BREEDING SEASON ECOLOGY OF TRANSLOCATED NORTHERN
BOBWHITE IN THE MID -ATLANTIC AND THE EFFECTS
OF FOREST MANAGEMENT ON BREEDING SONGBIRD

COMMUNITIES IN THE NEW JERSEY PINE BARRENS

by

Philip M. Coppola

A dissertatiorsubmitted to the Faculty of the University of Delaware in partial
fulfillment of the requirements for the degree aidior of Philosophyn Entomology
and Wildlife Ecology

Fall 2021

© 2021 Philip M. Coppola
All Rights Reserved



BREEDING SEASON ECOLOGY OF TRANSLOCATED NORTHERN
BOBWHITE IN THE MID -ATLANTIC AND THE EFFECTS
OF FOREST MANAGEMENT ON BREEDING SONGBIRD

COMMUNITIES IN THE NEW JERSEY PINE BARRENS

by

Philip M. Coppola

Approved:

Jacob L. Bowman, Ph.D.
Chair of theDepartment of Entomology and Wildlife Ecology

Approved:

Calvin Keeler Ph.D.
Interim Dean of the College of Agriculture and Natural Resources

Approved:

Louis F. RossiPh.D.
Vice Provost for Graduate and Professional Education and Dean of the
Graduate College



Signed:

Signed:

Signed:

Signed:

| certify that | have read this dissertation and that in my opinion it meets
the academic and professional standard required by the University as a
dissertation for the degree of Doctor of Philosophy.

Christopher KWilliams, Ph.D.
Professor in charge of dissertation

| certify that | have read this dissertation and that in my opinion it meets
the academic and professional standard required by the University as a
dissertation for the degree of Doctor of Philosaphy

Kyle P. McCarthy, Ph.D.
Member of dissertation committee

| certify that | have read this dissertation and that in my opinion it meets
the academic and professional standard required by the University as a
dissertation for the degree Dbctor of Philosophy.

W. Gregory Shriver, Ph.D.
Member of dissertation committee

| certify that | have read this dissertation and that in my opinion it meets
the academic and professional standard required by the University as a
dissertabn for the degree of Doctor of Philosophy.

Theron M. Terhune Il, Ph.D.
Member of dissertation committee



ACKNOWLEDGMENTS

| would like to first thank my advisor and committee chair, Dr. Chris Williams,
for his guidance throughout my research and graduate coursework. Chris provided
mentorship in all aspects of my academic and professional development. | would like
to thank mycommittee members, Drs. Kyle McCarthy, Greg Shriver, and Theron
Terhune, for lending their expertise and insight to this project. | am forever grateful
for all the additional assistance provided by the faculty and staff in the Department of
Entomology andVildlife Ecology. | appreciate the time, effort, and enthusiasm that
John Parke and John Cecil of New Jersey Audubon have contributed to this project
and their commitment to wildlife conservation in New Jersey. Graduate students, Kaili
Stevens and WillianMacaluso, have my thanks, especially for their involvement prior
to my arrival. I would like to thank Dan Small from Washington College for collecting
a vast majority of the telemetry data in Maryland. For their tireless efforts over many
long days in thdield, | extend my sincere thanks to all the field technicians that were
essential in data collection and entry: Mike Adams, Chase Colmorgen, Evan Drake,
Nick Musacchio, Brenna Ness, and Angelo Tisone.

| would like to thank my undergraduate mentor Dr. Rogederson, who
provide the initial spark to ignite my curiosity in wildlife sciences and encouraged me
to pursue graduate work. My thesis advisor, Dr. Phil Darby, supported, challenged,
and molded me into a productive and wellinded scientistt is impossible for me to

imagine two greater mentors.



Finally, for providing unwavering support and encouragement, | would like to
thank my family. | have great roles models who have taught me compassion, hard
work, perseverance, and integrity which | try to gdpl all aspects of my lifeviuch
of my interest in wildlife came from family experiences as a kid in the Pacific
Northwest. | thank the Torrances for furthering those experiences as an adult when |
moved to Southeast. My wife, Reena, deserves a wholegbdigenks and an

honorary degree for her support from start to finish. I love you all very much.



TABLE OF CONTENTS

LIST OF TABLES.....o oottt e e e e e e e e viii

LIST OF FIGURES......ouiitiei et e e e e e e e X

F N S I A O XVi
Chapter

1 INTRODUCTION. ...ttt e e e e e e et e e e eanaeees 1

Context and RatioNale.........cco.oevuiiiiiiiieee e 1

(@] o] [T o3 1)V S TSSO 6

FIGURES. ... oot e e e e e et e e e eans 7

REFERENCES....... oottt e e e e 8

2 LANDSCAPE CONNECTIVITY INFLUENCES SURVIVAL AND
RESOURCE USE FOLLOWING LON@®ISTANCE TRANSLOCATION

OF NORTHERN BOBWHITE. ..ot 12
ADSIIACT. ... oo 12

TaT oo [¥Tex 1 o] o APPSR 13

Y (00 1Y A - WP 17

1/ L=Y 1 o o LS PSP 22
RESUILS ...t e e 35
DISCUSSION. ... .iitciii ettt e e e e e eaanns 39
Management IMpPliCatIONS...........coevvuiiieiiii e e 47
ACKNOWIEAQEMENTS.....cceiieiie e e 47
TABLES . ... .o 49
FIGURES. ... oot 54
REFERENCES.......ccoii e 62

3 HANDICAPPED FOUNDER EFFECT REDUCEBHE EFFICACY OF
LONG-DISTANCE TRANSLOCATION FOR NORTHERN BOBWHITE71

ADSITACT. ...t 71
T (oo [1ox 1o o S PPN 72
StUAY ATBA.....u i e e e e e 76
MENOAS ... .o 81
RESUIS ...t e Q0
DISCUSSION. ... ettt e e e e e s 93
Management IMplicCatioNS...........ccooouiiiiiiiiiiieeer e 98
ACKNOWIEAgEMENLS.......uiiiiii e 98

Vi



TABLES. ... e 100

FIGURES. ... .ottt e e e e e e e e e e aenees 101

REFERENCES.......coiiii it e e e 105

4 OPEN FOREST MANAGEMENT BENEFITS PRIORITY BIRDS IN THE

NEW JERSEY PINE BARRENS.........ccoiviiii e 114

Y 01 = T PP 114

T (oo 18 Tox 1o o 1S 115

STUAY ATBA. ... 118

METNOAS ... oo 119

S U £ 124

D o 07 0 127

TABLES. ... 135

FIGURES. ... .o e e e e e e eeanes 138

REFERENCES.......cooiii e ee e 141

5 SUMMARY AND CONCLUSIONS.........ccoiieiiiiiiee e 146

Summary and Recomandations..............coovevevviieeeeeniieeeiieeeeas 146

Concluding ReMaArksS.........cocuuiiiiiiiiieiiecie e e e e 148

REFERENCES.......ooiiiiiiii e 150
Appendix

A  LIST OF ALL CAPTURED AND HANDLED NORTHERN BOBWHITEL51
B DETAILED SITE DESCRIPTIONS AND IMAGES FOR BREEDING

SONGBIRD POINT COUNTS ...t 168
C INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE

APPROVAL OF WILDLIFE CAPTURE AND HANDLING

PROTOQCOLS......ce e 186
D PERMISSIONS. ... .ot 187

Vil



LIST OF TABLES

Table 2.1 Description of parameters used in foudtder habitat use models for
translocated, radimarked northerbobwhites in Burlington County
(Home Farm and Sim Place), New Jersey, USA during March
September, 20X@0L7... ..o 49

Table 2.2 Descripton of land cover parameters used in seeand thirdorder
habitat use models for translocated, ragiarked northern bobwhites
i n Kent (Turnero6s Creek) and Queen A
Maryland and Burlington County (Home Farm and Sim Place), New
Jersey, USA during Marélseptember, 2012018..........cccceeevveennn.. 50

Table 2.3 Daily transition probability estimates derived from multistate model
aralysis for translocated, radimarked northern bobwhites in Kent
(Turnerdés Creek) and Queen Anneds co
and Burlington County (Home Farm and Sim Place), New Jersey,
USA during Marchh September, 20I2018..........ccccoiviiiiiiiiiinienennn. 51

Table 2.4 Mean home ranges (95% Minimum Convex Polygon [MCP]; Kernel:
50% & 95% home ranges) in hectares for translocated,-radi&ed
northern bobwhitt i n Kent (Turnero6és Creek) an
counties (Chino Farm), Maryland and Burlington County (Home Farm
and Sim Place), New Jersey, USA during Ma&éptember, 2015

Table 2.5 Model selection results for vegetation variables used to estimate
fourth-order habitat selection of translocated, radiarked northern
bobwhites in Burlington County, New Jersey (Home Farm&ind
Place), USA during Marciseptember, 201@017. The posterior
inclusion probability is calculated following the Kuo & Mallick
(1998) approach, and the Bayes Factor is the posterior odds ratio in
favor of the set of models including the variable verbesset of
models not including the variable. Reported are those parameters with

inclusion pr.ohab.i.l.i.t.i.e.s...0..0..553
Table 3.1 Reproduation parameters for translocated, radiarked northern
bobwhites in Kent (Turneroés Creek Fal
(Chino Farm), Maryland and Burlington County (Home Farm and Sim
Place), New Jersey, USA during 202B18............cccoeeeviiiieeinnnnnnnn. 100

Table 4.1 Select priority species within Bird Conservation Region (BCR) 30
included in community abundands-ixture) model within the New
Jersey Pine Baens study area during 2012, 2013, 2016, and 2Q1R5

viii



Table 4.2

Table 4.3

Table A.1

Mean, standard deviation, and range otallironmental covariates
associated with hierarchical community abundaheen{xture) model

for select Bird Conservation Region (BCR) 30 priority breeding birds
within the New Jersey Pine Barrens study area during 2012, 2013,
2016, and 2017. Treatment ptimeceived variable timber harvest and
prescribed burning regimes prior to and during the study period,
whereas reference (control) points did not receive such treatments and
were characteristically representative of the predominantly forested
|ANASCAPE.. ... e e 136

Mean coefficients and derived parameters with 95% credible intervals
(Crls) from posterior distributions of hierarcal community
abundanceN-mixture) model for select Bird Conservation Region
(BCR) 30 priority breeding birds within the New Jersey Pine Barrens
study area during 2012, 2013, 2016, and 2017. Commuarity BCR

30 suitelevel parameters reported, as walldeetection probability

(Pd) and zereinflation parametert(). Bold denotes covariates with

95% Crls that do not contain zero (i.e., a measure of significance). See
text for covariate and suite descriptians..............ccoveevviiiienreeeeennns 137

Unique identification numbers associated with all captured, handled,
and translocated northern bobwhites in Z@AS8..............ccccoe... 151



Figure 1.1

Figure 2.1

Figure 2.2

Figure 2.3

Figure 2.4

Figure 2.5

LIST OF FIGURES

Northern bobwhite population trends in 4 MAdlantic States

(Delaware, Maryland, New Jersey, dpennsylvania) between 1966
2015 as estimated from the Breeding Bird Survey (Sauer et al. 2017).
Inset table compares estimated annual rate of decline fof 2066

and 20052015 (Sauer et al. 2017)u....uueieeiiiiiiiieeeeeeeeeii e 7

Transl ocation sites (starred) in Kent
Maryland and Burlington County, New Jersey, USA overlaid on

Bobwhite Ranking Information 2.0 classificationdRIBRank; NBTC

2011). The source sites for translocated bobwhites were located in

Leon and Jefferson counties, Florida and Thomas County, Georgia,

USA; translocation and source site counties are kdhekled.

Translocations occurred during Mai@eptember @15 2018............ 54

Pine Island Cranberry Company translocation property in Burlington
County, New Jersey, USA witthgitized land cover. Northern

bobwhite release points on west (left) end of Pine Island are within the
Home Farm study area, and those on the east (right) are within the
Sim Place study ar@a...........cocoevuiieiiiiiieeeee e 55

Chino Farm (A) and Turnero6és Creek (B
Queen Anneds and Kent counti es, Mar vy |
Northern bobwhite release points overlaid on digdizand cover.

Note: study areas digitally juxtaposed and presented here at the same

scale for visual referenCe..........coouuuiiiiiiiiieeee e 56

Mean (x85% Bayesian credible interval [Crl]) breeding season (182

day postrelease) survival rate for translocated, ragiarked northern
bobwhites in Kent (Turneroés Creek Fal
(Chino Fam), Maryland and Burlington County (Home Farm and Sim

Place), New Jersey, USA during Mar&eptember 2012018.

Estimates derived from logistic regression with known fate dates.

Note: Chino Farm did not receive birds following 2015 and Home

Farm did not reeive birds following 2017............ccccoeeeiiiiiiieeennnnn.n. 57

Breeding season (18fays post release) weekly survival probabilities

(x85% Bayesian credible interval [Crl]) for translocated, radio

mar ked northern bobwhites in Kent (T
Anneds counties (Chino Farm), Mar vyl a

(Home Farm and Sim Place), New Jersey, USA during iZ118.
Horizontallines indicate annual mean and Crl weekly survival
probability pooled across Sites..........ccoooviiiiiiiiiiene 58



Figure 2.6 Relative cumulative frequencydiibution of distance (km) from
release point to farthest observed location of translocated; radio

mar ked northern bobwhites in Kent (T
Anneds counties (Chino Farm), Maryl al
(Home Farm and Sim Place), Newskyr, USA during Marcdh

September, 20X2018........coi i 59

Figure 2.7 Probability of use as a function of cover type for translocated,-radio
mak ed northern bobwhites in Kent and
Maryl and (Chino Farm ®Bhahd Turner os Cr
Burlington County, New Jersey (Home Farm and Sim PlacB)C
USA during MarchSeptember, 2012018. Selection functions were
compared at twopmtial scales, with error bars representing 85%
Bayesian credible intervals. Regress:
credible intervals overlapped zero (vertical line) were interpreted as
uninformative. Cover types were presented in descending order for
secad-order to allow ease of viewing. CPS = cropland, CSG = cool
season grass drains, FCP = food/cover plantings, MXW = mixed
woods, IMP = impoundments, PNW = pine woods, PNT = thinned
pine, PNC = cut pine, ESW = eaidyiccessional woody, ESH = early
successinal herbaceous, WTW = wooded wetland, WTH =
herbaceous wetland, CDW = cedar woods, CDC = cut cedar, and BRN
S harren land.......oooei i 60

Figure 2.8 Probability of use as a function of horizontal visual obstruction at a
height of 1 m above ground level (¥@rl), groundcover in forbs (%,
forbs), groundcover of bare substrate (8ay€?), and groundcover of
woody vegetation (%woody) for translocated, radimarked
northern bobwhites in Burlington County, New Jersey (Home Farm
and Sim Place), USA during MarSeptember, 2012017 (+ 85%
Bayesian credible intervals [Crl]). Predictiong &ased on the partial
regression CoeffiCientS...........ccoii i 61

Figure 3.1 Mean (£85% Bayesian credible interval [Crl]) initial nest incubation
start date (Julian) for translocated, ratharked northern bobwhites
i n Kent (Turnero6és Creek) and Queen Al
Maryland and Burlington County (Home Farm and Sim Place), New
Jersey, USA during Marélseptember 2012018. Note: Chino &m
did not receive birds following 2015 and Home Farm did not receive
birds followiNg 2017.........ccoiiiieii e 101

Xi



Figure 3.2 Mean (£85% Bayesian cridydie interval [Crl]) predator visitation rates
for translocation sites in Kent (Tur |
counties (Chino Farm), Maryland and Burlington County (Home Farm
and Sim Place), New Jersey, USA during October and November,
2014 2018. Yearsn which surveys were conducted were staggered
DEIWEEN SILES......uiiiieii e e 102

Figure 3.3 Bayesiard e r i -eoefticiert estimates (£85%ayesian credible
interval [Crl]) for logitlinear models explaining variation in daily nest
survival (DSR) for translocated, radivarked northern bobwhites in
Kent (Turnero6s Creek) and Queen Anne
Maryland and Burlington County @te Farm and Sim Place), New
Jersey, USA during Marélseptember 201&@018. Inset shows DSR
as a function of four vegetation characteristics measured at nest sites,
with shaded bands representing Crl and the value range along the
abscissa reflectingthatmes ur ed duri ng-the study pe
coefficients whose Crl overlaps zero were interpreted as
UNINTOIMALIVE.. ...t e e e e e e eees 103

Figure 3.4 Mean (£85%Bayesian credible interval [Crl]) fecundity (female
chicks/hen) for translocated, raehwarked northern bobwhites in Kent
(Turnerdés Creek) and Queen Anneds co
and Burlington County (Home Farm and Sim Place), New Jersey,
USA duing March September 201%2018. Estimates are number of
female chicks hatched per female translocated, with replacement rate
(1) indicated as a reference. Note: Chino Farm did not receive birds
following 2015 and Home Farm did not receive birds followifd 2104

Figure 4.1 Spatial distribution of 150 breeding bird point count locations visited
in 2012, 2013, 2016, and 2017 within thew Jersey Pine Barrens
(crosshatched area), New Jersey, USA. Points were nested within 9
sites; half fi = 75) of the points were within areas that have undergone
intensive forest management (treatment) and the othemal? )
were within referencecontrol; principally on public land) areas that
have not been intensively managed. Point count radii extended to a
maximum of 100 m, with a minimum 200 m between adjacent paiBis.

Xil



Figure 4.2

Figure 4.3

Figure B.1

Figure B.2

Figure B.3

Comparison of breeding bird community, Bird Conservation Region
(BCR) 30 speciesuite (Forested Upland, Scr@hrub/Early
Successional, and Grassland), and individual species response in
abundance at 16@-radius point counts for four scaled environmental
covariates, representing three strata levels: groundcover (proportion
gr as@d [é@nd pr op owooly) ridstoryw(bavizbiytal [ b
visual obstructi on #]),a@dcanopybov e
(basal area M h aasa]) VBithin the New Jersey Pine Barrens during
2012, 2013, 2016, and 2017. Points show spdeiad posterior mean
and 95% credible interval (Crl), with BCR 30 priority designation
indicated by triangles (highestha@circles (high). Gray vertical lines
show posterior mean (solid) and 95% Crl (dashed) of the community
mean hyperparameter. When 95% Crl did not overlap O (black vertical
line), it was interpreted as a significant effect. Note differences in
scale amonglope coefficient estimates. See text and Table 4.1 for
SPECIES COURS.....uuuniiiiiitii ettt et e et e e e eeaaanns 139

Jaccard indicesJ{) for all pairwise compasons among Bird
Conservation Region (BCR) 30 priority species-(12) from 106m-
radius point counts within the New Jersey Pine Barrens during 2012,
2013, 2016, and 2017. ValuesJyfrange from O to 1, corresponding
respectively to the extremes of nmoccurrence and perfect
cooccurrence. Each plot represents respective cooccurrence
probabilities for the species of interest @aoght corner) among all
count locationsr{= 150) against the remaining species in descending
order of cooccurrence. See texid Table 4.1 for species codes....140

Managed pine stand (Site 1) within the New Jersey Pine Barrens at
which breeding bird point counts were conducted in 2012, 2013, 2016
and 2017. Inial intensive management, principally mechanical
treatment of understory and prescribed burning, occurred in 200658

Managed pine stand (Site 2) within the New Jersey Pine Barrens at
which breeding bird point counts were conducted in 2012, 2013, 2016
and 2017. Dispersed retention harvest occurred within this stand in

Managed pine stand (Site 3) within the New Jersey Pine Barrens at
which breeding bird point counts were conducted in 2012, 2013, 2016
and 2017. Intensive managemeprincipally shelterwood harvest

with roller chopping followed by pine seedling hand planting,

(o ToTol UL =To T 124 010 1 T PRI 170

Xiii

gr ou



Figure B.4

Figure B.5

Figure B.6

Figure B.7

Figure B.8

Figure B.9

Managed pine stand (Site 4) within the New Jersey Pine Barrens at
which breeding bird point counts were conducted in 2012, 2013, 2016
and 2017. Intensive management, principally dispersed retention
harvest with roller chopping, occurred in 2006, 2008, 201D and

were followed by pine seedling hand planting..............cccccceeeeeeen. 171

Managed pine stand (Site 5) within the New Jersey Pine Batens
which breeding bird point counts were conducted in 2012, 2013, 2016
and 2017. Intensive management, principally dispersed retention
harvest with roller chopping, occurred in 2003 and was followed by
natural pine regeneratiQn.............cooeuuvirieireeieiiii e 172

Managed oalpine forest (Site 6) within the New Jersey Pine Barrens
at which breeding bird point counts were conducted in 2012, 2013,
2016 and2017. Intensive management, principally oak harvest and
regular prescribed burning, has occurred regularly on this property
since 1991. A series of cleauts to create several grasslands occurred
IN the early 2000S...........cooiiiiiiii e 173

Managed oalpine scrub (Site 7) within Brendan T. Byrne State
Forest of the New Jersey Pine Barrens at which breeding bird point
counts were conducted 2912, 2013, 2016 and 2017. A modified
shelter wood cut was performed in 2006 to create habitat for red
headed WOOUPECKES...........iiiieii e e 174

Managed pine forest and grassland mosaic (Site 8) within Greenwood
Wildlife Management of the New Jersey Pine Barrens at which
breeding bird point counts were conducted in 2012, 2013, 2016 and

Managed pine stand (Site 9) within the New Jersey Pine Barrens at
which breeding bird point counts were conducted in 2012, 2018, 201
and 2017. Initial intensive management, principally thinning and
prescribed burning, began in 2007...........cccoooviiiiiiiecii e, 176

Figure B.10Unmanaged pinstand (Site C1) within Brendan T. Byrne State Forest

of the New Jersey Pine Barrens at which breeding bird point counts
were conducted in 2012, 2013, 2016 and 2017.............cceevvvvnnen 177

Figure B.11Unmanaged pine stand (Site C2) within Greenwood Wildlife

Management Area of the New Jersey Pine Barrens at which breeding
bird point counts were conducted in 2012, 2013, 2016 and 2017178

Xiv



Figure B.12Unmanaged pine stand (Site C3) within Bass River North State Forest
of the New Jersey Pine Barrens at which breeding bird point counts
were conduciain 2012, 2013, 2016 and 2017..........ccceeeeevevvnnnnnen 179

Figure B.13Unmanaged pine stand (Site C4) within Penn State Forest of the New
Jersey Pine Barns at which breeding bird point counts were
conducted in 2012, 2013, 2016 and 2017.........ccccoeeevevineerenennnnnn. 180

Figure B.14Unmanaged pine stand (Site C5jhwn Franklin Parker Preserve of
the New Jersey Pine Barrens at which breeding bird point counts were
conducted in 2012, 2013, 2016 and 20L17.........ccccuvviieerieeennnnnnnn. 181

Figure B.15Unmanaged pine stand (Site C6) within Brendan T. Byrne State Forest
of the New Jersey Pine Barrens at which breeding bird point counts
were conducted in 2012, 2013, 2016 and 2017.........cccceevvvvneeenns 182

Figure B.16 Unmanaged pine stand (Site C7) within Brendan T. Byrne State Forest
of the New Jersey Pine Barrens at which breeding bird point counts
were conducted in 2012013, 2016 and 2017..........ccevvevevviinenenns 183

Figure B.17Unmanaged pine stand (Site C8) within Greenwood Wildlife
Management of the New Jersey Pine Basrat which breeding bird
point counts were conducted in 2012, 2013, 2016 and 2017.......184

Figure B.18Unmanaged pine stand (Site C9) within Bass River North State Forest
of the New Jersey Pine Barrens at which breeding bird point counts
were conducted in 2013, 2016 and 2017...........ccceevvviiiieneeeeeennnns 185

XV



ABSTRACT

| hereinevaluatd whetherdandscape connectivity and patch size are important
in fosteiing bobwhitetranslocation success, especially for lahgtance interregional
bobwhite translocation&Chapter 2. | translocated 508 radicollared northern
bobwhites from northern Florida and southern Georgia to small, fragmented @®opert
on the eastern shore of Maryland and large, contiguous properties in southern New
Jersey, USABreeding season (18%aypost release) survival varied among sites, and
washigher at the two New Jersey release sites (0.344 [Crl = 0.281, 0.408, n = 145];
0.402 [Crl = 0.340, 0.465, n =176]) than at the two Maryland sites (0.212 [Crl =
0.160, 0.268, n = 20]; 0.282 [C¥10.172, 0.412, n = 167]pite fidelity, maximum
dispersal distances, and home range sizes were lower at the smaller, frdgmente
Maryland properties than the larger New Jersey propeltiesommend that current
policies and procedures on translocatienupdated to incorporate differential post
release survival patterns, due to landscape context and patch connectivity, when
evaluating potential release sites for translocation purposes. Given the reduced
bobwhite suvival outside target release areas and the correlation between property
size and site fidelity, larger sites that have a high degree of connectivity should be
favored over those smaller and with lower connectivity of essential habitat features.

Further, Idescribedandevaluated théandicapped founder hypothesighe
context of bobwhite translocatig@hapter 3. | found support for the handicapped
founder hypothesis with regard to nest production, nest success, and overall fecundity.
Thesitespe¢ f i ¢ proportion of translocated hens
0.200 (SE = 0.048) to 0.500 (SE = 0.158) nests/hen. Nest daily survival rate (DSR)

was lower at the New Jersey sites than the Maryland sites, wispsitdfic DSR
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ranging from 0.87885% Crl =[0.820, 0.931]) to 0.972 (85% Crl =[0.947, 0.991]).
Overall, nest production was stunted due ghipostrelease adult mortality and the
truncated nesting season typical of northern latitudes. Adjusting translocation stocking
density rate (birds/ha) and release timing may maximize the number of birds alive
during the peak of nesting seas@verall fecundity was insuffient to facilitate
population growth, which illustrates the importance of refining and adapting the
existing translocation methodology to be regionally specific. These vital rate estimates
and should be used to guide future translocations within theAightic and provide
perspective for this population restoration technique range wide

Finally, | found evidence thdbrest management practgcthat traditionally
benefit bobwhitevithin the New Jersey Pine Barrensllectively benefied multiple
suites of regionally significant upland breeding bif@bapter 4. During 2012, 2013,
2016, and 2017, conducted re-visit point countsr = 1,800) for breeding
songbirds across 75 control and 75 treatment sites within the.Nd@BBstructed a
hierarchical community abundance model within a Bayesian framework for Bird
Conservation Region (BCR) 30 priority upland birds (N=12) within three species
suites: Forested Upland, Scr8hrub/Early Successional, and Grasslaidhe
community level] found a negative relationship between bird abundance and live tree
basal paa¥ e1a0 (D3, 95% Cr llreceammeénd Gperdiddest 1 0. 09] ) .
management that specifically targets basal areas betw&éb sf/ha via selective
thinning, shelter cutting, and smaltale clear cutting. Mechanical treatment and
prescribed burning would produce such conditions and have the added benefit of

reducing fuel loads across this ~4,500°kamdscape
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Chapter 1

INTRODUCTION

Context and Rationale
The greatest threat to biodiversity worldwide is the loss and reduction of ecosystem
integrity resulting from broadscale humdisturbanceln the United States, a large
portion of the biodiversity decline can be directly linked to landcover alteratibn tha
has occurred sindeuropearcolonization. Intensive farming, industrial forestry, and
sprawling subur bi a, byBennang2Dl2has ked téitherslowm Tr i ar
decline and occasional extirpation of many species dependent on native land cover.
For example, iassland and eaHsuccessional birds continue to be among the most
imperiled avian guilds in North America according to major contemporary estimates
(Sauer et al. 2017T.heir decline is chiefly a result @conomically drivefandscape
level shifts in land use that accelerated over the twentieth cemtgkyné 1993,
Knopf 1994, Brennan and Kuvlesky 2005). Reversimg decline will require a
coordinated effort from the scientific community and policy makerstterstand how
to restore ntve wildlife populations as well @acentivize creation and maintenance
of landcover that is beneficial for wildlife

For more than a centutiie northern bobwhitéColinus virginianu}, a small
gamebirdassociated with eadguccessional land covédras been sharply declining
across most dafs range Brennan 1991, Church et al. 1993, Hernandez et al.)2013
Recent estimates from the North American Breeding Bird Survey (BBS) indicate long

term population declines averaging 3.26% annually from 12&85(Figure 1.1;



Sauer et al. 2017Habitat loss, fragmentation, and deterioration are widely considered
the ultimate causes of their rarg@e decline, with severity varying spatially

(Brennan et al. 1991, Church et al. 19B8seberry and Sudkamp 1998,d?sbn et al.
2002, Hernandez et al023).The precipitous decline is largely attributed to
urban/suburban sprawl, a shift in agricultural practices (e.g., loss of field borders and
hedgerows), fire exclusion, afforestation, and advancing feuesessiorBrennan

1991, Brennan and Kuvlesky 2Q0&ech 2006, National Bobwhite Technical
Committee [NBTC] 2011, Hernalez et al. 2013).andscapdevel habitat

fragmentation produces increased vulnerability to local extinctions via environmental
and demographiprocessesHanski and Gaggiotti 2004, Veech 2006). Consequently,
restoring bobwhite populations will require habitat management and/or human
mediated dispersal (Martin et al. 2017).

Habitat management has been the traditional practice for maintaining and
restoring bobwhite populations in North Ameri&dddard 1931, Rosene 1969,
Guthery 2002, Palmer and Sisson 2017). Bobwhite generally depend on management
(e.g., fire, grazingmechanical and herbicide treatment) that promotes-sarg} stage
groundcoverand typically inhabit agricultural field borders, grassublands,
rangelands, old fields, cutovers, and open forests with aes&lblished herbaceous
component (see Brennan et al. 2014). Resdaasldemonstrated the importance of
habitat managemefar long-term populatiorpersistence (Stoddard 193Roseberry
and Klimstra 1984Palmer and Sisson 201 Additionally, habitat management can
be an effective instrument to increase or maintain bobwhite abundance at sites with
low preexisting densitieP@bbert and Verbi®earson 201 Grahmann et al. 2017,

Morganet al. 2017)At bobwhitedepopulated sites, however, a demographic response



to habitat management is contingent on immigration, whether natural or human
mediated, sufficient to achieve a minimwmble populationBrennanl991, Martin et

al. 2017). Theelatively low mobility of bobwhites may limit their ability to

recolonize newly created, restored, or improved habitat if dispersal distances are large
and/or barriers to dispersal exist. Thereforatural recolonization of isolated sites
following habitat management may not yield population increases within practical or
economicallydefensible timeframes. Because some landscapes no longer support
robust bobwhite populations and have functiongpéisal barriers, humanediated
dispersal (i.e. translocation) is critical to recovery.

Translocation describes the physical processes of capturing, transporting, and
releasing wild bobwhites from designated donor sites to recipient sites, with the
ultimate objective being a viable population that existgerpetuity (Terhune et al.

2010, Sisson et al. 2012, Martin et al. 20T#anslocation tinmg aims specifically to

leverage the higheproductive potential of bobwhite while recognizing their low

natuml survival rate (Terhune et al. 200)&isson et al. 2012n most cases, a

parallel objective to stakeholders is sustainable harvest at recipient sites after the

population is recovered (Sisson et al. 2012, 2017). The operational definition of a

succesk u | bobwhite transl ocation has been exfg
reaches the prescribed population goal in 10 years [i.e., 800 bird mirsansu

Guthery et al . (2000)] and stabilizes (o =
ultimate objective, site fidelity and survival of founders, as well as reprodumtitgeit

in the months immediately following a translocation must occur at rates sufficient to

achieve populatiogrowth (World Pheasant Association and IUCN/SSC 2009, Martin

et al. 2017). Consequently, research that provides estimates of populatioategal



are critical to evalwuating the overal/l
(Martin et al. 2017).

While translocation of wild bobwhites has been of ies¢in recent years,
studies on the subject have repomagedresults (Liu et al. 2000, 2002, Terhune et
al. 2005, 2006, 2010, Scott et al. 3pDowney et al. 2017, Lunsford et al. 2019,
Roberts et aln Review. Research in the Upper Coastal Plainoagf the
southeastern United States provided proof of concept by demonstrating that bobwhite
translocation to sites followinigabitat improvements did not negatively impact
survival, reproduction, or site fidelity (Terhune et al. @d@®006, 2010).
Furthermore, a positive population response was recorded in these studies and other
subsequent translocations throughout the region using the protocol developed therein
(Sisson et al. 2012, 2017). Conversely, in the Post Oak Savannah ecoregion of Texas,
Scottet al. (20B) concluded that translocated bobwhites had larger home ranges,
reduced survival, and lower reproduction than resident birds at release sites, and no
population response. In the eastern Rolling Plains of Texas, Downey et al. (2017)
found that vhile survival and reproduction of translocated bobwhites appeared
favorable, site fidelity was variable and bobwhite abundance did not differ between
translocation and control sites. Translocation is a promising population restoration
technique for bobwhét; however, stakeholders continue to express a need for further
research evaluating its overall efficacy and determining the limits of its utility (Martin
et al. 2017).

Best management practices for bobwhite translocation have been established to
provideaframework that stakeholders can use in planning and degisaimg steps

(Matrtin et al. 2017). Théollowing constitute a summary of best management

eff



practices: 1) the most critical contingency is that sufficient habitat exists at release
sites. The curm@ recommendations by tiNational Bobwhite Conservation Initiative
(NBCl),based on Guthery et al.o6s (2000) popul
should have a minimum 1,500 acres with >25% bobwhite habitat (NBCI 2019). Larger
properties would beavored over smaller, all other factors being equasir@ss

should be minimized for translocated bobwhites, because of the potential for acute and
chronic issues postlease due to the potential for maladaptive behaviors or
physiological impairmentfomero 20@, Dickens et al. 2010). If these stress

responses lead to increased environmental vulnerability, even if it is relatively short
lived (e.g., <1 week), the likelihood of populaticollapse may preclude population
recovery from theutset (Dickensteal. 2009). Carshould, therefore, be taken during
trapping, work up, transport, and release of birds following strict protocols that limit
stress and favor animalelfare (see Terhune et al. 2010); 3) when possible, donor

sites should be proximately laied to release sites to reduce handling times and limit
stress (Terhune et al. 200@006). Additionally, local adaptations present in
neighboring populations may further improve robustréssdividuals and confer

higher postrelease survival. This marove especially true when compared to
individuals translocated between regions (and latitudes) with extremely disparate
climates and land covers (e.qg., agricultural, scrub, forested); 4) conspecifics should be
present at release sites, if possible.draion between resident and translocated birds

is high ©5%; Jones et al. 1999) and nadlpw for informational transfer given the
sociality of the species; 5) translocation size and timing should be optimized for the
situation. Translocations should oc@ii4 weeks prior to the onset of breeding season,

which varies regionally, to capitalize on their prodigious reprodugttential



(Terhune et al. 20@f). The size of the translocation is dependent on the quality and
guantity of habitat as well as thgailability of source birds. Currently, the density

(stocking rate) is unknown, and should be addressed with future research.

Objectives
Despite the recent increased interest in wild translocation of bobwhites, the current
body of literature is deficient ittanslocation studies that (a) have replication within
years; (b) evaluate lonagjstance (>400 km) movement of birds from the source to the
recipient sites; or, (c) occur in tmerthern latitudesResearch shouldvaluate specific
knowledge gaps relevant to future development of translocation science and
methodology. Furthermor#)e impacs of translocatioron otherimportantspecies
should be addressed to determtimeancillaryimpacs. Therefore, the objectivese
as follows:
1. Evaluate whethdandscape connectivity affects bobwhite survival, site
fidelity, and resource selection following lowlgstance translocation between
two contrasting landscapéShapter 2;
2. Examine thenest productionnest success, and fecundity of
translocated bobwhitdsllowing long-distance translocatiofChapter 3;
3. Assesghe influence obpenforestmanagemenpracticeson breeding

bird communities within th&lew Jersey Pine BarrefShapter 4.
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Figure 1.1 Northern bobwhite population trends in 4 Midlantic States (Delaware,
Maryland, New Jersey, and Pennsylvania) betweeniZZ86 as estimated from the
Breeding Bird Survey (Sauer et al. 2017). Inset table compares estimated annual rate

of decline for 19662015 and 20052015 (Sauer et al. 2017).
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Chapter 2

LANDSCAPE CONNECTIVITY INFLUENCES SURVIVAL AND RESOURCE
USE FOLLOWING LONG -DISTANCE TRANSLOCATION OF NORTHERN
BOBWHITE

Abstract

Translocation is a critical cqmonent of northern bobwhit€0linus virginianu}

recovery efforts, given the scale of their decline and inability to rapidly recolonize
recently restored habitat. Repopulating sites in northern latitudes that are distant from
reliable source populationsay require longdistance trap and transport from southern
locales, potentially compounding existing obstacles for this renascent population
recovery techniqué.evaluated the landscape connectivity hypothesis to determine if
northern bobwhite survival,tsi fidelity, and resource selection following translocation
differed between two contrasting landscapes in theMiantic region.l translocated

508 radiecollared northern bobwhites from northern Florida and southern Georgia to
small, fragmented propéet on the eastern shore of Maryland and large, contiguous
properties in southern New Jersey, U$/onitored northern bobwhites via radio
telemetry from ~1 April through 30 September, 2T®&18, at a frequency of 2
times/week. Breeding season (12 post release) survival varied among sites, and
was generally higher at the two New Jersey release sites (0.344 [Crl = 0.281, 0.408, n
= 145]; 0.402 [Crl = 0.340, 0.465, n =176]) than at the two Maryland sites (0.212 [CrI
= 0.160, 0.268, n = 20]; 0.282 [C¥l0.172, 0.412, n = 167]), yet an acclimation

period is ostensibly required to obtain reasonable breeding survival estimates to elicit
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population growth. Site fidelity, maximum dispersal distances, and home range sizes
were lower at the smaller, fragmeatglaryland properties than the larger New Jersey
properties. These results support the landscape connectivity hypothesis such that
reduced connectivity imy study decreased site fidelity and survival. Temporal

variation in survival was potentially an daict of translocation stress and/or

maladaptive behavior during initial acclimation to the release sites, indicating that
higher stocking rates may be needed to provide adequate founder abundance for
translocation success. Northern bobwhites used-sadyessional cover at all sites,
though selection varied based on scale of analysis and landscape context. These vital
rate estimates and resource use patterns should be used to guide future translocations
within the Mid-Atlantic, provide perspective for thgpulation restoration technique

range wide, and stimulate further investigation into limiting factors.

Introduction

Northern bobwhite@olinus virginianus hereafter, bobwhite[s]) are among the most
widely studied species of game bird in the world (Beemat al. 2014); nevertheless,
rangewide population declines have persisted for several decades (Brennan 1991,
Church et al. 1993, Hernandez et al. 2013, Sauer et al. 2017). Habitat loss,
fragmentation, and deterioration are widely considered the ultivaat®s of their
rangewide decline, with severity varying spatially (Brennan et al. 1991, Church et al.
1993, Roseberry and Sudkamp 1998, Peterson et al. 2002, Hernandez et al. 2013). In
the Mid-Atlantic region of the United States, near the northerrppery of the

bobwhite range, population declines have exceeded the-vadgeaverage (Collins et

al. 2009, Duren et al. 2011, Lohr et al. 2011, Williams et al. 2012). For example,

bobwhites have declined at an estimated rate of 11.5%/year in New Jaisey an
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9.5%/year in Maryland from 1968015, compared to a rangede decline of

3.5%/year over that time frame (Sauer et al. 2G1gure 1.). Furthermore, an
accelerated decline since the 1980s has led to the functional extirpation of wild
populations in New Jersey (Chanda et al. 2011) and Pennsylvania (National Bobwhite
Conservation Initiative [NBCI] 2015, Martin et al. 2017), two of the most recent states
to receive this designation.

The precipitous decline in the M#éltlantic, like in otter regions of the eastern
United States, is largely attributed to urban/suburban sprawl, a shift in agricultural
practices (e.g., loss of field borders and hedgerows), fire exclusion, afforestation, and
advancing forest succession (Brennan 1991, Brenm&iKaviesky 2005, Veech
2006, National Bobwhite Technical Committee [NBTC] 2011, Hernandez et al. 2013).
Landscapédevel habitat fragmentation causes wildlife populations to become
demographically challenged and genetically isolated, resulting in an iedreas
vulnerability to local extinctions (Hanski and Gaggiotti 2004, Veech 2006). Because
the Mid-Atlantic is the most densely humaopulated region in the country, human
infrastructure and its associated impacts on wildlife (e.g-demmeability matrix,
inflated mesomammal densities, juxtaposition of-hahitat) exacerbate isolative
effects posing additional challenges for population persistence and/or recovery in
those states (Collins et al. 2009, Duren et al. 2011, Lohr et al. 2011, Long and
Williams 2011). Accordingly, achieving robust bobwhite populations within the
region will require unique and deliberate strategies that combine habitat management
and humarmediated dispersal (Chanda et al. 2011, Lohr et al. 2011, Long and
Williams 2011, Macaluso etl. 2017).
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Habitat management has been the traditional practice for maintaining and
restoring bobwhite populations in North America (Stoddard 1931, Rosene 1969,
Guthery 2002, Palmer and Sisson 2017). At bobwdegopulated sites, however, a
demographic rgponse to habitat management is contingent on immigration, whether
natural or humamediated, sufficient to achieve a minimum viable population
(Brennan 1991, Martin et al. 2017). The relatively low mobility of bobwhites may
limit their ability to recolorze newly created, restored, or improved habitat if
dispersal distances are large and/or barriers to dispersal exist. Therefore, natural
recolonization of isolated sites following habitat management may not yield
population increases within practical or romically-defensible timeframes. Because
some landscapes no longer support robust bobwhite populations and have functional
dispersal barriers, humanediated dispersal (i.e. translocation) is critical to recovery
(Terhune et al. 2010, Sisson et al. 2012yt\h et al. 2017). The operational definition
of a successful bobwhite transl ocation has
reaches the prescribed population goal in 10 years [i.e., 800 bird minimum sensu
Guthery et al. (2000)] and stabilizes (= 1) 0 (Martin et al . 2017
ultimate objective, site fidelity and survival of founders, as well as reproductive output
in the months immediately following a translocation must occur at rates sufficient to
achieve population growtiWorld Pheasant Association and IUCN/SSC 2009, Martin
et al. 2017). Translocation timing aims specifically to leverage the high reproductive
potential of bobwhite while recognizing their low natural survival rate (Terhune et al.
2010, Sisson et al. 2012,sSon et al. 2017). In the Miéitlantic region, timing of
translocation to circumvent late winter events may also facilitate greater opportunity

for success. Consequently, research that provides estimates of population vital rates is
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critical to evaluating he over all efficacy of trans|l
(Martin et al. 2017).

While translocation of wild bobwhites has been of interest in recent years,
studies on the subject have reported mixed results (Terhune et &, 2006, 2010,
Scott @ al. 2013, Downey et al. 2017). The current body of literature, however, is
deficient in translocation studies that (a) have replication within years; (b) evaluate
long-distance (>400 km) movement of birds from the source to the recipient sites; or,
(c) accur in the MidAtlantic region. Further, research should explicitly test the
landscape connectivity hypothesis where it is expected that: 1) site fidelity and
survival would be lower for translocated bobwhites if release properties are small and
habitat s fragmented?) home range sizes would be smaller and dispersal distances
would be lower if habitat quality at the release site is perceived to be high and the
surrounding matrix is of low permeabilitgnd 3) bobwhites should exhibit positive
selection or resources of high autecological value and negative selection for resources
of low autecological value at release sites. Alternatively, if release property size and
fragmentation are uninfluential, then survival and site fidelity would be similar in
contrasting landscape3hereforemy objective was to explicitly test if the landscape
connectivity hypothesis affects bobwhite survival, site fidelity, and resource selection
following long-distance translocation between two contrasting landsc@pese
landscapes included the Eastern Shore of Maryland, constituted of an agricultural
landscape with small, fragmented release properties that received moderate habitat
management, and the New Jersey Pine Barrens, constituted of a forested landscape

with large, ontiguous release properties and minimal habitat management. This
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research will aid in modeling future translocation scenarios within theAWizhtic

and contribute to bobwhite conservation ramgee.

Study Area

Translocation Sites
| conducted this resezh on three privately owned properties within the Mithntic
Region of the United States, near the northeastern periphery of the current bobwhite
range (Brennan et al. 2014): Pine Island Cranberry Company (Pine Island) in
Burlington County, New Jerse SA; Turner 6s Creek Farm (Tui
County, Maryl and, USA; and Chino Farm in
(Figure2.1). Releases occurred at two distinct sites on Pine Island, Home Farm and
Sim Place, that were separated (~6 km) by Fsiate Forest; therefore, a total of 4
release sites (Home Farm, Sim Place, Chinc
two states were designated for this study. All properties lie within the Atlantic Coastal
Plain physiographic region, though they différin landscape composition, predator
community, and existing bobwhite population prior to translocation. There were no
conspecifics present on Home Farm, Sim Pl &
translocations described herein. Chino Farm had a smaletavering population at
the time of initial release.

Pine Island (~6,800 hectares) is a working cranberry farm situated near the
geographic center of the New Jersey Pinelands National Reserve (approximately:
39.740° N, 74.500° WiFigure2.2), a ~445,00-hectare forest characterized by pine
oak and pinescrub uplands transected by Atlantic white cedar (Chamaecyparis

thyoides) swamps and emergent wetlands (Forman 1998). The landscape within a 15
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km dissolved buffer around Home Farm and Sim Place is:f6886ted, 24% wetland,
5% urban/suburban, 1% agriculture, 1% barren land, and 1% open water (New Jersey
Department of Environmental Protection 2015). The mean temperature in southern
New Jersey ranges from 0. 17 iage January t
annual precipitation of 114.43 cm (Office of the New Jersey State Climatologist
2019). The topography is principally low relief, gently rolling hills composed
predominately of acidic sandy soils (Rhodehamel 1998). The dominant canopy species
include ptch pine (P. rigida) and shortleaf pine (P. echinata), with scattered black oak
(Q. velutina), white oak (Q. alba), chestnut oak (Q. montana), post oak (Q. stellata),
and scarlet oak (Q. coccinea). The understory is generally composed of: scrub oaks,
including dwarf oak (Q. prinoides), bear oak (Q. ilicifolia), and chinquapin oak (Q.
muehlenbergii); ericaceous shrubs, including northern highbush blueberry (Vaccinium
corymbosum), lowbush blueberry (V. pallidum), and black huckleberry (Gaylussacia
baccata); ad Pine Barren golden heather (Hudsonia ericoides). In areas where fire or
mechanical treatment has been implemented (see below), nativewargssional
groundcover, including little bluestem (Schizachyrium scoparium), switchgrass
(Panicum virgatum), ahbracken fern (pteridium aquilinum) have become established.
Some open areas contain bare substrate (coastal plain sands), as well as patches of
juniper moss (Polytrichum juniperinum) and lichens (predominantly Cladonia spp.).
Forestry management had bistally been limited on Pine Island, and when
implemented it was principally intended for watershed management related to
cranberry production. In 2005, the state of New Jersey approved a forestry
stewardship plan for Pine Island that included prescnriptfor timber thinning,

burning, and roller chopping in the upland portions of the property supportive of forest
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and watershed health. Between 20B®12, dispersed retention cuts with planted pine
regeneration occurred on four adjacent tracts (~50 ha esttir) the Home Farm

study area. Consequently, during the study period these tracts were largely dense
young pine thickets, with scattered small patches of open scrub. Timber thinning
occurred across ~155 ha of Home Farm to a basal areaiof6-ta/ha. Tie

surrounding area was mature exsgged forests of uncut (18+ m2/ha) mixed species
pine (P. rigida and P. echinata). Home Farm was fringed by agricultural fields, lakes,
and impounded cranberry bogs. The Sim Place release site was centered on a 15
hectaregrassland and surrounded by uncut mature pine to the north and expansive
cranberry bogs in the remaining three directions. A network of narrow canals (<10 m
wide) transected the Sim Place study area, with the most cembedhed canal

running paralleto an abandoned bare ground airstrip. Additionally, both Home Farm
and Sim Place had various sizedi(8ha) exposed substrate sandpits used for
cranberry bog maintenance.

The assemblage of bobwhite predators at Pine Island was similar among sites.
Commonr aptors include Cooper 6 sshiimedi&k (A Acci pit
striatus), reetailed hawk (Buteo jamaicensis), redouldered hawk (B. lineatus),
northern harrier (Circus cyaneus), barred owl (Strix Varia), and-goaed owl
(Bubo virginianis). Common mammalian predators or nest predators include coyote
(Canis latrans), Virginia opossum (Didelphis marsupialis), striped skunk (Mephitis
mephitis), raccoon (Procyon lotor), lotgjled weasel (Mustela frenata), gray fox
(Urocyon cinereoargenteysnd red fox (Vulpes fulva). Snake species include

northern black racer (Coluber constrictor), corn snake (Pantherophis guttata), black rat
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snake (P. obsoletus), timber rattlesnake (C. horridus), and northern pine snake
(Pituophis melanoleucus).

Chino Fam is 2,206hectares of mixed grassland and rotational cropland near
Chestertown, Maryland (approximately: 39.2309K,6 . 01 0A W) and Turne
is a 304hectare rotational crop farm with native grassland buffers near Kennedyville,
Maryland (approximatg: 39.345° N,i 75.955° W;Figure2.3). The landscape within
al’km di ssol ved buffer around Chino Farm ar
19% forested, 14% open water, 8% urban/suburban, and 1% wetland (Maryland
Department of Planning 2010). Cropléie over this landscape are planted primarily
with corn (Zea mays), soybeans (Glycine max), and wheat (Triticum aestivum). Forest
canopy species are predominantly oak (Quercus spp.), hickory (Carya spp.), tulip
poplar (Liriodendron tulipifera), Virginia pe (P. virginiana), and loblolly pine (P.
taeda). Common understory and edge species are multiflora rose (Rosa multiflora),
greenbriar (Smilax spp.), and Russian olive (Elaeagnus angustifolia). Common grasses
include broomsedge (Andropogon virginicus), bigestem (A. gerardi), and orchard
grass (Dactylis glomerata). Raptor and mammalian species at these two sites were
generally the same as those found at Pine Island (see above); however, northern pine
snakes (Pituophis melanoleucus) and timber rattlesn@wotalus horridus) are

notably absent.

Source Sites

Private properties in Leon County and Jefferson County, Florida and Thomas County,
Georgia, USA were used as source sites for wild bobwfiigsrel.1). Two of the
properties, Tall Timbers and Dixiantation, were owned and operated by Tall

Timbers Research Station and Land Conservancy. These forested properties lie within

2C



the Red Hills geomorphic region, near the southwestern most extent of the Atlantic
Coastal Plain physiographic province. Landevaof each property have
implemented intensive wild quail management for several decades, resulting in
relatively highdensity bobwhite populations (e.g., >2.5 birds/ha; Sisson et al. 2012,
Sisson et al. 2017). Management programs typically emphasizesfrefire
application (<3year firereturn interval) and low timber density {25 m2/ha) to
promote and sustain earbgral stage groundcover vegetation communities (Palmer
and Sisson 2017).

These properties were principally old field pine forests, ctaristic of the
Red Hills landscape. Common canopy species included longleaf pine (Pinus palustris),
shortleaf pine, slash pine (P. elliottii), and loblolly pine, with scattered southern live
oak (Quercus virginiana) and turkey oak (Q. laevis). Midstorylsspecies included
black cherry (Prunus serotina), scrub oak (Quercus spp.), sassafras (Sassafras
albidum), common persimmon (Diospyros virginiana), and gallberry (llex glabra).

Understory vegetation was predominantly broomsedge and other warm sees@s

(Andropogon spp.), bracken fern, wingaaimac (Rhus copallinum), blackberry
(Rubus spp.), goldenrod (Solidago spp.), and partridge pea.

As a result of historic intensive quail management, these properties contained
adequate habitat to sustainariety of wildlife populations, including those of natural
bobwhite predators. Common rshimeddarksred ncl ude
tailed hawk, reeshouldered hawk, northern harrier, barred owl, and dreated owl.

Common mammalian predatorgiude armadillo (Dasypus novemcinctus), bobcat
(Lynx rufus), coyote, raccoon, gray fox, Virginia opossum, and red fox. Snake species

include black racer, corn snake, gray rat snake (P. spiloides), eastern rat snake
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(Antherophis alleghaniensis), easterardondback (Crotalus adamanteus), coachwhip

(Masticophis flagellum), and pine snake.
Methods

Capture and Handling
It ransl ocated bobwhites (n O 120) to Home
Chino Farm for 4 consecutive years (202818), but due to logdial constraints
Chino Farm was removed as a translocation site after year 1. For each site ahd year,
translocated bobwhites at a ~1:1 sex ratio. Due to the known logistical constraints
associated with londistance bobwhite translocation (see Downegl.e2017),] made
an effort to maximize the synchrony of trapping and translocdtimecused capture
timing to the period immediately preceding covey break up (Terhune et al. 2006b), as
determined from field observations of bobwhite behavior on soites so that larger
groups of bobwhites could be captured. Trapping principally occurred from late March
through early April. By increasing capture efficientyhereby aimed to reduce the
number of translocation trips within a given year. Additionalts prebreeding
period avoids interruption of reproductive behavior (e.g., nesting) and capitalizes on
the high reproductive potential of bobwhite (Terhune et al. 2010, Sisson et al. 2012).

| captured bobwhites on source sites using baited (e.g., graimsn and
cracked corn) standard waitk funnel traps (Stoddard 1931)placed traps in areas of
dense cover and/or sheltered with brush to limit stress on captured birds and to conceal
traps from predators.attached unique aluminum leg bands (Natiddehd and Tag
Company, Newport, KY, USA) to all captured bobwhites and classified them by age

(adult or juvenile) and sex (male or female, based on plumage), following Rosene
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(1969).1 weighed bobwhites and affixed .00 g very high frequency (VHF)
pendat-style transmitters (Holohil Systems Ltd., Ontario, Canada) to both males and
females weighing 0132 g (transmitter O5%
achieved. This weight limit and transmitter style is common in contemporary
bobwhite translocain research (Terhune et al. 2010, Scott et al32Dbwney et al.
2017) and has been shown to not influence physiology (in captive birds; Hernandez et
al. 2004) or survival (in wild birds; Palmer and Wellendorf 2007, Terhune et al. 2007).
| placed captwed bobwhites into transport boxes in groups that did not necessarily
reflect covey membership at the time of capture. In some instdra@apined partial
coveys from different traps to form complete coveyisl@Bbobwhites) as capture
success dictated. #mall amount of feed was provided in transport boxes for
consumption during transit.spread supplemental feed at release sites immediately
prior to and after release to mitigate any stress placed on birds during transport and
limit any immediate disperb&rom release sites.

Translocations occurred over a ~86ur (2 night) period via motor vehicle.
The straighdine translocation distance was ~1,340 km to Pine Island (~1,600 km
driven path) and ~1,220 km to Chino Farm
path).l released bobwhites at centralized core locations on translocation properties
using a hard release methodology (Martin et al. 2017). In 2016, low trapping success
forced multiple translocations over eight days (1 AgrApr) and one covey was kel
an additional night to be translocated with additional bobwhites captured the following

day. In all other years, translocations occurred in < 3 days. Trapping, handling, and

C
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protocol was approved by the University of Delaware Institutional Animal Care and

Use Committee (AUP #1278).

Radio Telemetry

| located bobwhitesiZ times per week during tipostrelease breeding season (~1
Apr1 30 Sep) using a VHF telemetry receiver and tlaleenent Yagi antenna
(Advanced Telemetry Systems, Inc., Isanti, MN, USA) via the homing method (White
and Garrott 1990).approached individuals to P50 m to limit lacation error and
recorded location on a customized snprbne application with highesolution,

spatially referenced (UTM zone 18N) aerial imagery. If a mortality was suspécted,
approached the location to evaluate the mortality cause using diagngistiDamke

and Pils 1973, Curtis et al. 1993). If a signal was lost between locations, the search
radius was expanded and a vehitleunted omnidirectional rooftop antenna
(Advanced Telemetry Systems, Isanti, MN, USA) was used during systematic surveys
within a 10 km radius. After a few initial intensive searchegadually reduced the

frequency of searches and ceased searched after 14 days.

Vegetation Sampling

| measured ten vegetation covariaf€alfe 2.} at a subset of use locations and paired
random points for translocated bobwhite conkeéFarmand $m Placein 2016 2017

to model the influence of vegetation structure and composition on bobwhite-fourth
order habitat use (Johnson 1980, Taylor and Burger 2000) during the breeding season.
These vegtation covariates were selected to incorporate groundcover, midstory, and
canopy components and to complement secand thirdorder habitat use analyses in

guiding future forest management for bobwhite in the New Jersey Pine Barrens. Due
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to limited resairces and personnel, foutinder analyses were not completed for 2015
and 2018 or at either of the Maryland sites (Citaomand Tur ner ¢s Cr eek
Within two weeks of recording a bobwhite use location, groundcover (relative
percentages of bare substraggss, forbs, leaf litter, and woody vegetation <2 m;
components summed to 100%) was recorded within a 0.0004rha (2m) sampling
frame (adapted from Daubenmire 1959) centered on the coordinates of the bobwhite
location. A threesection modified Nuddsoard (Nudds 1977) was used to estimate
the vegetation profile of the midstory at three strata levels (ground level [0.25 m], 1 m,
and 2 m). Each of the three Nudds board sections was constructed of 0.5 m x 0.5 m
plywood painted in a high contrast checlaatdl pattern creating sixteen 0.125 m x
0.125 m squares. The Nudds board was placed at a distance of 10 m in each of the four
cardinal directions and viewed horizontally from the center of the sampling frame. The
lowest board was placed so that its botiwas level with the ground (midpoint at 0.25
meters), the second had its midpoint 1 m above ground level, and the third had its
midpoint 2 m above ground level. Observer eye height was adjusted to a level position
while viewing each of the three sectionssguare was considered covered if any part
of it was obstructed by vegetation. Basal area was measured 360 degrees around the
center of the sampling frame using a-d&am factor 10 prism (Forestry Suppliers,
Inc., Jackson, MS, USA) and converted tgha.Canopy closure was measured at the
center of the frame using a convex spherical densitometer (Forestry Suppliers, Inc.,
Jackson, MS, USA) held in front of the body at elbow height in each of the four
cardinal directions. The mean from the four canopy nreasents was used to

estimate the percent canopy closure at each sampling frame.
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These groundcover, midstory profile, and canopy estimates constituted the first
replicate for one bobwhite use location. The entire sampling frame was replicated
twice more atocations 25 m away from the initial sampling frame along a randomly
directed azimuth within the same habitat patch. A distance of 25 m was used to assure
that features (e.g., individual trees for basal area or canopy estimation) were not
double counted aeplicate locations. The mean of the three replicates for each
covariate was used to define one use location. This entire vegetation measurement
protocol was then repeated at a paired random point within the same habitat patch as
the bobwhite use pointhis represented a narse location. The point was a random
distance away (13@50 m) along a randomigirected azimuth from its paired use
location. While this timentensive vegetation survey protocol prohibiteg ability to
have a comprehensive data@ed., a survey for every telemetry location), the repeated
measurement experimental design with replication favored precision at each data point

and thus aimed to improve subsequent model accuracy and predictive performance.

Land Cover Classification

I manually digitized land cover on each site in ArcGIS version 10 (ESRI, Redlands,

CA, USA) over high spatial resolution (0.305 m) orthophotographs that were

temporally accurate to the years of study (e.g., 2PA58 Figures2.2and2.3). Due

to the fundameial differences in landscape composition between the New Jersey

(Home Farm and Sim Place; predominately forest) and Maryland (Chino Farm and
Turnerds Creek; predominately agricultur al
management implications for theseique systems, relevant land cover categories

were identified separately for the two staf€able 2.2) The following 10 land cover

categories were defined for Home Farm and Sim Place (New Jersey) based on the
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criteria described herein: 1) pine wood$IW], defined as mature closanopy pine
dominated upland within which no mechanical timber operations occurred; 2) thinned
pine [PNT], defined as partialgpencanopy pinedominate upland within which
mechanical timber thinning and surface scarificabioourred; 3) cut pine [PNC],

defined as openanopy pinedominated upland within which clear cutting or

dispersed retention cutting and roller chopping occurréd2@ears preceding study
period, as evidenced by msgtral stage vegetation communitiesgdjly-successional
woody [ESW], defined as areas dominated by woody (e.g., shrub, scrub oak, pine
saplings, vaccinium sp. fields) vegetation and lacking any canopy; 5) early
successional herbaceous [ESH], defined as areas characteristically dominatdyl by ea
seral stage herbaceous vegetation, including warm season grasses and forbs; 6)
wooded wetland [WTW], defined as closeanopy wetlands dominated by hardwood
trees; 7) herbaceous wetland [WTH], defined as wetlands dominated by herbaceous
vegetation; 8fedar woods [CDW], defined as wetlands dominated by Atlantic white
cedar; 9) cut cedar [CDC], defined as cedar woods that were clear cut during
commercial harvest; and 10) barren land [BRN], defined as areas dominated by
exposed substrate (e.g., sandgasest roads).

The following 7 land cover categories were defined for Chino Farm and
Turnerds Creek (Maryland) based on the
defined as areas within which row crops were being cultivated; 2) cool season grass
drains [CSG], defined as areas covered byfsoohing cool season grasses for erosion
control; 3) earlysuccessional herbaceous (see above); 4)-eadygessional woody
(see above); 5) food/cover plantings [FCP], defined as wildlife plantings meant to

provide food and cover (e.g., Lespedeza bicolor); 6) mixed woods [MXW], defined as
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mature mixeespecies woodlots, drains, and riparian areas bordering agriculture fields
or other open land cover; 7) impoundments [IMP], defined as seasomailyated
waterfowl mpoundments. For all sites, open water (including cranberry bogs) and

manmade structures were classified asusable space.

Statistical Analysis
| estimated survival and site fidelity of raetiollared, translocated bobwhites during
the breeding seasof Apri 30 Sep) using a multistate modeling appro&ch.
delineated three states based on whether or not a bird was alive and its location
relative to the designated release property: state O was the designation for birds that
were alive on the release peofy, demarcated by the boundary of each property; state
F was the designation for birds that were alive, but off the designated release property;
and D was for birds that were known to be dead. Because telemetry allowed for
frequent resighting, fates wekaown and the probability of detection was assumed to
be 1.0 across the study period. Daily transition probabilities were estimated for all
departurearrival combinations, except departure from state D which was modeled as
an absorbing state. Thugjefined a fowdimensional state r ansi t i on matr i X
the first and second di mension of q denot.i
respectively, the third dimension the individud) &nd the fourth dimension time (n
this case representirggsingle day)l modeled transition probabilities following the
general statspace process model
Or SOp* AAOACMQEAR I
wherewy, s the state (O, F, or D) of individuiht timet+1, given the state of that

individual the preceding dayy. | modeledn) . xrr as a function of fixed effects:
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individual sex (female vs. male) and age (adult vs. juvenile). The initial state for all
individuals at the time of release wa as alive on site (i.en; = O).

| specified vague, normal priors with a mean of zero and precision of 0.001 for
all fixed effects (Royle and Dazio 2008, Kéry and Schaub 2012). Since movement is
possible from each of the two alive states (O gniw leither of the three potential
states (O, F, and D), their transition probability estimates must meet two constraints:
first, each of them must be in the interval [0,1] and second, they sum to 1.
Accordingly, | implemented Dirichlet prior distributiongith elemental gamma (1,1)
hyperpriors for all transition probability estima{@yle andDorazio 2008, Kéry and
Schaub 2012) ran all models using the R2JAGS package (Su and Yajima 2015) in R
version 3.6 (R Core Team 2013), estimating posterior distributions using Markov
chain Monte Carlo (MCMC) methods with 3 independent chains. Eaah rcra
25,000 iterations, discarding the first 10,000 and saving every fifth iteration thereafter.
| assessed convergence via visual inspection of trace plots and defined adequate
convergence as GelmagRubin convergence statisticy < 1.1 (Gelman et ak014).
Transition probabilities were reported using 85% Bayesian credible intervals (Crl).
Regression coefficients whose Crl overlapped 0 were interpreted as uninformative.

Because extrapolating seasonal survival estimates from daily survival
probabilities may obscures results;an a separate complementary assessment of
weekly survival using generalized linear modélsonstructed a logistic survival
model (e.g., Janke et al. 2015), incorporating fixed group (site and year) and time

(week post releaseffects as:

Wi swpXx " AOT T { FE
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wherewy, is a binary indicator of whether individuiasurvived the timénterval
(week)t+1; thus,wy, p if the individual survived the interval amaol; Tuif it
did not, given it was alive the preceding week (  p). | modeleds j as a function
of fixed group and time effects:

I1TGEO 7 ' h
wherer is the effect of groupg of individuali and’ are the fixed time effects.
Groups modeled as fixed effects were release site (Chino Ramme FarmSim
PlaceandT ur n e r § gear@01620%k8), individual bird sex (female vs. male)
and age (adulis. juvenile). Week post releasé 26) was modeled as a fixed
temporal effect under the assumption that survival varied across weeks in a manner
parallel among sites, as has been reported in previous translocation literature (e.g.,
Terhune et al. 2010, ey et al. 2017). This allows the revelation of any acute or
chronic effects of the translocation process (e.g., handling effects) on survival.

As a complementary assessment of site fidelity, and for comparisons to
previous translocation research (e.grhiiune et al. 20@6 2010, Scott et al. 231
Downey et al. 2017), calculated the distance traveled from individual release points
to the farthest observed telemetry location for all individuadgcluded mortality
locations from analyses to preventgrotential bias associated with the movement of
carcasses by predators. Birds that were lost (either mortality or censored) within the
first week following release were excluded from analysis of maximum traveled
distance, because they likely did not hadequate time to disperse (Downey et al.
2017). Maximum distansdraveledwerereported as cumulative frequency

distributions.
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| estimated breeding season (1 AB0 Sep) home ranges for all individuals
with 025 telemetry | IlgpTeehtneetal.2010, Bieghétalne et
2011, McGrath et al. 2017) using 50% and 95% fixed kernel density estimators (KDE)
and 95% minimum convex polygons (MCP; Worton 1989, White and Garrott 1990)
via the ADEHABITAT package (Calenge 2006) inlRised this mimum telemetry
location threshold to account for individual variation and reduce bias in home range
estimates (White and Garrott 1990, Seaman et al. 1999, Kenward 2001, Haines et al.
2009). The smoothing parametfj for KDEs was estimated using the lesgtiares
cross validation (LSCV; Seaman and Powell 1996, Kenward 2001) procedure for each
year and sitel. removed brood locations from analyses as bobwhites tending chicks
likely exhibit differential space use patterns to those not tending chicks (Mo&rath
al. 2017); there were t oon=f4etowatantr ds wi t h
separate analysis of this category.

| defined available resourcédigitized land cover categoriea) the second
order as all usable space within a MCP encompassindeatieé&y locations at each of
the four sites. For thirdrder analysisl, defined available resources as all usable space
within the 95% KDE home range for each individuajenerated 5 random points for
each telemetry location, achieving a 5:1 availdblase prevalence ratio,
independently for secondnd thirdorder analyses. This prevalence ratio aimed to
improve model performance, without biasing selection functions (Phillips et al. 2009,
BarbetMassin et al. 2012, Warton and Aarts 2013omparedhe relative frequency
distribution of random points to the underlying land cover data to assure that the
random point sampling procedure accurately represented the censused available land

cover within the secondrder MCPs and thirdrder individual KDEsyrespectively
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(Manly et al. 2002)For fourthorder analyses,compared the field measured
vegetation variables at use points to those collected at random points (1:1 prevalence
ratio).
| used mixed logistic regression models to estimate probability of use
separately at the secerahdthird-, and fourtkorder as
wx " AOTITOR 1T E
wherew is a binary indicator of whether poinivas a use§  p) or random nofuse
(w 1) location.| modeled as a function of both fixed and random effects:
1T ¢CEOT I o. " h
whergf is the interceffit  is a vector of regression parametersis a vector of
location covariates, arid is the random effect of individual bird. Thisrgeal
process model was used separately for each order of seleiiog land cover
covariates for secon@nd thirdorder analyses and vegetation covariates for feurth
order analysis, respectivelyr addition to location covariatekfurther includedixed
effects for site (Chino Farnjome FarmSim PlaceT ur n e r §, sex @alevs. k
female), and age (adult vs. juvenile) fmthscalesof habitat use analysds.
standardized all continuous covariates, centering each on a mean of 0 and standard
deviation of 1, to improve model convergence and interpretability.
lused Pearsonb6s correlation tests to
parameters and did not fit models when |r| > 0.7; However, foudidr groundcover
covariatesdrass forbs woody, etc.) received unique treatment due to intrinsic
nonidentifiability (Kéry and Schaub 2012, p. 216) #mel inherent collinearity of
these parameters summing to 100%. To alleviate this isseethe covariate litter to

0 in all fourthorder model$o assure identifiability of the remaining groundcover
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parameters. This was justified given that modeling the relationship between leaf litter
(%) and habitat use would provide little useful information to managers and its
exclusion allowed for model consgeence and estimation of the remaining fixed
effects.To improve model convergence, models were specified by effects
parameterization using the largest sample size for each fixed effect.

For secondand thirdorder analyses,specified vague, normal prewith a
mean of zero and precision of 0.001 for all fixed effects (Royle amezldd?008,
Kéry and $haub 2012)I specifiedvagueuniform (0, 60) prior distributions for the
standard deviation parameter of bird random effect (Gelman 200€&d vague
priors, as opposed to informative priors, so ttditl not impute biasing information
during model convergencEor fourthorder analysis, to facilitate inference about the
predictive value of each vegetation covarihfgerformed a model seigon procedure
usingthe Kuo & Mallick (1998) indicator variable approach (see also Link and Barker
2006, Royle and Dorazio 2008, Smith et al. 2011, McCarthy et al. 2012, Converse et
al. 2013). This pcedure was used to isolate important model paranmtette basis
of the posterior probability of all possible combinations of fixed efféa&l this by
specifying a latent indicator variable, , for each fixed effect; as
1 x " AOT Tm® BThds, the posterior distributions for each (.e] sA AYDA
represented the proportion of MCMC iterations in which the parameteres
included in a model. Because the posterior probabilities of inclusion parameters are
sensitive to the choice of prior distributions for the fixed effects (Link and Barke
2006), and preliminary assessment (adjustments to-imfumened priors [e.g., mean 0
and precision 0.1]) confirmed this fory dataset| instead gave each of the

1 coefficients a mean O normal prior, with a variance equellkp whereK was
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equal tothe number of vegetation effects entering the model at a particular shmple.
then placed a Gamnistributed prior on the total variance of the linear predistor,
with parameters 3.29 and 7.8 (Link and Barker 2006, Converse et al. 2013). This prior
resllts in a marginal distribution for use that was approximately Uniform(0,1).

| calculated the Bayes Factor (BF), defined as the posterior odds ratio in favor
of the set of models including the variable versus the set of models not including the
variable(Smith et al. 2011), foeach fourtkorder vegetation variable from the prior
mean of (0.5) and the posterior meanjof 7 |data) as:
1 AADA 1T AAQA

600
1T Tp 1

Model parameters with a BF > 3 were considenéarmative and probability of use
modeled separately using partial regression coefficients of the variable of interest,
holding the remaining variables constant at a reference group.

| ran all models using the R2JAGS package (Su and Yajima 2015) in R,
esimating posterior distributions using MCMC methods with 3 independent chains.
For secondand thirdorder analyses, each chain ran 25,000 iterations, discarding the
first 10,000 and saving every fifth iteration thereaftanr fourthorder analysis, the
number of iterations was increased to 50,000 and the first 20,000 were discarded. This
adjustment was required to achieve convergence of model pararhasssssed
convergence via visual inspection of trace plots and defined adequate convergence as
Gelmari Rubin convergence statistic¥ < 1.1 (Gelman et al. 2014). Regression
coefficients whose Crl overlapped 0 were interpreted as uninformative. When
relevant,| converted model coefficients to odds ratios to aid in interpretability and
making statements garding possible management scenarios. Bedaused scaled

covariates, the odds ratios are scaled based on the standard deviation of that covariate.
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Results

| trapped and translocated a total of 534 wild bobwhites duringi 2018. Seven

individuals diedn transit between trapping and release sites (all in 2016), likely due to

acute trapping, handling, or translocation strés®tal of 508 (= 239 female, 269

males) bobwhites were radamllared at the time of release and monitored across the
foursies: 20 at Chino Farm (20152088)14%at, 167 a
Home Farm (20152017), and 176 at Sim Place (202618). The remaining 19

individuals were not collared. Juveniles comprised a majority of translocated

bobwhites f = 376 juvenileand 158 adults). Between the date of release and 30

September across all years, there were a total of 14,368 individual telemetry locations

recorded.

Survival

Breeding season (18fay post release) survival of translocated bobwhites varied

among releasetsis and across years, ranging from 0.188 (Crl = [0.130, 0.255]) at
Turnerds Creek in 2018 to 0.439 FKgorel = [O0.
2.4). Site-specific survival estimates pooled across years were: 0.282 (Crl =[0.172,

0.412)) atChinoFam; 0.212 (Crl = [0.160, 0.268]) a
[0.281, 0.408]) at Home Farm; and 0.402 (Crl = [0.340, 0.465]) at Sim Place. There

was no effect of sexdfae= 0.026, Crl =10.153, 0.207]) or ageéh{qui=10.083, Crl =

[10.282, 0.199]pn post release survival. Temporal variation in survival was

adequately explained by week 2b) fixed effect; the calculated Bayesiaivdtue

following the FreemaiTukey goodnessf-fit test was 0.55, suggestive of high model

predictive power (Kéry and Saub 2012, Gelman et al. 2014). Survival was

substantially lower during the first two weeks following release at all sites, but varied
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to a lesser degree over the remaining weeks of the sdagone2.5). Average
weekly survival for weeksi® post releaswas 0.894 (Crl = [0.834, 0.934]) while for
weeks 326 it was 0.964 (Crl = [0.922, 0.990]).
Multistate modeling indicated that transition probabilities to the dead state (i.e.,
daily mortality probabilities) were significantly higher for birds sff t #) th&an@®n
sit®) (&t Home Farm and Turnerods Creek; no
and no bobwhites left the Chino Farm release property (RaBleDaily mortality
probability for bobwhites ofkite was 5.3 (odds ratio, Crl = [2.1,.29]) times greater
than onsite at Home Farm and 1.8 (odds ratio; Crl = [1.1, 2.9]) times greater at
Turnero6s Creek. Daily mortality probabilit

were similar among sites, excluding Chino Farm (Tab8

Site Fideity and Home Range

Site fidelity differed among the four release sites but tended to be higher at the New

Jersey sites (Home Farm and Sim Place) than the Maryland sites (Chino Farm and
Turner 6s @Beekri dledhltey t o ob)washighestadSins e pr op
Place (0.9939, Crl = [0.9908, 0.9962]) anc
[0.9606, 0.9680]). Probability of returning to the release property from offt @) (

was | owest at Turner ds Cr e edknodifferen6e8vasd, Cr |
observed between Home Farm (0.1251, Crl = [0.0991, 0.1518]) and Sim Place

(0.1188, Crl =[0.0933, 0.1480]). Property size and proximity of release points to

property boundaries likely influenced site fidelity, given the large contiguou

configuration of Home Farm and Sim Place compared to the smaller fragmented

Turner 6s Creek.
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Complementary site fidelity assessment was performed for 452 bobwhites by
calculating the farthest distance traveled from individual release points, excluding
thase individuals lost (mortality or censor) within the first week following release.
Maximum distance traveled for individual bobwhites varied by site, with 95% of birds
not traveling farther than 3.5 km at Home Farm, 3 km at Sim Place, and 2 km at
T u r nCreeks $00% of birds did not travel farther than 1.5 km at Chino Farm
(Figure 2.6) The mean maximum distance travelled between release and 30
September for all individuals was 522 (SD = 695) m, and the median was 320 m. The
farthest distance traveled bgyaone bobwhite was 7.5 km; however, a small number
of censored individuals may have dispersed farther without detection. Over the four
years of the study, two bobwhites released at Sim Place dispersed to Home Farm and
two bobwhites released at Home Farispédrsed to Sim Place, all four of these
individuals were unpaired males.

Breeding season home ranges (95% KBE;226) varied by site and year,
being generally larger at the New Jersey (Home Farm [54.3 ha; SE = 12.6] and Sim
Place [31.5 ha; SE = 9.5])ah the Maryland (Chino Farm [10.7 ha; SE = 3.1] and
Turnerds Creek [20.4 ha;d.ARbssallsitsand ) r el eas
year s, mean home range size ranged from 9.
2015 to 92.0 ha (SE = 20.0 ha) at HoRaem in 2016. When averaged across years,
bobwhites at Home Farm had the largest breeding season home range=sizé<3(
ha, SE = 12.6n = 54) and bobwhites at Chino Farm had the smallest1(0.7 ha, SE
=3.1,n=11).
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Habitat Selection

Attheseondor der scale for Chino Farm and Tu
bobwhites showed positive selection for food/cover plantibgs € 2.150, Crl =
[1.934, 2.365]) and eardguccessional woodypésw = 1.032, Crl =[0.901, 1.161])
land cover types, and negagiselection for the remaining cover typEg(re2.7Ai
B). Bobwhites were 1.7 (odds ratio, Crl =[1.4, 2.0]) and 3.6 (Crl = [3.0, 4.3]) times
more likely to use food/cover plantings than eatigcessional woody cover and
early-successional herbaceous engwespectively. At the thirdrder scale for Chino
Farm and Turneroés Creek, translocated bobyv
food/cover plantingsbece= 1.041, Crl = [0.914, 1.169]), earBuccessional woody
(Pesw= 0.438, Crl =[0.322, 0.555]), amdixed woods fjmxw = 0.241, Crl = [0.143,

0.339]) land cover types; earpuiccessional herbaceous land cover was used at a
frequency equal to availability, and the remaining cover types were used at a
frequency less than expected based on availabfigufe 2.7A1 B).

At the seconérder scale for Home Farm and Sim Place, translocated
bobwhites showed positive selection for eailiccessional woodypésw= 1.073, Crl
=[0.969, 1.173]), thinned pin®dnt = 1.067, Crl = [0.957, 1.178]), earBuccessional
herbaceousffesy = 0.818, Crl =[0.721, 0.917]), and clear cut pibe¢ = 0.668, Crl
=[0.581, 0.755]) land cover types, and negative selection for the remaining cover
types Figure2.7Ci D). At the thirdorder scale for Home Farm and Sim Place,
translocatd bobwhites showed positive selection for eatgcessional woodyésw
= 0.464, Crl = [0.399, 0.530]), thinned pirfexr = 0.123, Crl = [0.041, 0.206]), and
early-successional herbaceous{H = 0.089, Crl=[0.026, 0.152]) land cover types;
clear cut pine and wooded wetland land cover types were used at a frequency equal to

availability, and the remaining cover types were used at a frequency less than expected
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given availability Figure2.7Ci D). Bobwhiteswere 1.3 (odds ratio, Crl =[1.2, 1.5])
times more likely to use earuccessional woody cover than thinned pine (the
seconehighest selected cover type) at the thorder scale.

Of the 9 vegetation variables considered as predictors of fotnigr haltiat
selection at HF and SP, three had a BF > 3, while a fourth with a low BF had 85% Crl
not overlapping zero (Tabk25 Figure2.8). The most influential variables were
horizontal visual obstruction at 1 m above ground level, which showed a strong
positive effect bvor1 = 0.487, 85% Crl =[0.275, 0.701], posterior inclusion probability
= 0.97), and the quadratic effect of percent bare groundcover which showed a strong
negative effectfpard = -0.269, 85% Crl ={0.113,i 0.437], posterior inclusion
probalility = 0.96). The variables of percent forbs groundco®er.& 0.510, 85% Crl
=[0.239, 0.785], posterior inclusion probability = 0.75) and the quadratic effect of
percent woody groundcoveupos,’= 7 0.151, 85% Crl =i[0.300,i 0.001], posterior
incluson probability = 0.52) received some support as well. Probability of use
increased linearly with horizontal visual obstruction at 1 m and percent groundcover
as forbs (Figur@.8). Probability of use for percent bare groundcover reached a
maximum at ~20%are ground, declining sharply thereafter and approached zero
when bare ground exceeded ~80%. A similar, though dampened, calwane
relationship was observed for percent woody groundcover, reaching a maximum at

~50% woody groundcover (Figuges).

Discussion
The landscape connectivity hypothesis was supportedylngsults; breeding season
(182day post release) survival, site fidelity, home range size, and maximum dispersal

distance were lower at the smaller, more isolated and fragmented Maryland releas
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sites (Chino Farm and Turnero6s Creek) thar
sites (Home Farm and Sim Place). A strong temporal effect was observed for all sites
and years, whereby survival during the first two weeks post release was subgtantiall
lower than the subsequent weeks of the breeding season. Survival was significantly
greater for bobwhites on the target release properties, where habitat management was
concentrated, than off the properties indicating that habitat quality and intentional
habitat management i s r eqgreleaseiBomvhittso bobwhi t
exhibited positive selection for food/cover plantings and esetal stage land cover at
the secondand thirdorder scalesAt the fourtirorder, bobwhites within the forested
New Jersey landscape showed a positive association with forb and woody
groundcover that was hightyoncealing up to 1 m above ground levielken
collectively, these results reaffirm the importance of selecting translocation properties
with abundant andpstially connected protective (e.g., escape) and foraging cover to
maximize survival, meeting daily requirements and opportunity for population growth.
The efficacy of translocation as a population recovery tool is predicated on
birds surviving and reproding at such a rate to facilitate recruitment and population
growth (Terhune et al. 2010, Martin et al. 2017) which is particularly important for
species with high turnover ratesgelectefl such as bobwhite. Across all study sites
breeding season survivaas moderat¢o-low. Breeding season survival estimates for
translocated bobwhites at Chino Farm, Home Farm, and Sim Placei @ 4£&2) was
within the range commonly reported in bobwhite telemetry studies (e.g., Burger et al.
1995, Sisson et al. 2009phr et al. 2011), including some comparable translocation
research (Liu et al. 2000, Terhune et al. 20@®10, Downey et al. 2017) but

remained on the lower end of the spectrum. The highest breeding season survival
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rates, observed at Home Farm (0.344) 8mm Place (0.402), were similar to estimates

from previous longerm markrecapture studies conducted on stable or increasing

popul ations (Pal mer and Well endorf 2007,

Creek was relatively low (0.212), though mwiprecedented in telemetry studies (Liu
2000, Peters et al. 2015). Theoretical bobwhite population models have suggested a
minimum adult summer survival rate threshold of 0.79 (Sandercock et al. 2008),
which is nearly twice that observed at any of the tes studied here. Consequently,
it is unlikely that population recovery would occur at any of these translocation sites,
unless reproduction and winter survival rates were found to compensate low survival
observed post release.

The lower than expectetirvival rates omy study sites was concerning,
especially given the timing of attrition any sites compared to other studies.
Numerous factors such as site familiarity, experience and timing of releases are known
to influence survival (Lunsford et al029, Roberts et aln Review. | did not observe
differences in survival of translocated bobwhites between ages (adult vs. juvenile) or
sexes (female vs. male), suggesting that accumulated past experiencesspatifiex
behaviors did not have a subgtaheffect on acclimation to and persistence in the
novel environment. A postlease acclimation period was apparent; however, the
reduced survival observed during the first two weeks following release (lateiyr
Apr) resulted in poor reproductivéfert (P. M. Coppola, University of Delaware,
personal communication). Daily survival rate wa8% lower than longerm mark
recapture studies which were derived from the source sites of the translocated birds in
this study (Palmer and Wellendorf 2007 rAune et al. 2007) during the initial 2

weeks following release. An estimated 289% of translocated bobwhites died during
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the first two weeks following release, similar to the 30% mortality rate reported within
the first month following release by Downeyal. (2017). This temporal pattern
contrasts exploratory survival analyses by Terhune et al. (2010) in which survival of
translocated bobwhites was higher in the first month following release compared to
subsequent months. The high posease mortakt pattern observed in translocation
with prolonged holding times (e.g., Downey et al. 2017) has been notably diminished
or absent in other studies with shorter handling times (<24 hours) and transportation
distances (e.g., Jones 1999, Terhune et al.l2@04.0). Chronic stresses may be a
legacy effect of longlistance, interregional translocation given that they have
characteristically experienced poor overall success and it is reasonable to conclude
that longdistance translocations present additionataitdes compared to shert
distance alternatives, all other factors being equal. Whether the effect is a result of
physiological stress induced by a prolonged holding time (~36 hours), sorpeaisk
behavioral response following release into a novel enmient, or a functional
response by predators at release sites cannot be directly deduced from this research
warranting future experimental study. Nevertheless, highnetesise mortality should
be incorporated into population forecast models during @renphg phases of future
translocations. By constructing such models, manipulation of release sizes and
schedules (timing of release, repeated releases), while incorporatirgejraedent
survival rates to compare alternative translocation scenariosrodide valuable
insight to maximize population recovery using translocation. These practices promote
rigorous forethought and will foster efficient use of the declining bobwhite resource.
The pejorative effects of habitat isolation and fragmentation onvaliare

well documented in ecology, but few translocation study designs afford the
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comparison of varying degrees of landscape connectMigymultistate modelling

efforts indicated that fidelity to individual release properties was generally high, and

that survival tended to be higher for bobwhites within release property boundaries
compared to bobwhites outside property boundaries. While a different modeling

framework was used, daily site fidelity estimates were similar to that reported by

Terhune et al(2010), who documented successful translocations in Marion County,

Georgia using the same methodology implemented here. In contrast to Terhune et al.
(2010), habitat omy study sites was either more fragmented within the site (e.g., Sim

Place, Home Farm Tur ner 6 s Creek) and/ or small er a
Creek). The interplay between habitat connectivity, property size, and resource quality
likely resulted in the low survival observed through increased movement and dispersal
proclivities, especially during the first 2 weeks postease. Site unfamiliarity of

translocated individuals may impact acclimation period during exploration of the new
surroundings such that landscape connectivity, patch size and conspecifics may all
contribute to ge fidelity and affect predation riskfound maximum dispersal

distances were substantially lower roi sites than those previously reported in the
bobwhite translocation | iternOtbroed. olfi u et
translocated bobwhitestavel ed 02.5 km from tha&ir relea
reported 41%r(= 18) of translocated bobwhites traveled >2 km, and Downey et al.

(2017) reported 1582% of translocated bobwhites traveled >2 km from release

points. Terhune et al. (2010) found that 13% of translocated females and 16% of
translocated males had the amitttic center of their home ranges >1 km from their

individual release points. The highest dispersal distances recorded in this study (at
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Home Farm) were comparatively low, with 5% of birds dispersing >3.5 km from
release points.

There appeared to be a disiy between the two complementary measures of
site fidelity used here. Daily transition probabilities suggested that translocated

bobwhites were more likely to remain on Home Farm, Sim Place, and Chino Farm

than on Turner 6 s Cr e etlances traveled and individualn e ma x i

home range sizes were greater at Home Farm and Sim Place than Chino Farm and

Turnerds Creek. This apparent discrepancy

sizes, locations of release points relative to property bowesjamd the amount and
connectivity of habitat within these contrasting landscapes. The New Jersey sites were
larger and less fragmented than the two Maryland sites, therefore release points were
generally farther from the edge of the property and birdedaisperse greater

distances to leave (i.e., transition from state O to state F). Bobwhites that dispersed off
Turnerds Creek did not typically travel
and periodically returned to the site throughout thdysperiod. No bobwhites were
observed leaving the Chino Farm release property and home range sizes there were on
average 1033% the size as those at Home Farm and Sim Place. The large home
ranges observed in New Jersey may be an indication of low quantjuality habitat,

given that home ranges are spatially constructed around sgpeigfic food and

cover resources. Limited quantity of such resources, or the diffuse spatial composition
of essential habitat features, may have increased dispersasatigd in large home

ranges (Fies et al. 2002). Previous research has shown that dispersal tends to be lower
on areas that have been intensively managed for bobwhites (Loveless 1958, Smith et

al. 1982) and greater on areas with lower perceived habutyg(Kabat and
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Thompson 1963). Because forest management on the New Jersey sites was not
speciesspecific and only marginally beneficial for bobwhites, perhaps home ranges
were larger as a compensatory mechanism to perform basic autecological tasks (e.g.
foraging, predator evading, and méiteding). For example, Roberts et dh Review
demonstrated that food supplementation was highly selected by bobwhite and found
that differential resource selection existed among translocated birds compared to
resdent birds even where largeale, consistent quality habitat existed.

Habitat selection varied based on landscape and scale of analysis and was
generally in agreement with previous bobwhite research (e.g., Best et al. 1997, Riffell
et al. 2008, Collins «dl. 2009, Janke and Gates 2013, McGrath et al. 2017).
Food/cover plantings and eadyccession woody vegetation provide forage resources
and protective cover for bobwhites from natural predators. There is a lack of these
cover types naturally remainingthvin the Mid-Atlantic, and this loss of essential
habitat has accelerated the decline of bobwhites in these states (Duren et al. 2011,
Long and Williams 2011, Sauer et al. 2017). The high degree of selection for the few
remaining patches of native eadyccessional groundcover and the artificial but
structurally similar food/cover plantings on release properties documented here
reinforces the importance of these cover types for bobwhite management, particularly
in the Mid-Atlantic region. Positive selectin  f or mi xed woods and dr
Creek and Chino Farm may indicate that these habitat features are also important for
protective cover during daily movement, or that a lack of earbcessional woody
cover forced bobwhites to use wooded edgemaaternative. Quantity of habitat

across the landscape is perhaps more critical than quality of habitat in the context of
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bobwhite population stability (Guthery 1997, Riddle et al. 2008), especially in
fragmented agricultural landscapes (Fies et al. 2002

Maintenance and creation of eadyccessional woody cover along field
borders juxtaposed to food resources should allow for reduced daily movement and
therefore lower exposure to predation while foraging (Roberts ket Review.
Establishment of ebr-successional cover is critical within the fordsiminated
landscapes of New Jersey, as well. Unmanaged pine woods that contained poor
screening cover at the ground level dominated the release sites and surrounding area.
Fire exclusion osuppression isouthern New Jersey has resulted in large tracts of
poor-quality bobwhite habitat (Chanda et al. 2011), as well as an accumulation of fuels
that presents the potential for extreme wildfires (Forman 1998). Bobvidntered
areas with an open canopy anth&k groundcover mixture of forbs and woody
vegetation. These findings are generally in agreement with known habitat use patterns
of bobwhites, as legumes and other forbscaramon food resources and woody
cover provides quality protective cover from gation (Stoddard 1931, Taylor et al.
2000, Cram et al. 2002, Brooke et al 2015). Management of forestland in the Mid
Atlantic should aim to reduce basal areas and increase grounddgethtion
diversity while maintaining moderate levelsbare groundThe most coseffective
means to this end is mechanical timber harvest and frequent prescribed fire (Sparks et
al. 1998, Harper 2007, Knapp et al. 2009, Rosche et al. 20b8nd that if these
practices are not performed across large (>~400 ha) ttlaetsit is unlikelyto result

in sufficient habitat supporting a viable bobwhite population.
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Management Implications

| herein demonstrate tharidscape connectivity and patch size are important to foster
translocation success, especially for lahgtancenterregional bobwhite

translocationsl recommend that current policies and procedures on translocation
(e. g., Nati onal Bobwhite Conservation | ni
and the Translocation Policy) be updated to incorporate differ@aisarelease

survival patterns, due to landscape context and patch connectivity, when evaluating
potential release sites for translocation purposes. Given the reduced bobwhite survival
outside target release areas and the correlation between propedndigite fidelity,

larger sites that have a high degree of connectivity should be favored over those
smaller and with lower connectivity of essential habitat features. Furthermore, habitat
management should aim to increase the amount and connectikidipitsdt.

Additionally, adjusting stocking rate to account for potential attrition during the first
few weeks postelease should better result in sufficient founder breeding abundances
required to elicit population growth and sustainability. Future eftprétifying

vegetation conditions and habitat connectivity are also warranted to promote wise
stewardship of a limited bobwhite resource when considering translocation as a

population recovery tool.
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TABLES

Table 21 Description of parameters used in fouotidler habitat use models for

translocated, radimarked northern bobwhites in Burlington County (Home Farm and

Sim Place), New Jersey, USA during Mar8eptember, 2012017.

Measurement Methéd

Forest Descriotion Model

Component P paranetef

Groundcover Grasses grass
Forbs forbs

Woody vegetation woody
Leaf litter/debris litter
Bare substrate bare

Midstory? VOR at 0.25m vor025

VOR at 1m vorl
VOR at 2m vor2
Canopy Basal area basal

Canopy Closure  canopy

Modified 2m x 2m Daubenmire
(1959) frame; coverage of five
vegetation classes summing to
100%

Modified 0.5m x 0.5m Nudds
(1977) board; coverage for eac
out of 100%

Factor 10 timber cruising prism
converted to rfiha

Convex spherical densitometer
converted to closure out of
100%

3Quadratic parameteese denoted with superscripts (egras$) in text, tables, and

figures.
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Table 22 Description of land cover parameters used in secand thirdorder habitat

use models for translocated, radiva r k e d
Queen

Creek) and

northern
A-arm),eMarglana amadiButlingtensCount¢ h i n o

bobwhites

(Home Farmand Sim Pace), New Jersey, USA during Mar@&eptember, 2015

2018.
Landscape Descriptiord Model
parameter

Forestdominated Barren land BRN

(New Jersey) Cut cedar CDC
Cedar woods CDW
Early-successional herbaceus  ESH
Early-successional woody ESW
Cut pine PNC
Thinned pine PNT
Pine woods PNW
Herbaceous wetland WTH
Wooded wetland WTW

Agriculturally-dominated Cropland CPS

(Maryland) Cool season grass drains CSG
Early-successional herbaceus  ESH
Early-successional woody ESW
Food/cover plantings FCP
Impoundment IMP
Mixed woods MXW

aSee text for detailed descriptions of land cover classification
® Abundant andelevant over both landscapes
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Table 23 Daily transition probability estimates derived fronultistate model

analysis for translocated, radwa r k e d
Queen

and

Anneods

counti es

nort hern

(Chino

Farm and Sim Place), New Jersey, USA during Maseiptember, 2012018.

Site (state)

85% Crl

Home Farm (NJ)

Sim Place (NJ)

Turner's Creek (MD)

Chino Farm(MD)

[0.9869, 0.9930]
[0.0025, 0.0059]
[0.0039, 0.0074]
[0.0991, 0.1518]
[0.8130, 0.8743]
[0.0153, 0.0463]

[0.9908, 0.9962]
[0.0002, 0.0030]
[0.0032, 0.0063]
[0.0933, 0.1480]
[0.8436, 0.8995]
[0.0018, 0.0189]

[0.9606, 0.9680]
[0.0226, 0.0281]
[0.0081, 0.0126]
[0.0747, 0.0925]
[0.8889, 0.9085]
[0.0140, 0.0235]

Transition Estimate
Directior?
Qoo 0.9903
dor 0.0041
Jop 0.0056
dro 0.1251
Arr 0.8452
drp 0.0298
Qoo 0.9939
dor 0.0014
Jop 0.0046
dro 0.1188
Arr 0.8723
dro 0.0089
Qoo 0.9644
Jor 0.0253
Jopo 0.0103
dro 0.0830
Arr 0.8983
dro 0.0187
Qoo 0.9898
dor 0.0012
Qoo 0.0090
dro 0.0000
YFF 0.0000
YFD 0.0000

[0.9853, 0.9937]
[0.0001, 0.0028]
[0.0055, 0.0128]

bobwhites

Far m) ,

2 Subscript sequence indicates movement direction: O = on release property, F = off
pr oper ¢y dailyDansitiordpeobability(frem o proper§ to

rel ease
off property)
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Table 24 Mean home ranges (95% Minimum i@@x Polygon [MCP]; Kernel: 50% & 95% home ranges) in hectares for
translocated, radima r k e d
Maryland and Burlington County (Home Farm and Sim Place), New Jersey, USW dlairchi September, 2012018.

nort hern

bobwhites in

Kent

(Turner os

Site (state) Year n L?chgog S 95% MCP (SE) 50% kernel (SE] 95% kernel (SE
Home Farm (NJ) 2015 24 47 +9 26.502 (3.724) 4650 (0.961, 23.475 (19.956
2016 16 59 + 16 151.318 (45.236 20.053 8.647) 92.014 (19.974

2017 14 57 +18 94.085 (19.241 13.114 (2.090 64.106 (16.859

Pooled 54 53+ 15 81.006 (15.849 11.408 (1.545 54.317 (12.619

Sim Place (NJ) 2015 15 44 + 7 21.049 (3.062 4200 (0.469,  18.492 (16.428
2016 17 55+ 14 84.335 (20.276 12.679 (1.987  56.658 (15.465

2017 22 58 + 16 57.451 (14.825 9.303 (1.281, 41.834 (12.931

2018 54 47 + 14 26.971 (14.825 4983 (0.371) 23.017 (11.620

Pooled 108 50 + 15 41.387 (5.090 6.966 (0.532, 31.517 (9.523

Turner 6s 2015 8 43 + 16 18.399 (4.858 1.766 (0.449 9.529  (2.265
(MD) 2016 9 43 + 16 29.593 (3.905 6.670 (1.750, 29.320 (7.076
2017 28 37+8 22.813 (3.067 4976 (0.879) 22.044 (3.511

2018 8 53 + 22 19.139 (3.850 3.274 (0.739, 15.761  (3.917

Pooled 53 41 + 14 22.743 (2.001 4522 (0.592 20.442 (2.408

Chino Farm(MD) 2015 11 52 +15 10.305 2.145) 2.201 (0.627, 10.656  (3.090

Creek



Table 25 Model selection results for vegetation variables used to estimate-fourth
order habitat selection of translocated, radiarked northern bobwhites in Burlington
County, NewJersey (Home Farm and Sim Place), USA during M&eptember,

2016 2017. The posterior inclusion probability is calculated following the Kuo &
Mallick (1998) approach, and the Bayes Factor is the posterior odds ratio in favor of
the set of models includirihpe variable versus the set of models not including the

t hose

vari abl e.

Reported

ar e

par ameters

Regression coefficienbg)

. Inclusion

Variable nam& probability’ BFs£ —— oL oL

vorl 0.97 34.23 0.487 0.275 0.701
bare? 0.96 25.43 -0.269 -0.437 -0.113
forbs 0.75 3.02 0.510 0.239 0.785
woody 0.52 1.09 -0.151 -0.300 -0.001
grasg 0.51 1.05 -0.119 -0.248 0.002
canopy 0.50 1.00 0.022 -0.123 0.169

%Veget at i o ninaduded in mddél;esee text end Tabl2 far descriptions.

b Posterior mean of parameter indicator variablesh AYD A
, wherg A A @ Ahe posterior inclusion

S

7

S

°Bayes Factor =0 "O

T

probability, and is the prior inclusion probability = 0.5.
dMean of posterior distribution for each parameter; LCL and UCL indicate lower and
upper bounds of 85% Bayesian credible interval (Crl), respectively.
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Figure2.1Tr ansl ocation sites (starred) i

and Burlington County, New Jersey, USA overlaid on Bobwhite Ranking Information

2.0 classifications (BRI Rank; NBTC 2011). The source sites for translocated

bobwhites were located lreon and Jefferson counties, Florida and Thomas County,
Georgia, USA,; translocation and source site counties are-bladded. Translocations

occurred during MardtSeptember 2012018.
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Figure 2.2Pine Island Cranberry Company translocation property in Burlington County, New Jersey, USA with digitized
land cover. Northern bobwhite release points on west (left) eRtheflslandare within the Home Farm study area, and
those on the east (right) anéthin the Sim Place study area.



Maryland, USA

Y Release Points
Land Cover
- Cool-season Grasses
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Early-successional Herbaceous
- Early-successional Woody
- Food/Cover Planting
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Bl Mixed Woous .

Figure23Chi no Farm (A) and Turnero6s Creek (B)
Anneds and Kent counti es, Maryl and, USA, r
points overlaid on digitizedahd cover. Note: study aredigjitally juxtaposed and

presentedhereat the same scale for visual reference.
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Figure 2.4 Mean (x85% Bayesian credible interval [Crl]) breeding seasondag2
postrelease) survival rate for translocateatjiomarked northern bobwhites in Kent
(Turnerbd6s Creek Farm) and Queen Anneos
Burlington County (Home Farm and Sim Place), New Jersey, USA during March
September 2012018. Estimates derived from logistic regressiomitown fate

dates. Note: Chino Farm did not receive birds following 2015 and Home Farm did not
receive birds following 2017.
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Figure 25 Breeding season (18fays post release) weekly survival probabilities
(x85% Bayesian credible interval [Crl]) faianslocated, radimarked northern
bobwhites in Kent (Turnerdés Creek Farm) ar
Maryland and Burlington County (Home Farm and Sim Place), New Jersey, USA
during 20152018. Horizontal lines indicate annual mean and Crlkiyesurvival
probability pooled across sites.
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point to farthest observed location of translocated, ragidked northern bobwhites in
Kent (Turnerdés Coee€)duanFre)Magiéndando n e
Burlington County (Home Farm and Sim Place), New Jersey, USA during March
September, 2012018.

5¢



‘ “ B Spatial scale
FCP A i - ® 2™ Order
' A 39 Order
ESW P . 075
! @
CsG % w
g_ : Y
> 1 © 050
= MXW . * £
= | e
[+] I []
O ! g
—h 2]
IMP — ; o
1 0.25
ESH - *
3 £
CPS - * 3 .
\ 0.00
4 2 0 2 4 FCP  ESW ESH CSG MXW IMP  CPS

o m - M
53%%5%

»

LA

‘ 202
)] ! =]
Q_ | N
o
& ‘ 2 S ¥
@ : =
3 - 9 E
Q _8
BRN L & 04 } 1
PNW . ! } 4
CDW - A [
cne e = 00 2 =
-4 -2 0 2 4 ESW PNT ESH PNC PNW WTW WTH BRN CDC CDW
Mean p Cover type

Figure 2.7 Probability of use as a function of cover type for translocated,-radio

marked northern bobwhitesin Kenta@di een Annebs counti es, Ma 1
Farm and Tur n eiBpand BartingtenkCouRty, New;Jersay (Home

Farm and Sim Place;i©), USA during MarckSeptember, 2012018. Selection

functions were compared at two spatial scales, with error baesesiing 85%

Bayesian credible intervals. Regression cc
overlapped zero (vertical line) were interpreted as uninformative. Cover types were

presented in descending order for secordkr to allow ease of viewin@PS =

cropland, CSG = cool season grass drains, FCP = food/cover plantings, MXW =

mixed woods, IMP = impoundments, PNW = pine woods, PNT = thinned pine, PNC =

cut pine, ESW = earlguccessional woody, ESH = eadyccessional herbaceous,

WTW = wooded wetdnd, WTH = herbaceous wetland, CDW = cedar woods, CDC =

cut cedar, and BRN = barren land.

6C



1.00 1.00
0.75 0.75
@
1]
3
«
o
>
£ 050 0.50
a
m
a
e
o
0.25 0.25
0.00 0.00
0 25 49 74 99 0 21 41 62 83
VOR at 1 meter (%) Groundcover forbs (%)
1.00 1.00
0.75 0.75
@
1]
3
«
o
>
£ 050 0.50
a
m
a
e
o
0.25 0.25
0.00 0.00
0 22 44 66 88 0 22 45 67 90
Groundcover bare (%) Groundcover woody (%)

Figure 2.8 Probability of use as a function of horizontal visual obstruction at a height
of 1 m above ground level (%or1), groundcover in forbs (%orbs), grourdcover of
bare substrate (%bare?), and groundcover of woody vegetation #ody) for
translocated, radimarked northern bobwhites in Burlington County, New Jersey
(Home Farm and Sim Place), USA during Ma&éptember2016 2017 (x 85%
Bayesian credible intervals [Crl]). Predictions are based on the partial regression
coefficients.

61



REFERENCES

American Ornithologistsd Union, 1999. Repc

research. Auk 116i41.

BarbetMassin, M., FJiguet, C. H. Albert, and W. Thuiller. 2012. Selecting pseudo
absences for species distribution models: how, where, and how many?
Methods in Ecology and Evolution 3:32338.

Best, L. B., H. Campa, K. E. Kemp, R. J. Robel, M. R. Ryan, J. A. Savidge, H. P.
Weeks, and S. R. Winterstein. 1997. Bird abundance and nesting in CRP fields
and cropland in the Midwest: a regional approach. Wildlife Society Bulletin
25:864 877.

Brennan, L. A. 1991. How can we reverse the northern bobwhite decline? Wildlife
Society Buletin 19:544555.

Brennan, L. A., and W. P. Kuvlesky, Jr., 2005. North American grassland birds: an
unfolding conservation crisis? Journal of Wildlife Managementigi®31

Brennan, L. A., F. Hernandez, and D. Williford. 2014. Northern bobvwGitdinus
virginianus) in A. F. Poole, editor. The birds of North America. Cornell Lab of
Ornithology, Ithaca, NY, USA.

Brooke, J. M., D. C. Peters, A. M. Unger, E. P. Tanner, C. A. Harper, P. D. Keyser, J.
D. Clark, and J. J. Morgan. 2015. Habitat manitiorainfluences northern
bobwhite resource selection on a reclaimed surface mine. Journal of Wildlife
Management 79:1264276.

Burger, L. W., Jr., T. V. Dailey, E. W. Kurzejeski, and M. R. Ryan. 1995. Seasonal
and annual survival and cause specific maytalf northern bobwhite in
Missouri. Journal of Wildlife Management 59:4@1.0.

Calenge, C. 2006. The package adehabitat for the R software: a tool for the analysis of
space and habitat use by animals. Ecological Modelling 197806

Chanda, D., D. L. Heighty, P. M. Castelli, A. W. Burnett, and J. R. Garris. 2011.
New Jersey northern bobwhite action plan. New Jersey Division of Fish and
Wildlife, Trenton, New Jersey, USA.

Church, K. E., J. R. Sauer, and S. Droege. 1993. Population trends of quaitthin No
America. Proceedings of the National Quail Symposiumi&44

62



Collins, B. M., C. K. Williams, and P. M. Castelli. 2009. Reproduction and
microhabitat selection in a sharply declining northern bobwhite population.
The Wilson Journal of Ornithology 12B8& 695.

Converse, S. J., J. A. Royle, P. H. Adler, R. P. Urbanek, and J. A. Barzen. 2013. A
hierarchical nest survival model integrating incomplete temporally varying
covariates. Ecology and Evolution 3:443947.

Cram, D. S., R. E. Masters, F. S. Guth&yM. Engle, and W. G. Montague. 2002.
Northern bobwhite population and habitat response td gmssland
restoration. Journal of Wildlife Management 66:108139.

Curtis, P. D., B.S. Mueller, P. D. Doerr, and C. F. Robinette. 1988. Seasonal survival
of radio marked northern bobwhite quail from hunted andmarted
populations. International Biotelemetry Symposium 10i265.

Daubenmire, R. F. 1959. A canepgver method of vegetational analysis. Northwest
Science 33:4346.

Downey, M. C., D. Rollins, RHdernandez, D. B. Wester, and E. D. Grahmann. 2017.
An evaluation of northern bobwhite translocation to restore populations.
Journal of Wildlife Management. 81:8081.3.

Dumke, R. T., and C. M. Pils. 1973. Mortality of radémged pheasants on the
WaterlooWildlife Area. Wisconsin Department of Natural Resources,
Wisconsin, USA.

Duren, K., J. J. Buler, W. Jones, and C. K. Williams. 2011. An improved-sualke
approach to modeling habitat occupancy of northern bobwhite. Journal of
Wildlife Management 75:17 1709.

Fies, M. L., K. M. Puckett, B. LarselBrogdon. 2002. Breeding season movements
and dispersal of northern bobwhites in fragmented habitats of Virginia.
Proceedings of the National Quail Symposium 4i173.

Forman, R. T. T. 1998. Pine barrens: estesyn and landscape. Rutgers University
Press, New Brunswick, New Jersey, USA.

Gelman, A., 2006. Prior distributions for variance parameters in hierarchical models.
Bayesian Analysis 1:51534.

Gelman, A., J. B. Carlin, H. S. Stern, and D. B. Rubin. 20h4eBian data analysis.
Volume 2. Chapman & Hall/CRC, Boca Raton, Florida, USA.

63



Guthery, F. S. 1997. A philosophy of habitat management for northern bobwhites.
Journal of Wildlife Management 61:2€301.

Guthery, F. S., M. J. Peterson, and R. R. George..2080ility of northern bobwhite
populations. Journal of Wildlife Management 64:6862.

Haines, A. M., F. Hernandez, S. E. Henke, R. L. Bingham. 2009. A method for
determining asymptotes of homa&nge area curves. National Quail
Symposium Proceedings 6318198.

Hanski, 1., and O. E. Gaggiotti. 2004. Ecology, genetics and evolution of
metapopulations. First edition. Academic Press, New York, New York, USA.

Harper, C. A. 2007. Strategies for managing early succession habitat for wildlife.
Weed Technology 2232 937.

Hernandez, F., J. A. Arredono, F. Hernandez, D. G. Hewitt, S. J. DeMaso, and R. L.
Bingham. 2004. Effects of radiotransmitters on body mass, feed consumption,
and energy expenditures of northern bobwhites. Wildlife Society Bulletin
32:394 400.

Heméandez, F., L. A. Brennan, S. J. DeMaso, J. P. Sands, and D. B. Wester. 2013. On
reversing the northern bobwhite population decline: 20 years later. Wildlife
Society Bulletin 37:17i7188.

Janke, A. K., and R. J. Gates. 2013. Home range and habitat setéctmthern
bobwhite coveys in an agricultural landscape. Journal of Wildlife Management
77:405 413.

Janke, A. K., R. J. Gates, T. M. Terhune Il. 2015. Habitat influences northern
bobwhite survival at fine spatiotemporal scales. The Condor 115241

Jones, J. G. 1999. Effects of relocating wild northern bobwhites into managed quail
habitat in middle Tennessee. Thesis, University of Tennessee. Knoxville,
Tennessee, USA.

Kabat, C., and D. R. Thompson, 1963. Wisconsin quail: 18&2, population
dynamics ad habitat management. Wisconsin Conservation Department
Technical Bulletin 30.

Kenward, R. E. 2001. A manual for wildlife radio tagging. Academic Press, London,
United Kingdom.

64



Kéry, M., and M. Schaub. 2012. Bayesian population analysis using WinBUGS: a
hierarchical perspective. Academic Press, Amsterdam, Netherlands.

Knapp, E. E., B. L. Estes, and C. N. Skinner. 2009. Ecological effects of prescribed
fire season: A literature revieand synthesis for managers. U.S. Forest Service
Gener al Techni cal Report PSW GTR 224,

Kuo, L., and B. Mallick. 1998. Variable selection for regression models. Sankhya: The
Indian Journal of Statistics 60B:B51.

Link, W. A., and R J. Barker. 2006. Model weights and the foundations of
multimodel inference. Ecology 87:2628635.

Liu, X., R. M. Whiting, B. S. Mueller, D. S. Parsons, and D. R. Dietz. 2000. Survival
and causes of mortality of relocated and resident northern bobwhEest
Texas. National Quail Symposium Proceedings 4:129.

Liu, X., R. M. Whiting, D. S. Parsons, and D. R. Dietz. 2002. Movement patterns of
resident and relocated northern bobwhites in eastern Texas. National Quail
Symposium Proceedings 5:165 2.

Lohr, M., B. M. Collins, P. M. Castelli, and C. K. Williams. 2011. Life on the edge:
northern bobwhite ecology at the northern periphery of their range. Journal of
Wildlife Management 75:5260.

Long, B., and C. K. Williams. 2011. Midtlantic Regional Issueis Bobwhite
Conservation. Pages 1495 in W. E. Palmer, T. M. Terhune, and D. F.
McKenzie, editors. The National Bobwhite Conservation Initiative: a range
wide plan for recovering bobwhites. National Bobwhite Technical Committee
Technical Publication, ve®.0, Knoxville, TN.

Loveless, C. M. 1958. The mobility and composition of bobwhite quail populations in
south Florida. Florida Game and Fresh Water Fish Commission Technical
Bulletin 4, Tallahassee.

Lunsford, K. D., P. E. Howell, T. B. Roberts, T. M. figne Il, J. A. Martin. 20109.

/

Survival and growth of northern bobwhi't

of Wildlife Management. 83:1326.335.

Macaluso, W., C. K. Williams, and T. Terhune. 2017. Testing northern bobwhite
reintroduction techniques in tm®rthern edge of their range. Proceedings of
the National Quail Symposium 8:1i7E3.

6%



Manly, B. F. J., L. L. McDonald, and D. L. Thomas. 2002. Resource selection by
animals: statistical design and analysis for field studies. Chapman and Hall,
London, Unitel Kingdom.

Martin, J. A., R. D. Applegate, T. V. Dailey, M. Downey, B. Emmerich, F.
Hernandez, M. M. McConnell, K. S. Reyna, D. Rollins, R. E. Ruzicka, and T.
M. Terhune II. 2017. Translocation as a population restoration technique for
northern bobwhitesa review and synthesis. National Quail Symposium
Proceedings 81116.

Maryland Department of Planning. 2010. Maryland land use land cover: county land
use land cover 2010. <https://data.imap.maryland.gov/datasets/maaaind
useland-covercountyland-useland-cover2010>. Accessed 5 August 2019.

McCarthy, K. P., R. J. Fletcher Jr., C. T. Rota, and R. L. Hutto. 2012. Predicting
species distributions from samples collected along roadsides. Conservation
Biology 26:68 77.

McGrath, D., T. M. I. Terhune, andA. Martin. 2017. Northern bobwhite habitat use
in a food subsidized pyric landscape. Journal of Wildlife Management 81:919
927.

National Bobwhite Conservation Initiative [NBCI]. 2015. D.F. McKenzie, T.V.
Dailey, T.M. Franklin, J.L. Hodges, S.A. Chapman,cdh J . G. Doty. NBC
bobwhite almanac, state of the bobwhite 2015. National Bobwhite Technical
Committee Technical Publication, Knoxville, TN. 56 pp.

National Bobwhite Conservation Initiative [NBCI]. 2019. Position Statement and
Guidelines for Interstaterénslocation of Wild Northern Bobwhites.
<https://bringbackbobwhites.org/download/bobwitienslocation
guidelines>. Accessed 5 August 2019.

National Bobwhite Technical Committee [NBTC]. 2011. The national bobwhite
conservation initiative: a rangeide plan for recovering bobwhites. W. E.
Palmer, T. M. Terhune, and D. F. McKenzie, editors. National Bobwhite
Technical Committee Technical Publication, Version 2.0. Knoxville,
Tennessee, USA.

New Jersey Department of Environmental Protection, Office of Infitom&esources
Management, Bureau of Geographic Information Systems. 2015. Land
Use/Land Cover. <https://www.nj.gov/dep/gis/lulc12c.html>. Accessed 5
August 2019.

66



Nudds, T. D. 1977. Quantifying the vegetative structure of wildlife cover. Wildlife
Society Rilletin 5:113 117.

Office of the New Jersey State Climatologist. 2019. The climate of New Jersey.
<https://climate.rutgers.edu/stateclim/>. Accessed 5 August 2019.

Pal mer , W. E. , and D. C. Si sson. 2017. Tal
handbook. TalTimbers Press, Tallahassee, Florida, USA.

Palmer, W. E., and S. D. Wellendorf. 2007. Effect of radiotransmitters on northern
bobwhite annual survival. Journal of Wildlife Management 71:12387.

Peters, D. C., J. M. Brooke, E. P. Tanner, A. M. UngeD.Keyser, C. A. Harper, J.
D. Clark, and J. J. Morgan. 2015. Impact of experimental habitat manipulation
on northern bobwhite survival. The Journal of Wildlife Management 79:605
617.

Peterson, M. J., X. B. Wu, and P. Rho. 2002. Rangewide trends in ¢éasuaidis
northern bobwhite abundance: an exploratory analysis. National Quail
Symposium Proceedings 5i381.

Phillips, S. J., M. Dudik, J. Elith, C. H. Graham, A. Lehmann, J. Leathwick, and S.
Ferrier. 2009. Sample selection bias and presenbedistribution models:
implications for background and pseualosence data. Ecological Applications
19:181197.

R Core Team. 2013. R: a language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria.

Rhodehamel, E. 1998. Geology of the pine barrens of New Jersey. Pagé&® 30
R. T. T. Forman, editor. Pine barrens: ecosystem and landscape. Second
edition. Rutgers University Press, Princeton, New Jersey, USA.

Riddle, J. R., C. E. Moorman, and K. H. Pollock. 2008. inty@ortance of habitat
shape and landscape context to northern bobwhite populations. Journal of
Wildlife Management 72:1376.382.

Riffell, S., D. Scognamillo, and L. W. Burger. 2008. Effects of the conservation
reserve program on northern bobwhite andgjaasl birds. Environmental
Monitoring and Assessment 146:3323.

Rosche, S. B., C. E. Moorman, K. Pacifici, J. G. Jones, and C. S. DePerno. 2019.
Northern bobwhite breeding season habit
woodland. The Journal of Wildlif®lanagement 83:1226236.

67



Roseberry, J. L., and S.D. Sudkamp. 1998. Assessing the suitability of landscapes for
northern bobwhite. Journal of Wil dlife

Rosene, W. 1969. The bobwhite quail: its life and management. Rutgers University
Press, New Brunswick, New Jersey, USA.

Royle, J. A., and R. M. Dorazio 2008. Hierarchical modeling and inference in
ecology: the analysis of data from populations, metapopulations, and
communities. Academic Press, Burlington, Massachusetts, USA.

SandercockB. K., W. E. Jensen, C. K. Williams, and R. D. Applegate. 2008.
Demographic sensitivity of population change in northern bobwhite. Journal of
Wildlife Management 72:971®82.

Sauer, J. R., D. K. Niven, J. E. Hines, D. J. Ziolkowski, Jr, K. L. PardieEk, J.
Fallon, and W. A. Link. 2017. The North American Breeding Bird Survey,
Results and Analysis 1968015. USGS Patuxent Wildlife Research Center,
Laurel, MD.

Scott, J. L., F. Hernandez, L. A. Brennan, B. M. Ballard, M. Janis, and N. D. Forrester.
2013. Population demographics of translocated northern bobwhite on
fragmented habitat. Wildlife Society Bulletin 37:1836.

Seaman, D. E., and R. A. Powell. 1996. An evaluation of the accuracy of kernel
density estimators for home range analysis. Ecology 77i2085.

Seaman, D. E., J. J. Millspaugh, B. J. Kernohan, G. C. Brundige, K. J. Raedeke, and
R. A. Gitzen. 1999. Effects of sample size on kernel home range estimates.
Journal of Wildlife Management 63:73P47.

Singh, A., T. C. Hines, J. A. Hostetler, H. Fréteal, and M. K. Oli. 2011. Patterns of
space and habitat use by northern bobwhites in South Florida, USA. European
Journal of Wildlife Research 57:126.

Sisson, D. C., T. M. Terhune, H. L. Stribling, J. F. Sholar, and S. D. Mitchell. 2009.
Survival andcauses for mortality for northern bobwhites in the southeastern
USA. National Quail Symposium Proceedings 614&/8.

Sisson, D. C., W. E. Palmer, T. M. Terhune, and R. E. Thackston. 2012. Development
and implementation of a successful northern bobwhiteskoaation program in
Georgia. National Quail Symposium Proceedings 7:289.

68



Sisson, D. C., T. M. Terhune II, W. E. Palmer, and R. E. Thackston. 2017.
Contributions of translocation to northern bobwhite population recovery.
National Quail Symposium Proeeings 8:151159.

Smith, D. H. V., S. J. Converse, K. W. Gibson, A. Moehrenschlager, W. A. Link, G.
H. Olsen, et al. 2011. Decision analysis for conservation breeding: maximizing
production for reintroduction of whooping cranes. Journal of Wildlife
Managenent 75:501508.

Smith, G. F., F. E. Kellogg, D. L. Doster, and E. E. Provost. 1982 .-ye&0 study of
bobwhite quail movement patterns. Proceedings of the National Quail
Symposium 2:3644.

Sparks, J. C., R. E. Masters, D. M. Engle, M. W. Palmer, and Bukenhofer. 1998.
Effects of | ate growing season and | at e
herbaceous vegetation in restored pine grassland communities. Journal of
Vegetation Science 9:1BB42.

Stoddard, H. L. 1931. The bobwhite quail: its habits, pxagemn and increase.
Charles Scribnerdés Sons, New Yor k, New

Su, Y., and M. Yajima. 2015. Using R to run 'JAGS'.

Taylor, J. D. I, and L. W. Burger, Jr. 2000. Habitat use by breeding northern
bobwhites in managed oftkld habitats in MississippiNational Qualil
Symposium Proceedings 415.

Terhune, T. M., D. C. Sisson, H. L. Stribling, and J. P. Carroll. 2086me range,
movement, and site fidelity of translocated northern bobwhite (Colinus
virginianus) in southwest Georgia, USA. European daluof Wildlife
Research 52:11924.

Terhune, T. M., D. C. Sisson, and H. L. Stribling. 200Bhe efficacy of relocating
wild northern bobwhites prior to breeding season. Journal of Wildlife
Management 70:91921.

Terhune, T. M., D. C. Sisson, J. B. Graadd H. L. Stribling. 2007. Factors
influencing survival of radiotagged and banded northern bobwhites in Georgia.
Journal of Wildlife Management 71:1288297.

Terhune, T. M., D. C. Sisson, W. E. Palmer, B. C. Faircloth, H. L. Stribling, and J. P.
Carroll. 2010. Translocation to a fragmented landscape: Survival, movement,
and site fidelity of northern bobwhites. Ecological Applications 20:10862.

69



Veech, J. A. 2006. Increasing and declining populations of northern bobwhites inhabit
different types of lanstapes. Journal of Wildlife Management 70i%230.

Warton, D., and G. Aarts. 2013. Advancing our thinking in presenteand used
available analysis. Journal of Animal Ecology 82:T1PE34.

White, G. C., and R. A. Garrott. 1990. Analysisnoidlife radio-tracking data.
Academic Press, San Diego, California, USA.

Williams, C. K., B. K. Sandercock, B. M. Collins, M. Lohr, and P. M. Castelli. 2012.
A Mid-Atlantic and a national population model of northern bobwhite
demographic sensitivity. Preedings of the National Quail Symposium 7163
172.

World Pheasant Association and IUCN/SSGCiReoduction Specialist Group, editors.
2009. Guidelines for the reintroduction of Galliformes for conservation
purposes. Gland, Switzerland: IUCN and Newcaglen-Tyne, United
Kingdom: World Pheasant Association.

Worton, B. J. 1989. Kernel methods for estimating the utilization distribution in-home
range studies. Ecology 70:1i6468.

7C



Chapter 3

HANDICAPPED FOUNDER EFFECT REDUCES THE EFFICACY OF LONG-
DISTANCE TRANSLOCATION FOR NORTHERN BOBWHITE

Abstract

Northern bobwhit¢Colinus virginianu¥ have become regiornglextirpated from the
northern portion of their range. Translocation remains a promising population
restoration technique; however, repopulating stonales near the northern periphery
of their range via longlistance translocation may require firmming of certain

methods that have proven successful in other regions, due to differences in
environmental conditions and extended handling tirhdescibed and herein

evaluated the handicappé&alinder hypothesis to determine if northern bobwhite nest
production, nest success, and fecundity following translocation was stunted by high
postrelease mortality, a truncated breeding season, and highmasama predator
abundances at release sites in the-Midntic region.l translocated 508 radio

collared northern bobwhites from northern Florida and southern Georgia to four sites
on the eastern shore of Maryland and southern New Jersey, USA. Northern bsbwhit
were monitored via raditelemetry from ~1 April through 30 September, 2018,

at a frequency ofiZ times/weekl found support for the handicapptalinder

hypothesis with regard to nest production, nest success, and overall fecundity. The
sitespe¢ f i ¢ proportion of translocated hens t
(SE = 0.048) to 0.500 (SE = 0.158) nests/hen. Nest daily survival rate (DSR) was

lower at the New Jersey sites than the Maryland sites, witlsfs#eific DSR ranging
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from 0.878 85% Crl = [0.820, 0.931]) to 0.972 (85% Crl = [0.947, 0.991]). The

highest estimated fecundity estimate across all sites and years was 3.23 (85% Crl =
[2.70, 3.84]) female chicks per translocated adult female. Overall, nest production was
stunted due to gh postrelease adult mortality and the truncated nesting season

typical of northern latitudes. Adjusting translocation stocking density rate (birds/ha)
and release timing may maximize the number of birds alive during the peak of nesting
season. Nest DSRasg likely low as a result of inflated mesmmmal densities and a

lack of consistent predator control, which has previously been shown to impact
reproductive success when applied in other parts of the northern bobwhite range.
Overall fecundity was insuffient to facilitate population growth, which illustrates the
importance of refining and adapting the existing translocation methodology to be
regionally specific. These vital rate estimates and should be used to guide future
translocations within the Midtlantic and provide perspective for this population

restoration technique range wide.

Introduction

Northern Bobwhite Colinus virginianus hereafter, bobwhite[s]) populations have

been experiencing precipitous rangiele declines for more than 50 years,imsbme

of the most dramatic declines occurring in the Mithntic United States (Brennan

1991, Church et al. 1993, Hernandez et al. 2013, Sauer et al. 2017). THisrfang

trend has largely been attributed to loss, degradation, and fragmentation aff habit

over the landscape (Brennan et al. 1991, Church et al. 1993, Roseberry and Sudkamp
1998, Burger 2002, Peterson et al. 2002, Hernandez et al. 2013). TAdlfitic

states constitute the northeastern periphery of the current bobwhite range, a region

where recovery efforts face unique obstacles as population declines far exceed the
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national average (Collins et al. 2009, Duren et al. 2011, Lohr et al. 2011, Williams et
al. 2012). For example, bobwhites in New Jersey and Maryland have declined at an
estimaed rate of 9.5%/year and 11.5%/year, respectively, betweeri 206,

compared to a rangeide decline of 3.5%/year over that time frame (Sauer et al.
2017 Figure 1.). Furthermore, bobwhites are currently considered functionally
extirpated in New Jersgfhanda et al. 2011), West Virginia, and Pennsylvania
(NBCI 2015, Martin et al. 2017). Accordingly, conventional approaches to bobwhite
conservation should be adapted to deal with this unique situation and nascent
population restoration techniques, suclrasslocation, should be tested for efficacy
due to the lack ohAnavailable local source of bobwhite.

The swift decline observed in the M#glantic region is principally due to
urban/ suburban sprawl, the adoedtborders of
and hedgerows), and the interruption of natural disturbance (e.qg., fire) regimes
(Brennan 1991, Roseberry and Sudkamp 1998, Peterson et alB2&d2an and
Kuvlesky 2005 Veech 2006, NBTC 2011, Hernandez et al. 2013). What makes this
region unigie from the perspective of bobwhite conservation is the magnitude of
human development, which has had brogaching impacts on the amount and
connectivity of bobwhite habitat across the landscape (Collins et al. 2009, Duren et al.
2011, Lohr et al. 2011,0ng and Williams 2011). For example, bobwhites in the
Delmarva Peninsula, USA showed a negative association with patch cohesion of
human development and a positive association with patch cohesion of early
successional landcover at the landscape scale(Datral. 2011). Early successional
landcover, however, is limited and highly fragmented across much of the region (Long

and Williams 2011), creating dispersal barriers for bobwhites between usable habitat
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patches and reducing the viability of isolated ydapons (Hanski and Gaggiotti 2004,
Veech 2006). Habitat improvement has been shown to increase bobwhite abundance
in other regions of the United States (Dabbert and Vétbirson 2017, Grahmann et
al. 2017, Green et al. 2017). Additionally, it has béemonstrated that intensive
management on core Afocus areaso can i
preexisting population densities are very low (Morgan et al. 2017). However, due to
their relatively poor dispersal capabilities (Kassinis and Guth@®y, Townsend et
al. 2003), natural repopulation of bobwhites at some locales in thétdtic (i.e.
immigration of individuals from neighboring sources) would likely not occur within
practical timeframes due to severe geographic isolation (Durén2éxld, Long and
Williams 2011), functionallyimpervious dispersal barriers, and declining regional
populations (Sauer et al. 2017). Consequently, recovering populations in these states
will require rigorous efforts, including both conventional methods. (babitat
management) and new techniques such as humealated dispersal (Chanda et al.
2011, Lohr et al. 2011, Long and Williams 2011).

Translocation to sites that have undergone intensive habitat management is a
promising population restoration techue (Terhune et al. 20662006, 2010, Sisson
et al. 2012, Sisson et al. 2017, Lunsford et al. 2019), though there remains uncertainty
in its broad applicability and the limiting factors of success (Liu et al. 2000, 2002,
Scott et al. 203, Downey et al2017, Martin et al. 2017). The operational definition
of a successful bobwhite translocation
reaches the prescribed population goal in 10 years [i.e., 800 bird minimum sensu
Guthery et al. (2000)]andsiad i zes (& = 1)0 (Martin et

ultimate objective, site fidelity and survival of founders, as well as reproductive output
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in the months immediately following a translocation must occur at rates sufficient to
achieve populatiogrowth (World Pheasant Association and IUCN/SSC 2009, Martin
et al. 2017). Translocation timing aims specifically to leverage the high reproductive
potential of bobwhite while recognizing their low natural survival rate (Terhune et al.
2006, Sisson et aR012). Consequently, research that provides estimates of
population vital rates are critical to evaluating the overall efficacy of translocation
across the speciesd range (Martin et al
bobwhite translocation, hower, is lacking studies that (a) have replication within
years; (b) evaluate longjstance (>250 miles) movement of birds from the source to
the recipient sites; or, (c) occur in the MAdantic region. Additionally, there remains
a desire to understanchywsome bobwhite translocations have failed and how current
translocation methodology can adapt to novel scenarios for-weidgerecovery.

| propose and herein evaluate a new hypothesis, termed the Handicapped
Founder Hypothesis (HFH), in the context oblwhite translocation. The HFH is a
formalization of the concept that translocations often fail due to shortcomings in
translocation methodology, whether that be handling, transport, and release protocols
or inadequate environmental conditions at reledss. SSuch shortcomings
functionally handicap founder individuals to a degree beyond their threshold to
recolonize and proliferate. Bobwhite translocations, for which success (i.e. population
growth) is directly linked to reproduction during the initial mtiws following release,
it is expected under the HFH that: 1) breeding season nest production would be
reduced if postelease mortality of adults was high; 2) daily nest survival would be
low if mesemammal densities were high; and thus 3) fecundity wbaldhsufficient

for population growth. Bobwhites are likely more susceptible to predation during the
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critical period immediately following release, given that they are being released within
a novel environment and in the case of laligfance translocatis, have been held

>24 hours. Alternatively, if nest production, survival, and overall fecundity are
sufficient to elicit population growth, then the HFH would be rejected. This research
will aid in modeling future translocation scenarios within the Mtthntic and

contribute to bobwhite conservation range wide, as well as increase the body of

knowledge for improving conservation options for regionally extirpated species.

Study Area

Translocation Sites

| conducted this research on three privately ownedegst@s within the MidAtlantic

Region of the United States, near the northeastern periphery of the current bobwhite

range (Brennan et al. 2014): Pine Island Cranberry Company (Pine Island) in
Burlington County, New Jer sedys, QFSAe;k )T uirnn eKr
County, Maryl and, USA; and Chino Farm in
(Figure2.1). Releases occurred at two distinct sites on Pine Island, Home Farm and

Sim Place, that were separated (~6 km) by Penn State Forest; therefolegfadtota
release sites (Home Farm, Sim Place, Chinc
two states were designated for this study. All properties lie within the Atlantic Coastal

Plain physiographic region, though they differed in landscape compositiaiatqgre

community, and existing bobwhite population prior to translocation. There were no
conspecifics present on Home Farm, Sim Pl ¢
translocations described herein. Chino Farm had a small, but recovering population at

the ime of initial release.
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Pine Island (~6,800 hectares) is a working cranberry farm situated near the
geographic center of the New Jersey Pinelands National Reserve (approximately:
39.740° N, 74.500° WiFigure2.2), a ~445,00thectare forest characterizby pine
oak and pinescrub uplands transected by Atlantic white ce@drafnaecyparis
thyoide$ swamps and emergent wetlands (Forman 1998). The landscape within a 15
km dissolved buffer around Home Farm and Sim Place is: 68% forested, 24% wetland,
5% urbanguburban, 1% agriculture, 1% barren land, and 1% open water (New Jersey
Department of Environmental Protection 2015). The mean temperature in southern
New Jersey ranges from 0. 17 in January t
annual precipitation of 1143 cm (Office of the New Jersey State Climatologist
2019). The topography is principally low relief, gently rolling hills composed
predominately of acidic sandy soils (Rhodehamel 1998). The dominant canopy species
include pitch pineR. rigida) and shortlaf pine P. echinatd, with scattered black oak
(Q. veluting, white oak Q. alba, chestnut oak@. montang post oak Q. stellatg,
and scarlet oak. coccineq The understory is generally composedsofub oaks,
including dwarf oak @. prinoide$, bear oak@. ilicifolia), and chinquapin oaky.
muehlenberg); ericaceous shrubs, including northern highbush blueb€agcinium
corymbosur) lowbush blueberrn\{. pallidunj, and black hucklebernGaylussacia
baccatg; and Pine Barren golden heathEu¢isonia ericoides In areas where fire or
mechanical treatment has been implemented (see below), nativewarssional
groundcover, including little bluesterB¢hizachyrium scopariugswitchgrass
(Panicum virgatun), and bracken ferrPteridiumaquilinum have become

established. Some open areas contain bare substrate (coastal plain sands), as well as
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patches of juniper mosBd@lytrichum juniperinurhand lichens (predominantly
Cladoniaspp.).

Forestry nanagement had historically been limited on Pine Island, and when
implemented it was principally intended for watershed management related to
cranberry production. In 2005, the state of New Jersey approved a forestry
stewardship plan for Pine Island thatluded prescriptions for timber thinning,
burning, and roller chopping in the upland portions of the property supportive of forest
and watershed health. Between 20B®12, dispersed retention cuts with planted pine
regeneration occurred on four adjaceatts (~50 ha each) within the Home Farm
study area. Consequently, during the study period these tracts were largely dense
young pine thickets, with scattered small patches of open scrub. Timber thinning
occurred across ~155 ha of Home Farm to a basabared 16 m2/ha. The
surrounding area was mature exsged forests of uncut (18+ m2/ha) mixed species
pine P. rigidaandP. echinaty. Home Farm was fringed by agricultural fields, lakes,
and impounded cranberry bogs. The Sim Place release site wasdeamter 15
hectare grassland and surrounded by uncut mature pine to the north and expansive
cranberry bogs in the remaining three directions. A network of narrow canals (<10 m
wide) transected the Sim Place study area, with the most cembedled canal
running parallel to an abandoned bare ground airstrip. Additionally, both Home Farm
and Sim Place had various sizedi(8ha) exposed substrate sandpits used for
cranberry bog maintenance.

The assemblage of bobwhite predators at Pine Island was simdagasites.
Common raptor s i nActipiter eooperd sharpshirined hdriaw k  (

striatug, redtailed hawk Buteo jamaicens)jsredshouldered hawkH. lineatus,
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northern harrierQircus cyaneus barred owl §trix Varia), and greahorned ow

(Bubo virginianuy Common mammalian predators or nest predators include coyote
(Canis latran$, Virginia opossumBidelphis marsupialis striped skunkNephitis
mephitig, raccoon Procyon lotoj, longtailed weaselNlustela frenaty, gray fox
(Urocyoncinereoargenteysand red foxVulpes fulvg. Snake species include
northern black raceiQoluber constrictoy, corn snakeRantherophis guttafa black

rat snakeR. obsoletuf timber rattlesnaked. horridug, and northern pine snake
(Pituophis melanieucus.

Chino Farm is 2,200ectares of mixed grassland and rotational cropland near
Chestertown, Maryland (approximately: 39.2309K,6 . 01 0A W) and Turne
is a 304hectare rotational crop farm with native grassland buffers near Kennedyville,
Maryland (approximately: 39.345° W75.955° W;Figure2.3). The landscape within
al’km di ssolved buffer around Chino Farm ar
19% forested, 14% open water, 8% urban/suburban, and 1% wetland (Maryland
Department of Planng 2010). Crop fields over this landscape are planted primarily
with corn Zea mayyg soybeansGlycine mak, and wheatTriticum aestivun Forest
canopy species are predominantly oQki¢rcusspp), hickory Caryaspp.), tulip
poplar Liriodendron tulipiferg, Virginia pine . virginiang, and loblolly pine (B.
Common understory and edge species are multiflora Rssa(multiflord, greenbriar
(Smilaxspp.), and Russian oliv&keagnus angustifollJaCommon gasses include
broomsedgeAndropogon virginicus big bluestemA. gerard), and orchard grass
(Dactylis glomerata Raptor and mammalian species at these two sites were generally

the same as those found at Pine Island (see above); however, northenakése s
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(Pituophis melanoleucysind timber rattlesnake€otalus horridu are notably

absent.

Source Sites

Private properties in Leon County and Jefferson County, Florida and Thomas County,

Georgia, USA were used as source sites for wild bobwhites. Tt @iroperties,

Tall Timbers and Dixie Plantation, were owned and operated by Tall Timbers

Research Station and Land Conservancy. These forested properties lie within the Red

Hills geomorphic region, near the southwestern most extent of the Atlanti@aCoast

Plain physiographic province. Landowners of each property have implemented

intensive wild quail management for several decades, resulting in relatively high

density bobwhite populations (e.g., >2.5 birds/ha; Sisson et al. 2012, Sisson et al.

2017). Mangement programs typically emphasize frequent fire applicatiotyéa8

fire-return interval) and low timber density {2L5 nt/ha) to promote and sustain

early-seral stage groundcover vegetation communities (Palmer and Sisson 2017).
These properties wergipcipally old field pine forests, characteristic of the

Red Hills landscape. Common canopy species included longleaffimes(

palustrig, shortleaf pine, slash pinB.(elliottii), and loblolly pine, with scattered

southern live oakQuercus virginiangand turkey oak@. laevig. Midstory scrub

species included black cherfgr(inus seroting scrub oakQuercusspp.), sassafras

(Sassafras albidujpncommon persimmorDjospyros virginiang, and gallberryl{ex

glabra). Understory vegetation was predommitig broomsedge and other warm

season grasseArfdropogorspp.), bracken fern, wingeslimac Rhus copallinur))

blackberry Rubusspp.), goldenrodSolidagospp.), and partridge pea.
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As a result of historic intensive quail management, tpesgerties contained
adequate habitat to sustain a variety of wildlife populations, including those of natural
bobwhite predators. Common rshiméddharksred ncl ude
tailed hawk, reeshouldered hawk, northern harrier, barred @nlj greatiorned owl.
Common mammalian predators include armadillagypus novemcinctysobcat
(Lynx rufug, coyote, raccoon, gray fox, Virginia opossum, and red fox. Snake species
include black racer, corn snake, gray rat sn&kesfjiloide$, eastermat snake
(Antherophis alleghaniengiseastern diamondbac&iotalus adamante)s

coachwhip Masticophis flagellurpy and pine snake.
Methods

Capture and Handling

It ransl ocated bobwhites (n O 120) to Home
Chino Farm fo 4 consecutive years (201218), but due to logistical constraints

Chino Farm was removed as a translocation site after year 1. For each site ahd year,
translocated bobwhites at a ~1:1 sex ratio. Due to the known logistical constraints
associated wittong-distance bobwhite translocation (see Downey et al. 20h73de

an effort to maximize the synchrony of trapping and translocdtimecused capture

timing to the period immediately preceding covey break up (Terhune et ab)2666
determined fronfield observations of bobwhite behavior on source sites, so that larger
groups of bobwhites could be captured. Trapping principally occurred from late March
through early April. By increasing capture efficientyhereby aimed to reduce the

number of traslocation trips within a given year. Additionally, this fimeeding
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period avoids interruption of reproductive behavior (e.g., nesting) and capitalizes on
the high reproductive potential of bobwhite (Terhune et al. 2010, Sisson et al. 2012).

| captured bbwhites on source sites using baited (e.g., grain sorghum and
cracked corn) standard waitk funnel traps (Stoddard 1931)placed traps in areas of
dense cover and/or sheltered with brush to limit stress on captured birds and to conceal
traps from predats.| attached unique aluminum leg bands (National Band and Tag
Company, Newport, KY, USA) to all captured bobwhites and classified them by age
(adult or juvenile) and sex (male or female, based on plumage), following Rosene
(1969).1 weighedbobwhites and affixed 6(F.0 g very high frequency (VHF)
pendaristyle transmitters (Holohil Systems Ltd., Ontario, Canada) to both males and
femal es weighing 0132 g (transmitter O5%
achieved. This weight limit andansmitter style is common in contemporary
bobwhite translocation research (Terhune et al. 2010, Scott et 8].20dney et al.
2017) and has been shown to not influence physiology (in captive birds; Hernandez et
al. 2004) or survival (in wild birds; Baer and Wellendorf 2007, Terhune et al. 2007).
| placed captured bobwhites into transport boxes in groups that did not necessarily
reflect covey membership at the time of capture. In some instdra@spined partial
coveys from different traps to fornomplete coveys {82 bobwhites) as capture
success dictated. A small amount of feed was provided in transport boxes for
consumption during transit.spread supplemental feed at release sites immediately
prior to and after release to mitigate any streaseqal on birds during transport and
limit any immediate dispersal from release sites.

Translocations occurred over a ~86ur (2 night) period via motor vehicle.

The straighdine translocation distance was ~1,340 km to Pine Island (~1,600 km
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drivenpathad ~1, 220 km to Chino Farm and Turne
path).l released bobwhites at centralized core locations on translocation properties

using a hard release methodology (Martin et al. 2017). In 2016, low trapping success

forced multiple traniscations over eight days (1 Apr8 Apr) and one covey was held

an additional night to be translocated with additional bobwhites captured the following

day. In all other years, translocations occurred in < 3 days. Trapping, handling, and

marking procedue f ol | owed American Ornithologists
on the Use of Wi ld Birds in Reseamgh (Amer
protocol was approved by the University of Delaware Institutional Animal Care and

Use Committee (AUP #1278).

Rado Telemetry

| located bobwhitesiZ times per week during the paslease breeding season (~1
Apri 30 Sep) using a VHF telemetry receiver and tigleenent Yagi antenna
(Advanced Telemetry Systems, Inc., Isanti, MN, USA) via the homing method (White
andGarrott 1990)1 approached individuals to P50 m to limit location error and
recorded location on a customized sngrbne application with highesolution,

spatially referenced (UTM zone 18N) aerial imagery. If a mortality was suspécted,
approachedhe location to evaluate the mortality cause using diagnostic sign (Dumke
and Pils 1973, Curtis et al. 1993). If a signal was lost between locations, the search
radius was expanded and a vehitleunted omnidirectional rooftop antenna
(Advanced Telemetry Syems, Isanti, MN, USA) was used during systematic surveys
within a 10 km radius. After a few initial intensive searchegadually reduced the

frequency of searches and ceased searched after 14 days.

83



| assumed a bobwhite was incubating a nest if fotitideasame location on 2
consecutive days (Burger et al. 1995, Taylor et al. 1998arked the location with
flagging tape several meters away to avoid disrupting potential incubation and
approached the nest once the incubating individual left the doc@urger et al.
1995). The status of the nest was recorded, and number of eggs were counted. In 2016,
nests at Sim Place and Home Farm were monitored using two rsetisitive HC500
Hyperfire semicovert field cameras (Reconyx, Holmen, WI, USA), sebothn
motion activation and orminuteinterval time lapse for redundancy. The first camera
was placed 1 m away at an oblique angle to the nest bowl opening, minimizing the
chance of nest abandonment (Staller et al. 2005). The second camera was placed 2 m
from the nest opening at an opposing angle to the first camera, thus maximizing the
combined field of view for the two cameras. Nest predators were identified to the
lowest taxonomic level possible from nest camera photographs. In all othel years
used dignostic sign (e.g., nest disruption, egg consumption patterns; see Hernandez et
al. 1997, Fies and Puckett 2000, Staller et al. 2005, Rader et al. 2007) to determine
nest fate. A nest was considered abandoned due to natural causes if incubation was
ceasedor 7 consecutive days and abandoned due to unnatural disturbance if it was
abandoned immediately following an accidental observer flushing event or if some
other human activity near the nest caused it to be abandoned for 7 consecutive days
(Collinsetal2009) . Alternatively, a nest was con
mi ssing and the adult subsequently abandor
egg hatched (Taylor et al. 1999). Nests that were depredated and abandoned due to
natural causes weo®nsidered failed and nests abandoned due to unnatural causes

were excluded from further statistical analyses.
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Vegetation Sampling
From 20162018, nest site microhabitat data was collected at both failed and
successful nest sites (Taylor et al. 1999, |&t&t al. 2005) within one week of nest
termination. Ground cover (relative percentages of bare substrate, grass, forbs, leaf
litter, and woody vegetation below a height of 2 m; components summed to 100%)
and maximum vegetation height (excluding woodytda>2 m) was recorded within a
50 x 50 cm sampling frame (modified from Daubenmire 1959) centered on the nest
bowl. These measurements were repeated 3.5 meters from the nest bowl in each
cardinal direction. The average of these five ground cover andatiegeteight
estimates was used to describe the nest site. Additionally, a polyvinyl chloride visual
obstruction pole (Robel et al. 1970) was placed vertically on the nest bowl and visual
obstruction was measured from 3.5 meters away in each cardinaiodirdde pole
wasdividedintol®& m strata and the | owest stratum
recorded. The average of these four visual obstruction measurements was used to
describe the nest site (Collins et al. 2009).

This microhabitat measurement prodbwas repeated at a paired random point
within the same habitat patch as the nest. The point was a random distance away (10
100 m) along a randomly determined azimuth from the nest (Collins et al. 2009).
Microhabitat data was collected the same as atékg except that groundcover and
vegetation height was only recorded at the four cardinal directions from the center of
the random point. Consequently, groundcover and visual obstruction at each random

point was the average of four, rather than fivegltoteasurements.
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Predator Index

| established predator scestations during 20142018 at all four sites to estimate
mammalian predator indices. Scetdtion surveys are widely used in wildlife science
(e.g., Wood 1959, Linhart and Knowlton 1975, Best ¥fidting 1990, Diefenback et

al. 1994, EllisFelege et al. 2010) and have been applied in bobwhite research and
management to determine the relative abundance and activity of common nest (and
adult) predators (Stoddard 1931, Rollins and Carroll 2001 eBttllal. 2005, Jackson
2018, Palmer et al. 2019)conducted scent station surveys during the first 2 weeks of
October, over a-flay period without rainfalll. visited scent stations each morning of

the survey and identified individual predators to spetevel using footprints. A scent
station consisted of arh ring of mineratreated sand with a single fatty acid scent
tablet (USDA Pocatello Supply Depot, Pocatello, ID, USA) placed at the center
(Linhart and Knowlton 1975).placed scent stations alg roads and other linear

features (firebreaks, hedgerows, etc.) at a rate of approximately 1 station/25 ha. Thus,
the number of scent stations varied<7i 19) by site. Between survey nights, after
recording predator footprints, the substrate was ermsgdgain leveled. The index

was calculated as the number of predators observed divided by the number-of scent
station nights, ranging from 0O to B (Jacks

crude estimate aklativepredator density and activity stdardized across all sites.

Statistical Analysis

| used generalized linear models to estimate nest daily survival rate (DSR), following

Aebi scher (1999)06s | ogistic regression apfg
and fate dates were known. Logistagression offers flexibility in modeling to

account for temporal variation in explanatory variables, as well as a robust method to
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include continuous individual covariates (Dinsmore et al. 2002, Shaffer 2004, Arnold
et al. 2012). DSR was estimated follogy the general process model
wp swp* " AOT Tad ¢ FE
wherewy is a binary indicator of whether nesturvived the timéntervalt+1 (i.e.
the day); thuspp p if the nest survived the interval adg mtif it did not,
given the nest was alive the preceding day ( p). | modeleds ; as a function of
fixed group and time effects:
1T GEO " h
wherer is the effect of groug of nesti and’ are the fixed time effects. Groups
modeled as fixed effects were release site (Chino Farm, Home Farm, Sim Place, and
Turner 6s Cr é20k8), incubaten@hird sex2(rhale mr female), age
(juvenile or adult), and nest type (initial negeatpt or second attempt) based on the
following justifications:
1. Site. Translocations occurred at four sites within two-®itntic states:
Home Farm and Sim Place in New Jersey,
in Maryland. Differences in DSR betweenaate sites may be due to nest
predator density and/or community composition. Mesomammal predator
indices were collected, but the protocol notably did not include snakes, which
are prodigious nest predators in some areas (Stoddard 1931, DeVos and
Mueller 193, Burger et al. 1995b, Puckett et al. 1995, Staller et al. 2005). In
addition to predator densities, differences in alternative prey densities among
sites may elicit a functional response in (i.e. buffer) bobwhite nest DSR. Site

effects may in part be ishen by the differing landscapes within which the sites
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are located (forested [New Jersey] vs. agricultural [Marylahdiypothesized

that DSR would vary across the four release properties.

. Year. Nest survival may vary annually due for many reasonsidimg)

weather or interannual fluctuations in nest predator densities or the availability
of food or cover resources on individual sites. The inclusion of year effects
(2015 2018) aimed to account for such variation.

. Sex. Either the male or female bobwtlofea nesting pair will incubate the nest
from initiation through completion, typically without sharing this duty. Males
and females may have behavioral, morphological, or physiological differences
(e.g., tending behavior, incubation break timing and/ajueacy, plumage
camouflage) that would result in one sex being more conspicuous to potential
nest predators. Additionally, in reintroductidnam able to manipulate sex

ratios during the capture process. Therefore, variability in nest survival due to
sexmay be important for translocation planning purposes.

. Age. Older birds (those that have experienced a nesting season previously)
may show higher nest survival, though the evidence for this in translocation
research has been limited and weak (e.g., TerB0@8).l hypothesized that

adult birds would tend to have higher nest success than juvenitladsitp

birds.

. Nest typel delineated nests as either initial nest attempts (first nest of the
season) or second nest attempts (renest and double brood sittempt

combined renest attempts and double brood attempts due the low frequency (
= 1) of double broods observed. Previous research has shown that survival

rates between nest types is similar (Burger et al. 1995, Terhune 2008);
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however,| included this pameter to account for unfamiliarity of translocation

sites potentially reducing survival of initial nest attempts.

| included the fixed time effect of Julian day to account for fluctuations in DSR
over the season, given that nest predator deasdyor behavior may change
throughout the summer (Duca et al. 2019). Nest days were standardized, setting 25
May as day 1 (earliest nest discovered for the entire study period) and numbering the
remaining nest sequentially thereafter until day 110 (12. $@morporated corner
constraints for fixed effects during modeling procedures so that this explicitly
overparametrized model was estimable for all parameters (Ntzoufras 2009, Kéry 2010,
Kéry and Shaub 2012).

Nest site vegetation covariates were modébechests in 20162018, since
these data were not collected in 20ll8sed the same process model, with the
following adjustment for the linear predictor:

ITGEO * g oy

wherer is the vector of regression coefficients ands the veadr of covariates.
Vegetation covariatedsmodeled as fixed effects were percent groundcover as forbs,
grass, woody, and bare substrate, as well as maximum vegetation height (for
vegetation <2 m) and horizontal visual obstruction (Robel pole reading);weese
modeled as both linear and quadratic effdctsandardized all covariates by centering
on a mean of 0 and standard deviation of-tgmsformation), to improve model
convergence (Kéry 2010) and interpretability (Schielzeth 2013edP e ar son 6 s
correlation tests to assess the degree of collinearity of model parameters and assure no

two parameters had |r| > 0.7 (Zar 2010).
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| ran models using the R2JAGS package (Su and Yajima 2015) in R version
3.6 (R Core Team 2019)specified vague,armal priors with a mean of zero and
precision of 0.001 for overall intercept and all fixed effects (Royle and Dozario 2008,
Kery and Shaub 2012) estimated posterior distributions using Markov chain Monte
Carlo (MCMC) methods with 3 independent chaumsning 50,000 iterations,
discarding the first 30,000 and saving every fifth iteration thereaféssessed
convergence via visual inspection of trace plots and further defined adequate
convergence as GelmagRubin convergence statistic¥ < 1.1 (Gelma et al. 2014).
Regression coefficients whose 85% credible intervals (Crl) overlapped 0 were

interpreted as uninformative.

Results

During 201% 2018, translocated female northern bobwhites 239) incubated 53

nests and male bobwhitas£ 269) incubate@7 nests. Two nests were abandoned,
likely as a result of human disturbance. Clutch sizes were unknown for 9 nests, that
were either depredated € 6) or hatchedn(= 3) prior to collecting an egg count. All

nests were attributable to raetiollared femad bobwhites given the lack of uncollared

conspecifics at all but one release site, making nest production and fecundity estimates

valid using both female and male incubated nests. Initiation of nest incubation was
relatively late at all site@-igure 31), with the earliest observed nest incubation start
being Julian day 145 (25 May) in 2017,
start date for initial nests occurred at Julian day 166.46 (Crl = [158.34, 174.69]) at
Chino Farm, 176.77 at Home Farm (€r]169.54, 184.12]), 178.98 at Sim Place (Crl

0b s

= [168. 47, 189.81]) , and 196.39 at Turner ¢
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Predator indices differed among translocation sites, generally being higher at
the Maryl and sites ( ChiiculburalfaadscapeptmatheT ur ner ¢
New Jersey sites (Home Farm and Sim Place; forested landscape) @2yubeross
years, the lowest visitation rate was observed at Sim Place in 2015 (0.158; Crl =
[0.104, 0.241]) and the highest visitation rate was obseaav&dino Farm in 2016
(1.016; Crl =[0.911, 1.134]). Species composition differed between the two release
landscapes, with coyotes present only at Home Farm and Sim Place. Raccoons and red
fox constituted a greater proportion of visits at Chino Farm (&&= 0.03) and
Turnerodés Creek (0.65; SD = 0.13), the two
Home Farm (0.32; SD = 0.22) and Sim Place (0.42; SD = 0.17). No directional change
in predator index was apparent during the survey period (e.g., systdedine or
increase) and annual estimates fluctuated. However, the mammalian predator
visitation rate increased by >230% bet weer
prior to and following the first translocation onto the property.

DSR varied amongtes and across years, ranging from 0.732 (Crl = [0.562,
0.881],n=4) at Home Farm in 2016 t0 0.985 (Crl =[0.961,0.989, 4) at Tur ne!
Creek in 2016 (Tabl8.1). Across years, DSR tended to be lower at the New Jersey
sites, than the Maryland siteSpecifically, DSR was 0.878 (Crl = [0.820, 0.931}

14) and 0.932 (Crl =[0.912, 0.951]= 32) at Home Farm and Sim Place,

respectively, compared to 0.972 (Crl = [0.947, 0.98H,6) and 0. 966 (Crl =[0.943,
0.984],n=28)atChinoFarmand Twermr 6 s Cr eek, r3dppxecti vely (
effects models for DSR indicated an effect of incubating bobwhitebsgx€ 01762;

Crl = [T1.322, 10cond2.647;Crlal@d4y7,8.999))t buttny pe (
effect of incubating bobwhite agbaguu= 10@72; Cr |l = [T0.678, 0.6¢E
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higher for second nest attempts (renests and double clutches) than first nest attempts

and slightly higher for females than males. Of the 51 feinalgbated nests with

known fates, 60.8%n(= 31) successfullydnt c hed O1

ofthe27male ncubated nest s

chickn=12yhi | e

hatched O1

chick.

Logit-linear models assessing the influence of nest site characteristics on DSR

indicated that no one parameter was overwhelmingly important in its explanatory

ability, though four parameters had nrpero slope coefficients (Figure3p The most

significant parameter was percent woody groundcover, with which there was a

negative relationship to DSRWpoay= 31. 416 ; Cr |

= l[obsBrveda& 9, 1 1.

similar, but reduced, negative relationship between nest DSR and percent grass

groundcoverffgrass=T 1. 624 ; Cr |

= [13.

1009,

0.192]) .

percent bare ground and DSR was curvilinear cornugu@bare= 2I1016; Crl =

[ T 2. 96 1 ,bpad =10.524,9C0 F [0.202, 0.893]), though the range of values

measured at nests was low for this parameidd.4d) compared to other nest site

characteristics. There was a positive relationship between horizontal visual obstruction

(Robel pole readinggnd DSR frobei = 0.74L; Crl = [0.247, 1.251]).

Nesting rate, renesting rate, nests per hen, and broods per hen varied among

sites and across years, with the lowest of these reproductive parameters observed at

Home Farm and the highest at Chino Farm (@8Ul). Specifically, the proportion of

transl ocated

hens that

produced

O1 nest r

Farm to 0.500 (SE = 0.158) at Chino Farm; intermediate rates were observed at Sime

Pl ace (0.349;

SE = 0.

0 EEP.058)habserVadr ner 6 s Cr

infrequent renesting following a failed initial attempt at both New Jersey sites

compared

t

o

Maryl and
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were 4.76 (odds ratio, SE = 0.137) times more likely to attempt adesst
following failure of the first than bobwhites at Sim Place; no renest attempts were
observed at Home Farm (202917) and the only failed nest at Chino Farm (in 2015)
was followed by a renest attempt. Mean clutch size varied by site and yeangrangi
from 10.9 (Crl = [9.0, 12.8]) at Sim Place in 2016 to 15.4 (Crl = [13.0, 18.0]) at Chino
Farm in 2015.

Overall, fecundity varied among sites and across years, generally being higher
at the Maryland release sites than the New Jersey sites given tlex gosabined
nesting rates, clutch sizes, and nest success (DSR) (Biguréecundity was highest
at Chino Farm in 2015, when an estimated 3.23 (Crl = [2.70, 3.84]) female chicks
were hatched per transl ocated adult f emal e
relatively high for two consecutive years, when an estimated 2.80 (Crl = [2.27, 3.42])
and 3.03 (Crl = [2.70, 3.39]) female chicks were hatched per translocated adult female
in 2016 and 2017, respectively (Figued). Between the New Jersey sites, tighast
fecundity was at Sim Place in 2015, where an estimated 1.28 (Crl =[1.02, 1.61])
female chicks were hatched per translocated adult female. In 2016 at Home Farm and
Sim Place there were no successful nests, which was possibly attributable to

placemenof nest cameras during that year.

Discussion

| found support for the handicappmlinder hypothesis; nest production was stunted
due to high postelease adult mortality and a short nesting season, nest DSR was low
and overall fecundity was insufficietd facilitate population growth, especially at the
New Jersey sites (Home Farm and Sim Place). Poor nest production (nests/hen

translocated) was a direct consequence of both high adult mortality during the first two
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weeks post release (Coppola etimkeview and the truncated breeding season typical
of northern latitudes (Suchy and Munkel 1993, Burger et al. 1995, Collins et al. 2009).
Extensive losses of founder bobwhites immediately following release dramatically
diminished the available breeding ptgdion, effectively reducing the initial stocking
rate density (birds/ha) at each site below what has traditionally been targeted during
successful translocations (see Martin et al. 2017, Sisson et al. 2017). This initial spike
in mortality may be a resutf translocation stress and/or insufficient escape and
refuge cover at release properties. Predator indices were extremely high at all
properties compared to source properties in the Red Hills region (see Jackson et al.
2018, Palmer et al. 2019), resudjim a high rate of nest depredation for the few nests
that were produced. Consequently, fecundity was too low to suppoftdong
population stability, let alone population growth following translocatidy findings
reaffirm the importance of selectimgd intensively managing potential release
properties to maximize the probability of a successful translocaemrs(Martin et
al. 2017). Further research should address theoretical translocation scenarios for the
Mid-Atlantic, specifically focusing omitial stocking rates and translocation timing to
maximize the breeding population and thus improve the probability of success.
Additionally, nutritional supplementation and predator control techniques should be
explored as options, given their known dirgxfluence on adult survival (Buckley et
al. 2015), as well as nest production, nest success, and fecundity (Jackson et al. 2018,
Palmer et al. 2019).

Poor nest production (nests/hen translocated), particularly at Home Farm and
Sim Place, was likely thgrimary limiting factor in overall fecundity. Nest production

Is partially a result of nesting season length and the ability of females to renest

94



following initial attempts, as well as adult survival throughout the breeding season
(Curtis et al. 1993, Bugy et al. 1995). Nesting phenology for bobwhites is roughly
correlated with latitude, where southern states exhibit longer nesting seasons (both
beginning earlier and ending later) than northern states (Brennan et al. 2014). Covey
breakup and pair bondingay begin as early as March and nest incubation typically
occurs between early Apilate September in southern states like Texas and Florida
(Stoddard 1931, Lehman 1946, Simpson 1972, DeVos and Mueller 1993, Terhune
2008). For states near the middle lad#s of the bobwhite range, such as Oklahoma
and Tennessee, nest incubation typically occurs in latei&arily September

(Dimmick 1968, 1971, Cox et al. 2005). For states near the northern periphery of the
current bobwhite range, such as lowa, Missang New Jersey, nest incubation
occurs between late Malate August (Suchy and Munkel 1993, Burger et al. 1995,
Collins 2009) My findings were nearly identical to those observed by Collins (2009),
who reported the earliest nest incubation date as 28 &alya mean incubation start
date for first nests as 20 June in southern New Jersey. Therefore, it is unlikely that
acute translocation stress delayed the onset of pair bonding and nestingtadiies
sites, but ratherfound that nesting phenology feahslocated bobwhites apparently
resynchronized to the region. Given the temperature regimes in thathidic

during the timing of translocation (e.g., early April), coveys are likely remaining
together so that they may communally thermoregulate at sd@es, a salient function

of covey behavior range wide (Gerstell 1939, Case 1973, Williams et al. 2003).
Regardless of the mechanism, however, the truncated nesting season typical in

northern states will require fine tuning of existing translocatiorhougtlogy, which
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was developed for effectiveness in the southeastern U.S. (e.g., Terhune etal. 2006
2006, 2010, Terhune 2008, Sisson et al. 2012, 2017, Martin 2017).

By increasing initial stocking rate density (birds/ha) and/or delaying the timing
of releases] may be able to overcome the issues of high-pgeaise mortality and
delayed covey breakup. For example, nest production pooled across all sites increases
from 0.39 nests/hen to 0.71 nests/hen, when including only those hens alive after 1
May, and to 0.84 nests/hen including only hens alive after 1 June. As such, increasing
stocking density may compensate for low initial survival by allowing a greater number
of founderbirds to reach the start of nesting. Additionally, delaying translocation
timing by several weeks, even perhaps until after 1 May, may serve to increase nest
production by maximizing the breeding population during peak reproduction. There lie
logistical issues in doing this, however, given the circumstance that no local source
sitesare capable of donating bobwhites, and those distant sites that are capable of
absorbing such a loss are asynchronous in nesting phenology with tiAgladitic
(the timing of covey breakup is earlier in the Southeast compared to northern
latitudes). Inded, the current lack of source sites range wide remains a primary
constraint against broadscale application of translocation as a population restoration
technique (Martin et al. 2017). Therefore, along with adjusting stocking rate density
and translocatiotiming (if feasible), improving nest success for those nests that are
initiated is essential if population recovery is expected.

Nest survival differed between the two release landscapes, with nest DSR

being higher at the sites within the agriculturalyminated Eastern Shore of

Maryl and (Chino Farm and Tur n€eamihaedCr e e k)

pinelands of New Jersey (Home Farm and
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Creek, nest success may have been sufficient to elicit population gpratided

chick survival and adult overwinter survival was high enough to compensate for
generally low fecundity. At Home Farm and Sim Place, it is not reasonable to expect
population recovery, given that reproduction did not meet replacement rateguénd a
survival would need to be greater than that which has been documented in a natural
bobwhite population (see Sandercock et al. 2008). Overall, nest DSR and chick
production was more comparable to those translocation studies that did not achieve
subsegant population growth (e.g., Scott et al. 30Downey et al. 2017) than those

that did (e.g., Terhune et al. 2@)&@010, Terhune 2008). Given that nest success is
directly tied to predation pressure, it would seem counterintuitive that nest success was
greater at the two sites with substantially higher mmaamnmal predator indices
(Chino Farm and Turnerds Creek); however,
level of predator control occurred. Previous research has demonstrated that meso
mammal tra@nd removal can increase nest success and overall chick production
compared to sites that do not control predators (Jackson et al. 2018, Palmer et al.
2019). While all sites imy study had predator indices well above the recommended
level for intensive gail managemer(t-0.15; Palmer and Sisson 2017), there still
appeared to be a potential benefit by controlling predator abundances at these sites. In
particular, given the truncated breeding season (3 months in thAtMiatic

compared to 5 months in ti8®utheast) nest survival would need to be higher to foster
fecundity levels yielding population growth. Future research experimentally

evaluating whether cultural practices such as supplemental feeding and predator
control can help to curb mortality ratasd increase fecundity is warranted as well as

potentially reducing stress levels posltease.
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Management Implications

Thisresearch evaluated translocation as a population restoration technique inthe Mid
Atlantic and tested the HFH in the context of bobwhite translocddgrestimates for

nest survival and fecundity at four study sites in New Jersey and Maryland benefit
maragers in those states tasked with modeling population response following
translocation during future recovery efforts. Additionallprovide information

regarding the influence of high predator densities on nest survival and the interplay
between reduceadult postrelease survival and overall reproductive potential within a
breeding season. When using founders from the disparate latitudinal populations,
recommend exploring stocking rate densities (birds/ha) and translocation timing to
better suit nortérn latitudes which require lordjstance trap and transport such that
increasing stocking densities to facilitate higher founder bobwhites are available to
breed. Furthel,recommend integrated predator management programs at release sites
to maximize reroductive output following translocation. Integrated predator
management programs include mesammal trap and removal (e.g., Jackson et al.
2018, Palmer et al. 2019), cover management and improvement, and broadcast
supplemental feeding. Together, theseommendations should reduce the inherent
handicap placed on founder bobwhites, improve both adult survival, and consequently
total reproductive output during the critical breeding season to necessitate population

recovery using translocation.
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TABLES

Table 3.1Reproduction parameters for translocated, rademr k ed nor t hern bobwhites i n Kent
counties (Chino Far m)mand/SmBlacey Nelw JeaseydUSBur | i ngt

Queen Anneods
during 20152018.

Nesting rate  Renesting  Broods per Nests per her Nest Survival

Site (state)  Year Nests 7 gp) rate (SE)  hen (SE) (SE) [85% Crl]
Home Farm (NJ) 2015 6  0.240 (0.085) O 0.120 (0.065) 0.240 (0.085) 0.958[0.925: 0.983]
2016 4 0174(0.079) 0O 0 0.174 (0.079) 0.732 [0.562: 0.881]
2017 4 0182(0.082) 0O 0.091 (0.061) 0.182 (0.082) 0.945 [0.896: 0.981]
Pooled 14 0.200 (0.048) 0 0.071 (0.031) 0.200 (0.048) 0.878 [0.820; 0.931]
Sim Place (NJ) 2015 7  0.467 (0.129) 0 0.200 (0.103) 0.467 (0.129) 0.955 [0.920; 0.982]
2016 8 0.615(0.135) 0 0 0.615 (0.135) 0.868 [0.806: 0.922]
2017 9 0.389 (0.115) 0.400 (0.219) 0.222 (0.098) 0.500 (0.118) 0.952 [0.922: 0.976]
2018 8  0.200(0.063) 0 0.125(0.052) 0.200 (0.063) 0.955 [0.920; 0.982]
Pooled 32  0.349 (0.051) 0.105 (0.070) 0.140 (0.037) 0.372 (0.052) 0.932 [0.912; 0.951]
Tumer's Creek 2015 2 0.125 (0.117) 1,000 (0.000) 0.125 (0.117) 0.250 (0.153) 0.917 [0.829: 0.980]
Farm (MD) 2016 4 0444 (0.166) 0 0.444 (0.166) 0.444 (0.166) 0.985 [0.961: 0.999]
2017 17  0.538 (0.098) 0.500 (0.250) 0.500 (0.098) 0.654 (0.093) 0.982 [0.970; 0.992]
2018 5 0167 (0.068) 0 0.133 (0.062) 0.167 (0.068) 0.982 [0.961: 0.996]
Pooled 28 0.329(0.055) 0.500 (0.204) 0.301 (0.054) 0.384 (0.057) 0.966 [0.943: 0.984]
Chino Farm (MD) 2015 6 0.500 (0.158) 1.000 (0.000) 0.400 (0.155) 0.600 (0.155) 0.972 [0.947: 0.991]
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Figure 3.2 Mean (x85% Bayesian credible interval [Crl]) predator visitation rates for
translocation sites in Kent (Tume& s Cr eek) and Queen Anneds
Maryland and Burlington County (Home Farm and Sim Place), New Jersey, USA

during October and November, 202918. Years in which surveys were conducted

were staggered between sites.
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Figure 3.4 Mean (x85% Bayesian credible interval [Crl]) fecundity (female
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following 2015 and Home Farm did not receive birds following 2017.
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Chapter 4

OPEN FOREST MANAGEMENT BENE FITS PRIORITY BIRDS IN THE
NEW JERSEY PINE BARRENS

Abstract

The New Jersey Pine Barrens (NJPB) are anfiegliated ecosystem in a deteriorated
state due to a longtanding philosophy of fire suppression and dormant season
prescribed burning. Dense candpyest conditions, dissimilar to historic open canopy
forests, have reduced abundance and diversity of certain wildlife species, including
regionally imperiled breeding birds. In recent years, sstlle open forest
management (e.g., thinning, cleartting, and burning) has occurred on private and
public lands within the NJPB; however, the impact of such management on breeding
birds is unclear due to a paucity of research on this subject within the NJPB. During
2012, 2013, 2016, and 201%onducted repa-visit point countsif = 1,800) for

breeding songbirds across 75 control and 75 treatment sites within the NJPB to assess
the influence of forest structure at three strata levels (groundcover, midstory profile,
and canopy) on breeding bird communitigge&fically, | constructed a hierarchical
community abundance model within a Bayesian framework for Bird Conservation
Region (BCR) 30 priority upland birds (N=12) within three species suites: Forested

Upland, ScrukShrub/Early Successional, and Grasslatdhe community levell

found a negative relationship bebwti®een bi

1T0.23, 95% Crl = [T10. 40, Ifdundd®rélationshipt t he

between Forested Upland suiéxel abundance and any of the measured covariates;
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however,| found a negative relationship between percentage of woody groundcover

and ScrubShrub/Early Successional sultee v e | a bwtody=d a2ic98% Crib=

[TO. 43, 10.01]), and negative relationshir
above ground level and Grassland stite v e |  a bvgrp=d ainOc.el 2(,b 95 % Cr |
[T0. 24, 0.00]). Further mor e, rohgmegativevno | at t e

relationshi popdaF tthO . baG,al9 2% e@r I( Drsad T 0. 51, 1
T0.37, 95% Cr |l = [ 1 Qredrmendiopen fbrast manageamem e ct i v
that specifically targets basal areas betwedr 50rf/ha via selectivehinning,

shelter cutting, and smadtale clear cutting. Mechanical treatment and prescribed

burning would produce such conditions and have the added benefit of reducing fuel

loads across this ~4,500 kilandscape

Introduction
Atlantic Coastal Plain pirdominated ecosystems evolved with fiokerance and
fire-dependencéyne 1982, Nowacki and Abrams 200Bire suppression itihe
eastern United States has, however, decreaseahéidéated land arg@yne 1982,
Lorimer 2001) Specificaly, pitch pinescrub oak forests in the Atlantic Coastal Plain
have fundamentally changed in species composition and structure, in some cases
resulting in dense basal areas, closed canopies, and overgrown woody understories
(Little 1946, 1964, Little and Moore 1949, Boerner 1981, Forman and Boerner 1981,
Olson 2011) These are undesirable forest conditions for dependentfevidglecies
and wildfire risk mitigatorgBried et al. 2014)

TheNew Jersey Pine Barrens (NJPB) are among the largest remaining
segments of pitch pirgcrub oak forest within the Midtlantic United StategRussell

1994, Forman 1998Pue to its large land area and proximity to dense population

11c



centershe NJPB have been exploited for several centuries over fdrest
fragmentation and deterioration have occufiRdssell 1994)As a result of fire
suppression and habitat fragmentation, historically common bird spiecikesling
sever&neotropical migrant (e.g., wood thrudhyocichla mustelinhand prairie

warbler [Setophaga discoldyand resident bird species (e.g., northern bobwhite
[Colinus virginianu$and ruffed grouseHonasa umbelldy have declined in

abundance and beconexent conservation priorities (Sauer et al. 2017). While the
management paradigm of the NJPB is not wildtéatric, there exists motivation to
improve forest conditions in a manner that reduces fuel loads and positively impacts
both native flora and faan However, there remains a lack of quantitative information
regarding the effect of various management actions on certain wildlife species. While
mammal communities have been studied in the context of forest disturbance within the
NJPB(Shenko et al. 2012)here is no such research on the response of breeding bird
communities to forest management.

The NJPB lie within Bird Conservation Region 30 (BCR; ecologically distinct
regions in North America with similar bikbommunities, habitats, and resource
management issues), which encompasses theAlftic and New England coasts
from Virginia to Maine (Steinkamp 2008). BCR 30 includes coastal and upland
ecosystems and constitutes important wintering, breeding, andtarigstopover

habitat along the Atlantic Flyway. Among the highest priority objectives of the BCR

30 i mplementation plan is to: ADeter mine

s

population targets, while minimizingintsrpeci es conf 12008 p.8)0 ( St ei 1

BCR 30 upland species are delineated into the following species suites, characterized

by habitat associations: Forested Upland, which is a diverse assemblage of species
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dependent on mature forests composed of deciduous and evergreen ttges; Sc
Shrub/Early Successional, which are those species dependent on ephemeral uplands
dominated by low woody vegetation and sparse tree cover; and Grassland, which
include species dependent on native grasses and forbs, fallow fields, and pastures
(Steinkam@ 008) . Species within these suites ar
Ahi gho, and fAhighesto priorities for conse
relative importance within BCR 30. While general management principals may be
known for these sgxies, the quantitative impact of open forest management practices
within the NJPB on communitievel, suitelevel, and speciekevel abundance is yet
unknown.
The objective of this study was to evaluate the influence of forest structure on
breeding bird ommunities within the NJPB, with focus on 12 BCR 30 priority
(Ahigho and Ahighesto; Steinkamp 2008) wupl
species (Baltimore oriolddterus galbul3, black-andwhite warbler Mniotilta varia],
great crested flycatch@Myiarchus crinitus], northern flickeiJolaptes auratus
scarlet tanageiFiranga olivace$ and wood thrush, five Scre®hrub/Early
Successional species (bluenged warbler Yermivora cyanoptefabrown thrasher
[Toxostoma rufuip eastern towhedPfipilo erythrophthalmuk field sparrow Epizella
pusilla], and prairie warbler), and one Grassland species (eastern kinggiashfius
tyrannug) (Table 1). Specificallyl aimed to address the influence of open forest
management practices, versus unmandayedks, that altered groundcover
composition, midstory structure, and canopy on commdeitgl, suitelevel, and
speciedevel breeding bird abundance and diverdityypothesized that Grassland and

ScrubShrub/Early Successional species suite abundavmelsl be greater at sites



where open forest management had been implemented compared to areas where no
management occurred. Additionallyhypothesized interior Forested Upland species
that are sensitive to edge effects would be negatively impacted hyfapst
management practices. This research will aid stakeholders in conservation planning
for the NJPB, by allowing them to weigh alternative management actions with

guantified effects on avian communities

Study Area
The NJPB lie within the Atlantic Coastal Plain physiographic region and span
~445,000 hectares across seven counties in southern New Jersey (Figure 1). The
landscape is comprised of several large contiguous public forests, including: Wharton
State Forest4©,728 ha), Brendan T. Byrne State Forest (15,071 ha), Bass River State
Forest (11,795 ha), Penn State Forest (1,362 ha), Franklin Parker Preserve (3,804 ha),
and Greenwood Wildlife Management Area (13,010 ha). The topography is
principally low relief, getly rolling hills composed predominately of acidic sandy
soils (Rhodehamel 1998). The mean temperature in southern New Jersey ranges from
0. 17 i n January to 24. 28 in July, witdt
cm (New Jersey Department of Eronmental Protection 2015).

The region is characterized by upland poak (predominantlyinus rigida
andP. echinata forests, with Atlantic white cedactfamaecyparis thyoidgswamps,
bogs, and graminoid marshes in lowland areas (Forman 1998). Leswoaranopy
species within uplands include black o&k {eluting, white oak Q. albg, chestnut
oak @Q. montang post oak Q. stellatg, and scarlet oaky. coccinea The understory
Is generally composed of: scrub oaks, including dwarf Qakp(inoide$, bear oak@.

ilicifolia), and chinquapin oak). muehlenberg)j ericaceous shrubs, including
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northern highbush blueberry#éccinium corymbosumlowbush blueberry\(.

pallidum), and black huckleberryiaylussacia baccajaand Pine Barren golden

heathe (Hudsonia ericoides In areas where fire or mechanical treatment has been
implemented, native earlguccessional groundcover, including little bluestem
(Schizachyrium scopariumswitchgrassfanicum virgaturjy and bracken fern

(pteridium aquilinum maybecome established. Some open areas contain bare
substrate (coastal plain sands; Rhodehamel 1998), as well as patches of juniper moss

(Polytrichum juniperinumand lichens (predominantigladoniaspp.)

Methods

Point Counts

| conducted singlebserver fiedradii (r = 50 m, 100 m) circulaplot point count

surveys (hereafter Apoint counto) thrice e€
2013, 2016 and 2017 at 150 unigue survey points across 18 survey sites within the

NJPB study area (Figurel). Half of hese sites represented managed upland
(hereafter fAtreatmento) sites, with the ot
(hereafter ficontrol o) sites. Treatment anc
broad range of site characteristics, specificatgeting vegetation structure and

composition at three strata levels: groundcover, midstory, and canopy. Treatment sites,

which were on both private and public lands, did not receive uniform treatment, but

rather were a mixture of management practicesiticarporated thinning, clear

cutting, roller chopping, and burning. Eac
adjacent site and points within a site wer

adjacent to noiprimary roads. Point counts were 10 mins umadion and were



divided into four 2.8min intervals(Dawson and Efford 2014, Ladin et al. 20169int

counts started 15 min before local sunrise and ended no later than 3.5 hours after. At
each point, observers reded all individual birds for each species detected and

binned them into two distance categorids®m or 50100 m. Unique individuals of

the same species were distinguished via simultaneous (or near simultaneous) auditory
or visual detection, as well dsstinctive voice or plumageninimizing double

counting. Observers also recorded five detection covariates at each point: temperature,
humidity, and wind speed using a Kestrel 3000 Handheld Weather Meter (Nielsen
Kellerman Co., Boothwyn, PA, USA), sky adition (cloud cover; scale =@), and
disturbance (ambient noise from traffic or aircraft; scalé 4) OWithin each year,

sites were surveyed in a randomized order and every point was surveyeaesk-3
intervals, avoiding inclement weather events (evind speed5 km/h anchigh
precipitation), until three visits were completed. Due to staff turnover, three observers

were used over the four years of the study, each trained in identical methodology

Vegetation Measurements

| measured ten vegetationvawiates to capture groundcover, midstory, and canopy
components at each survey point. Groundcover (relative percentages of bare substrate,
grass, forbs, leaf litter, and woody vegetation <2 m; components summed to 100%)
was recorded within a 0.0004 hart2x 2m) sampling frame (adapted from

Daubenmire 1959) centered on the survey point. In the case where a survey point was
on a road| sampled immediately adjacent to the road edge. A-dgeton modified

Nudds board (Nudds977) was used to estimate the vegetation profile of the midstory

at three strata levels (ground level [0.25 m; VOR025], 1 m [VOR1], and 2 m [VORZ2]).

Each of the three Nudds board sections was constructed of 0.5 m x 0.5 m plywood
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painted in a high contrasheckerboard pattern creating sixteen 0.125 m x 0.125 m
squares. The Nudds board was placed at a distance of 10 m in each of the four cardinal
directions and viewed horizontally from the center of the sampling frame. The lowest
board was placed so th#t bottom was level with the ground (midpoint at 0.25

meters), the second had its midpoint 1 m above ground level, and the third had its
midpoint 2 m above ground level. Observer eye height was adjusted to a level position
while viewing each of the threedions. A square was considered covered if any part

of it was obstructed by vegetation. Basal area was measuredr®®@d the center of

the sampling frame using a Ji@em factor 10 prism (Forestry Suppliers, Inc.,

Jackson, MS, USA) and converted t&ma. Canopy closure was measured at the

center of the frame using a convex spherical densitometer (Forestry Suppliers, Inc.,
Jackson, MS, USA) held in front of the body at elbow height in each of the four
cardinal directions. The mean from the four canopgsueements was used to

estimate the percent canopy closure at each sampling frame. These groundcover,
midstory profile, and canopy estimates constituted the first replicate for one survey
point. The entire sampling frame was replicated twice more atdosa®b m away

from the initial sampling frame along a randordiyected azimuth. The mean of the

three replicates for each covariate was used to define one use location

Statistical Analysis

| used a hierarchical community abundanden(ixture) mixed effets model without
data augmentation accommodating multiilst point count data to account for
imperfect detectiofiChandler et al. 2011, Kéry and Royle 2016, YamauraRayde
2017) | assumed counts of speciest pointj in yearr depended on the latent

abundanc&/; following the general process model:
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@ x " AOT 1wl 1 E
0 gx 0T EODI_T
whereai; was a speciegi) and sitespecifc (t) zerainflation parameter, given

overdispersion of count datamodeled_ as a function of both fixed and random

effects:
rre x1r o=y I
rox .1 Oi‘Ah,
I x T Ol*Al h,
wherel is the interceptf is the vector of regression parameters, is the

vector of site vegetation covariates, and the random effect of siteThe second
hierarchical level, accounting for impedt detection, assumed that the number of
individuals exposed to sampling (present within sampling radius and signaling) during
visit v (Njjrv) follows a binomial process

O x " ETTI0EMR
where the detection rage  is a composite of presence probability, signaling

probability, and detectabilitfAmundson et al. 2014, Yamaura and Royle 20117)

modeled3 as a function of visispecific covariates:

1T GEOX | | Oz po
| x . T OI'AR
| x .1 Oi*Al h,
where| is the intercept, is the vector of regressigarameters, and

the vector of visit covariates (e.g., date, wind, disturbance, ketlid.not include
observer effects because it would have been confounded with year, given surveyors

differed between years with no overlamstimated déved parameters, detection
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probability Pq) and zeranflation (- ), as well as the presence/absence matrix (
matrix).

| used thez-matrix to estimate beta diversity via the Jaccard indgxyhich
expresses the similarity between two species in terrtigegoints where they €o
occur(Anderson et al. 2101, Dorazio et al. 2011, Kéry and Royle 20Malues of]
range from O to 1, corresponding respectively to the extremes of no cooccurrence and
perfect cooccurrencéinterpreted] as the similarity between two species in terms of
the sites where they both occur, and where they occur alone by

Bag
Ba Ba Baa

Of

wherez andz are thez-matrices for specigsandj, respectivelyDorazio et al. 2011,
Kéry and Royle 2016) computed all paiwise comparisons between all£ 12)
species, thus propagating urte@mty in estimates through the community abundance
model(Kéry 2010)

| standardized all continuous covariates, centering each on a mean of 0 and
standard deviation of 1, to improve model convergence and interpretdhikigd
Pearsonds correl ati on ineaity of model paramstesseands t h e
did not fit models when||> 0.7.1 specified vague, normal priors with a mean of zero
and precision of 0.001 for all fixed effe¢iRoyle and Dorazio 2008, Gelman et al.
2014, Kéry and Royle 2018)ran all models using the R2JA@3ckage (Su and
Yajima 2020) in R version 3.6 (R Core Team 2013), estimating posterior distributions
using MCMC methods with 3 independent chains. Each chain ran 200,000 iterations,
discarding the first 100,000 and saving every fifth iteration therebfissessed
convergence via visual inspection of trace plots and defined adequate convergence as

Gelman Rubin convergence statistic¥ < 1.1(Gelman and Rubin 1992, Gelman et
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al. 2014) Regression coefficients whose 95% credible intervals (Crl) overlapped 0O

were interpreted as uninformative.

Results
There was wide and represatine coverage for all covariates, with the range of those
measured by percentage (e.g., grass, woody, and VOR?2) betid¥harross all
points. Basal area ranged frofi68 n¥/ha, though most points did not exceed ~40
m?/ha.l did not include proportioroibs (%), proportion bare ground (%), and
proportion litter (%) groundcover in modeling, given their high degree of correlation
(i.e., | > 0.7) with grass and woody covariatedid not include horizontal visual
obstruction at 0.25 m (%) or horizontal visual obstruction at 1 m above ground level
(%), given their high degree of correlation (i.g.>0.7) with each other and VOR2.
did not include canopy closure (%) in the mipdéven the high degree of correlation
(i.e., f| > 0.7) with basal areajustified this model specification given that these
covariates would have confounded interpretation of slope coefficients and possibly
resulted in overparameterization. Furthereygrarameters that were included in the
model all had negligible correlationm{hq > 0.35) among each other, and in the case of
basal area were common measurements in forest managéneattent points had
increased grass groundcover (grass [%¢=1595P0O 0. 001), |l ess wood
groundcover (woody [%]t1800=9.16,PO 0. 001), |l ess horizont al
2 m above ground level (VOR2 [%}z0=7.85P0O 0. 001), and decreas
(basal [n¥/ha]; tisoo= 45.92P O 0 . (Dabl@4)2).
| included a total of 7,531 detections for the 12 priority BCR 30 songbird
species. After detections were binned into the two distance classes, detection functions

did not appear to be appropriate, as clustering occurred at the farther of the te® class
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(i.e., 50 100 m); therefore, pooling across distance classes was performed. Markov
chains reached convergencé ( < 1.1), and visual inspection of trace plots

indicated mixing among chains. Commuryel mean detection during the-frin
surveys(Pq) was 0.16 (Crl = [0.14, 0.19]) and was negatively influenced by date
(quadratic, concave down) and wind speed (T4lde Conversely, Grassland suite

level mean detectability was positively influenced by date, with a higher probability of
detection ocurring later in the season than earlier. Forested Upland species showed
only a linear (negative) effect of date on detection. Zeflation parameter estimates

(+) ranged from 0.25 (Crl =[0.10, 0.44]) for Grassland species to 0.61 (Crl =[0.42,
0.83]) for ScrubShrub/Early Successional species.

At the community level, abundance was greater at treatment points compared
to reference (control) points (Table3). Additionally, community size exhibited a
negative association with basal are&/tra); predictd community size increased by
0.46 (Crl =[0.18, 0.80]) birds for every 26#ma decrease in basal area. Community
size did not exhibit a strong relationship with proportion grass groundcover,
proportion woody groundcover, or horizontal visual obstrucéibh m above ground
level (Table4.3).

At the BCR 30 habitat suite level, Forested Upland species as a group did not
exhibit a significant directional relationship with any environmental parameter;
however, individual species within this suite did shoehstelationships. Baltimore
oriole (BAOR), northern flicker (NOFL), and wood thrush (WOTH) abundarsew
negatively associated with proportion woody groundcover, while fdadkvhite
warbler (BAWW) abundance showed a positive association with this pmame

(Figure4.2). Blackandwhite warbler abundance also showed a positive relationship
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with horizontal visual obstruction at 2 m above ground level, whereas great crested
flycatcher (GCFL) abundance exhibited a negative trend with this midstory
environmetal parameter. Five of the six Forested Upland species showed a weak
negative association with basal area, with the only significant such association being
that of northern flickers.

ScrubShrub/Early Successional species as a group showed a negative
assaiation with proportion woody groundcover and basal area, as well as an overall
greater abundance at treatment points compared to control points. Two notable
relationships within this suite were a positive association between field sparrow (FISP)
abundancand proportion grass groundcover, and the strong negative association
bet ween prairie warbler (PRAW, designated
basal area.

Grassland species were represented only by the eastern kingbird (EAKI). This
S p e c iurdante wadnegatively associated with horizontal visual obstruction at 2 m
above ground level and basal area, with the latter being among the strongest effects
reported (Tabl&.3). Additionally, eastern kingbird abundance increased by a
magnitude ~3 times greater than that observed by Shualb/Early Successional
species at treatment points compared to control points.

Speciedevel Jaccard cooccurrence indices ranged from 0.03 (Crl = [0.00,
0.13]) for Baltimore oriole and blu@inged wabler (BWWA) to 0.76 (Crl = [0.66,

0.83]) for eastern towhee (EATO) and prairie warbler (FigB® Eastern towhees
were the most ubiquitous species, exhibiting a high degree of cooccurrendg Qré.,
> 0.5) with three Forested Upland species ara$erubShrub/Early Successional

species. For the BCR 30 highest priority species,-binmged warbler and wood
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thrush, degree of cooccurrence was low (i.eJiatl 0.2) with all other species;
however, for prairie warblers, a high degree of cooccuergras observed with
species representative of all three spesigtes: Forested Upland (great crested
flycatcher, northern flicker, and blagndwhite warbler), Scrudshrub/Early
Successional (eastern towhee and field sparrow), and Grassland (easfieina kin
Eastern kingbird, the only representative of the grassland species suite, showed a
moderate degree of cooccurrence with four of the five S8huiib/Early Successional
species, and a low degree of cooccurrence with four of the six Forested Upland

species.

Discussion

The Forested Upland species suite was the largest and most diverse among those
studied, including species traditionally associated with-dmminant, hardwood

dominant, and mixed upland forests (Steinkamp 2008). The underrepreseoitation

BCR 30 hardwoogssociated species was anticipated, given the focus of this research
on upland pine management. Infrequent observation of Baltimore oriole and wood
thrush was likely a result of landscape effects, impacting dispersal to sites (t.e., firs
order selection process), and proximate site effects, impacting territory or home range
establishment at sites (i.e., second order selection prdcgsson 1980)These

species are commonly associated with riparian wooded edges (Rising and Flood 2020)
and closed canopy hardwaborests (Evans et al. 2020), respectively. Accordingly,
conclusions based on upland pine management are not necessarily applicable to these
species antlcannot assume that stand thinning and prescribed burning will not

negatively impact their abundance.



Given the diverse habitat requirements among Forested Upland species, some
management practices may result in interspecies conflicts. For example, Baltimore
oriole, northern flicker, and wood thrush abundance was negatively associated with
woody groundcosr, whereas blac&kndwhite warbler abundance showed a positive
association. Additionally, blackndwhite warblers were the only species studied that
showed a positive association with horizontal visual obstruction at 2 m above ground
level. Such conflict between BCR 30 priority species, even within a single habitat
suite, favors finescale over coarsgcale management application within the NJPB and
presents decision makers with quantitative spdeies responses while weighing
alternative managementteons. Additionally, the natural evolutionary phenomenon of
niche partitioning Schoener 1974)ithin ecosystems is, in some instances, a response
to structural heterogeneity over small (i.e., individual territoryamé range) spatial
extents. Thereforany finding of differing responses to forest management was not
unexpected, and further supports heterogeneity and diversity in forest management
across the NJPB to benefit multiple species with different resource arddelection
patterns.

A reduction in basal area from the densities found throughout much of the
NJPB increased occupancy and overall abundance of BCR 30-Storub/Early
Successional priority birds. This species suite is traditionally associatedpeith
forests, shrublands, rangelands, and agricultural landscapes where diverse early
successional groundcover predomingfeskins 2001) Management of groundcover
via regular prescribed burning or mechanical treatment typically produces the-ground
level vegetation communities that provide forage and cover for stssdriated

speciegGreerberg et al. 2011)Dense basal areas and closed canopies may preclude
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establishment of groundcover, given the relatively high amount of sunlight required by
heliophytic plants (e.g., warm season grasses and forbs). A majority of the current
NJPB landsgae is densely stocked pitch and shortleaf p{Fesman 1998)
characteristically unconducive to occupancy of S¢dubub/Early Successional

species. As such, reduction in basal area and complementary groundcover
management of groundcover (e.g., burning, herbicide, or mechanical treatment) to
increase plant diversitshould improve occupancy and increase abundance of these
nationally declining species.

The two highest priority ScruBhrub/Early Successional specielsie-winged
warbler and prairie warbler, both showed a positive association with basal area
reduction. Between 1968015, these two species have declined 2.9%/year and
3.1%lyear, respectively, within BCR 30 (Sauer et al. 2017). These regional declines
werereflective of the concurrently observed afforestation and forest succession within
the NJPB over that time franfEorman 1998)however, the estimated magnitude of
these species declines were not reflected ghadive count level here. Specificallly,
observed a high occurrence of prairie warblers at both treatment and control sites, as
well as a high cooccurrence (Jaccard Indices) between prairie warblers and species
representative of all three BCR30 speciesestiiheither of these patterns were
observed for blugvinged warblers. While Jaccard Indices showed that prairie
warblers were the second most concomitant species withwihgeed warblers, the
probability of cooccurrence was still lods(wa,rraw < 0.15).The comparatively
high prevalence of prairie warblers at both treatment and control sites obsenwed in
study may be indicative of their resiliency to persist within-optimal forest

conditions across the massive NJPB landscape. Prairie warblerspuithibarrens in



Massachusetts have been shown to require larger patches (e.g., clear cuts) than other
early-successional birds to confer sievel occupancyShake et al. 2012, Roberts and

King 2017) Thus, within the NJPB, prairie warbler abundance may be reflective of

site features (e.g., basal area), as well as overall landscape area. For this reason, prairie
warbler abundance may not be in itself a suitable measure of early successiaal h
quality, but rather a measure of larger scale phenomenon not studied here.

Grassland species inherently require low (or zero) basal areas and early
successional groundcover to meet their autecological needs. The only BCR 30
Grassland species reprased here was the eastern kingbird, so conclusions regarding
management for the entire suite should be limited. Eastern kingbirds are typically
associated with grasslands and shrublands (Murphy and Pyle 2020), though they show
a moderate tolerance to hatitlterationOwens et al. 2014)n forested areas,
eastern kingbirds show a proclivity to nest in frequently burnéchpa(Hamas 1983)
which tend to be more open. The high degree ajamurrence between eastern
kingbirds and field sparrowgdaki,risp > 0.4) is an indication that these species have
similar habitat requirements and managetnier one will likely benefit the other;
however, scale of management is an important consideration-ddala analyses
have shown that eastern kingbirds are closely associated with lantseelpe
composition and configuration, while field sparrows evarore closely related to
patchscale factorgGrand and Cushman 2003herefore, while sitéevel
associations on abundance have been quantified here, additional landscape
consideration may be needed for the NJPB.

Currently, the NJPB is in a deteriorated state (widespread dense pine stands

[>20 n?/ha] and thick woody understory) due to the kstgnding philosophy of fire
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suppression and dormant season prescribed buiaired et al. 2014)As a result,
abundance and diversity of priority breeding birds has decreased, with extirpation of
some previously common species dependent on open forest and/or earlgisnates
conditions (e.g., northern bobwhite and ruffed grouseund evidence that reducing

live tree basal area and promoting diverse early successional groundcover within the
NJPB can collectively benefit multiple suites of regionally significant uplereeding
birds. Species that occupied dense (e.g., >ZBanpine stands representative of

much of the NJPB existed at comparable abundances in reduced basal area stands,
while grassland and early successiemialigate species increased in abundahce.
recommend open forest management for upland birds that: 1) aims to increase
heterogeneity in basal area and canopy tree age; 2) promotes a mixed composition of
woody, forb, and warm season grass groundcover; and 3) is implementedeato

reduce fueldads within the NJPB. These recommendations echo those from previous
ecological research within the NJPB on other vertel{&ttenko et al. 2012as well

as inveterat¢Leuenbergeet al. 2016)communities. Specifically,recommend

targeting basal areas betweeri ¥9 nt/ha via selective thinning, shelter cutting, and
smalktscale clear cutting to meet these objectives. The most economically feasible way
to create and maintaimey seral stage groundcover would be a combination of
mechanical treatment (e.g., mowing, roller chopping, etc.) and prescribed burning,
which would have the added benefit of reducing fuel loads across this ~4,500 km
landscape. Further research shoulplieitly test the influence of grassland creation

on extirpated grasslarabsociated species, as well as evaluate survival and

reproduction of priority birds within the NJPB using marked individuals.
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Thehierarchical model accounted for speespgcific déection probabilities
while incorporating visHevel covariates (e.g., date, wind, disturbance) on detection;
thus, one hierarchical level is implied for the observation prot@gsicitly modeling
detection probability as a composite of presence prbtyafp,; temporary spatial
emigration), availability probabilityps; random temporary emigration emigration),
and detectabilityps; sensuyamaura and Royle 201, Aather than explicitly modeling
these two additional hierarchical processes, comes with a few assunipicngs et
al. 2009, Kéry and Royle 20160he first assumption is that occupancy is constant
across visits (i.epp = 1.0); however, this may be violated due to temporary spatial
emigration(Yamaura and Royle 2017)emporary spatial emigration is the process by
which individuals physically move outside the maximum point count radius, due to
incomplete overlap of point count radii and individual home range/territory, thus
making them periodically unavailable to obssgion (Kéry and Royle 2016)f home
range sizes vary greatly among species, then this assumption may introduce bias in
estimategRoyle and Dorazio 2008 Accordingly,| restrictedmy modeling effort to
territorial breeding birds, rather than including nomadic and aerial coursing species
(e.g., raptors), which may have home ranges that are orders of magnitude larger than
those species targeted here. Additiondll§id not onstruct rarefaction curves to
calculate density, which would have caused overestimation bias due to a mismatch
between the sampling radius and the effective sampling@rendler et al. 2011,
Yamaura and Royle 2017 Y herefore, while home ranges (or territory sizes) do
exhibit inter, as well as intra specific variation among the species studied here, that
variation is treated as negligible in the contexpgdt point count locations. The

second major assumption is that the availability of a bird that is present within the
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maximum point count radius is constant (ipa.z= 1). This issue may arise due to the
effect of an observer causing birds to remain still and silent during the initiatntesm

of a point count. The most common means of dealing with this issue is the use-of time
of-detection or timgemoval modelgAlldredge et al. 2007, Amuson et al. 2014)
accounted for this issue via ariin acclimation period before each point count,

allowing ambient calling to return to normal levels. Overall, the detection probability
estimates reported frothemodelare greater than those tygdigaecommended

(Yamaura 2013and additional hierarchical levels are not essential in accounting for
observational procegdmundson et al. 2014)

Additional assumptions shared among all ecological distribution and
abundance modeinvolves timing of vegetation sampling and adaptive selection by
study specied.assumed here that environmental covariates were measured at the
appropriate time to capture the ecological selection process, and further assumed
coupling between perceigeand actual habitat quality. Issues have been presented in
the timing of sampling vegetation during avian nesting studile€onnell et al.

2017) due to the potential effect this intrusive measurement hassirfate.

However, during point counts this issue generally does not arise, as measurement is
much less intrusive and not targeted. Dummgsurveys, most vegetation

measurement occurred early in the sampling season (e.g.JuMay to avoid

logistical issues associated with excessive heat during the later months. Consequently,
| minimized the impact of vegetation growth throughout the growing season.
Additionally, the assumption that basal ared/k@) and groundcover composition
remained relatively cotant within a survey season is plausible; however, it may be

less so for horizontal visual obstruction as natural vertical growth accelerates during
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the growing seasoth feel comfortable with this assumption, given the slow vertical
growth thatgenerallp ccur s on this highl yFommar i ¢ and 0
1998) as well as ancillary data collected as part of a simultaneous study in the NJPB
(P. Coppola, University of Delawanenpublished dataduring whichvegetation
measurements at specific points were consistent throughout the22Q¥6survey
periods. The assumption of adaptive selection is traditionally difficult to assess
without fitness metricéSchlaepfer et al. 2002, Battin 2004, Hale and Swearer 2016)
which were unavailable for this study. Based on the similarities betmgdindings

of distribution and abundance within the NJPB and previ@search in other regions
(see below), it is reasonable to make the assumption of adaptive selection; however,
this question requires further research focusing on survival and reproduction within

this understudied landscape using marked individuals.
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TABLES

Table 4.1 Select priority species within Bird Conservation Region (BCR) 30 included
in community abundancé&l{mixture) model within the New Jersey Pine Barrens
study area during 2012, 2013, 2016, and 2017.

Species common nhame Scientific name gg;)ig;yation
Forested Uplarid
Baltimore oriole (BAOR) Icterus galbula High
Black-andwhite warbler (BAWW)  Mniotilta varia High
Great crested flycatcher (GCFL)  Myiarchus crinitus High
Northern flicker (NOFL) Colaptes auratus High
Scarlet tanager (SCTA) Piranga olivacea High
Wood thrush (WOTH) Hylocichla mustelina  Highest
ScrubShrub/Early Successional
Blue-winged warbler (BWWA) Vermivora cyanoptera Highest
Brown thrasher (BRTH) Toxostoma rufum High
Eastern towhe@EATO) Pipilo erythrophthalmus High
Field sparrow (FISP) Spizella pusilla High
Prairie warbler (PRAW) Setophaga discolor Highest
Grassland
Eastern kingbird (EAKI) Tyrannus tyrannus High

aSpecies suites delineated by habitat type in Steinkamp (2008)
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Table 4.2 Mean, standard deviation, and range of all environmental covariates
associated with hierarchical community abundah&enixture) model for select Bird
Conservation Region (BCR) 3®iority breeding birds within the New Jersey Pine
Barrens study area during 2012, 2013, 2016, and 2017. Treatment points received
variable timber harvest and prescribed burning regimes prior to and during the study
period, whereas reference (control) gsidid not receive such treatments and were
characteristically representative of the predominantly forested landscape.

Covariaté Point type o SD Range
Grass Control 0.28 1.64 07 15
Treatment 12.69 24.49 071 100
Woody Control 48.76 40.48 07 100
Treatment 32.55 34.33 07 100
VOR2 Control 47.66 27.40 071 100
Treatment 36.56 32.67 07 100
Basal Control 28.89 9.83 3.4471 65.04
Treatment 9.45 8.04 0T 34.05

2 Grass = proportion grass groundcover (%), Woody = proportion woody groundcover
(%), VOR2 = horizontal visual obstruction at 2 m above ground level (%), Basal =
basal area (fha)
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Table 4.3 Mean coefficients and derived parameters WHiPo credible intervals (Crls) from posterior distributions of
hierarchical community abundandé-knixture) model for select Bird Conservation Region (BCR) 30 priority breeding
birds within the New Jersey Pine Barrens study area during 2012, 2013, 2026,13n Communityand BCR 30 suite
level parameters reported, as well as detection probalfilijyaGd zereinflation parametert(). Bold denotes covariates
with 95% Crls that do not contain zero (i.e., a measure of significance). See text for cavaristgte descriptions.

Communitylevel

Suitelevel parameters

parameters Forested Upland chuubcig?sti)ﬁ:ly Grassland
Detection
Intercept T1.71 (12. 11.%W20 50 tci1.621 (12.12.(2172. 99 1
Date 1Tr0.40 (1710. 10.48 (10.10.44 (710 0.27 (0.15 to 0.38)
Datée 1ro.18 (10. 10.22 (170.1T0.20 (7T0. 0.18(0.08t00.27)
Wind 1r0.14 (170. 1TO.(1150.42 t10.24 (7T0.7T0.02 (710.
Disturbance 0.00 (170..70.01 (70. 0.012 (7T0. 1T0O.02 (71O0.
Abundance
Grass 0.04 (10. 0.05 (10.C0.02 (7T0.!1006(T0.02 1
Woody iT0.17 (170. 10.14 (70.170.21 (70.70.21 (70
VOR2 T0.08 (10. 17T0.10 (170.7170.04 (70.7T0.12 (70
Basal 1T0.23 (1710. 7T0.(L19%0. 46 ti0.26 (10.17T0.37 (10
Treatment 0.44 (0.20 to 0.76) 0.07 (10.:: 059(0.48t00.75) 1.83 (1.71 to 2.09)
Site (random) 0.00 (T10.: | i |
Derived parameters
P4 0.16 (0.14 t0 0.19) 0.16 (0.09 to 0.24) 0.17 (0.11 to 0.26) 0.12 (0.06 to 0.18)
L 0.56 (0.29 to 0.86) 0.31 (0.08 t0 0.67) 0.61 (0.42 to 0.83) 0.25 (0.10 to 0.44)




FIGURES
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Figure 4.1 Spatial distribution of 150 breeding bird point count locations visited in
2012, 2013, 2016, and 2017 within the New Jersey Pine Barrensljatobed area),

New Jersey, USA. Points were nested wittsites; half = 75) of the points were
within are& that have undergone intensive forest management (treatment) and the
other half 6 = 75) were within reference (control; principally on public land) areas

that have not been intensively managed. Point count radii extended to a maximum of

100 m, with a minimum 200 m between adjacent points.
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Figure 4.2 Comparison of breeding bird commiyn Bird Conservation Region

(BCR) 30 speciesuite (Forested Upland, Scr@hrub/Early Successional, and
Grassland), and individual species response in abundance-ai-tEflus point counts

for four scaled environmental covariates, representing thrata $vels: groundcover
(proport &8ln agnrda spsr of pbowoody]), moidstory(bovizbrtal isbal
obstruction at 2 vdir), aicanapy (gasabaned/ohh dagljvie | [ b
within the New Jersey Pine Barrens during 2012, 20135,281d 2017. Points show
speciedevel posterior mean and 95% credible interval (Crl), with BCR 30 priority
designation indicated by triangles (highest) and circles (high). Gray vertical lines show
posterior mean (solid) and 95% Crl (dashed) of the comyumean hyperparameter.
When 95% Crl did not overlap 0 (black vertical line), it was interpreted as a

significant effect. Note differences in scale among slope coefficient estimates. See text
and Tablet.1 for species codes.
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Figure 4.3 Jaccard indicesl)) for all pairwise comparisons among Bird

Conservation Region (BCR) 30 priority species=(12) from 100m-radius point

counts within the New Jersey Pine Barrens during 2012, 2013, 2016, and 2017. Values
of Jj range from O to 1, corresponding respectively to the extremes of no cooccurrence
and perfect cooccurrence. Each plot represents respective cooccurrence probabilities
for the species of interest (tojght corner) among all count locations% 150)

agains the remaining species in descending order of cooccurrence. See text and Table
4.1 for species codes.
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Chapter 5

SUMMARY AND CONCLUSIONS

Summary and Recommendations
Grasslangearly-successionaland open forediirdshave been in decline for more
than a century as a result of accelerd@edscapdevel shifts in land use over the
twentieth century (Askins 1993, Knopf 1994, Brennan and Kuvlesky, Zdter et al.
2017. To recwrer these economically, recreationally, and ecologically important
species requires an understanding of the influence of land management on population
dynamics. In extreme cases, where traditional management will not result in
satisfactorypopulation respases, alternatives such as translocation may be essential
to meeting objectives.

| herein demonstratithat landscape connectivity and patch size are important
to fosterbobwhitetranslocation success, especially for latistance interregional
bobwhite translocation&hapter 2. | recommend that current policies and procedures
on translocation (e.g., Nati onal Bobwhite
Implementation Plan arttie Translocation PoligyNBCI 2019 be updated to
incorporate differential postlease survival patterns, due to landscape context and
patch connectivity, when evaluating potential release sites for translocation purposes.
Given the reduced bobwhite sival outside target release areas and the correlation
between property size and site fidelity, larger sites that have a high degree of
connectivity should be favored over those smaller and with lower connectivity of
essential habitat features. Furthermdrabitat management should aim to increase the

amount and connectivity of habitat. Additionally, adjusting stocking rate to account
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for potential attrition during the first few weeks poskease should better result in
sufficient founder breeding abundas required to elicit population growth and
sustainability. Future efforts quantifying vegetation conditions and habitat
connectivity are also warranted to promote wise stewardship of a limited bobwhite
resource when considering translocation as a populegcovery tool.

Further, levaluated théandicapped founder hypothesighe context of
bobwhite translocatio(Chapter 3. My estimates for nest survival and fecundity at
four study sites in New Jersey and Maryland benefit managers in those Stetes ta
with modeling population response following translocation during future recovery
efforts. Additionally, | provide information regarding the influence of high predator
densities on nest survival and the interplay between reduced adulelgeste suival
and overall reproductive potential within a breeding season. When using founders
from the disparate latitudinal populations, | recommend exploring stocking rate
densities (birds/ha) and translocation timing to better suit northern latitudes which
requre longdistance trap and transport such that increasing stocking densities to
facilitate higher founder bobwhites are available to breed. Further, | recommend
integrated predator management programs at release sites to maximize reproductive
output following translocation. Integrated predator management programs include
mesemammal trap and removal (e.g., Jackson et al. 2018, Palmer et al. 2019), cover
management and improvement, and broadcast supplemental feeding. Together, these
recommendations shoulddce the inherent handicap placed on founder bobwhites,
improve both adult survival, and consequently total reproductive output during the

critical breeding season to necessitate population recovery using translocation.



| found evidence that reducing litee basal area and promoting diverse early
successional groundcover within thew Jersey Pine Barrenan collectively benefit
multiple suites of regionally significant upland breeding b{&sapter 4. Species
that occupied dense (e.g., > 20 m2/hag@tands representative of much of the NJPB
existed at comparable abundances in reduced basal area stands, while grassland and
early successionalbligate species increased in abundance. | recommend open forest
management for upland birds that: 1) aimstwease heterogeneity in basal area and
canopy tree age; 2) promotes a mixed composition of woody, forb, and warm season
grass groundcover; and 3) is implementedcatle to reduce fuel loads within the
NJPB. Specifically, | recommend targeting basal aietween ~0L5 m2/ha via
selective thinning, shelter cutting, and snsaihle clear cutting to meet these
objectives. The most economically feasible way to create and maintain early seral
stage groundcover would be a combination of mechanical treatmgninfewing,
roller chopping, etc.) and prescribed burning, which would have the added benefit of

reducing fuel loads across this ~4,500?kamdscape.

Concluding Remarks
fiThe number of captiveeared bobwhites released each year is almost certainly in
exaess of the national bobwhite population, estimated at 5,800,000 in 2012. Our
investigation revealed that the number of released birds might exceed the national

wild bobwhite population by at least a factor ad5. ( Whi tt et al . 2017)
The ultimate goal oftte national bobwhite conservatiasto produce wild

populations that can sustain recreational harvest and persist in perpetuity. The above

guote, however, suggests a wide chasm between our recovery objective and the
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current state of bobwhite conservati@iven the resource intensive, financially
expensive, and technically difficult endeavor that creating and maintaining bobwhite
habitat can be, shortcuts that provide no population benefit like releasing €aptive
reared birds into poor habitat have becomeounfortably prevalent. Let us not allow
translocation of wild birds follow this trajectory, as the consequences would be
significantly more dire. Translocation should continue to be viewed as a conservation
tool, not a panacea, used in concert with appatgly scaled habitat management and
should only be considered when habitat quantity, quality, and connectivity are not
limiting factors for recovery.

Despite the limited role that translocation immediately plays in national
bobwhite conservation, the gottial power of this tool (when used appropriately)
cannot be overstated. In some cases, particularly those where local sources do not
exist, translocation may be required to meet population objectives. It was our
collective goal here to advance the cutate of knowledge on northern bobwhite
translocation by testing this proven population restoration technique under extreme
circumstances. Our findings reiterate the important of using sound science to
understand the limitations of bobwhite translocatibinere is little doubt that
translocatiormethodologiesvill furtherdevelopand bean integraltool in range wide

bobwhite recovery.
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Appendix A

LIST OF ALL CAPTURED AND HANDLED NORTHERN BOBWHITE

Table A.1Unique identification numbers associated with all captured, handled, and
translocated northermobwhites in 20152018.

Mass Collar Capture Release Release

Band Sex Age :

(grams) frequency  date date site

- M J 182 - 3/18/2017 3/20/2017 TCF3
TT140009 M A 160 148.190 3/24/2017 3/26/2017 PICGSP
TT150748 F J 176  149.372 3/30/2015 4/1/2015 PICGHF
TT150749 F A 172  149.152 3/30/2015 4/1/2015 PICGHF
TT150750 F J 168 148.924 3/30/2015 4/1/2015 PICGSP
TT150751 M A 160 148.292 3/30/2015 4/1/2015 PICGSP
TT150752 M J 168 148.333 3/30/2015 4/1/2015 PICGSP
TT150753 F J 176  148.713 3/30/2015 4/1/2015 PICGSP
TT150754 M J 150 149.192 3/30/2015 4/1/2015 PICGSP
TT150755 F J 150 148.153 3/30/2015 4/1/2015 PICGSP
TT150756 M A 182  149.133 3/30/2015 4/1/2015 PICGSP
TT150757 F J 155 149.534 3/30/2015 4/1/2015 PICGSP
TT150758 M A 170 149.313 3/30/2015 4/1/2015 PICGSP
TT150759 F J 172 148.512 3/30/2015 4/1/2015 PICGSP
TT150760 M J 160 148.172 3/30/2015 4/1/2015 PICGHF
TT150761 M J 150 148.352 3/30/2015 4/1/2015 PICGHF
TT150762 F J 162 148.833 3/30/2015 4/1/2015 PICGHF
TT150763 M J 172  149.433 3/30/2015 4/1/2015 PICGHF
TT150764 M J 160 149.293 3/30/2015 4/1/2015 PICGHF
TT150765 M J 140 148.621 3/30/2015 4/1/2015 PICGHF
TT150766 F J 168 148.574 3/30/2015 4/1/2015 PICGHF
TT150767 F J 178 148.111 3/30/2015 4/1/2015 PICGHF
TT150768 F J 180 148.132 3/30/2015 4/1/2015 PICGHF
TT150769 F A 174  149.254 3/30/2015 4/1/2015 PICGHF

TT150770 M J 170 150.739 3/30/2015 4/1/2015 Chino

TT150771 M J 190 151.631 3/30/2015 4/1/2015 Chino

Tablecontinued
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Mass Collar Capture Release Release

Band Sex Age :
(grams) frequency  date date site

TT150772 F J 178 150.640 3/30/2015 4/1/2015 Chino
TT150773 F J 162 150.882 3/30/2015 4/1/2015 Chino
TT150774 F J 166 150.161 3/30/2015 4/1/2015 Chino
TT150775 M J 170 151.031 3/30/2015 4/1/2015 Chino
TT150776 F J 160 150.960 3/30/2015 4/1/2015 Chino
TT150777 F J 166 151.801 3/30/2015 4/1/2015 Chino
TT150778 M A 168 151.739 3/30/2015 4/1/2015 Chino
TT150779 M A 171 151.970 3/30/2015 4/1/2015 Chino
TT150780 F J 150 150.691a 3/30/2015 4/1/2015 TCF3
TT150781 F J 165 150.910 3/30/2015 4/1/2015 TCF3
TT150782 F J - 150.671a 3/30/2015 4/1/2015 TCF3
TT150783 M J 168 151.261a 3/30/2015 4/1/2015 TCF3
TT150784 M J 161 151.981 3/30/2015 4/1/2015 TCF3
TT150785 F J 169 150.370a 3/30/2015 4/1/2015 TCF3
TT150786 M J 170 150.721 3/30/2015 4/1/2015 TCF3
TT150787 F J 176  150.321a 3/30/2015 4/1/2015 TCF3
TT150788 M A 176 150.842 3/30/2015 4/1/2015 TCF3
TT150789 M A 178 150.941 3/30/2015 4/1/2015 TCF3
TT151274 M J 187 151.349 3/31/2016 4/2/2016 TCF3
TT151290 M J - 150.141  4/1/2016 4/3/2016 TCF3
TT151704 F A 170 150.576 4/1/2016 4/3/2016 TCF3
TT151705 F J - 149.045 4/1/2016 4/3/2016 TCF3
TT151706 M A 156 150.320 4/1/2016 4/3/2016 TCF3
TT151707 M A 184 151.491 4/1/2016 4/3/2016 TCF3
TT151708 M A 172 148.612 4/1/2016 4/3/2016 TCF3
TT151709 M J - - 4/1/2016 4/3/2016 TCF3
TT151710 M A 171 151.302 4/1/2016 4/3/2016 TCF3
TT151711 M J 162 - 4/1/2016 4/3/2016 TCF3
TT151712 M A 170 - 4/1/2016 4/3/2016 TCF3
TT151713 M J 155 - 4/1/2016 4/3/2016 TCF3
TT151714 F J 159 150.912 4/1/2016 4/3/2016 TCF3
TT151715 M J - - 4/1/2016 4/3/2016 TCF3
TT151716 M J 144 - 4/1/2016 4/3/2016 TCF3

Table continued
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Mass Collar Capture Release Release
Band Sex Age :

(grams) frequency  date date site
TT151717 M A 152 149.130a 4/2/2016 4/4/2016 PICCGHF
TT151717 F A 162 - 4/1/2016 4/3/2016 TCF3
TT151718 F J 169 - 4/1/2016 4/3/2016 TCF3
TT151801 M J 180 149.571 3/30/2015 4/1/2015 PICGHF
TT151802 F A 160 149.100 3/24/2015 3/26/2015 Chino
TT151803 M A 165 149.190 3/24/2015 3/26/2015 Chino
TT151804 F J 165 149.217 3/24/2015 3/26/2015 Chino
TT151805 F J 162  149.028 3/24/2015 3/26/2015 Chino
TT151806 F A 150 149.163 3/24/2015 3/26/2015 Chino
TT151807 F A 178 149.136 3/24/2015 3/26/2015 Chino
TT151808 M J 165 149.001 3/24/2015 3/26/2015 Chino
TT151809 M A 160 149.055 3/24/2015 3/26/2015 Chino
TT151810 M A 175 149.064 3/24/2015 3/26/2015 Chino
TT151811 M J 165 149.082 3/24/2015 3/26/2015 Chino
TT151812 M J 152  149.091 3/24/2015 3/26/2015 TCF3
TT151813 F J 155 149.208 3/24/2015 3/26/2015 TCF3
TT151814 F A 150 149.010 3/24/2015 3/26/2015 TCF3
TT151815 M A 160 149.073 3/24/2015 3/26/2015 TCF3
TT151816 F J 165 149.199 3/24/2015 3/26/2015 TCF3
TT151817 M J 160 149.109 3/24/2015 3/26/2015 TCF3
TT151818 M J 155 149.181 3/24/2015 3/26/2015 TCF3
TT151819 M J 165 149.145 3/24/2015 3/26/2015 TCF3
TT151820 M J 160 149.037 3/24/2015 3/26/2015 TCF3
TT151821 M A 158 149.019 3/24/2015 3/26/2015 TCF3
TT151822 M A 165 148.432 3/30/2015 4/1/2015 PICGSP
TT151823 M A 174 149.632 3/30/2015 4/1/2015 PICGSP
TT151824 F J 164 149.352 3/30/2015 4/1/2015 PICGSP
TT151825 F J 162 148.392 3/30/2015 4/1/2015 PICGSP
TT151826 F A 192 149.392 3/30/2015 4/1/2015 PICGSP
TT151827 M J 144  148.893 3/30/2015 4/1/2015 PICGSP
TT151828 M A 164 148.983 3/30/2015 4/1/2015 PICGSP
TT151829 M A 166  149.473 3/30/2015 4/1/2015 PICGSP
TT151830 F J 156 148.491 3/30/2015 4/1/2015 PICGSP

Table continued

15:



Mass Collar Capture Release Release
Band Sex Age :

(grams) frequency  date date site
TT151831 F J 160 149.732 3/30/2015 4/1/2015 PICGSP
TT151832 F J 144  148.053 3/30/2015 4/1/2015 PICGSP
TT151833 M J 152  149.452a 3/30/2015 4/1/2015 PICGSP
TT151834 M A 164  148.773 3/30/2015 4/1/2015 PICGSP
TT151835 M A 166 149.174 3/30/2015 4/1/2015 PICGSP
TT151836 M A 172  149.693 3/30/2015 4/1/2015 PICGSP
TT151837 M A 156 148.594 3/30/2015 4/1/2015 PICGSP
TT151838 F A 158 149.212 3/30/2015 4/1/2015 PICGSP
TT151839 F J 172  149.033 3/30/2015 4/1/2015 PICGSP
TT151840 F J 174 149.112 3/30/2015 4/1/2015 PICGSP
TT151841 F A 178 149.594 3/30/2015 4/1/2015 PICGSP
TT151842 F J 170 149.072 3/30/2015 4/1/2015 PICGHF
TT151843 M J 170 149.273 3/30/2015 4/1/2015 PICGHF
TT151844 F J 160 148.953 3/30/2015 4/1/2015 PICGHF
TT151845 M J 164  148.453 3/30/2015 4/1/2015 PICGHF
TT151846 F J 170 148.250 3/30/2015 4/1/2015 PICGHF
TT151847 M J 180 149.412 3/30/2015 4/1/2015 PICGHF
TT151848 M J 160 149.494 3/30/2015 4/1/2015 PICGHF
TT151849 M A 158 148.032 3/30/2015 4/1/2015 PICGHF
TT151850 F J 144  148.072 3/30/2015 4/1/2015 PICGHF
TT151851 F J 176  148.742 3/30/2015 4/1/2015 PICGHF
TT151852 M A 165 148.232 3/30/2015 4/1/2015 PICGHF
TT151853 M A 164 149.713 3/30/2015 4/1/2015 PICGHF
TT151854 F J 174 148.556 3/30/2015 4/1/2015 PICGHF
TT151855 M J 164  149.053 3/30/2015 4/1/2015 PICGHF
TT151856 M A 174 149.512 3/30/2015 4/1/2015 PICGHF
TT151857 F A 160 148.472 3/30/2015 4/1/2015 PICGHF
TT151858 M A 190 148.653 3/30/2015 4/1/2015 PICGHF
TT151859 F A 178 149.752 3/30/2015 4/1/2015 PICGHF
TT151860 F J 143 148.415 3/30/2015 4/1/2015 PICGHF
TT151861 F J 172  148.801la 3/30/2015 4/1/2015 PICGHF
TT151862 M A 172  148.533 3/30/2015 4/1/2015 PICGHF
TT151863 F J 180 149.554 3/30/2015 4/1/2015 PICGHF

Tablecontinued
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Mass Collar Capture Release Release
Band Sex Age :

(grams) frequency  date date site
TT151864 M A 152 148.861a 3/30/2015 4/1/2015 PICGHF
TT151865 F J 170 148.011 3/30/2015 4/1/2015 PICCGHF
TT151866 F J 173  149.233 3/30/2015 4/1/2015 PICGHF
TT151867 M J 180 148.192 3/30/2015 4/1/2015 PICGHF
TT151868 F A 186 149.653 3/30/2015 4/1/2015 PICGHF
TT151869 M J 172  149.093 3/30/2015 4/1/2015 PICGHF
TT151870 F J 164 148.311a 3/30/2015 4/1/2015 PICGHF
TT151871 M J 154 148.681 3/30/2015 4/1/2015 PICGHF
TT151872 F J 154  149.613 3/30/2015 4/1/2015 PICGHF
TT151873 M J 180 149.672 3/30/2015 4/1/2015 PICGHF
TT151874 F A 158 149.014 3/30/2015 4/1/2015 PICGHF
TT151875 M J 159 149.333 3/30/2015 4/1/2015 PICGHF
TT151876 M J 160 148.371a 3/30/2015 4/1/2015 PICGHF
TT151877 F J 168 148.091 3/30/2015 4/1/2015 PICGHF
TT152000 M J 145 148.211 3/30/2015 4/1/2015 PICGHF
TT160162 M A 168 148.321 3/24/2017 3/26/2017 PICGSP
TT160802 F J 154 149.081 4/3/2016 4/6/2016 PICGSP
TT160803 F A 136 149.241a 4/3/2016 4/6/2016 PICGSP
TT160804 M J 162 148.701la 4/3/2016 4/6/2016 PICGSP
TT160805 M J 160 148.90la 4/3/2016 4/6/2016 PICGSP
TT160806 M A 170 148.180a 4/3/2016 4/6/2016 PICGSP
TT160807 F J 160 148.741a 4/4/2016 4/6/2016 PICGSP
TT160808 M A 159 148.940a 4/4/2016 4/6/2016 PICGSP
TT160809 M A 169 149.000 4/4/2016 4/6/2016 PICGSP
TT160810 F J - 148.861b 4/4/2016 4/6/2016 PICGSP
TT160811 M J 159 148.780 4/4/2016 4/6/2016 PICGSP
TT160812 F A 174 149.041a 4/4/2016 4/6/2016 PICGSP
TT160813 F J 165 148.821a 4/4/2016 4/6/2016 PICGSP
TT160814 M J 156 149.120 4/4/2016 4/6/2016 PICGSP
TT160815 M J - 148.151a 4/4/2016 4/6/2016 PICGSP
TT160816 F J 200 149.500 4/6/2016 4/8/2016 PICCHF
TT160817 M J 152 - 4/6/2016  DOA PICGHF
TT160818 F J 179 149.522 4/6/2016 4/8/2016 PICGHF

Table continued
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Mass Collar Capture Release Release
Band Sex Age :

(grams) frequency  date date site
TT160819 M A 167 149.601a 4/6/2016 4/8/2016 PICGHF
TT160820 M A 162 149.061 4/6/2016 4/8/2016 PICGHF
TT160821 M J 177 148.922 4/6/2016 4/8/2016 PICGHF
TT160822 F J 160 149.631 4/6/2016 4/8/2016 PICGHF
TT160823 F J 178 - 4/6/2016  DOA PICGHF
TT160824 M J 156 149.111 4/6/2016 4/8/2016 PICGHF
TT160825 F J 153 149.022 4/6/2016 4/8/2016 PICGHF
TT160826 F J 167 148.680a 4/6/2016 4/8/2016 PICGHF
TT160827 M J 163 148.881a 4/6/2016 4/8/2016 PICGHF
TT160828 F J 165 150.900a 4/6/2016 4/8/2016 PICGHF
TT160829 F J 162 148.460a 4/6/2016 4/8/2016 PICGHF
TT160830 M J 167 150.352 4/6/2016 4/8/2016 PICGHF
TT160831 M A 164 148.641a 4/6/2016 4/8/2016 PICGHF
TT160832 M J 165 148.761 4/6/2016 4/8/2016 PICGHF
TT160833 M A 170 148.842a 4/6/2016 4/8/2016 PICGHF
TT160834 M A 153 148.801b 4/6/2016 4/8/2016 PICGHF
TT160835 M A 163 148.660 4/6/2016 4/8/2016 PICGHF
TT161025 F J 162  149.180a 3/25/2017 3/27/2017 PICGHF
TT162519 F J 171  149.581a 3/30/2016 4/1/2016 PICGSP
TT162521 M A 152 - 3/30/2016 DOA PICGSP
TT162522 F J 150 - 3/30/2016 DOA PICGSP
TT162523 M A 152  149.46l1a 3/30/2016 4/1/2016 PICGSP
TT162524 F J 188 149.491a 3/30/2016 4/1/2016 PICGSP
TT162525 F J 200 - 3/30/2016 DOA PICGSP
TT162526 M J 163 - 3/30/2016 DOA PICGSP
TT162527 M A 177 149.371 3/30/2016 4/1/2016 PICGSP
TT162528 F J 181 149.751 3/30/2016 4/1/2016 PICGSP
TT162529 M J 180 149.712 3/30/2016 4/1/2016 PICGSP
TT162530 F J 166 148.501la 3/30/2016 4/1/2016 PICGHF
TT162531 M J - - 3/30/2016 4/1/2016 PICGHF
TT162532 M J 168 - 3/30/2016 DOA PICGHF
TT162533 F J 196 148.480a 3/30/2016 4/1/2016 PICGHF
TT162534 F J 166 149.541 3/30/2016 4/1/2016 PICGHF

Table continued
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Mass Collar Capture Release Release
Band Sex Age :

(grams) frequency  date date site
TT162535 M A 178 149.641a 3/30/2016 4/1/2016 PICGHF
TT162536 M A 180 149.621a 3/30/2016 4/1/2016 PICGHF
TT162537 F A 170  149.440a 3/30/2016 4/1/2016 PICGHF
TT162538 F J 154 149.561a 3/30/2016 4/1/2016 PICGHF
TT162539 M J 179 149.331 3/30/2016 4/1/2016 PICGHF
TT162540 F J 161 149.420a 3/30/2016 4/1/2016 PICGHF
TT162541 M J 150 149.452b 3/30/2016 4/1/2016 PICGHF
TT162542 M J 152 149.511a 3/30/2016 4/1/2016 PICGHF
TT162543 M J 180 148.541 3/31/2016 4/2/2016 PICCGHF
TT162544 M J 158 148.520a 3/31/2016 4/2/2016 PICGHF
TT162545 M A 162 148.561a 3/31/2016 4/2/2016 PICGHF
TT162546 M J 170 148.600a 3/31/2016 4/2/2016 PICGHF
TT162547 F J 189 148.341a 3/31/2016 4/2/2016 PICGHF
TT162548 M J 161 148.121a 3/31/2016 4/2/2016 PICCGHF
TT162549 F A 178 148.36la 3/31/2016 4/2/2016 PICGHF
TT162550 F J 185 148.421a 3/31/2016 4/2/2016 PICGHF
TT162551 F J 177 148.441 3/31/2016 4/2/2016 PICGHF
TT162552 F J 158 148.471a 3/31/2016 4/2/2016 PICGHF
TT162553 M A 179 148.202 3/31/2016 4/2/2016 PICGSP
TT162554 M J 151 148.371b 3/31/2016 4/2/2016 PICGSP
TT162555 M J 152 148.351a 3/31/2016 4/2/2016 PICGSP
TT162556 M J 152 148.571a 3/31/2016 4/2/2016 PICGSP
TT162557 M A 186 148.231 3/31/2016 4/2/2016 PICGSP
TT162558 F J 157 148.261a 3/31/2016 4/2/2016 PICGSP
TT162559 F J 170 148.291a 3/31/2016 4/2/2016 PICGSP
TT162560 F J 168 148.300a 3/31/2016 4/2/2016 PICGSP
TT162561 F J 153 148.322a 3/31/2016 4/2/2016 PICGSP
TT162562 M A 179 148.031la 3/31/2016 4/2/2016 PICGSP
TT162563 M A 171  148.081 3/31/2016 4/2/2016 PICGSP
TT162564 M J 140 - 3/31/2016 4/2/2016 PICGSP
TT162565 M J 180 151.050 3/31/2016 4/2/2016 TCF3
TT162566 M A 204  151.740 3/31/2016 4/2/2016 TCF3
TT162567 F J 176 151.211a 3/31/2016 4/2/2016 TCF3

Table continued




Mass Collar Capture Release Release
Band Sex Age :
(grams) frequency  date date site
TT162568 F J 164 150.782 3/31/2016 4/2/2016 TCF3
TT162569 M J 189 150.041 3/31/2016 4/2/2016 TCF3
TT162570 M J 178 151.441 3/31/2016 4/2/2016 TCF3
TT162571 F J 188 151.720 3/31/2016 4/2/2016 TCF3
TT162572 F J 171 151.921 3/31/2016 4/2/2016 TCF3
TT162573 M J 150 148.412 3/31/2016 4/2/2016 TCF3
TT162574 F J - - 3/31/2016 4/2/2016 TCF3
TT162575 M J 156 151.042 3/31/2016 4/2/2016 TCF3
TT162576 M J - - 3/31/2016 4/2/2016 TCF3
TT162577 F A 167 151.749 3/31/2016 4/2/2016 TCF3
TT162578 M J - 151.122 3/31/2016 4/2/2016 TCF3
TT162579 M A 174 151.541a 3/31/2016 4/2/2016 TCF3
TT162580 F J 174 151.789 3/31/2016 4/2/2016 TCF3
TT162581 M A 179 148.383 3/31/2016 4/2/2016 TCF3
TT162582 M J 140 148.271 3/31/2016 4/2/2016 TCF3
TT162583 M J - - 3/31/2016 4/2/2016 TCF3
TT162584 M J - - 3/31/2016 4/2/2016 TCF3
TT162585 M A 184 151.220 4/2/2016 4/4/2016 PICGHF
TT162586 F J 168 148.041a 4/2/2016 4/4/2016 PICGHF
TT162587 M A 178 148.141a 4/2/2016 4/4/2016 PICGHF
TT162588 M J 171  148.161 4/2/2016 4/4/2016 PICGHF
TT162589 M J 166 148.191 4/2/2016 4/4/2016 PICGHF
TT162590 F J 160 149.321a 4/2/2016 4/4/2016 PICGHF
TT162591 M J 165 149.261la 4/2/2016 4/4/2016 PICGHF
TT162592 F A 164 149.200a 4/2/2016 4/4/2016 PICGHF
TT162593 F J 179  149.177 4/2/2016 4/4/2016 PICGHF
TT162594 F A 164 149.161la 4/2/2016 4/4/2016 PICGHF
TT162595 M J 171  149.036 4/1/2016 4/3/2016 TCF3
TT162596 M A 174 150.606 4/1/2016 4/3/2016 TCF3
TT162597 M A 165 151.840a 4/1/2016 4/3/2016 TCF3
TT162598 M J 175 149.216 4/1/2016 4/3/2016 TCF3
TT162599 M J 140 - 4/1/2016 4/3/2016 TCF3
TT162600 M A 168 150.911a 4/1/2016 4/3/2016 TCF3
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Mass Collar Capture Release Release
Band Sex Age :

(grams) frequency  date date site
TT170061 F J 169 148.371c 3/24/2017 3/26/2017 PICGSP
TT170209 F J 178 148.941 3/25/2017 3/27/2017 PICCGHF
TT170284 F A 175 148.291b 3/24/2017 3/26/2017 PICGSP
TT170285 M J 141  148.260a 3/24/2017 3/26/2017 PICGSP
TT170286 F J 140 148.230a 3/24/2017 3/26/2017 PICGSP
TT170287 M J 161 148.451 3/24/2017 3/26/2017 PICGSP
TT170288 F A 171  148.041b 3/24/2017 3/26/2017 PICGSP
TT170289 M A 162  148.351b 3/24/2017 3/26/2017 PICGSP
TT170290 M A 162 148.160 3/24/2017 3/26/2017 PICGSP
TT170291 M J 174 148.421b 3/24/2017 3/26/2017 PICCGSP
TT170292 F J 162 148.029 3/24/2017 3/26/2017 PICGSP
TT170293 M A 173 148.121b 3/24/2017 3/26/2017 PICGSP
TT170294 F J 200 148.241 3/24/2017 3/26/2017 PICGSP
TT170295 F A 168 148.181 3/24/2017 3/26/2017 PICGSP
TT170296 M J 167 148.080 3/24/2017 3/26/2017 PICGSP
TT170297 M J 198 148.471b 3/24/2017 3/26/2017 PICGSP
TT170298 M A 162  148.440 3/24/2017 3/26/2017 PICGSP
TT170299 M J 162 148.311b 3/24/2017 3/26/2017 PICGSP
TT170300 M A 140 148.300b 3/24/2017 3/26/2017 PICGSP
TT170301 F J 170 148.141b 3/24/2017 3/26/2017 PICGSP
TT170302 M J 169 148.361b 3/24/2017 3/26/2017 PICGSP
TT170303 F A 164 148.401 3/24/2017 3/26/2017 PICGSP
TT170306 M J - 149.641b 3/25/2017 3/27/2017 PICGHF
TT170307 F J 170 149.361 3/25/2017 3/27/2017 PICGHF
TT170308 F J 166  149.370 3/25/2017 3/27/2017 PICGHF
TT170309 M A 176  149.261b 3/25/2017 3/27/2017 PICGHF
TT170310 F A 147  149.321b 3/25/2017 3/27/2017 PICGHF
TT170311 M J 178 148.200a 3/25/2017 3/27/2017 PICGHF
TT170313 M J 158 149.501 3/25/2017 3/27/2017 PICGHF
TT170314 F A 179  149.492a 3/25/2017 3/27/2017 PICGHF
TT170315 F J 160 149.201 3/25/2017 3/27/2017 PICGHF
TT170317 M J 180 148.542a 3/25/2017 3/27/2017 PICGHF
TT170318 M J 160 149.38la 3/25/2017 3/27/2017 PICGHF
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Mass Collar Capture Release Release
Band Sex Age :

(grams) frequency  date date site
TT170319 M J 165 148.600b 3/25/2017 3/27/2017 PICCGHF
TT170320 M J 182 149.161b 3/25/2017 3/27/2017 PICCGHF
TT170321 F A 162 148.151b 3/25/2017 3/27/2017 PICCGHF
TT170322 F J 178 148.841 3/25/2017 3/27/2017 PICCGHF
TT170323 F J 149 149.621b 3/25/2017 3/27/2017 PICCGHF
TT170324 M J 164  148.680b 3/25/2017 3/27/2017 PICGHF
TT170325 M J 160 148.571b 3/25/2017 3/27/2017 PICCGHF
TT170326 M A 172  148.760a 3/25/2017 3/27/2017 PICCGHF
TT170327 M J 166  149.461b 3/25/2017 3/27/2017 PICCGHF
TT170328 M J 160 149.281 3/25/2017 3/27/2017 PICCGHF
TT170329 M J 173  148.721b 3/25/2017 3/27/2017 PICCGHF
TT170330 F J 165 149.601b 3/25/2017 3/27/2017 PICGHF
TT170331 F A 162 148.341b 3/25/2017 3/27/2017 PICCGHF
TT170332 M J 170 148.66l1la 3/25/2017 3/27/2017 PICCGHF
TT170333 M J 164  148.701b 3/25/2017 3/27/2017 PICGHF
TT170334 F J 168  149.060a 3/25/2017 3/27/2017 PICGHF
TT170335 M J 167 149.421a 3/25/2017 3/27/2017 PICGHF
TT170336 M J 166  148.261b 3/25/2017 3/27/2017 PICGHF
TT170337 F J 192  149.441 3/25/2017 3/27/2017 PICGHF
TT170338 M J 178 148.561b 3/25/2017 3/27/2017 PICGHF
TT170339 F J 173  149.041b 3/26/2017 3/27/2017 PICGHF
TT170340 F A - 148.501b 3/26/2017 3/27/2017 PICGHF
TT170345 F J 172  148.641b 3/26/2017 3/27/2017 PICGHF
TT170346 F A 169 148.821b 3/26/2017 3/27/2017 PICGHF
TT170347 F J 162  149.020 3/26/2017 3/27/2017 PICGHF
TT170348 F A 202  149.731 3/26/2017 3/27/2017 PICCGHF
TT170349 M A 172 148.881b 3/26/2017 3/27/2017 PICGHF
TT170350 M J 174 149.121a 3/26/2017 3/27/2017 PICGHF
TT170351 F A 166 148.961 3/26/2017 3/27/2017 PICGSP
TT170352 F J 164 148.861c 3/26/2017 3/27/2017 PICGSP
TT170353 F A 163 149.131 3/26/2017 3/27/2017 PICGSP
TT170354 F J 180 148.78la 3/26/2017 3/27/2017 PICGSP
TT170355 F A 172  148.901b 3/26/2017 3/27/2017 PICGSP
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Mass Collar Capture Release Release
Band Sex Age :

(grams) frequency  date date site
TT170356 F J 150 149.521 3/26/2017 3/27/2017 PICGSP
TT170357 M J 159 148.741b 3/26/2017 3/27/2017 PICCGSP
TT170358 M A 156  148.460b 3/26/2017 3/27/2017 PICGSP
TT170359 F J 139 148.921 3/26/2017 3/27/2017 PICGSP
TT170360 M A 173  149.581b 3/26/2017 3/27/2017 PICGSP
TT170361 F J 158 149.101a 3/26/2017 3/27/2017 PICGSP
TT170362 F A - 148.521a 3/26/2017 3/27/2017 PICGSP
TT170363 M J - - 3/26/2017 3/27/2017 PICGSP
TT170364 M J 170 - 3/26/2017 3/27/2017 PICGSP
TT170440 M J 175 148.711 3/25/2017 3/27/2017 PICCGHF
TT170467 F A 194  148.801c 3/25/2017 3/27/2017 PICCGHF
TT170711 F J 163  149.561b 3/25/2017 3/27/2017 PICCGHF
TT170728 M J 144  149.682 3/25/2017 3/27/2017 PICCGHF
TT171890 F J 172  150.691b 3/18/2017 3/20/2017 TCF1
TT171891 M J 135 151.231a 3/18/2017 3/20/2017 TCF3
TT171892 M J 163 151.111 3/18/2017 3/20/2017 TCF3
TT171893 M J 170 150.431 3/18/2017 3/20/2017 TCF3
TT171894 F J 160 150.392 3/18/2017 3/20/2017 TCF3
TT171895 M J 174 150.911b 3/18/2017 3/20/2017 TCF-3
TT171896 M J 187 150.332 3/18/2017 3/20/2017 TCF1
TT171897 M J - - 3/18/2017 3/20/2017 TCF3
TT171898 M A 170 150.891 3/18/2017 3/20/2017 TCF1
TT171899 M J 160 150.411 3/18/2017 3/20/2017 TCF3
TT171900 F J 165 151.169 3/18/2017 3/20/2017 TCF-3
TT171901 F A 170 150.831 3/18/2017 3/20/2017 TCF-3
TT171902 F A 170 151.211b 3/18/2017 3/20/2017 TCF3
TT171903 F J 160 150.350 3/18/2017 3/20/2017 TCF-3
TT171904 F J 160 151.252 3/18/2017 3/20/2017 TCF1
TT171905 F A 150 150.671b 3/18/2017 3/20/2017 TCF1
TT171906 M A 162 151.012 3/18/2017 3/20/2017 TCF1
TT171907 F J 170 150.552 3/18/2017 3/20/2017 TCF1
TT171908 F J 162 151.030 3/18/2017 3/20/2017 TCF1
TT171909 M A 168 151.091 3/18/2017 3/20/2017 TCF1
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Mass Collar Capture Release Release
Band Sex Age :

(grams) frequency  date date site
TT171910 M A 154 151.131 3/18/2017 3/20/2017 TCF1
TT171911 M A 168 151.291a 3/18/2017 3/20/2017 TCF1
TT171912 M J 174 150.791 3/18/2017 3/20/2017 TCF1
TT171913 M J 170 151.271 3/18/2017 3/20/2017 TCF-3
TT171914 M J 150 151.191 3/18/2017 3/20/2017 TCF3
TT171915 F J 155 150.751 3/18/2017 3/20/2017 TCF3
TT171916 F A 160 150.971a 3/18/2017 3/20/2017 TCF3
TT171917 F J 162 150.871 3/18/2017 3/20/2017 TCF3
TT171918 M A 170 151.072 3/18/2017 3/20/2017 TCF3
TT171919 M J 160 151.152 3/18/2017 3/20/2017 TCF3
TT171920 M J 172 151.311 3/18/2017 3/20/2017 TCF3
TT171921 F J 150 150.531 3/18/2017 3/20/2017 TCF3
TT171922 F A 150 150.251 3/18/2017 3/20/2017 TCF3
TT171923 M J 150 150.812 3/18/2017 3/20/2017 TCF3
TT171924 M J 172 150.991 3/18/2017 3/20/2017 TCF3
TT171925 F A 174 151.051 3/18/2017 3/20/2017 TCF3
TT171926 F J 162 150.631 3/18/2017 3/20/2017 TCF3
TT171927 M J 160 150.571 3/18/2017 3/20/2017 TCF3
TT171928 M A 178 150.491 3/18/2017 3/20/2017 TCF-3
TT171929 F J 160 150.471a 3/18/2017 3/20/2017 TCF3
TT171930 M A 158 150.150 3/18/2017 3/20/2017 TCF3
TT171931 F J 154 150.651 3/18/2017 3/20/2017 TCF-3
TT171932 F J 168 150.290a 3/18/2017 3/20/2017 TCF-3
TT171933 M J 162 150.591 3/18/2017 3/20/2017 TCF-3
TT171934 F J 180 150.311 3/18/2017 3/20/2017 TCF1
TT171936 F J 167 150.371 3/18/2017 3/20/2017 TCF-3
TT171937 M J 170 150.130 3/18/2017 3/20/2017 TCF3
TT171938 F J 165 150.271 3/18/2017 3/20/2017 TCF1
TT171939 M J 152 150.071 3/18/2017 3/20/2017 TCF1
TT171940 M A 184 150.931a 3/18/2017 3/20/2017 TCF1
TT171941 F J 152 150.231 3/18/2017 3/20/2017 TCF1
TT171942 F J 148 150.711 3/18/2017 3/20/2017 TCF1
TT171943 F A 160 150.452 3/18/2017 3/20/2017 TCF1
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Mass Collar Capture Release Release
Band Sex Age :

(grams) frequency  date date site
TT171944 M J 174 150.732 3/18/2017 3/20/2017 TCF-3
TT171945 M J 182 - 3/18/2017 3/20/2017 TCF3
TT171946 M J 160 150.211 3/18/2017 3/20/2017 TCF3
TT171947 M A 168 150.772 3/18/2017 3/20/2017 TCF-3
TT171948 M A 164 150.85l1a 3/18/2017 3/20/2017 TCF3
TT171949 M J 174 150.512 3/18/2017 3/20/2017 TCF1
TT180112 F J 159 148.480b 3/22/2018 3/24/2018 PICGSP
TT180115 M J 165 148.760b 3/22/2018 3/24/2018 PICGSP
TT180801 F J 160 151.520 3/22/2018 3/25/2018 TCF1
TT180979 F J 154 151.920 3/22/2018 3/25/2018 TCF3
TT180980 M A 147 151.900 3/22/2018 3/25/2018 TCF1
TT180998 F J 142  151.610 3/22/2018 3/25/2018 TCF1
TT181000 F A 165 151.261b 3/22/2018 3/25/2018 TCF1
TT182401 M A 162 151.180 3/22/2018 3/25/2018 TCF1
TT182472 F J 161 151.771 3/22/2018 3/25/2018 TCF-3
TT182473 M J 173 151.760 3/22/2018 3/25/2018 TCF-3
TT182474 F J 154 151.141 3/22/2018 3/25/2018 TCF-3
TT182475 M J 149 151.821 3/22/2018 3/25/2018 TCF-3
TT182476 F J 175 151.850 3/22/2018 3/25/2018 TCF-3
TT182477 F J 176  151.221 3/22/2018 3/25/2018 TCF-3
TT182478 M J 147  151.750 3/22/2018 3/25/2018 TCF-3
TT182479 M J 150 150.870 3/22/2018 3/25/2018 TCF-3
TT182480 M J 167 151.640 3/22/2018 3/25/2018 TCF-3
TT182481 F J 149 151.061 3/22/2018 3/25/2018 TCF-3
TT182482 M A 167 151.951 3/22/2018 3/25/2018 TCF-3
TT182483 F J 164 151.001 3/22/2018 3/25/2018 TCF-3
TT182484 F J 154 151.161 3/22/2018 3/25/2018 TCF-3
TT182485 F A 147 151.080 3/22/2018 3/25/2018 TCF-3
TT182486 M J 158 151.721 3/22/2018 3/25/2018 TCF3
TT182487 M J 162 150.851b 3/22/2018 3/25/2018 TCF-3
TT182488 M J 154 150.911c 3/22/2018 3/25/2018 TCF3
TT182489 F J 161 151.890 3/22/2018 3/25/2018 TCF3
TT182490 M A 165 151.800 3/22/2018 3/25/2018 TCF-3

Table continued

162



Mass Collar Capture Release Release
Band Sex Age :

(grams) frequency  date date site
TT182491 F A 153 150.931b 3/22/2018 3/25/2018 TCF1
TT182492 F J 183 151.941 3/22/2018 3/25/2018 TCF1
TT182493 M A 170 151.790 3/22/2018 3/25/2018 TCF1
TT182494 F J 149 151.440 3/22/2018 3/25/2018 TCF1
TT182495 F A 147 151.481 3/22/2018 3/25/2018 TCF1
TT182496 F J 156 151.121 3/22/2018 3/25/2018 TCF1
TT182497 M J 181 151.580 3/22/2018 3/25/2018 TCF1
TT182498 M J 160 151.340 3/22/2018 3/25/2018 TCF1
TT182499 M A 154 151.831 3/22/2018 3/25/2018 TCF1
TT182500 M J 166 151.741 3/22/2018 3/25/2018 TCF1
TT182902 M A 148 151.130 3/22/2018 3/25/2018 TCF1
TT182903 F J 156 151.861 3/22/2018 3/25/2018 TCF1
TT182904 M A 148 150.321b 3/22/2018 3/25/2018 TCF1
TT182905 M J 148 150.950 3/22/2018 3/25/2018 TCF1
TT182906 F A 170 151.041 3/22/2018 3/25/2018 TCF1
TT182907 M J 140 150.971b 3/22/2018 3/25/2018 TCF1
TT182908 F J 154 151.600 3/22/2018 3/25/2018 TCF1
TT182909 M J 140 150.351 3/22/2018 3/25/2018 TCF1
TT182910 F J 162 151.240 3/22/2018 3/25/2018 TCF1
TT182911 F J 154 151.700 3/22/2018 3/25/2018 TCF1
TT182912 F J 150 151.291b 3/22/2018 3/25/2018 TCF1
TT182913 M J 160 151.911 3/22/2018 3/25/2018 TCF1
TT182914 M J 164 151.840b 3/22/2018 3/25/2018 TCF1
TT182915 F J 150 151.231b 3/22/2018 3/25/2018 TCF1
TT182916 M J 150 150.451 3/22/2018 3/25/2018 TCF1
TT182917 M J 160 151.541b 3/22/2018 3/25/2018 TCF1
TT182918 F J 166 151.381 3/22/2018 3/25/2018 TCF1
TT182919 M J 184 150.370b 3/22/2018 3/25/2018 TCF1
TT182920 F J 180 150.471b 3/22/2018 3/25/2018 TCF1
TT182921 M J 152 150.331 3/22/2018 3/25/2018 TCF1
TT182922 F J 132 150.341 3/22/2018 3/25/2018 TCF1
TT182923 F J 153 150.500 3/22/2018 3/25/2018 TCF1
TT182924 M J 140 150.290b 3/22/2018 3/25/2018 TCF1
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Mass Collar Capture Release Release
Band Sex Age :

(grams) frequency  date date site
TT182925 M J 169 151.250 3/22/2018 3/25/2018 TCF1
TT182926 F J 159 150.550 3/22/2018 3/25/2018 TCF1
TT182927 F J 178 150.620 3/22/2018 3/24/2018 PICGSP
TT182928 M J 160 150.680 3/22/2018 3/24/2018 PICGSP
TT182929 M J 164 150.580 3/22/2018 3/24/2018 PICGSP
TT182930 M A 155 148.721c 3/22/2018 3/24/2018 PICGSP
TT182931 M A 171  149.420b 3/22/2018 3/24/2018 PICGSP
TT182932 F J 184 150.440 3/22/2018 3/24/2018 PICGSP
TT182933 F A 170 150.800 3/22/2018 3/24/2018 PICGSP
TT182934 F J 202 150.720 3/22/2018 3/24/2018 PICGSP
TT182935 M J 158 150.380 3/22/2018 3/24/2018 PICGSP
TT182936 M J 174 150.541 3/22/2018 3/24/2018 PICGSP
TT182937 M J 177 150.260 3/22/2018 3/24/2018 PICGSP
TT182938 M A 161 150.861 3/22/2018 3/24/2018 PICGSP
TT182939 M A 171 148.291c 3/22/2018 3/24/2018 PICGSP
TT182940 F A 168 148.501c 3/22/2018 3/24/2018 PICGSP
TT182941 F J 163 150.660 3/22/2018 3/24/2018 PICGSP
TT182942 F A 185 150.760 3/22/2018 3/24/2018 PICGSP
TT182943 F J 176  150.400 3/22/2018 3/24/2018 PICGSP
TT182944 F J 154 150.481 3/22/2018 3/24/2018 PICGSP
TT182945 M J 162  150.900b 3/22/2018 3/24/2018 PICGSP
TT182946 M J 170 148.940b 3/22/2018 3/24/2018 PICGSP
TT182947 M A 167 150.040 3/22/2018 3/24/2018 PICGSP
TT182948 M J 180 150.920 3/22/2018 3/24/2018 PICGSP
TT182949 M J 164 150.740 3/22/2018 3/24/2018 PICGSP
TT182950 M J 152  148.322b 3/22/2018 3/24/2018 PICGSP
TT182951 M J 166 150.019 3/22/2018 3/24/2018 PICGSP
TT182952 M J 162 150.701 3/22/2018 3/24/2018 PICGSP
TT182953 M J 162 148.421c 3/22/2018 3/24/2018 PICGSP
TT182954 M J 169 148.842b 3/22/2018 3/24/2018 PICGSP
TT183302 F J 147 150.780 3/22/2018 3/24/2018 PICGSP
TT183303 M A 152  149.121b 3/22/2018 3/24/2018 PICGSP
TT183304 M J 158 149.601c 3/22/2018 3/24/2018 PICGSP
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Mass Collar Capture Release Release
Band Sex Age :

(grams) frequency  date date site
TT183305 F J 164  149.511b 3/22/2018 3/24/2018 PICGSP
TT183306 M A 169 148.561c 3/22/2018 3/24/2018 PICGSP
TT183307 M J 152  149.130b 3/22/2018 3/24/2018 PICGSP
TT183308 M J 183 148.781b 3/22/2018 3/24/2018 PICGSP
TT183309 F J 168 149.041c 3/22/2018 3/24/2018 PICGSP
TT183310 F A 168 148.031b 3/22/2018 3/24/2018 PICGSP
TT183311 F J 154  148.200b 3/22/2018 3/24/2018 PICGSP
TT183312 M J 164  149.999 3/22/2018 3/24/2018 PICGSP
TT183313 M A 174 150.300 3/22/2018 3/24/2018 PICGSP
TT183314 M J 164  149.180b 3/22/2018 3/24/2018 PICGSP
TT183315 F J 170 148.600c 3/22/2018 3/24/2018 PICGSP
TT183316 M J 145 150.980 3/22/2018 3/24/2018 PICGSP
TT183318 M J 163 148.151c 3/22/2018 3/24/2018 PICGSP
TT183319 F J 164  148.521b 3/22/2018 3/24/2018 PICGSP
TT183320 F J 165 149.492b 3/22/2018 3/24/2018 PICGSP
TT183321 F A 161  149.421b 3/22/2018 3/24/2018 PICGSP
TT183322 F J 148 148.661b 3/22/2018 3/24/2018 PICGSP
TT183323 M J 165 149.321c 3/22/2018 3/24/2018 PICGSP
TT183324 M J 158 148.801d 3/22/2018 3/24/2018 PICGSP
TT183325 M A 156  149.241b 3/22/2018 3/24/2018 PICGSP
TT183326 F J 147  149.540 3/22/2018 3/24/2018 PICGSP
TT183327 F J 148 149.080 3/22/2018 3/24/2018 PICGSP
TT183328 M J 160 148.341c 3/22/2018 3/24/2018 PICGSP
TT183329 F J 164  148.520b 3/22/2018 3/24/2018 PICGSP
TT183330 M J 181 148.680c 3/22/2018 3/24/2018 PICGSP
TT183331 F J 163 148.180b 3/22/2018 3/24/2018 PICGSP
TT183332 F J 157  149.491b 3/22/2018 3/24/2018 PICGSP
TT183333 M J 163 148.260b 3/23/2018 3/25/2018 PICGSP
TT183334 F J 144  149.461c 3/23/2018 3/25/2018 PICGSP
TT183335 M J 159 148.880 3/23/2018 3/25/2018 PICGSP
TT183336 F J 162 148.350 3/23/2018 3/25/2018 PICGSP
TT183337 F J 167 150.060 3/23/2018 3/25/2018 PICGSP
TT183338 F J 148 148.542b 3/23/2018 3/25/2018 PICGSP

Table continued
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Band Sex Age Mass Collar Capture  Release Rel_ease
(grams) frequency  date date site

TT183339 F J 153 150.520 3/23/2018 3/25/2018 PICGSP
TT183340 M J 150 148.230b 3/23/2018 3/25/2018 PICGSP
TT183341 M J 166  148.840 3/23/2018 3/25/2018 PICGSP
TT183342 F J 160 149.200b 3/23/2018 3/25/2018 PICGSP
TT183343 F J 160 149.561c 3/23/2018 3/25/2018 PICGSP
TT183344 F A 162 149.101b 3/23/2018 3/25/2018 PICGSP
TT183345 F J 138 149.261c 3/23/2018 3/25/2018 PICGSP
TT183346 F A 160 149.060b 3/23/2018 3/25/2018 PICGSP
TT183347 F J 147 151.281 3/23/2018 3/25/2018 PICGSP
TT183348 F J 170 149.681 3/23/2018 3/25/2018 PICGSP
TT183349 F J 175 150.511 3/23/2018 3/25/2018 PICGSP
TT183350 F A 170  149.440b 3/23/2018 3/25/2018 PICGSP
TT183351 F J 182 150.361b 3/23/2018 3/25/2018 PICGSP
TT183499 M J 167 149.381b 3/23/2018 3/25/2018 PICCGSP




Appendix B

DETAILED SITE DESCRIPTIONS AND IMAGES FOR BREEDING
SONGBIRD POINT COUNTS
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Figure B.1 Managed pine stand (Site 1) within the New Jersey Pine Barrens at which
breeding bird point counts were conducte@®i2, 2013, 2016 and 2017. Initial
intensive managemg principally mechanical treatment of understory and prescribed
burning, occurred in 2006.
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Figure B.2 Managed pine stand (Site 2) within the New Jersey Pine Barrens at which
breeding bird point counts were conducte@®i2, 2013, 2016 and 2017. Dispersed
retention harvest occurred within this stand in 1995.
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Figure B.3Managed pine stand (Site 3) within the New Jersey Pine Barrens at which
breeding bird point counts were conducte@®12, 2013, 2016 and 2017. Intensive
management, principally shelterwood harvest with roller chopping followed by pine
seedling hand plaimy, occurred in 2008.
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Figure B.4 Managed pine stand (Site 4) within the New Jersey Pine Barrens at which
breeding bird point counts were conducte@®12, 2013, 2016 and 2017. Intensive
management, principally dispersed retention harvest with rolagphg, occurred in
2006, 2008, and 2010 and were followed by pine seedling hand planting.
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Figure B.5Managed pine stand (Site 5) within the New Jersey Pine Barrens at which
breeding bird point counts were conducte@®12, 2013, 2016 and 2017. Intergsiv
management, principally dispersed retention harvest with roller chopping, occurred in
2003 and was followed by natural pine regeneration.
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Figure B.6 Managed oalpine forest (Site 6) within the New Jersey Pine Barrens at
which breeding bird point countsere conducted i2012, 2013, 2016 and 2017.
Intensive management, principally oak harvest and regular prescribed burning, has
occurred regularly on this property since 1991. A series of-clg#arto create several
grasslands occurred in the early 2000s.
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Figure B.7 Managed oalpine scrub (Site 7) within Brendan T. Byrne State Forest of
the New Jersey Pine Barrens at whicheding bird point counts were conducted in
2012, 2013, 2016 and 2017. A modified shelter wood cut was performed in 2006 to
create hbitat for reeheaded woodpecker.
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Figure B.8 Managed pine forest and grassland mosaic (Site 8) within Greenwood
Wildlife Management of the New Jersey Pine Barrens at wirieading bird point
counts were conducted 2912, 2013, 2016 and 2017.
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Figure B.9 Managed pine stand (Site 9) within the New Jersey Pine Barrens at which
breeding bird point counts were conducte@®i2, 2013, 2016 and 2017. Initial
intensive management, principally thinning and prescribed burning, began in 2007.
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Figure B.10 Unmanaged pine stand (Site C1) within Brendan T. Byrne State Forest of

the New Jersey Pine Barrens at whicheding bird point counts were conducted in
2012, 2013, 2016 and 2017.
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Figure B.11Unmanaged pine stand (Site C2) within Greenwood Wildlife
Management Area of the New Jersey Pine Barrens at winégtding bird point counts
were conducted 12012, 2013, 2016 and 2017.
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Figure B.12Unmanaged pine stand (Site C3) within Bass River North State Forest of

the New Jersey Pine Barrens at whiachedingbird point counts were conducted in
2012, 2013, 2016 and 2017.
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Figure B.13Unmanaged pine stand (Site C4) within Penn State Forest of the New
Jersey Pine Barrens at whibtreeding bird point counts were conducte@®i2,
2013, 2016 and 2017.
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Figure B.14Unmanaged pine stand (Site C5) within Franklin Parker Preserve of the
New Jersey Pine Barrens at whimeeding bird point counts were conducte@@i?2,
2013, 2016 and 2017.
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Figure B.15Unmanaged pine stand (Site C6) within Brendan T. Byrne State Bbrest
the New Jersey Pine Barrens at whicheding bird point counts were conducted in
2012, 2013, 2016 and 2017.
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Figure B.16 Unmanaged pine stand (Site C7) within Brendan T. Byrne State Forest of

the New Jersey Pine Barrens at whicheding bird point@unts were conducted in
2012, 2013, 2016 and 2017.
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Figure B.17Unmanaged pine stand (Site C8) within Greenwood Wildlife
Management of the New Jersey Pine Barrens at wirefding bird point counts were
conducted ire012, 2013, 2016 and 2017.
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