilla cedrorum CEDW
Chestnut-sided Warbler Dendroica pensylvanica CSWA
Chipping Sparrow Spizella passerina CHSP
Clay-colored Sparrow Spizella pallida CCSP
Common Yellowthroat Geothlypis trichas COYE
Dickcissel Spiza americana DICK
Downy Woodpecker Picoides pubescens DOWO
Eastern Bluebird Sialia sialis EABL
Eastern Kingbird Tyrannus tyrannus EAKI
Eastern Meadowlark Sturnella magna EAME
Eastern Towhee Pipilo erythrophthalmus EATO
Eastern Wood-Pewee Contopus virens EAWP
Field Sparrow Spizella pusilla FISP
Grasshopper Sparrow Ammodramus savannarum  GRSP
Gray Catbird Dumetella carolinensis GRCA
Great-crested Flycatcher Myiarchus crinitus GCFL
Hairy Woodpecker Picoides villosus HAWO
Hermit Thrush Catharus guttatus HETH
Hooded Warbler Wilsonia citrina HOWA
House Wren Troglodytes aedon HOWR
Indigo Bunting Passerina cyanea INBU
Lark Sparrow Chondestes grammacus LASP
Least Flycatcher Empidonax minimus LEFL
Mourning Dove Zenaida macroura MODO
Mourning Warbler Oporornis philadelphia MOWA
Nashville Warbler Vermivora ruficapilla NAWA
Northern Flicker Colaptes auratus NOFL



Orchard Oriole

Ovenbird

Red-bellied Woodpecker
Red-breasted Nuthatch
Red-eyed Vireo
Red-headed Woodpecker
Rose-breasted Grosbeak
Scarlet Tanager

Song Sparrow

Upland Sandpiper

Veery

Vesper Sparrow
White-breasted Nuthatch
Wood Thrush
Yellow-billed Cuckoo
Yellow-throated Vireo

Icterus spurius

Seiurus aurocapillus
Melanerpes carolinus
Sitta canadensis

Vireo olivaceus
Melanerpes erythrocephalus
Pheucticus ludovicianus
Piranga olivacea
Melospiza melodia
Bartramia longicauda
Catharus fuscescens
Pooecetes gramineus
Sitta carolinensis
Hylocichla mustelina
Coccyzus americanus
Vireo flavifrons

OROR
OVEN
RBWO
RBNU
REVI
RHWO
RBGR
SCTA
SOSP
UPSA
VEER
VESP
WBNU
WOTH
YBCU
YTVI
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CHAPTER 4: CHANGES IN FOREST TREE-SPECIES COMPOSITION MAY
AFFECT NEOTROPICAL SONGBIRDS DURING SPRING MIGRATIO N

STOPOVER

Coauthors: Anna M. Pidgeon, David J. Mladenoff, and Feng Liu

Abstract

Since European settlement, hardwood dominatedtfooé®astern North America have
undergone compositional changes due to fire supjmresind lack of regeneration. It is not
clear how these changes affect songbirds duringgprigration stopover. In 2009 and
2010, from early April to early June, we quantifiedaging behavior by neotropical
migratory songbirds and collected data on treesapding diversity in the Kickapoo Valley
Reserve in southwestern Wisconsin. Furthermorezomgpared the 1850s distribution of tree
species (from Public Land Survey System witnessrieeords) with current (2010) and
future (sapling) tree-composition to better underdthow historic and future changes in tree
composition may drive patterns of tree use by mgatal migratory birds during spring
migration stopover. Of 35 tree species recordezlptbportional use by the Blue-gray
GnatcatcherRolioptila caeruled and 11 wood-warbler specid®afulinaespp.) of several
tree species, including red odBuercus rubrg, white oak Q. albg, American elmImus
americana, slippery elm (. rubra), big-tooth aspenRopulus grandidenta)aand paper

birch Betula papyriferawas greater than their proportional availabil®n the other hand,

the proportional use by these bird species of shaldeant tree species such as sugar maple
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(Acer saccharum red mapleA. rubrum) and American basswoodilila americang was

much lower than their proportional availability. Wel not find support for the idea that bird
foraging success among tree species varies duedtoalvailability (Lepidoptera richness per
tree,R? = 0.03,p-value= 0.64). However we did find evidence that foodessibility
influenced bird foraging success (average leabjeetength of tree specie®’ = 0.77,p-
value= 0.001). Although tree-species composition vadedsiderably from the 1850s to
2010, in both time periods the forest was dominéatedugar maple and oak species.
However, sugar maple saplings currently form algeamtinuous layer in the understory
with very low recruitment of oak and other shad®lerant species such as big-tooth aspen,
suggesting a shift of the forest composition towdrdure dominance by shade-tolerant
species. Our results highlight the reliance of rgmtal migratory songbirds on some tree
species that are legacies of a time when natusairdbances shaped forest composition. It is
unclear whether the current trajectory of tree cositpon will provide the food resources and
conditions (i.e., food accessibility) necessaryNeotropical migrants to effectively refuel

during stopover

Key words: avian foraging, food availability, food accessilyilimaple, oak, spring

migration, stopover, tree-species composition, VeasiPublic Land Survey System

Introduction
Spring migration is a taxing time in the life cy@f migratory songbird species

(Hutto 2000, Sillett and Holmes 2002, Newton 209éwton 2006, Hedenstrom 2008).
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Amid the many challenges birds face, such as poedabidance (Lindstrom 1990,
Schmaljohann and Dierschke 2005, Lind and Cres2086), inhospitable weather
(Rappole and Warner 1976, Richardson 1978), amd artd intra-specific competition
(Moore and Yong 1991), birds must make criticalisieas regarding resource selection at
stopover sites (Moore et al. 2005, Chernetsov 2BO&r et al. 2007, Smith et al. 2007).
Optimal stopover locations allow birds to refuélr@@ugh foraging) efficiently and thus to
depart quickly to the next stopover location orelaliag area (Loria and Moore 1990, Moore
and Yong 1991, Moore and Simons 1992, Moore €t285, Smith and Moore 2003, Schaub
et al. 2008). Since migration involves risks andrgy demands, determining what foraging
substrates to use to maximize energy intake dwtiogover is a critical decision affecting
fitness and survival of individuals of all migrayaspecies (Berthold and Terrill 1991, Moore
et al. 2005).

In the eastern portion of the American Midwestnlan land use has altered the
structure and composition of hardwood dominateddts (Rhemtulla et al. 2007, Rhemtulla
et al. 2009). During the ¥%entury, large portions of forest were clearedtifober
extraction, agricultural development, and Europsttiement (Schulte et al. 2007,
Rhemtulla et al. 2009). Yet, over the last appr@terhalf century, forest cover has increased
throughout the region primarily because of shifttand use practices (lverson et al. 1997,
McShea et al. 2007, Rhemtulla et al. 2007).

In southwestern Wisconsin, the current trendefarestation are characterized by the
term ‘mesophication’ (Lorimer 1984, Lorimer 198%rams 1992, Abrams 2005, Nowacki

and Abrams 2008). This term embodies the processirdlarge part to widespread fire
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suppression, of declining importance of o&kuércusspp.) and other species requiring open
conditions for germination or maturation, accompdrby increasing importance of shade-
tolerant species like mapl@derspp.,Hix and Lorimer 1991, Lorimer et al. 1994, Taylor
and Lorimer 2003, Rogers et al. 2008). Oak speesegarded as keystone species for their
value in maintaining biodiversity throughout NoAmerican forests (Fralish 2004, McShea
et al. 2007). Many, breeding birds and some manspeties are more common in oak
dominated forests, due to greater resource avhiaf@.g., acorn mast, arthropods, cavities)
than in maple dominated woodlands (Rodewald anéiisr2002, Rodewald 2003, McShea
et al. 2007). Moreover, oaks harbor higher Lepidoptichness than other tree species
(Tallamy and Shropshire 2009), thus highlightingitimportance as foraging stopover
substrates for neotropical migratory songbirds f8rand Graber 1983). Yet, the effect of
changes in forest tree composition on neotropicgtatory songbirds at stopover habitats is
unclear (Graber and Graber 1983, Strode 2004). Maoyropical canopy foraging
insectivorous songbirds are in decline (Robbire.€1989, Rich et al. 2004) and it is
important to better understand all aspects of tnual cycle that may limit their
populations (Sillet and Holmes 2002). Quantifyihg tise of trees by neotropical migratory
songbirds at their stopover habitats is importardrder to understand the implications of
broad scale compositional changes on their futarsigtence as members of the migrant
community in southwestern Wisconsin forests.

The overarching goal of this project was to gugiitie use of tree species by
neotropical migratory songbirds during spring miigna stopover in southwestern Wisconsin

forests, with a specific focus on how trends iispecies composition may affect their
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foraging success in future years. Within this oxerang goal, we had three objectives. First,
we were interested in quantifying tree-specieshyseeotropical migratory songbirds during
spring migration stopover. Based on results of lsinstudies (Holmes and Robinson 1981,
Graber and Graber 1983, Gabbe et al. 2002, St Strode 2009), we expected birds to
exhibit heterogeneity in patterns of tree use.arrhore, the importance of oak and elm
species and the avoidance of shade-tolerant tuebsas sugar maple and basswood by birds
during spring migration in lllinois woodlots (Gratend Graber 1983 and Strode 2004) led
us to expect similar patterns in Wisconsin.

Our second objective, was to determine whethett Boailability (Graber and Graber
1983) or food accessibility (Holmes and Robinso81)3vere most related to selection of
tree species as foraging substrates by birds. Both availability and accessibility influence
foraging success by neotropical migratory songbide predicted that neotropical
migratory songbirds would have higher foraging gsscon tree species with greater
diversity of prey items (e.g., Lepidoptera richndbhan on tree species with lower diversity
of prey items, and would therefore spend more fongging in tree species in which prey
availability was highest. Furthermore, optimal fgireg theory predicts that animals will
forage in a way to efficiently maximize their catointake within a given level of risk (Pyke
1984). Therefore, we predicted that neotropicalrat@y songbirds would have higher
foraging success on tree species with leaf ardiiteenore favorable to accessing prey-items
(i.e., shorter leaf-petiole length) than on treecsps with leaf architecture unfavorable for

accessing prey-items (i.e., longer leaf-petiolgthh
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Our third objective was to estimate the similaafyforest tree-species compaosition in
the historic (1850s) and the current time (2010) & explore trends in future forest
composition, in order to investigate how resoungglability for neotropical migrants has

and potentially will change through time.

Methods
Study Area

Our study area was the 3,468 ha Kickapoo ValleseRe in southwestern
Wisconsin, located in the Driftless Area, an aregreater topographical heterogeneity then
the surrounding landscape due to its unglaciatgds{(Curtis 1959), which encompasses
northeast lowa, southeast Minnesota, and soutiWestonsin (Fig. 1). The Driftless Area is
an important stopover region for neotropical migratsongbirdsen routeto breeding habitat
in the boreal forest (Wilson 2008). Conducting stisdy in the forest of the Kickapoo Valley
Reserve allowed for an investigation into how neyaital migratory songbirds may be
impacted by changes in tree-species compositi@augjirout the Driftless Area. The
vegetation of the Kickapoo Valley Reserve rangemfbottomland hardwood forest in the
Kickapoo River floodplain, to upland dry- and sartinmesic woodland on the surrounding
ridges (Curtis 1959). This study was conductedhetpland dry- and southern-mesic
forests. Tree species of the upland forests, irranflimportance (see Methods section Tree
and Sapling Availability for formula), include whkibak Quercus alba50.57%), northern
red oak Q. rubra,49.52%), sugar mapléc¢er saccharuny8.97%), bitternut hickory

(Carya cordiformis23.93%), American basswoodlilfa americana,21.40%), red maple(
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rubrum, 15.44%), American elmJimus americanal0.75%), hophornbean®étrya
virginiana, 9.12%), white ashHraxinus Americanad.01%), big-tooth aspef®¢pulus
grandidentataB.00%), eastern white pinBifus strobus7.53%), black cherryRrunus
serotina,6.73%), bur oak@. macrocarpag.72%), black oak@. velutina,6.29%), slippery
elm (U. rubra, 6.17%), paper bircrBetula papyrifera2.80%), quaking asper (
tremuloides?2.72%), yellow birchB. alleghaniens?.39%), tamarack_@rix laricina,
1.85%), shagbark hickor{( ovata,1.58%), box elderA. negundo.91%), eastern red
cedar Juniperus virginiana0.86%), black walnutJuglans nigra0.83%), hackberryGeltis
occidentalis0.77%), black ashH nigra, 0.74%), black willow $alix nigra,0.72%), eastern
hemlock Tsuga Canadensif,47%), butternut). cinerea0.43%), balsam poplaP(
balsamifera0.40%), green aslr( pennsylvanica).29%), musclewoodJarpinus
caroliniana,0.25%), and rock elmJ. thomasii,0.22%).

All field work was conducted in four stands whigpresent some of the largest tracts
of contiguous forest in the Driftless Area of Wissm (ranging from 80 to 107 ha, Fig. 1). In
addition to being large and unfragmented, thesedstavere selected for their diverse tree
composition (> than 20 tree species per standpaocduse they are compositionally
representative of smaller forest patches withinDhéless Area. Using a high-resolution air
photo, we digitized each stand in ArcGIS 9.1 (ES®dlands, California, USA 2006) and
plotted a lattice grid of points (hereafter lattp@nts) separated by 100 meters, with
alternate rows offset by 50 meters. Each lattigatpmas used as a sampling location for tree

and sapling composition availability and as a mfee point during avian observations.
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Seventy eight, 79, 78, and 75 lattice points wéoétqd in the four stands for a total of 310

lattice points (Fig. 1).

Avian Foraging Observations and Calculations of Faaging Success

To determine which tree species neotropical mogyasongbirds use during spring
migration stopover we collected foraging data fromd-April to early June in 2009 and
2010, which encompasses the stopover period indNgo for the majority of neotropical
migrantsen routeto their northern breeding grounds (Temple e1897). Between sunrise
and 1 pm, an observer proceeded along a walkirtg reatablished to maximize coverage of
a study stand, and actively searched for foragiogké of twelve neotropical migratory
songbird species (hereafter focal species, Tahlsihy standardized methods (Holmes and
Robinson 1981, Remsen and Robinson 1990). Sincavérage length of stay of neotropical
migratory songbirds during stopover is < 3 days gkdoand Kerlinger 1987), we visited the
four stands on average twice a week during the Bagperiods with at least three days
separating visits to reduce the risk of autocoteeldoraging observations. Focal species
were chosen because they are relatively commonratoigrsongbirds that primarily use trees
as foraging substrates during spring migrationunstudy area. Four trained observers
collected data each year, including the lead autboce a focal species was detected, an
observer followed and documented the individuatvities and movements for as long as
possible up to five minutes and within the boungaof a study stand. Although we often
followed and documented foraging behavior for fdaadls in multiple trees during a

foraging observation, for comparisons of tree u=msws availability, we only recorded ‘use’
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of the first tree a focal bird was observed actiatacking a prey item (Holmes and
Robinson 1981, Gabbe et al. 2002). Using a digi#gabrder with a built in timer, the
observer documented the following data on focatigse species identity, sex (if possible),
tree species, number of perch changes (e.g. h@biss wilights), and type of attack (e.g., bud
glean, flower glean, leaf glean, bark glean, hosally, and flush-chase, Remsen and
Robinson 1990).

Once a data collection session for an individdi@ focal species was concluded, the
observer either moved to another individual of @afspecies in the immediate area, if
possible, or moved back to the walking route inrceaf another foraging-flock. In order to
find a new foraging-flock, observers moved at |&8€ m from the previous flock.
Furthermore, to avoid autocorrelated foraging infation, only one male or female of
dichromatic species’ [e.g., Blackburnian WarbBedroica fuscy in a flock was counted.
Thus, if multiple male Blackburnian Warblers weetatted in a flock, foraging data was
only collected on the first male encountered. Theeover then proceeded to collect foraging
information on a female, if detected. For focal@es that are weakly sexually dichromatic,
such as a Tennessee Warb(@rgothlypis peregring foraging data was collected on only
one individual within a flock. The Blue-gray Gnaitaer Polioptila caeruled, Blue-winged
Warbler /ermivora cyanoptenaand Chestnut-sided Warbld.(pensylvanicpare
migratory birds that potentially breed in our stadga (Wisconsin Breeding Bird Atlas
2011). Thus, we only collected foraging observation individuals of these three species

that were actively moving in a mixed-species fanggfilock composed mainly of focal
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species migrating to more northerly breeding greuedy., Blackburnian Warbler and
Black-throated Green WarbleD(vireng].

To determine whether the focal species used peees as foraging substrates in
proportion to their availability, we used a chi-ageigoodness-of-fit test to compare
observed use- versus expected use-frequenciel foca species as a whole (Holmes and
Robinson 1981). To obtain the expected use-freqasnewe multiplied tree importance
values (see Tree and Sapling Availability sectionférmula) by the total number of
observations of each focal species (Gabbe et @R)2&ince most focal species in our study
area only used a small proportion of the availatde species as foraging substrates, we were
not able to compare observed use- with expectedregaencies for individual focal species
(i.e., many zero observations). Therefore, we pboleserved-use data from the twelve focal
species and compared these with the pooled expastettequencies. Only sixteen tree
species with an importance value percentage > 2v@&#é used for all analysis since tree
species with an importance percentage < 2.7% waraged in sufficient enough frequencies
by our focal study birds to be useful for analymisposes (Table 2).

Lepidoptera larvae are the main prey items of niagyasongbirds during stopover
(Graber and Graber 1983, Moore and Yong 1991) amdsed published data on
Lepidoptera richness by tree species (Tallamy dndhire 2009) as an index of food
availability by tree species. To determine focaaes foraging success, we calculated an
‘attack-index’ which is the total number of attagley minute, divided by the total number of
all searches per minute, of all focal species @& $pecies. A higher attack-index indicates

greater foraging success per tree compared to nuohlsearch maneuvers. If a focal species
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used multiple trees during a foraging observatess®on, we partitioned the session data by
tree species, and used data from each tree speaakulate the tree- species specific
attack-index. Tallamy and Shropshire (2009) estthatepidoptera richness for tree genera
rather than species. Thus, in order to match daclaindex data to their data on available
Lepidopteran food per tree genus, we pooled datagleygenus to come up with attack-index

composite per tree genus (e@Quercusspp.).

Tree and Sapling Availability

To gain information on the current tree composite used the point-center quarter
method at each of the 310 lattice points (Cottath@urtis 1956, Curtis 1959). We recorded
tree species, measured dbh, and distance fromelgutiint of the closest tree > 10 cm dbh in
each of four quadrants: 0-90°, 90-180°, 180-27@0-260°. We calculated the importance
value, of all tree species using the formula: inigace value = relative frequency + relative
density + relative dominance (Curtis 1959, Cottantd Gurtis 1956). Dominance of tree

species was derived by first converting dbh intsdbarea, then using the equation:

Total basal area per tree species
Forest patch area (in

These dominance values were then converted irdGveldominance for use in importance
value calculations. An importance value for eaele gpecies was converted into importance

percentage (i.e., importance of each tree relatvmportance of all available trees) which



131

represented the relative availability of each #pecies as foraging substrate for neotropical
migratory songbirds (Holmes and Robinson 1981).

To gain information about the potential futuregstrtree composition, we again used
the point-center quarter method, recording speameisdistance to one tree sapling (< 10 cm
dbh and taller than 1.3 m) in each quadrant. Weutatied relative frequency of saplings, by

species, for use in comparison with historic andesu tree data.

Public Land Survey System Data

To determine historic tree composition of the Kipko Valley Region, we used
Public Land Survey System data (Schulte and Mlafi@@®1). The Public Land Survey
System was implemented by the United States govenhim 1785 to partition western lands
into parcels for settlement in township (6x6 m@e7 knf) and section (1x1 mile; 2.6 Kin
increments (Schulte and Mladenoff 2001). At theway point and corner of a section
surveyors recorded the diameter at breast heidpl) (dlistance and species of two to four
‘witness’ trees. The Public Land Survey System @sBitree data (hereafter PLSS) were
collected in the 1850s within our study region.

The PLSS was collected at coarser resolution dhamground-collected tree and
sapling composition data. Thus, in order to be &blmake broad comparisons between the
PLSS and our ground-collected tree and sapling dataised a grid of corner and mid-
section points that encompassed the Kickapoo reserst surrounding upland habitats that
are similar in elevation and topography to the ngléorests of the Kickapoo Valley Reserve

(Fig. 1). From this area, 326 corner and mid-segboints and 651 witness trees were
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available for analysis. In order to compare comgmsal and importance trends in tree
species since the 1850s, we calculated the IVaci &vitness tree species using the above

formula.

Statistical Analysis

We generated a use-index to quantify foragingcsigiey by individual focal species
(Holmes and Robinson 1981). The use-index for aqudar focal species is calculated by
taking the sum of the absolute values betweenéheept-use of observed focal species,
among tree species, and the importance percentagelo tree species. To investigate
whether focal species vary in their tree-use pagtaccording to when they arrive during
migration, we calculated, for each species, theaBpan’s rho correlation of the mean first-
arrival date in 2009 and 2010, with the use-indextie focal species.

Our first hypothesis to explain why focal specigsy use certain trees in higher
frequencies than others during spring migratiopster was that different tree species differ
in the richness (and therefore availability) ofdpavhich influences foraging success. To
explore this, we fit a linear regression modelatélt Lepidoptera richness per tree species
(from Tallamy and Shropshire 2009) as the indepeidariable and bird foraging success
(attack-index) as the dependent variable. It wadeasible to sample the available arthropod
community by tree species with standard branchpeigpmethods within our study areas due
to very tall tree canopies (average canopy heigtim), steep slopes, and limited areas

where a ‘cherry picker’ could be maneuvered.
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Our second hypothesis about why migrants useindrees species in higher
frequencies than others was that the accessibilityod may differ among tree species. The
majority of birds were observed maneuvering toghe of a branch and lunge-gleaning on
emerging leaves (Table 3). Thus, we wondered ifehgth of the leaf petiole influenced
accessibility of prey, a hypothesis first put foohHolmes and Robinson (1981). We
obtained data on leaf petiole length by measueaf $pecimens housed in the University of
Wisconsin Herbarium that were obtained by brangpecig from trees (i.e., not saplings)
from our study region (e.g., Vernon or Richland @iy, Wisconsin). We only measured
leaf specimens that had been collected in mid-Magatly June (i.e., non-mature leaf
samples), to match the period in which focal bpda@es use Driftless Area forests during
stopover (Temple et al. 1997). Quaking aspen wasoluded in this analysis because focal
species were not observed using leaves of thisasderaging substrates. Furthermore, black
oak and hophornbeam were omitted from this anabestsiuse there were no Herbarium leaf
samples available from mid-May to early June ingtudy region. Two tree species, white
ash and bitternut hickory have compound leaves osexpof individual leaflets. Focal
species were observed perched on the leaf staheafhite ash gleaning prey items from
individual leaflets. Therefore, for this species measured the length of each leaflet petiole.
Focal species were not observed using the ledf stahe bitternut hickory. Therefore for
this species we used the distance from the branthetfirst leaflet-pair as a measure of food
accessibility. To explore this relationship, wedfilinear regression model of the leaf attack-
index, which is a similar measure to the ‘attacttex’ (see above), yet only using focal

species attacks on a leaf substrate per minutdetiviby the total number of searches per
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minute, against the average leaf-petiole length @ntwelve tree species. As part of the
regression analyses, normality was checked witlmab€Q plots and constant variance was
checked by visually inspecting residual plots (Z899). All statistical analysis was

completed using the R statistical software pacKk&Pevelopment Core Team 2005).

Results
Use of Foraging Substrates by Neotropical MigratorySongbirds

We recorded 330 foraging observations of focatsgse We found the focal species
to be highly selective in their use of trees aadatg-substrateg{= 222.13, dfss, p-value=
< 0.001, Table 2). Trees which were used in grgatgportion than their availability in the
landscape during both 2009 and 2010, included atpplm (62% more than if it were used
in proportion to its availability), paper birch @, red oak (48%), white oak (39%),
American elm (37%), and big-tooth aspen (19%, E)gTrees which were used in lower
proportion than their availability in the landscapeluded basswood (94% less than if it
were used in proportion to its availability), bladkerry (87%), red maple (83%),
hophornbeam (70%), quaking aspen (67%), bitteriokiolhny (66%), sugar maple (65%),
black oak (29%), and white ash (20%, Fig. 2). Thveas variation in trees species use by
focal birds among 2009 and 2010 (Fig. 2). There avesduction of use of sugar maple
(86%), red oak (71%), and American elm (58%), amtharease in use for white oak (72%),
slippery elm (67%), hophornbeam (57%), bitternakbry (57%), paper birch (36%), big-
tooth aspen (29%), and white ash (15%) among \€&ys?2). Black oak, basswood, and

black cherry were not used in 2009 but used in 204ih black oak being used in higher
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proportion than it was available. Quaking aspenraddmaple were used in 2009 but not
2010.

Four patterns of tree-species use emerged (TabWith the exception of Golden-
winged Warbler, focal species did not use suganen@@able 2). No species used basswood,
red maple, and bitternut hickory (Fig. 3). Secaed, oak, white oak, American elm,
slippery elm, and big-tooth aspen were stronglduysge., high use-index values per tree) by
many focal species (Fig. 3). The most highly seéledbragers, with were the Northern
Parula Parula american® Magnolia Warbler. magnolig, Black-and-white-Warbler
(Mniotilta varia), Blackburnian Warbler, and Golden-winged Warbler.

Third, focal species vary in their tree-use pateaccording to their time of arrival, as
evidenced by a strong correlation between arriva$ of focal species and tree selectivity
(0 = 0.78,p-value= 0.003, Fig. 4). Focal species that arrive eattighe Kickapoo River
Valley appear to be less selective in their usiees foraging substrates than species that
arrive later (Fig. 4).

The fourth pattern we uncovered is that foragittgcks of focal species were
directed at specific parts of the tree (Table 8).&ample, although focal species largely
avoid sugar maple, they do direct attacks at thus lofi this tree species early in the spring
before the leaves are fully flushed (personal olzem, Table 3). We noticed a similar
pattern of use of big-tooth and quaking aspen @&kl The flowers (i.e., catkins) of red and
white oak were highly important foraging substrdtedocal species (Table 3). However the

majority of attacks on most tree species were threat the leaf surface (Table 3).
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Factors Affecting Foraging Success by Neotropical Mratory Songbirds

We did not find general support for the hypothéisa total food availability
influenced foraging success among tree spebfes (.03,p-value= 0.64, Fig. 5). However,
on the oak species we observed a higher proparfiattacks relative to search time. Oak
species also had the highest Lepidoptera richegsg). In contrast, on basswood, sugar
and red mapleAcerspp.), and bitternut hickory, which all have comatdy lower
Lepidoptera richness, focal species had similaaly lower ratios of attacks to search
maneuvers indicating focal species search morpdtantially lower food items (Fig. 5).

We found support for the hypothesis that the asb#y of food per tree influences
foraging success by focal speciB8£ 0.77,p-value= 0.03, Fig. 5). The leaf attack-index
which we used as a measure of foraging succeshiglasr on trees with smaller leaf-petiole
lengths such as the white ash, elm species, papér Bnd oak species than on trees with

larger leaf-petiole lengths such as the basswawdipzaples.

Changes in Availability of Tree Foraging Substrategor Neotropical Migratory
Songbirds

From the 1850s data, 18 tree species were recardbd Kickapoo Valley Region,
and 35 tree species, and 22 tree saplings weredestduring 2010 surveys in the Kickapoo
Valley Reserve. The most important tree specig¢sarKickapoo Valley Region in the 1850s
were sugar maple (33%), white oak (25%), basswddéo], and elm spp. (8%, Fig. 6). The
most important tree species in 2010 were sugaren@gPo), white oak (18%), red oak

(17%), hickory spp. (9%), and basswood (7%, Fig. 6)
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Tree species that were less important in 2010 itihéme 1850s were red pine (100%
reduction), butternut (86% reduction from 1850sam@nce), sugar maple (48% reduction),
basswood (45% reduction), black oak (45% reductiom) oak (33% reduction), elm spp.
(30% reduction), and white oak (29% reduction, Big.Trees species that were more
important in 2010 then in the 1850s included higigpp. (mainly bitternut hickory, 93%
increase from 1850s importance), red oak (88% asag white pine (74% increase), white
ash (69% increase), aspen spp. (mainly big-toqikrgs48% increase), cherry spp. (mainly
black cherry, 33% increase), and hophornbeam (hit¥ease, Fig. 6). Three tree species not
recorded during the 1850s but found in 2010 survei® red maple, paper birch, and
eastern red cedar.

Sapling composition, an index of the future trpeeses composition in the region,
was dominated by sugar maple, which made up 6984 e&plings recorded (Fig. 6). Other
saplings encountered included red maple (5%),rhiftehickory (5%), basswood (4%), black
cherry (4%), slippery elm (3%), white oak (3%), Amsan elm (3%), and white ash (2%).
Tree saplings which were either not encounterethwonrd in very low frequency (< 0.5%)

included black, bur, and red oak, hophornbeam, maipeh, and big-tooth aspen (Fig. 6).

Discussion

We found that the 12 neotropical migratory sondgpive studied used the relatively
important trees, red and white oak, and less inapbitees, slippery elm, American elm,
black oak (2010), big-tooth aspen, and paper @ascforaging substrates during spring

migration stopover in higher proportions then thtvees were available. On the other hand,
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we found the same neotropical migratory songbodstitongly avoid basswood, red maple,
bitternut hickory, and sugar maple, which weretreddy important tree species in our study
region. We expected to find the focal species usigs in varying proportions to their
availability because breeding bird studies of wee-have indicated strong selection-patterns
for certain tree species (Holmes and Robinson 1G8bpe et al. 2002), and we expected
these patterns to hold during spring migration st@p. Our results highlighting the high use
of oak and elm and avoidance of sugar maple arsilmesl by neotropical migratory
songbirds were consistent with findings during eiag in lllinois (Strode (2004).

We tested two possible explanations for these ypattéood availability and food
accessibility. Many studies have suggested the iitapoe of food availability to foraging
birds both during the breeding season (Holmes amirRon 1981) and migration stopover
(Graber and Graber 1983, Strode 2004, McGrath 08I8). Because of this, we
hypothesized that food availability was influentialdetermining foraging success (attack-
index) among tree species by neotropical migrasongbirds. However, we did not find
evidence to support this hypothesis (Fig. 5). Sthee species, such as oaks have high
Lepidoptera richness which matches the high fogagirccess by focal species on these
trees. Maples and basswood have lower number aflepfera richness and lower foraging
success among focal species. However, other texmespwith a high attack-index such as
white ash have comparably low levels of Lepidopterianess. We acknowledge that a big
assumption in our work is that the Lepidopteran camity on tree species in the mid-
Atlantic region is representative of the Lepidoptediversity on trees in the Kickapoo

Valley Reserve. We have not tested that, and ee#iat quantifying both Lepidopteran
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species richness and abundance in our study regatd provide more solid evidence to
support or refute the hypothesis that food avditghs not an influential factor.

We did find strong support for the hypothesis fioatd accessibility (average leaf-
petiole length) was influential in determining fginag success of neotropical migratory
songbirds during stopover (Fig. 5). The majorityafal species forage for prey-items by
hopping toward the end of a branch, then lungengigeon a bud, leaf, or flower surface
(Table 3). Thus, if a tree has a long leaf-pet{elg., maple) it may be energetically too
difficult for a smaller bird (e.g., wood-warblegrhging on this substrate to reach the
available prey-item. Our finding that focal spedase higher foraging success on trees with
shorter leaf petioles follows predictions of optlf@aging theory, in which birds would be
expected to forage in a way to efficiently maximileir caloric intake while minimizing
competing risks (Pyke 1984). Trees with smallef pesioles, that allows access to preferred
stages/parts of trees (e.g., small distance tdledfof sugar maple allowing access to prey-
item), presumably offer optimal conditions in whidtal species were able to efficiently
search and acquire food while minimizing their giyegxpenditures. Our findings were
similar to patterns of neotropical breeders, fanggn a New England forest where yellow
birch Betula alleghaniensjsand American beeclirégus grandifoliad were used more than
expected given their importance in the landscamenfids and Robinson 1981) and in lllinois
floodplain forest where bitternut and kingnut hick@C. laciniosg as well as sycamore
(Platanus occidental)swere also used more than expected given theioitapce in the
landscape (Gabbe et al 2002). What all of thegedpecies had in common was shorter

petioles.
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We found forest tree-species composition of oudgtregion has changed
substantially since the 1850s, which is consisietit studies that have described broad scale
composition changes of vegetation types througkidistonsin over the approximate past
150 years (Rhemtulla et al. 2007, Rhemtulla e2@09). In general, the forest composition
remains dominated by sugar maple and oak. How#were has been a shift in the
importance of oak trees. While white oak is stilimportant tree of Driftless Area forests, it
has decreased in importance, a pattern commonghoot eastern deciduous forests
(Abrams 2003). Bur and black oak are also losingartance on the landscape, which is
indicative of loss of forest openings or oak sawahabitats (Nuzzo 1986, Curtis 1959).
Therefore, with the increase in shade-tolerantispeblack and bur oak will most likely be
extirpated from the Driftless Area except for inmaged areas, or locations where shade-
tolerant trees grow poorly (e.g., sandy soils, BUr®59). The evidence that white oak, and
to a lesser extent black oak were important forgugasources for focal species lends support
that these tree species, which were once more conmtbe region, were potentially
historically important foraging resources for nepical migratory songbirds during stopover
(Fig. 2).

Red oak was far more common in 2010 than in ti®48because it became
established in forested stands after intense Iggggoerations during the late 1800s and early
1900s (Nowacki et al. 1990). Red oak is a relayivast growing tree (Lorimer 1983) and
many of the specimens in our study region werersa@eopy trees, whose crowns were
above the surrounding canopy. This may have carigto their high-quality as foraging

substrate because the canopy of an emergent raed eggosed to more sunlight and wind
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which is associated with more catkins (personaéolzaion), which are an important
foraging substrate for focal species (Table 3). Badwas an important foraging substrate
for our focal study species (Fig. 2). However, werfd very few red oak saplings£ 1),
highlighting the fact that red oak will most likebe a single generation dominant species
(Nowacki et al. 1990), and thus a critical foragregource for neotropical migratory
songbirds will eventually be gone from Driftlessearforests.

Slippery and American elm, which we found werehdatportant resources for
foraging migrants, appear to be regenerating wel| although American elm will most
likely never again be a dominant canopy tree dueutzch elm disease (Schlarbaum et al.
1997), the elm species will most likely remain & but constant level of importance as
part of the canopy (slippery elm) and sub-canopyh(lAmerican and slippery elm) in the
Driftless Area forests. Two other species that vengortant foraging substrates, big-tooth
aspen, and paper birch, are early successional (@retis 1959) and are regenerating poorly.
Without disturbance (e.g., fire) or managementsergpecies will be lost from the landscape
further reducing the availability of desirable fgirag substrates for neotropical migrants
during spring migration stopover.

Shade-tolerant tree species, which were stronghdad by focal birds, have also
shifted in importance from the 1850s period to 20iere was a notable decrease in sugar
maple and basswood, and a substantial increagel imaple. Basswood and sugar maple
typically grow in mesic conditions (e.g., northifag slopes) and can grow to large sizes in
the Driftless Area (Curtis 1959). Sugar maple v@mable timber product (Allen et al. 1999)

and it is likely this species was also harvestethénDriftless Area forests following
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European settlement. Furthermore, it is possildettie apparent decrease in basswood and
sugar maple from the 1850s to 2010 is due, at iegsdrt, to sampling error. Public land
surveyors often sampled ‘large’ trees as witnessstrrather then the true ‘nearest’ suitable
tree to a corner or mid-section point (Schulte kitadenoff 2001). Therefore, it is possible
that basswood and sugar maple were oversampleagdiine historic Public Land Surveys.
Our finding that red maple has dramatically incegbis importance throughout our study
region echoes similar trends for this species ftijinout eastern North American forests
(Lorimer 1984, Abrams 1998), and is of concern beedt was strongly avoided by the focal
species.

We found a large increase in bitternut hickory amance from the 1850s to 2010.
Bitternut hickory is a shade-intolerant specieg,ibable to grown on poor sites (e.g., steep,
well drained soils, Curtis 1959). We speculate thtaérnut hickory is able to become
established on poor sites where shade-tolerarg tte@ot grow well, and because it is a fast
growing tree (Hix and Lorimer 1990), once estaldsit may outcompete oak saplings. We
did not find evidence that focal species use litiehickory as a desirable foraging substrate
as was found in lllinois woodlots during springsger (Strode 2004) and floodplain forest
during the breeding season (Gabbe et al. 2002arSugple, red maple, basswood, and
bitternut hickory, were used less than expectedrgtheir availability in the landscape by
neotropical migrants, but are regenerating wedlun study region, and therefore will likely
dominate the future forest of the Driftless ArelaeSe results are consistent with other work
in the region (Hix and Lorimer 1991, Rogers e&l08). Furthermore, these trends in

regeneration follow a common trend of forest susiogsin eastern mixed-hardwood forests
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since European settlement from white oak, to rédto@ominance by mesophytic tree
species (Abrams and Copenheaver 1999). Whetheropezd| migratory songbirds, adapted
to conditions and plant species shaped by natisalrbance can further adapt their foraging
patterns to the changing landscape of the Drififees, is not at all clear. The decline of
oak, the decrease of canopy-dominate elm specidgshe likely demise of ash to emerald
ash borer beetleAgrilus planipenniyin the near future, are of concern because they ma
bring on the severe reduction, even collapse,r@airopical spring migrant community in
this region. In the face of this plant communityobe, neotropical migratory songbirds must

adapt to exploit different foraging substrates.

Conclusion

Our study provided evidence that shifts in treeesgs composition of Midwestern
oak forests toward dominance by shade-toleraniepeanay have large affects on stopover
foraging habitat of neotropical migratory songbirdée found that oak and elm, and to a
lesser extent, big-tooth aspen and paper birchatable foraging substrates for these
species. Furthermore, we found that neotropicatatigy songbirds have higher foraging
success on tree species with shorter leaf petolgths, suggesting that food accessibility
rather than food availability is a factor limitimgotropical migratory songbird foraging
success during stopover. Although we found evideinaeneotropical migratory songbirds
possess considerable plasticity in foraging behavaad ability to exploit substrates during
stopover, it is not clear how successful theseiepexan be in finding high quality foraging

substrates as forest composition continues to eéhtowgard dominance by shade-tolerant
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species. For effective conservation of neotropicigiratory songbird stopover habitat in
Driftless Area forests, efforts should be made somain oak, elm, and other early

successional tree species (e.g., big-tooth aspethedlandscape.
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Table 4-1: Common name, American Ornithologistsiddn(AOU) four-letter code, scientific classificati,
foraging observation sample (n), and Partner’'dighEspecies assessment scores (Rich et a. 2004delve

focal species observed during spring migration®tepin the Kickapoo Valley Reserve, Wisconsin.

Species AOU 4-Letter Scientific n PIF Score
Black-and-white Warbler BAWW Mniotilta varia 8 14
Blue-gray Gnatcatchér BGGN Polioptila caerulea 20 8
Blackburnian Warblér BLBW Dendroica fusca 24 13
Black-throated Green Warbler BTNW Dendroica virens 30 14
Blue-winged Warbléf BWWA Vermivora cyanoptera 23 14
Chestnut-sided Warbler CSWA Dendroica pensylvanica 14 14
Golden-winged Warblér GWWA Vermivora chrysoptera 8 19
Magnolia Warbler MAWA Dendroica magnolia 7 12
Myrtle's 'Yellow-rumped' Warbler ~ MYWA Dendroica coronata coronata 30 11
Nashville Warbler NAWA Oreothlypis ruficapilla 32 14
Northern Parula NOPA Parula americana 8 12
Tennessee Warbler TEWA Oreothlypis peregrina 98 13

"Species breeds in study area (Wisconsin Breedirdj/Alas).
*Boreal Hardwood Transition Region Bird ConservafReyion 12. All other PIF scores from Boreal Sofbao
Shield Region 8.



Table 4-2: Tree-species use and avoidance of tweda&ropical migratory songbirds and the poolea d@tall twelve species (total) during stopoverliéa are

use and aversion values. >5 indicates high usg,rdicates high aversion. See Table 1 for fouetatode abbreviations.

Focal species
BAWW BGGN BLBW BTNW BWWA CSWA GWWA MAWA MYWA NAWA NOPA TEWA Total

American EIm -3.76 1.24 -3.76 9.57 493 24.81 21.24 24.81 -3.76 -3.76  33.74 3.38 3.84
Basswood -7.49  -7.49 -7.49  -7.49 -7.49  -7.49 -7.49 -7.49 -4.15 -7.49 -7.49  -7.49 -7.18
Big-tooth aspen 22.20 7.20 -2.80 -2.80 -2.80 -2.80 -2.80 11.49 3.87 3.45 -2.80 1.28 1.15
Bitternut Hickory -8.37  -3.37 -4.21  -8.37 -4.03  -1.23 -8.37 -8.37 -5.04 -2.12 -8.37 -6.33 -5.64
Black Cherry -235 -2.35 -235 -2.35 1.99 4.79 -2.35 -2.35 -2.35 -2.35 -235 -2.35 -1.75
Black Oak -2.20 7.80 -220  -2.20 -2.20 -2.20 -2.20 -2.20 -2.20 -2.20 -220 -0.16 -0.98
Bur Oak -2.35 2.65 -2.35 0.98 -235 -2.35 -2.35 -2.35 -2.35 -2.35 -235 -2.35 -1.74
Hophornbeam -3.19  -3.19 -3.19 0.14 116 -3.19 -3.19 -3.19 -3.19 -3.19 -3.19 -3.19 -2.28
Paper Birch -0.98 4.02 -0.98 9.02 -0.98  -0.98 -0.98 -0.98 -0.98 2.14 -0.98 -0.98 0.84
Quaking Aspen -0.95 -0.95 -0.95 -0.95 7.74  -0.95 -0.95 -0.95 -0.95 -0.95 -0.95 -0.95 -0.34
Red Maple -5.40 -5.40 -5.40 -2.07 -1.06  -5.40 -5.40 -5.40 -5.40 -5.40 -5.40 -5.40 -4.49
Red Oak 7.67 7.67 6184 -3.99 0.06 18.39 32.67 -3.04 12.67 7.67 2017 29.61 19.15
Slippery Elm -216  -2.16 -2.16 1.17 1523 -2.16 -2.16 26.41 -2.16  13.47 -2.16 4.98 3.92
Sugar Maple -17.13 -12.13 -17.13 -17.13 -4.09  -9.99 7.87 -17.13 -0.47 -4.63 -17.13 -16.11 -11.36
White Ash -3.15 1.85 -3.15 0.18 554 -315 -3.15 -3.15 -3.15 -0.03 9.35 -1.11 -0.72
White Oak 32.27 7.27 -1.06 28.94 -9.03 -344 -17.73 -3.44 2227 10.39 -5.23 9.82 10.23
Use-index! 121.65 76.75 121.04 97.37 70.69 93.33 120.91 122.77 7498 71.62 123.88 9552 75.62

AUse-index is a measure of the summed absolutes/afual use and aversion values and represerdgifay selectivity. Higher positive numbers indicate

greater selectively. Lower negative numbers inéicaeater aversion.

[A°])



Table 4-3: Mean + (SE) summary for total focal spesearch maneuver and foraging attack scalenhiperte for fifteen tree species. Focal species were
followed for up to five minutes often documentinghlavior in multiple trees, which is representethia table. Bur Oak was not included in this tdideause of
limited foraging information for this tre@ & 1). Only most common search and tree substttteka (e.g., bud, flower, or leaf) displayed. Tetarch and

attack are a composite of all search maneuvers &hngffle) and attacks (e.g., bark glean).

Focal species search maneuver summary Foeaies foraging attack summary
Tree species n Flights Hops Total search Bud E&tow Leaf Total attacks
American Elm 29 255 (0.81) 11.78 (1.34) 14.33 (1.62) 00 00 2.64 (0.50) 3.04 (0.62)
Basswood 7 350 (1.64) 1184 (2.73) 15.34 (3.29) 0 0 0 0 0.38 (1.03) 0.92 (1.26)

Big-tooth aspen 27  4.75 (0.84) 10.02 (1.39) 14.77 (1.68) 057 (0.18) 0.35 (0.35) 0.49 (0.52) 2.18 (0.64)

Bitternut Hickory 10 5.00 (1.37) 1556 (2.29) 2056 (2.75)  0.33 (0.29) 00 064 (0.86) 3.15 (1.06)
Black Cherry 7 606 (1.64) 3.64 (2.73)  9.69 (3.29) 00 00 042 (1.03) 134 (1.26)
Black Oak 6 263 (L77) 908 (2.95) 11.71 (3.55) 00 00 200 (1.11) 2.60 (1.36)
Hophormbeam 5 227 (194 988 (3.23) 1216 (3.89) 00 00 211 (1.21) 271 (1.49)
Paper Birch 7 304 (1.64) 1092 (2.73) 1396 (3.29)  0.26 (0.35) 00 1.95 (1.03) 341 (1.26)
Quaking Aspen 3 623 (251) 560 (4.17) 1183 (5.03) 057 (0.54) 00 00 057 (1.93)
Red Maple 11 401 (1.31) 925 (2.18) 1326 (2.62)  0.09 (0.28) 00 052 (0.82) 075 (L.01)
Red Oak 156 350 (0.35) 1073 (0.58) 14.23 (0.70)  0.12 (0.07) 155 (0.15) 1.75 (0.22) 3.81 (0.27)
Slippery Elm 23 437 (0.90) 11.42 (151) 1579 (1.81) 00 00 343 (0.57) 3.76 (0.70)
Sugar Maple 39 603 (0.69) 840 (1.16) 1443 (1.39) 071 (0.15) 00 042 (0.43) 189 (0.53)
White Ash 14 350 (1.16) 7.92 (1.93) 11.42 (2.33) 00 00 324 (0.73) 3.37 (0.89)
White Oak 108 351 (042) 992 (0.70) 1343 (0.84) 001 (0.09) 1.32" (0.18) 1.94 (0.26) 3.62 (0.32)
TCatkin.

€at
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Figure Captions

Figure 4-1: Location of Kickapoo Valley Reserve dieen), in the Driftless Area (darker gray),
Wisconsin, USA, and, distribution of forested smmdthin the reserve with 310 lattice points
superimposed. Larger surrounding point-grid is 8@éer and mid-section Public Land Survey
System locations used to estimate historic forestposition profile of the Kickapoo Valley

Region.

Figure 4-2: Use of tree species by all foragingtrogmcal migratory songbirds at the Kickapoo

Valley Reserve study sites for 2009 and 2010.

Figure 4-3: Proportion of tree use (use values aa) avoidance (use values < -5) by neotropical
migratory songbirds during stopover. Sixteen tigecges were included in this analysis (Table
2). However, focal species did not use Bur Oakrdudur two sampling seasons. Therefore, it is

not displayed on this figure.

Figure 4-4: Scatter plot, and Spearman’s rho caticei (o) of use-index versus mean arrival
time of twelve focal species. Arrival date deteredrby the mean first detection of each focal

species in the 2009 and 2010 foraging observatorpsing period.

Figure 4-5: Results of linear regression of (A) ideptera richness per tree, an indicator of food
availability (from Tallamy and Shropshire 2009) sies attack-index and (B) leaf petiole length
(cm) of twelve tree species, an indicator of foodessibility, versus leaf attack-index. Attack-

index in (A) is the total number of attacks, wherea(B) it refers to observed attacks of leaves
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only, and is the number of leaf attacks divideddigl search maneuvers, scaled per

minute. Higher attack-index values indicate greatecess (prey items ingested) per search

effort.

Figure 4-6: Public Land Survey System 1850s witiessssimportance values (PLSS IVs),
current tree 1Vs (2010), and sapling relative fremey (future) within the Kickapoo Valley

Region.
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Figure 4-1
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CONCLUSIONS

Since European settlement, changes in land carer had great impacts on
biodiversity in southern Wisconsin. With this digaéion, | set out to explore factors
affecting habitat use and abundance patterns eflbrg and migratory birds in a grassland-
savanna-woodland habitat mosaic. Where others éefierhave indicated the broad scale
changes in vegetation structure and compositi@outhern Wisconsin (Leach and Givnish
1999, Rogers et al. 2008), the importance of gaasishnd savanna habitats to breeding birds
(Temple 1998, Brawn 2006, Grundel and Pavlovic 2008bry et al. 2010), and the high use
of oak trees as foraging substrates by bird speltigag spring-migration stop-over (Graber
and Graber 1983), | attempted to advance our utadelisig of how bird species respond to
structural and compositional heterogeneity of tineent southwestern Wisconsin landscape,
and to infer how future conditions may change lalgjtality.

In Chapter 1, | examined the utility of remotegnsed image texture for
characterizing vegetation structure (e.g., foliageght diversity, MacArthur and MacArthur
1961; horizontal vegetation structure, Wiens anteRlmerry 1981), a key descriptor of avian
habitat, among and within grassland, savanna, amwlland habitats. Among habitats, image
texture captured the variation in foliage-heightedsity and horizontal vegetation structure
well. Within habitats, these relationships were a®strong. This work is important because |
learned that vegetation structure, can indeed hmpethfor large areas using remotely sensed
image texture and is potentially promising dataliaad scale avian habitat models.

In Chapter 2, | tested how well image texture mted patterns of avian abundance

and species richness. | found image texture messweee useful for predicting density of,
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the Grasshopper SparroAnimodramus savannaryinand avian species richneséie mean
summary of NDVI was useful for predictimtgnsity of the OvenbirdSgiurus aurocapillus
Image texture measures were not strong predictaterssity of the Field Sparro(®pizella
pusilla). An important finding of this chapter was thasmme cases image texture measures
and in other cases plot-level summaries were bptéeglictors of focal bird density and avian
species richness than the often-applied grounedeltl vegetation structure indices. These
are important findings because density is posiilieked with habitat quality (Bock and
Jones 2004). Thus, in relating image texture anttlpli’el summary data to focal species
density and avian species richness | advanced ledgelabout the potential for use of these
remotely sensed data for identifying and modeliabitat, information that is useful for a
variety of habitat modeling and conservation agtians. Additionally, | found that the
relationship between avian species richness angartexture that has been identified in
other ecosystems (St-Louis et al. 2006, 2009) atsars in the grassland-savanna-woodland
ecosystem of southern Wisconsin.

In Chapter 3, | examined how tfexleral and state habitatanagement activities for
theKarner blue butterfly (Lepidoptera: Lycaenidagcaeides melissa samuel®reafter
Karner blue) affect bird communities. Oak savanalaitat has been nearly extirpated from
the Midwest landscape (Nuzzo 1986) and is impottabitat for unique assemblages of bird
species, yet there are currently no state halotadervation and management plans for oak
savanna avian communities in Wisconsin (Wisconsid Bonservation Initiative, 2011). |
learned that management for Karner blues creatatah#at structurally resembles remnant

oak savanna and that the bird community of the m@haavanna also resembles the bird
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community of remnant savanna. Additionally, twoa@pe of conservation concern, Vesper
Sparrow Pooecetes gramineuand Field SparrowSpizella pusilly that are associated with
savanna habitat, use the managed habitat. | fdwatchh important factor determining the
composition of the avian community in the managadana was the structure and
composition of the adjacent habitat. Managed sawvaitnated adjacent to remnant savanna
are populated by a bird community that resemblesrmant savanna bird community. On
the other hand, managed savanna situated adjacewnibdland habitats are populated by a
bird community composed mainly of spares canopg@ated species (i.e., savanna) in
addition to woodland associated species, but a@bhoabsent of some species that are
associated with remnant savanna, such as Browrsiérg oxostoma rufuin Vesper
Sparrow, Eastern Kingbird'¢rannus tyrannys and Orchard Oriolddterus spurius

Although I learned that in providing habitat foetKarner blue, managers are also providing
habitat for the savanna bird community These reslfio suggest that the Karner blue is a
useful surrogate for savanna bird communities.

In Chapter 4, | explored which tree species ngited migrant bird use as foraging
substrates during spring migration and whether amty had higher foraging success on
some trees species than others. | tested two hgpedirelated to this: food availability (total
Lepidoptera richness per tree species, Graber aaloeG1983), and food accessibility
(average leaf petiole length among trees, HolmdsRbinson 1981). Furthermore, | also
examined whether forest composition has changétkitime since European settlement, and
how this may have affected food availability or essibility for birds during stop-over. The

proportional use by the Blue-gray Gnatcatcli®glipptila caeruled and 11 wood-warbler
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speciesParulinaespp.), of red oakQ@uercus rubrg, white oak Q. albad, American elm
(Ulmus americang and slippery elm{. rubra) was greater than their proportional
availability. The proportional use of shade-tolér@ee species such as sugar maplsef
saccharunp red mapleA. rubrum) and American basswoodifla americang was lower

than their proportional availability. | did not irsupport for the hypothesis that bird foraging
success among tree species varied due to foocabiyl. Rather, | found strong support for
the hypothesis that food accessibility influenced braging success. | found that birds had
greater foraging success on trees with smallerdeables (e.g., American elm), rather than
on trees with longer leaf petioles (e.qg., sugarlg)augar maple and oak species are still
the dominant tree species in the region. Howeaabse | found that the majority of tree
saplings were sugar maple, and | found almost keaplings, it is likely that forest
composition will be dominated by shade-tolerantcggein the future. This chapter is
important because it documents important foraguigsgates for bird species during spring-
migration in the upper Midwest. It also strength#resnotion that the trend of mesophication
is widespread in the upper Midwest. My study highis past and future degradation of
important stop-over foraging habitat for neotroprmagrants, a guild in which many species
are in decline (Robbins et al. 1989). Additionathgse findings suggest the mechanism
responsible for making late-successional tree sggmbor foraging habitat for warblers. Food
accessibility is a major factor determining birdaiging success, and the long petioles of
many shade tolerant tree species that are regamgevat!l in southern Wisconsin forests

severely limit access to food by neotropical migsan
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