ABSTRACT

BORNEMAN, TRACY ELIZABETH. Effects of Human Activity on American Oystercatchers
(Haematopus palliatyBreeding at Cape Lookout National Seashore, North Card@limaler the
directionof Dr. Theodore R. Simons

As human populations and associated development increase, -wildiiga conflicts are
occurring with greater frequencyHow human activity affects wildlifeparticularly those species
whose populations are declinigpd areof concernjs of great interest to ecologists, land managers,
andnatural resourceolicymakers The American Oystercatch€dHaematopus palliatg), a species
of federaland state managemettincern, neston coastal beaas where they are sulgjeto various
forms of anthropogenic disturbancen this study, | assessed the effects of a variety of human
activitieson nesting American Oystercatcher€Catpe Lookout National Seashore, North Carolina.

Human activities that may disturb nesting biedsSCape LookouNational Seashormclude
aircraft overflightspff-roadvehicles, and park visitorsA recent lowering of the minimum altitude at
which highspeed military aircraft can fly through the airsp&Cere MOA) above Cape Lookout
National Seagbre provided an opportunity to study the effects of these overflights on nesting birds.
usedthree metrics to asseske effects of human activityon nesting American Oystercatchers:
behavior, physiology, and reproductive succedsexpanded ogoing monitoring of American
Oystercatchers at Cape Lookout National Seashhgresupplementingvisual observatios with
continuous 24hour video, audio, and heart rate recordignestsduringthe nest incubation period.
Audio recorders monitored ambient sound levels andnoise eventsyideo recordersmonitored
oystercatchelincubating behavior beach activity, and nest fate; and microphoastedded in
artificial eggsmonitoredthe heart rates of incubating birds

I quantified the behavioral responsesogfktercatcherss the proportion of incidents they
were on versus off their nests before and during human activity events, the numbkieresf
oystercatchergeparted from their nests each dapdthe percent of the day oystercatchers were at
and attendig their nests Oystercatchers were equally likely to be observedeir hests before and
during mosttypes of aircraft flyovers,except for military fixeewing flights for which they were on
their nests more during than before the flights. Oystereedgbere on their nests less often during
all types of offroad vehicle and pedestrian events thafote those events occurred.folnd no
association between the altitude of Core MOA flights ahe behavior of incubating birds.
Oystercatchers were nwllikely to be off theirness during the passage afff-road vehicles and
pedestrians wherests werdocated in open sand areasverage daily nest attendance was higher for

successful nests than for failed nedtgound no significant correlation between the number of human



activity events per day and the percent of the day oystercatchers were at and attending their nests.
The number of ATVs driving by nests each day was weakly associated with the total nutithes of
oystercatchers left their nests per day.

High-speed low-altitude Core MOA flights were the only human activity to significantly
increase average heart rates of incubating oystercatchieeshiological significance of thiscrease
(13 beatsminute) is unknown.

Reproductive success of American Oystercatchers on North Core Banks during the two
seasons of this study were comparable to, or higher than, past reproductive success on #ralisland
at other nesting sites in North Carolifidhe average nuber of off-road vehicle eventger day vas
correlated taeductions irdaily survival rates and success of nests.

Current levels ofircraft overflights including high-speed Jow-altitude Core MOA flights,
are unlikelyto affect nesting success during tineubation period. In contrgsbff-road vehicles
appear taffect both the incubation behavior and nest hatching succesaaridan Oystercatchers.



© Copyright 2013y Tracy Elizabeth Borneman

All Rights Reserved



Effects of Human Activity on American Oystercatch@tiaematopus palliatyBreeding at Cape
Lookout Ndional Seashore, North Carolina

by
Tracy Elizabeth Borneman

A thesissubmitted to the Graduate Faculty of
North Carolina State University
in partial fulfillment of the
requirements for the degree of
Master of Science

Zoology

Raleigh, North Carolina

2013

APPROVED BY

Dr. Theodore R. Simons Dr. NicholasHaddad
Chair of Advisory Committee

Dr. Jaime Collazo



DEDICATION

To Eli, withoutwhom | would have never compéet(or survived)this research and thesis, for his

unwavering support, interest, dedication, and ingenuity.

And, to the American Oystercatchetdjope my work will contribute to ensuring your future.



BIOGRAPHY

I grew up in Marylandspending a huge majority of my tiro@tside, where mguriosity, my
imagination, my mid, and my dreams could flow It was in nature where | felt | was truly
experiencing the world and life. | found peace, excitement, and wiadwng the wildike | found
nowhere else. There were so manfascinating things in nature and a world of it | longed to
experience, so | had (and still hgwdifficulty in pinpointing exactly which direction of learning to
pursue. | finally decided to atter@hlisbury Universitywhere Ireceiveda Bachelor of Scienci
Biology in 2002 spending a semester abroad studying Wildlife Management in Kenya along the way
After graduating, left Maryland following an insatiable wanderludttravded frequently throughout
the United Statesfter competion of my undergraduate degregaining diverseexperience ina
variety of biological and outdoorelatedjobs. What wonderful adventuresAn array of wildlife
resarch technician positions led me to pursue omyn research for a Master of Science wolbgy
hereat North Carolina State University. was so fortunate to conduct my research in a spectacular
location, Cape Lookout National Seashore, on an amazing bird, American Oystercadciters
through an advantageopsogram, the North Carolina Coaptive Fish and Wildlife Research Unit
at NC State University My time in Raleigh also marked another major life milestone; | married my
life adventures majeEl.

As my studies for my Miatenary forbafew gearg, 1 arefeana v e

the restlessness of my wandering legs; | pteroam a bit and experience more of what the world has

k e

toofferr S0 many ecosystems, | andscapes, and species



ACKNOWLEDGMENTS

First and foremost, any, many many thanks to Eli Roder assistance in all aspects of the
project including countless hours spent designing and developing equipment; assistingeld;the f
collecting, organizing,processing and reviewing digital recordings; assisting in devising the
sampling design; oveltastudy insight and suppor&nd being a general foundation through this whole
process.

| thank my advisor, Dr. Ted Simons, for this opportunity, and for all his stpgmtinual
cheerleadingsound adviceand eternal patienceAnd, to my labmate,office-mate, and roommate,
Jessica Stocking, so many thanks for, wellerything. We experienced and learned so much
together.

This research involvednuch collaboration Audrey DeRoseéVNilson and Matt Hillman,
fellow graduate students at Virginia Tecakiere stpendous researghates. | am also extremely
grateful to Sarah Karpanty and Jim Fraser, professors at Mirg§iacth, for their work and feedback
ontheprojegt it 6s been a pl e Wishaal Rkard and Jon Atgaand ithe $tafft h e m.
of Cape Lookout National Seashore provided invaluable assistance for field logistics and with data
collection;l candt t ha n RkRhartfléxibility ardrcaopegation $pecialthanks to Michael
for always making sre we had everything we needed ba isolated islandvlany thanks as well to
Rick and KariMartin of Morris Marinafor entertaining transport to and frotine island and their
willingness to befriend usl look forwardto enjoyng Cape Lookout with them for many years to
come. John Wettrth provided indispensable assistance in developing recording equipment and
electronics support, as well as much needed-lighrtednterjections and constant enthusiasite
processing and reviewing of the audio and video recordivgdd have been exponentially more
challenging without ta expertise, ingenuity, argénerosity of Dan MennitDamonJoyce and Kurt
Fristrupof the National Park Servig®latural Sounds and Night Skies Divisiand Syed Hussain of
North Carolina State tlversity and the analysis software they developed and prgvided most
indebted | appreciatedadvice, inght, and support provided byy committee members, Drislick
Haddad and Jaim€ollazo. | am foreverindebted toall my reseach assistants andolunteers,
Megan Thoemmes, Jeff Smith, Katie Pierson, Matt Peterson, Allison Nolker, Imari Colon, Jessica
Hampton, and Michadtisk for processing hours upon hours of digital recordindgatthew Krachey
was phenomenal in his willingness to conduct aadheme statistical analysis and software; my data

would have been left in the raw without his assistance and sugmdso thank Fan Wu, Tian Chen,



Keith Shusterman, Peter Bloomfield, Ken Pollock, and Ké&iass for providing statistical analysis
suppat. Many thanks to the United States Marine Corps for providing research funding and to U.S.
Marine CorpgAir Station, Cherry Point, N@ersonnel, Camen Lombardo, David Plummelessica
Guilianelli, Ken Cobb, and many othdi® providing overflight datpassistanceand support.

None of my time here at NC Staad with theCoop Unitwould have been possible without
Wendy Moore and her limitless knowledge of government and university administrative processes. |
am so grateful for all she did for me aner guidance through much paperwoilhe same is true of
Meredith Henryand Susan Marschalk, whom | thank foeithcontinual guidance on navigating
graduate student procedures.

I 6d al saocknollédgeethe tAmerican Oystercatcher Working Grouparénership of
representatives from States within the oysterca
Mexico coasts of the United States. This group is a fantastic example of what is achievable by strong,
wide-range collaborations in undeasding and conserving a species. Its members have been
extremely supportive throughout my graduate career, and | have learned so much frorh them. s o
thankful for all my interactions with this group.

And last but never leastosmany thanks tany parems and siblings particularly during

exhausted, overwhelmeand sometimetearful phone calls and visits, for their untiring belief in me.



TABLE OF CONTENTS

LIST OF FIGURES. ... .ottt ettt e e e e e e e e e eba e e eeees Xi
CHAPTER INtFOQUCTION ...ttt e e e e et e ettt et e e e e e e e e e eeeeeeeeeeeamsssnnnnnnnnes 1
STUDYAREA. ...ttt ttttesteesteeaueeasteesseeaseaasseessesaseeanseeasesaseeasseessesaneeanseeaseeanneanseesseeanseenseesseeanenenes 4
STUDYIPECIES 1ttt euteeseeesteeaseeaseeasesaseeasseessesaseeanseesesaneeanseeaseeaseeanseenseesseeenseensesanenanseensennns 5
LITERATURBTED. 1.ttt tuttenteesueeasteesteesseeasseessesssesaseeasseessananseansesssesasseansesssessnseensesssesasssansesssenns 6
TABLES ANBGURES. ... .tteutteteessteasteesueeaseeaseeesseeaseeaseeasseeasesanseessesassessseansesssessnsesssesssessneesnses 9
CHAPTER HEfects of Human Ativity on the Behavior of Nesting Americany@tercatchers....... 11
Ly 1 YN o APPSR 11
INTRODUGCTIQN. ¢ttt esteeteesieeeteesseeaseeeseeeaseeaseeesseesseeameeenteesseeaseeenbeesneeanseanseeaneeaneeenns 12
IMETHODS. ...ttt ettt ettt ettt et e bt e ne e et e she e e s et e be e eh e e e m b e e b e e ehe e e ab e e beeemeeenbeebeenneeanbee e 13

FIld MEINOGS ... 13

Video and AU ANAIYSES.......ooooiiiiiiie e 16
StatiStICAl ANAIYSIS...ciiiiiiiiiiiie e 18

RE SULT S ettt ettt e e et e ettt et e bt e e ae e e s e e te e s s teeste e seeeseeent e et e e nneeenteenteeaneeanteenreenneennee s 20
Islandwide SOUNd MONITOTING......cciiiiiiiiiee et e e e e e aae 20

Video and Audio MoNItoring at NESES.........oocuuviiiiieiiiiiii e 20
ANTNIOPOGENIC ACTIVILY. ...eeeeeeeiiiiee ittt e e e e 21
Behavioral RESPONSES......ccoiiiiiiiiiee ettt e 22
DISCUSSION ..ttt euteeeetteeetaeeasteeaasteeanteeeaseee e seeaanseeeaseeeemteeeasbeeanbeeenabeeeaseeeanseaeanseeanseeanns 24
Ty LU (= = o SRS 27
TABLES ANBGURES. ... ceutteiteeauteeteeaueeanteesseesseeaneeasesasessnseesseesseeanseesseeaneeanseensesaneeanseessenas 30

CHAPTER 3ffécts of Human Activity on the Physiologyf dNesting AmericarDystercatchers....47

ABSTRACT. ...ttt ettt ettt e bt e e ettt e atb e e e b et e eab e e o ke e e ea ket ok et e o ket eeh et e ea b et e eab et e bb e e en bt e e nbe e e be e e nnneas 47
INTRODUCTIQN. .ttt ettee ettt et et e e eate e e esbe e e be e e aste e e ess e e eabe e e ambeeebeeenabeeennneesnneeennneeenresd A7
Y1 = o] 01U R TR 49
FIEld MEENOUS .....ceeeieeeeee e e e 49
Analysis of Heart Rate ReCOIrdiNgS...........uuviiiiiiiiiiiiiieeiiiiieee e 51
STALISTICAI ANAIYSIS ...eeiiiiiiiiii e 52

Vi



S 1 T 53

Heart Rate MONITOMNG ... ...uueeiieeiiiiiii it e e e e e e 53
PhySiologiCal RESPONSE......cciiiiiiiiiiie et e e 53
DISCUSSION ... tteeuteeteeaseeasteesseeasseanseesseeaseeanseesseeasseaseessesaneeenseesseeanseanseessesanseansesssensnsnnns 55
LTERATURBTED. ¢..ceiiiiiititeieee sttt e e s et e e e a e e e e e s s s b e e e e e s e s r e e e e e e e s a b rneeeeeenns Y
TABLES ANBIGURES......ciiiiiiittiiiiie ettt e e s st e e e e s e e e e e sennn s 59
CHAPTER H#fects of Human Activity on the Annual Reproductive Succe$®merican
L@ S (=T (o7= L (ol =] = USRS 63
= 1Y o PP PPPPPPPRT 63
INTRODUGCTIQN. ¢ ttteeiiittteeee e e e sttt s r e e s s bb e e e e s s s e e n e e s s s snnnneeeeeessnnnnneneeesnnnsd 63
IMETHODS. ...ttt ettt ettt ettt et e bt e ne e et e she e e s et e be e eh e e e m b e e b e e ehe e e ab e e beeemeeenbeebeenneeanbee e 65
Productivity MONITOTING. .........veeeeieeiiiiiee et e e e e e e s e e e e e e e 65
BaNGING. ... e e e s nnrnrreeeee e 66
StAtIStICAl ANAIYSES. ... .. 66
RESULT S ettt ettt et et e st e et e et e bt e e st e e s e e nte e s s eeesee e seesseeenteebeenneeanteenteeaneeanteenreennannneed 67
DISCUSSION ... tveeuteeteeaseeasteasseeasseasseesseeasesanseesseeasseaseessesanseesseessesansnanseesseeanseensesssenansenns 70
LITERATURBTED. 1. ttteutteteesteeaseeeteesseeasssassessseeasseesseessanasseesseessesasseassesssessnsnessesssessnsensessses 72
TABLES ANBGURES. ... .eeteeiteeanteesteestteenteesteeasseansesssesansesssessseesnsesssesssessnseessesssseensesssessseeesd D
CONCLUSIONS . ..ttt ettt e e et et e e e et tba e e e e e bme e e ba e e e e eban e eeennnnss 86
LITERATURE CITED ... tteteesteeasteateesseeaseeesseesseeaneeaseeaseeanseaseessesanseanseessesanseansesssesaneeanseenses 87
APPENDICES. ... e e ettt e et e e e e an e et et e e e aa e e neeans 88

Vil



Table 2.1.

Table 2.2.

Table 2.3.

LIST OF TABLES

Effect of tide, surf swell, and wind speed on ambient sound levels at North Core Banks,
Cape Lookout Natinal Seashore, NC. Sound levels (dBA) were measured with Samson
Zoom H2 Digital Audio Recorders from a week each in May, June, and July 2010. Sound
levels are reported using two metrics, maximugg, the maximum equivalent average
sound level recorded ahe second intervals for the duration of the noise event, and Sound
Exposure Level, which represents the total noise energy produced from a single noise
event. Environmental data were obtained from the National Oceanic and Atmospheric
Administration weathr archives for nearby Ocracoke.............ccccvvviivieeeieennns 30

Average change in sound levels from 20 minutes before to during various huvites acti
recorded at American Oystercatcher nests at North Core Banks, Cape Lookout National
Seashore, NC. Sound levels were measured with Samson Zoom H2 Digital Audio
Recorders. Sound levels are reported agefghted Sound Exposure Level (dBA), which
represents the total noise energy produced from a single noise e&atitient sound
levels were randomly sampled from an array of audio recorders distributed every two
miles across North Core Banks with samples taken at times when no human activity was
head. The duration chosen for sampling ambient sound levels is 51 seconds, which is the
average duration of human activity events. Core MOA flights were military aircraft
corresponding with reported flights through the Core military operations area (Core
MOA) above Cape Lookout National Seashore, NC, while military fixad) aircraft
were other military aircraft not reported as flying through the Core MOA. ATVs were

singlepassenger aterrain vehicles while UTVs were sidbg-side utility-terrain vehicles

Analysis of variance of the effect of vehicle closures on the proportion of observations per
day of American Oytercatchers not on their nests during aircraft overflights. Vehicle
closures were active vehicle management by the National Park Service at North Core
Banks, Cape Lookout National Seashore, NC around shorebird breedingGoeas.

MOA flights were militay aircraft corresponding with reported flights through the

military operations area (Core MOA) above Cape Lookout National Seashore, NC, while

viii



military fixed-wing aircraft were other military aircraft not reported as flying through the
(000 (SN 1V/ (@ PP PP T TP T TP PPPPPP 32

Table 3.1. Incubating American Oystercatcher heart rates (beats per minute) before and during
different types of human activity in the vicinity of their nesBore MOA flights were
military aircraft corresponding with reported flights through the militsperations area
(Core MOA) above Cape Lookout National Seashore, NC, while military-fied
aircraft were other military aircraft not reported as flying through the Core MOA. ATVs
were singlepassenger aterrain vehicles while UTVs were sidby-side utility-terrain
£ L= 1o =T 59

Table 4.1. American Oystercatcher reproductive success at North Core Banks, Cape Lookout
NationalSeashore, NC during study years and the year prior to the study, and historically
L(0 ]G N Lot g =T ] {1 = USRS 75

Table 4.2. Logistic exgsure model of factors affecting the daily survival rate of American
Oystercatcher nests at North Core Banks, Cape Lookout National Seashore, NC in 2010
ANA 2011 (NTA8) ... iiieiee et et rret e et e e e st e e e e e s nnes e e e e ssaeeeeesnteeeeeamnnennsreeeeaas 76

Table 4.3. Logistic regression analysis of factors associated with American Oystercatcher nesting
success at North Core Banks, Cape Lookout National Seashore, NC in 2010 and 2011

Table 4. 4. Akai kebs I nformation Criteron (Al C)
factors affecting daily survival rate of American Gyrstatcher nests at North Core Banks,
Cape Lookout National Seashore, NC in 2010 and 2011 (n=48). Factors included: the
average number of aircraft events per day (Aircraft), the average numberadaff
vehicle events per day (ORV), the vehicle closypet(type of management of human
activity around nests, Closure), the average number of times oystercatchers left their nests
per day (Depart), the average daily nest attendance (Attendance), and nest habitat type
(=L o= PSP P PPPP T PPPPI 78

Table 4.5, Akai keds I nformation Criteron (Al C)
factors affecting hatching success of American Oystercatests at North Core Banks,
Cape Lookout National Seashore, NC in 2010 and 2011 (n=48). Factors included: the

average number of aircraft events per day (Aircraft), the average humbeir adaff



vehicle events per day (ORV), the vehicle closure type (tfpgaoagement of human

activity around nests, Closure), the average number of times oystercatchers left their nests
per day (Depart), the average daily nest attendance (Attendance), and nest habitat type
(=L 1= 1 U 78

Table 4.6. Logistic exposure model of factors affecting the daily survival rate of American
Oystercatcher nests at North Core Banks, Cape Lookout National Seashare2(NC
(n=25) including the percent of the incubation period the nest was protected by a closure.

Table 4.7. Logistic regssion analysis of factors associated with American Oystercatcher nesting
success at North Core Banks, Cape Lookout National Seashore, NC in 2011 (n=25)
including the percent of the incubation period the nest was protected by a clasur80

Table 4. 8. Akai keds I nformation Criteron (Al C)
factors affecting daily survival rate of Americ@ystercatcher nests at North Core Banks,
Cape Lookout National Seashore, NC in 2011 (n=25) including the percent of the
incubation period the nest was protected by a closure. Other factors included: the average
number of aircraft events per day (Aircraft)e average number of affad vehicle events
per day (ORV), the vehicle closure type (type of management of human activity around
nests, Closure), the average number of times oystercatchers left their nests per day

(Depart), the average daily nest attance (Attendance), and nest habitat type (Habitat).

Table 4.9. Akai kebs I nfor mat i cstincldingipotentiaon ( Al C)
factors affecting hatching success of American Oystercatcher nests at North Core Banks,
Cape Lookout National Seashore, NC in 2011 (n=25) including the percent of the
incubation period the nest was protected by a closure. Othersfamttuded: the average
number of aircraft events per day (Aircraft), the average number-obadfvehicle events
per day (ORV), the vehicle closure type (type of management of human activity around
nests, Closure), the average number of times oystberatleft their nests per day

(Depart), the average daily nest attendance (Attendance), and nest habitat type (Habitat).



LIST OF FIGURES

Figure 1.1.Core Banks Military Operations Area (Core MOA) airspace (in yellow) over Cape
Lookout National Seashore, NC and adjacent operations area airspaces. Map courtesy of

the United States Mare Corps, Marine Corps Air Station, Cherry Point, NC......... 9

Figure 1.2. Location map and aerial photo of the study site, North GokesBthe northern most
island of Cape Lookout National Seashore, North Caralina...............cccceveeeernnn. 10

Figure 2.1 Video recording equipment usedmonitor incubating American Oystercatchers and
surrounding beach activity. The recording system consisted of a camera, digital video
recorder, and batteries encased in a whigal®n plastic bucket (left). A camera unit
deployed at an active oystatcher nest at North Core Banks, Cape Lookout National
Seashore, NC (HON) ... . e 33

Figure 2.2.An audio recorder at mile marker niog North Core Banks at Cape Lookout National
Seashore, NC. The microphone/digital recorder (inset) is surrounded by a windscreen
and suspended one meter above the ground. The white plastic bucket holds batteries
that allow the recorder to run contingbyfor up to two weeks. An array of recorders
distributed every two miles along the length of the island provided baseline ambient
sound levels on the island. | also placed these recorders near American Oystercatcher

nests to monitor sounds in the negtenvironmMenNt.............ccccoevvieiviieeeeieec e, 34

Figure 2.3. Acoustic Monitoring Toolbox (AMT) audio analysis software. Audio recordings can be
viewed visudl as a spectrogram. Pictured above is atomg segment (shown as four
consecutive 15 minute blocks) of an audio recording. A military fixi) flight
recorded at North Core Banks, Cape Lookout National Seashore, NC is highlighted by
10T =T N o0 ) USSR 35

Figure 2.4. Map of military flight paths through the military operations area (Core MOA) airspace
above North Core Banks, Capedkout National Seashore, NC in 2010 and 201136

Figure 2.5. Instantaneous islawttle sound levels on North Core Banks, Capelout National
Seashore, NC during a flight through the military operations area (Core MOA) airspace
above the island. The overflight occurred on 21 June 2010, and sound level

measurements were taken at 09:43:48. Sound levels were calculated from gscordin

Xi



generated by audio recorders placed at mile markers (MM) every two miles across the

length Of the iSIaNd...........coo i eee e 37

Figure 2.6 Humanactivities recorded near American Oystercatcher nests by video and audio
monitoring equipment on North Core Banks, Cape Lookout National Seashore, NC. The
plot is a tally of all incidents of each human activity type observed on video and audio
recordingsrom 177 recording days from 56 nests monitored in 2010 and 2011. The plot
shows relative abundance of each human activity category. MOA flights were military
aircraft corresponding with reported flights through the military operations area (Core
MOA) above Cape Lookout National Seashore, NC, while military fwaay aircraft
were other military aircraft not reported as flying through the Core MOA. ATVs were
singlepassenger aterrain vehicles while UTVs were sidbg-side utility-terrain

AV 1o [T TR 38

Figure 2.7 Sound levels, reported as Sound Exposure Levels (dBA), of various human activities
recorded at American Oystercatcinessts on North Core Banks, Cape Lookout National
Seashore, NC. Ambient sound levels were randomly sampled from an array of audio
recorders distributed every two miles across North Core Banks with samples taken at
times when no human activity was evidentthe recordings. Sound Exposure Levels
represent the total noise energy produced from a single event. They take into aecount A
weighted sound pressure levels measured at multiple frequencies over the duration of the
event. MOA flights were military aéraft corresponding with reported flights through
the military operations area (Core MOA) above Cape Lookout National Seashore, NC,
while military fixedwing aircraft were other military aircraft not reported as flying
through the Core MOA. ATVs were gjle-passenger aterrain vehicles while UTVs

were sideby-side utility-terrain VENICIeS...........cciiiiiiiii s 39

Figure 2.8 Sound levels recordedh dNorth Core Banks, Cape Lookout National Seashore, NC
before, during, and after lealtitude (<10,000 feet) overflights through the military
operations area (Core MOA) airspace above the island (n=110). Sound levels are
measured by Aveighted Sound Expase Level (dBA), which is the total noise energy
produced over the duration of a single noise event. Sound Exposure Levels before and

after flights are calculated using the same sample duration as the flights.......... 40

Xii



Figure 2.9. AveragetGE) change in sound levels, measured byeighted Sound Exposure Level
(dBA), from 20 minutes before to during various human activit®sundExposure
Level is the total noise energy produced over the duration of a single noise event.
Samples 20 minutes before human activity events have the same duration as the
corresponding sample during human activity
rancbmly sampled from an array of audio recorders distributed every two miles across
North Core Banks with samples taken at times when no human activity was evident on
recordings. Similar to human activity events, the average change in ambient sound
levels iscalculated from 20 minutes before to during a randomly chosen sample. The
duration chosen for sampling ambient sound
average duration of human activity events. MOA flights were military aircraft
corresponding with ygorted flights through the military operations area (Core MOA)
above Cape Lookout National Seashore, NC, while military fixedy aircraft were
other military aircraft not reported as flying through the Core MOA. ATVs were single
passenger aterrain vénicles while UTVs were sidby-side utility-terrain vehicles...41

Figure 2.10 The percentage of observatiotSIE represented lifze black ticks on the tops of
percentage bars) of American Oystercatchers on their nests during human activities and
20 minutes before those incidents of human activity occurred at North Core Banks, Cape
Lookout National Seashore, NC. Sample sizes dechll compiled observations of
these human activities on recordings from 56 audio/videnitored nests. MOA flights
were military aircraft corresponding with reported flights through the military operations
area (Core MOA) above Cape Lookout Nationastmre, NC, while military fixed
wing aircraft were other military aircraft not reported as flying through the Core MOA.
ATVs were singlepassenger aterrain vehicles while UTVs were sidhg-side utility-

LBITAIN VENICIES. ... ettt et e e e e e n e eaee 42

Figure 2.11. Return time for American Oystercatchers that left their nests during human activity
events at North Core Banks, Cape Lookout National Sead\Gré=1638 events

Lo ToTot U1 1 80 Te J= LA YA 0 1= 1S3 £ 43

Figure 2.12. Probability that oystercatchers were not on their nest during ugpes®f human
activity in open sand and dune nesting habitats at North Core Banks, Cape Lookout

National Seashore, NC. Open sand areas are habitat such as the open beach and sand

Xiii



flats in which visibility is high, while dune habitats are located withigé dunes with
more limited visibility. MOA flights were military aircraft corresponding with reported
flights through the military operations area (Core MOA) above Cape Lookout National
Seashore, NC, while military fixeding aircraft were other militgraircraft not reported

as flying through the Core MOA. ATVs were singlassenger aterrain vehicles while

UTVs were sideby-side utility-terrain Vehicles...........cccooiiiiiiiieeei 44

Figure 2.13 Frequency distribution of average daily nest attendance of-mdectored American

Oystercatcher nests (n=55) at North Core Banks, Cape Lookout National Seashore, NC.
Daily nest attendance is determinedti percent of a 2hour period the birds spend at
their nests either incubating or shading the eggs...........coovviiimmiiiie e 45

Figure 2.14. Average dg nest attendance of videaonitored American Oystercatcher nests which

failed to hatch81.7+2.5%, n=32and nests which successfully hatcli@8.7+1.0%;
n=23) at North Core Banks, Cape Lookout National Seashore,.NC...................46

Figure 3.1 A plastic egg with an embedded microphone (left). Once covered and painted to

resemble real American Oystercatcher eggs, the sensors were aduedtioeanest and
used to record the heart rate of incubating American Oystercatchers (right). The red
arrow indicates the atrtificial egg in the nest. The microphone is visible as a white spot

on the upper surface Of the €Q0..........ooo i 60

Figure 3.2 Tensecond clips from audio recordings of American Oystercatcher heart beats viewed as

Figure 3.3.

waveforms inAdobe® Audition® audieediting software Adobe Systems

Incorporated) The top heart rate waveform is from an incubating American
Oystercatcher and corresponds to a heart rate of 228 beats/minute. The bottom
waveform is from an incubating American Oystercatcher and corresponds to a heart rate
Of 168 DeatS/MINULE........cco e e e e e e e e e e e e e e e e e e e e e e s snensened 61

AveragetGE) heart rate of American Oystercatchers before and during human activities.
Samples include all 42 oystercatcher pairs monitoreldart rate in 2010 and 2011.

MOA flights were military aircraft corresponding with reported flights through the
military operations area (Core MOA) above Cape Lookout National Seashore, NC,
while military fixed-wing aircraft were other military aircrafiot reported as flying

through the Core MOALow-altitude Core MOA flights were the only human activity
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type for which oystercatchers had higher average heart rate during than before the
activity. ATVs were singlegpassenger aterrain vehicles while UTY were sidéy-side
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Figure 4. 1. Ameri can OystercatcheAmedceancoy and #\
Oystercatchers. The decoy and recorded oystercatcher vocalizations attract territorial
oystercatchersThe net, propelled by elastic cords, is triggered by a researcher hiding
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Figure 4.2.North Core Banks, Cape Lookout National Seashore, NC and locations of all 58
American Oystercatcher nests monitored in 2010 and all 54 nests monitored in83011.

Figure 4.3 Fate of all 112 American Oystercatcher nests attempted in the 2010 and 2011 breeding
seasons at North Core Banks, Cape Lookational Seashore, NC..............c...ee..d 84

Figure 4.4. Historical nest survival rates for American Oystercatchers on North Core Banks, Cape
Lookou National Seashore, NC. Nest survival was adjusted to account for nests which
failed before they were found. Study seasons (2010 and 2011) are highlighted3s red.

Figure 4.5. Historical productivity (chicks fledged per breeding pair) of American Oystercatchers on
North Core Banks, Cape Lookout National Seashore, NC. Study seasons (2010 and
2011) are highlighted iN FeA..........covviiiiiiiier e 85
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CHAPTER 1

Introduction

Interactions between humans amittllife are closely linked to human population growth and
urbanization, particularly in the coastal zoMetgusek et al. 1997Crosset et al. 2004)An often
overlooked form of human activity nthropogenic noiseis a potentially serious form ofildli fe
disturbance. Wildlife perceive, interpret, and utilize many natural sounds in their environment,
however humaigenerated noise is often more pervasive and louder than natural {Batdselli
and Blickley 2006, Popper and Hastings 2009nderstandig and managing the effects of noise is
complex because noisan travel great distances and it easily crosses management boundaries, such
as those around naturaieas like parkand wildlife refuges. Fewer and fewer natural atedayare
free of subsintialhumancreated noise (Berger et al. 2003).

Aircraft are a significant source of anthropogenic noise, particularlyilitary operations
areas MOASs) (Pepper et al. 2003). One such MOA, Core Banks Military Operations Area (Core
MOA), is locateddirectly over Cape Lookout National Seash@@ape Lookout) a unit of the
National Park Servicen the central coast of North Carolir@iqurel1.1 and Figure1.2). The Core
MOA airspace isontrolledby theUnited States Marine Corpleroughthe Marine Corps Air Station
in Cherry Point, NC In the past, the minimum altitude for higipeed tactical speed operations
(aircraft flying >250 knots)n the Core MOA was 10,000 fedipwever the United States Marine
Corps desired ttower the restrictioio 3,000 feet during the months of May to Julp 2009, the
National Park Service and theS.Marine Corps agreed to experimentally lowlee altitud to 3,000
feetfor the purposes aksearcho evaluate the possible effectsan increase in the speed of military
overflights at low altitudes overdpe Lookouton birdsbreedingin the park The National Park
Service is charged with protecting birds under the MigraBoarg Treaty Act National Park Service
Management Policy 4.4.2.3: Management of Threatened or Endangered Plants and Animals states,
fiThe National Park Service will inventory, monitor, and manage state and locally listed species in a
manner similar to its treatment of federally listed species to the greatest extent possible. In addition,
the Service will inventory other native specikat are of special management concern to parks (such
as rare, declining, sensitive, or unique species and their habitats) and will manage them to maintain
their natural distribution and abundancéNational Park Service 2006 Several protected bird

spedes breed at Cape Lookoutcluding American Oystercatchers, Least Terns, Common Terns,



Bl ack Ski mmer s, and Wi lsonds Plovers, whi ch ar
Carolina, as well as Gullilled Terns, which are listed as threater{®brth Carolina Wildlife
Resources Commission 2008 Along with their inherent importance for protection as declining
species, lBorebirds may also beseful as indicators of environmental and ecosystem health (Piersma
and Lindstrom 2004). The National Park Senrmgstalsocomply with other federal mandates such
asthe National Environmental Policy AGNEPA) and theNational Parks Overflight AqtPublic Law
10091), which required an assessment of minimum altitfdesircraft flying over National Park
System lands

A review of overflight effects on National Parks thye National Park Servideund wildlife
behavioral responses such as alert posture; alarm and panic; escape tactics such as flushing,
swimming, and diing; altered movement patterns; and abandonment of -dmgebed habitat
(National Park Service 1994).0Other responses to overflighbise included dcreased foraging
success and decreasedligbto respond to predators (National Park Service 19®tplmaster and
Kaiser (1997)found military helicopter overflights causedcreased flushing rates Bald Eagles,
andtheyrecommendedestrictingthese activities in eagle foraging are&milar recommendations
were adopted folSpotted Owl nesting areaDelaney et al. 1999).In contrast,low-level F16
military overflights were found to have no effect on wading bird colony size, establishment, or
reproductive success Some birds showed higher frequenciesalafrt posturs, but many often
showedno response (Black et al. 1984¥%imilarly, nesting Osprey did not respond to kilying CF-

18 jets (Trimper et al. 1998and lowlevel aircraft overflights were found to have minimal effects on
waterfowlin North Caroling[Conomy et al. 1998a).

Wildlife occasionally show an initial responde owerflight noise, but themabituate to the
disturbance. Rethiled Hawksshoweda stronger aversion to helicopter overflights in areas of
recenly introducedaircraft activity comparedto areas where aircraft had beitying for decades
(Andersen et al. 1989)Minimal responsgto jet overflightsby Peregrine Falcons and Ospreys were
also thought to have been conditioned by prior exposure t(Eéitset al. 1991, Trimper et al. 1998
Black Ducks habituateto military jetoverflights withina few days t@few weeks but Wood Ducks
did not, suggeshg speciesspecific responseto overflight noise (Conomy et al. 1998bfpecies
specific respongealso occurredor Brant and Canada Geese. A greater peagef Brant flocks
(75%) reacted to overflights than Canada Geese flocks (8%) (Ward et al. 1999).

Military aircraft disturbance differs from othéorms of anthropogenic wildlifelisturbance

becauseanmilitary activities may continue throughouhe night (Bsson et al. 2009). Belanger and
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Bedard(1990 suggestedhat substantial energetic consequences associated with human disturbance
of Snow Geese might be offset hight time foraging. Stonecurlews concentrate their foraging at
night and exhibit differat behavior and habitqareferences at different times of d@yaccamo et al.

2011) If disturbance reduces foraging efficienoy alters behavigrwe might expect long term
consequences for avian productivity and survivarhulst et al. 2001 Severalstudies Efroymson

and Sute”001, Pepper et al. 2003) have concluded theher research is necessary to pinpoint and
guantify the effectsf aircraft noiseon wildlife.

Military overflights through the Core MOAre one of many forms of human activittyCape
Lookout National SeashoreOther aircraft, both military and civiliarfly in the vicinity of the
islands. The Core MOA airspace is immediately abuttethe easby tactical operatiortraining
grounds over the Atlantic Ocean. To the northywést Core MOA isboundedby an airspace,
R5306A, which is used heavily by all divisions of the United States militaight altitude
restrictions in the R5306A airspaeee limited and regularly saw aircraft flying rapidly at low
altitudesthere Although aircraft in these adjacent airspaces do not physically penetrate the airspace
directly above Cape Lookout, the soutiety creates regularly heardin the Seashore Civilian
aircraft, both fixeewing and rotarywing aircraft, are allowed below 3,0(eet altitude, and were
regularly seen flying over Cape LookouwAlthough Cape Lookout is accessible oblyboat, ferries
providepublic transport to the islands, carrying both vehicles and pedestrians:-b&guamndriving is
allowed and fishing and destrian beachombing are populaGroundbasedrecreational activities
andnonCore MOA flights arealsopotentially important sources dfsturbancdor birds breeding at
Cape Lookout.

My researctfocused on the effects of the Core MOA overflights atietiohuman activity at
Cape Lookout o American Oystercatchers. Simultaneously with my stadfjaborators at Virginia
Tech conducted similar studies dwetother statéisted breeding birdsi | sonds Pl over s,
Common Terns, Gubilled Terns andBlack Skimmers)at Cape Lookout Researchers at North
Carolina State University have studied American Oystercatcher populations on the Outer Banks
continuously for the pasit6 years. This research has documented a variety of factors affecting the
distribution, abundance, and demographics of oystercatchatapiops in North CarolinaThe goal
of this study isto integratenew information orthe effects of aircraft overflightand otherforms of
human activitywith existing knowledge about factoedfecting breedingAmerican Oystercatcher
populations. As manifestation of effects may be complgight and Swaddle 201}1) applied three

metrics: changes irbehavior, physilogy, and reproductive success,assesshe effects of human



activity on Ameican OystercatchersResearch wakcused mainly on thacubation periodf the
breeding cyle; however, data from the broadaring stagevas also includedo assesgffects on

reproductive success.

STUDY AREA

I conducted my field researan North Coe Banks Cape Lookout National Seashpom the
central coast of North Carolin&igurel1.2). Cape Lookout National Seashore extesyoigroximately
90 kilometers §6 mileg from Beaufort to Ocracoke Inlets and consists of thmegr barrier islands:
North Core Banks, South Core Ban and Shacklefor@Banks (Appendix A). It is part of the
southernOuter Banks of North Carolinand separates Core Sound to the wiestn the Atlantic
Oceano the east

North Core Banks ighe northeramost island in Cape Lookout National Seashdtrds
almostentirely encompassed by t®mre MOA. Just undeB7 kilometers 23 mileg in length, the
narrow island is characterized by open beach ha
flats can extend across the width of the island ftiserocean to Core Soundr occur as corridors of
bare sandetweenthe outerbeach and the primary dunes. Grasses, shrub thickets, and occasional
areas of low trees are found between the primary dunes and Core SWonth. Core Banks is
accessible only bboat with public transport consisting of a vehicular and pedestrian ferry near the
southern end of the island and a pedeswiay ferry at the northern tip of the islanthe full length
of the island is accessible for driving, andnmamercial ATV toursare offered atan historic
uninhabited village,Portsmouth Village on the north tip of the island as well #s beaches
bordering the northern tip of the islandHowever,vehicle activity is concentratedn the southern
portion of the island, angbedestrian traffids heavieron the northern tip. Most vehicle traffic is
concentrated on the outer beach, but an unpaved road behind the primary dunes that extends from
island mile 4 to island mile 6, and again from mile 7 to mile 18.5, provides veltictss during
periods of high tidesr beach closuresThe National Park Service extended this road prior to the
2011 bird breeding season to include a section from island mile 19.3 to mileN&®/8rthelessthe
island is mostly undeveloped and natunabitats predominatanaking it an important breeding

location for shorebirdsea turtlesand other wildlife



In August of 2011, Hurricane Irene reopened an inlet on the southern end of North Core
Banks around island mile 19This separated the southeghreemiles of the island, creating Middle
Core Banks, which was inaccessible to vehicles. Middle Core Banks was still accessible by boat,

continued to have pedestrian activity.

STUDY SPECIES

American Oystercatcher$laematopus palliatg) area comnon breedingshorebirdon the
Outer Banks of North CarolinaThey are restricted to coasthlbitats breedng from Maine to
Florida on the Atlantic coast and alotfye Gulf of Mexicoof eastern North AmericéAmerican
Oystercatcher Working Group et al. 1Z). North Carolina isan importantbreeding area for
American Oystercatcherand Cape Lookoutsuppors high productivity in the state (Simons and
Stocking 2011).Birds arrive & Cape Lookoutform pairs, and establidireedingterritories in early
April. Pairs are highly territorialterritorial displaying and conflist with neighboring pairs and
transient oystercatcheiare common American @stercatches also exhibit strong nest site fidelity,
frequentlyreturring to the sara territory yeamfteryear(Schulte2012) Most nestsat Cape Lookout
are found on the open beachaujacent primary dunes, but oystercatsh&liso nest on ovavash
flats, souneside marshes, and dredge spoil islands. Clutches of one to four edgsudated by
both adults for an average of 27 daygil hatching Pairs may attempt multiple clutches in a single
breeding season if their nests are destroyed before chicks fAdtersemiprecocialchicksleave the
nest shortly after hatching, but thesly almost completely otheir parents for food and protection
until they fledge about 35 days after hatchin@nce fledged, liicks remainwith their parentdor at
least two monthsandin some cases after themigration to the wintering grounddepending on the
adults heavily for foodAmerican Oystercatcher Working Groapal. 2012).

The American Oystercatcher is |listed as a 0fs
Conservation Pl an. This desi galknownormhougttobeor spe
declining, and have some other known or potenti
considered a fAbird of conservation concerno, as
Fish and Wildlife Service (U.S. st and Wildlife Service 2004). The National Fish and Wildlife
Foundation designated the American Oystercatcher

sensitive to many factors affecting coastal environments (American Oystercatcher Working Group



and National Fish and Wildlife Foundation 2008). The Foundation sponsored a range wide
conservation initiative for the specid¢sat beganin 2008.  Although American Oystercatcher
populations are expanding at the northern and southern portion of dhgi, rpopulations in the
center of the range, including the Outer Bankay bedeclining (Davis et al. 2001).In North
Carolina it i s considered a fAspecife RNResoortes s peci
Commission 2008).

Annual nonitoring of Ameican Oystercatcher breeding activite#sCape Lookout Nainal
Seashore began in 199Altman 201) by a graduate student Bluke Universitywho reportediow
reproductive succes®lgvick 1996. North Carolina State University researchers and Nation& Pa
Service personnel have continugdiercatcherasearctand monitoringsince1997.
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Figure 1.1. Core Banks Military Operations Area (Core MOAirspace(in yellow) over Cape
Lookout National Seashqgr®lC and adjacent operations area airspadéap courtesy of the United
States Marine Corps, Marine Corps Air Station, Cherry Point, NC.
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Figure 1.2. Location mapand aerial photof the study site, North Core Banks, the northern most
island ofCapelLookout National Seasharblorth Carolina
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CHAPTER 2

Effects of Human Activity on the Behavior of NestingAmerican
Oystercatchers

ABSTRACT

How human activity affects wildlife particularly those species whose populations are
declining and are of conceris, of great interest to ecologists, land managers, and natural resource
policymakers The American OystercatchéHaematopus palliats), a species of federal and state
management concern, nests on coastal beaches where they are subject to various forms of
anthropogenic disturbance. In this study, | assessed the effects of a variety of human activities on
nesting American Oystercatchers aBp€& Lookout National Seashore, North Carolimsing
continuous video and audio recordinduring the incubation periodObservations omilitary and
civilian aircraft, passenger vehicles, -tdrain vehicles, utilitsterrain vehicles, and pedestrian
activity in the vicinity ofnestswere recordedn average of 32 timesper day. Oystercatchers were
on their nests about the same amount of time before and dudsgypes of aircraftoverflights
except for military fixeewing flights for which they weren their nests more during than before the
flights. Oystercatchersvere on their nests significantly less during all types ofr@éid vehicle and
pedestrian eventhan control periods before eventsfound evidencethat nesting abitat influencd
thebehavioral responses ofstercatcherto human activity, asystercatchersieremore likely to be
off their nest during goundbased human activityoff-road vehicles and pedestrians) when nests
werelocated in open sand areak found nosignificant correlation between the number of human
activity events per day and tpercent of the day oystercatchers were at and attending their nests
The number of ATVs driving by nests each day was weakly associated with the total number of times
oystercatcherseft their nestsper day. American Oystercatchers appear to respond differently to
different types of human activity. They have either habituated to the presence of aircraft in their

nesting environment, or view overflights as less of a threat thanleghied pedestrians.
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INTRODUCTION

Concerns about human activity disturbing wildlife are at the forefront of biodiversity
conservation (Gill 2007, Sutherland 200Mluman activity may be classified as a disturbance if it
changes wildlife activity patterr(owles 1995).Human activity has been shown in studies on many
different wildlife species to have a variety of effecs.metaanalysis of ngulatesfound theyflee
anthropogenic disturbanceeacting at greater distances to human pedestrians thamctaftai
terrestrial vehicles, or anthropogenic naiSgankowich 2008) Borgmann (2011) calculated 86% of
reviewed studies found human activity disturbed waterbird$he waterbirds stopped feeding,
vocalized, took flight abandoned the site, and hadrdased reproductive successenguinsalso
alter foraging and behavior in the presence of hunf@asney and Sydeman 1999n general, byd
behavioral responses to human disturbance include flushing, increased vigilance qmedatdr
behavior, decresed resting, vocalizing, decreased foraging rates, interspecific attacks, and site
abandonment (Robert and Ralph 1975, Anderson and Keith 1980, Burger 1981, Safina and Burger
1983, Rodgers and Smith 1995, Conomy et al. b98&rney and Sydeman 199%%fferty 2001,
Verhulst et al. 2001, Villiers et al. 2005, Fernandedcic et al. 2007, Tarr et al. 2010).

Disturbance combined with tHagh energy demands of migration and reproductian be
particularly costly for birds Altered behaviors can lead decreased fithessuch as was the case of
deliberatelyflushed geese which gained less body fat on migratory feeding grounds and had
decreased reproductive output than geese undisturbed by humans (Madsen DéBtgrately
flushed European Oystercatchwerattended their nests leskiring times of human disturbance
(Verhulst et al. 2001)which can lead to higher incidenasf egg loss(Robert and Ralph 1975,
Tremblay and Ellison 1979) presumabfsom predation and decreased egg viability due to
environmendl exposure Disturbance may also caussductions irclutch size(Samraoui et al. 2012)
and nest abandonment (Safina and Burger 1983, Tremblay and Ellison ME&ingsuccessnay
decrease witthigher levels ohuman disturbance (Safina and Burger 3 98estmoreland and Best
1985 Tremblay and Ellison 1979

However, responses to disturbangey considerably among speciedlthough Greater
Prairie Chickenswere flushed repeatedly byresearchers nmitoring their nestsWestemeier et al.
(1998) found o correlation betweerresearcher disturbancand levels of nest successest
abandonmenor embryonic loss Similarly, Black Oystercatcher productivity was not decreased by

low levels of human recreation (Morse et al. 200B) studies of direct comparisons of responses by
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related species greater perceageof Brant flocks (75%) reacted trcraft overflights tharflocks

of Canada Geed8%) (Ward et al. 1999Black Ducks habituateto aircraftwhile Wood Ducks did

not (Conomy et al. 1998, three species of ducks (Ruddy ducks, Northern Shovelers, and
Bufflehead) were undistbed by hikers while three othepecies (Greater and Lesser Scaup and
Canvasbacks) decreased in abunddki¢kite 2009, and different pecies of vading birds flushed at
varying distances to vehicle passage (Stolen 2003).

Understandinghte potentialeffects ofanthropogenidisturbances particularly relevant for
specief conservatiorconcern, such as the American Oystercatclierrestrialhumanrecreational
activity has been associated with changes in incubation behavior and nest site selection, nest failure,
and chick mortalityof American Oystercatche(slovick 1996, Davis 1999, McGowand Simons
2006 Sabine et al. 200&chulte 2012 AmericanOystercatchers are particularly vulnerable to
disturbance associated with human recreatiose of beachdsecause they incubate their eggs for at
least 27 days nest on the open beadAmerican Oystercatcher Working Groapal.2012) Prior
research at Cape Lookout National Seashore found¢hatles pedestriansand occasionalliow-
flying aircraftinfluenced nestingpehavior(McGowan and Simons 2006 this study, | used long
term continuous video and audio recording at Americandgatcher nests to measure changes in
oystercatcher incubation patterns associated with multiple types of human activity in the vicinity of

nests at North Core BankSape Lookout National Seashore

METHODS

Field Methods

| conducted surveys of American Oystercatclag their nesten North Core Bankat Cape
Lookout National Seashoruring the oystercatcher breeding season from early April to early August
in 2010 and 20111 attempted to locate everystercatcher negin the island.| classified nests by
habitat as either open sand or dune nests. Operhaaitds includedthe open beach and sand flats
where the terrain vgaflat and open with minimal vegetatiodune habitatswere areas of varying

and elevatederran and vegetation.
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Videoand AudioMonitoring at Nests

I monitoredthe incubatiorbehaviorof American Oystercatcheand human activity in the
vicinity of their nests during the 2010 and 2011 breeding seasons with continuous digitahneleo
audiorecordng. | wasunable to monitoall American Oystercatcher nests with recording equipment
and therefore used a stratified samplingesne in which Irandomly selectedbreeding pairdor
monitoringfrom stratadetermined byocation along the length of thdasd, location relative to the
primary dunesandvehicle closure status.

Video camerascontinuously monitored incubating oystercatchéehavior and the nest
vicinity for human activity, 24 hours a daylhe video recordings also provided informatiahout
nest predatiorevents incubation rees, and interspecificand intraspecifidnteractions The video
monitoring system was comprised of an outdamosedcircuit security camera with infrared
capability, a digital video recorder, two 12V 35 ahmqur AGM sealed lead acid batteries, and a
voltage regulatorKigure 2.1). All components were housed in agéllon plastic bucket with a
waterproof lidfor protection, weatherpading, and transportabilityl outfitted some of the cagnas
with 16mm zoom lenses s@buld place them farther from nests. The remainder of the cameras used
their original 4 mm widexngle lensed. built 35 video camera unit20 with zoom lensethat were
used for recording nests, and 15 with wadele lenses for recordifgmanactivity on the beach. |
deployedbetween 10 and 15 camerasany given timehroughout the 201 and 2011breeding
seasons. @&@mera unitsvere repacedin the fieldwith a freshunit every seven days to download
recordel video and replace batterjewhich minimizedthe disturbance of nesting birds. Most
monitoring equipment exchanges were completed in less than 20 mirnudsgioned video camesa
approximately 15 feet from incubating birds with the adjacent beach hiabitag field of view so
that | could identify as many sources of human activity and potential disturbane®ddffvehicles,
pedestrians, pets, predators, etc.) as possilfl¢he location of the nest did not provide a cleawi
of the beach and the nesplaced a second video recorder adjacent to the nest at a location where the
beach was visible. Due to differences in the landscape around nests, thetotairaeyed\ovideo
recordings varied among nests

Audio recorders monitored ambient souledels and noise eventat selected American
Oystercatcher nestg&igure2.2). | selected nests fa@udiomonitoring in the manner describaddove
for video monitoringsuch thatall nests monitored with video equipment were also monitored with
audio equipment.l placedSamson Zoom H2 digital audio recordéBamson Technologies Corp.,

Hauppauge, NY)within a windscreen mounted approximately 1.5 meters above the gromd
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atomic clock wristwatch synchronized tlstart/stop timesof recordings Ambient sound was
recorded continuously atests until the nest either failed or hatched. These recordings provided a
record of both natural and anthropogenic sounds in the immediate vicinitysthgnémerican
Oystercatchers.l replaced audio recorders in the field ev8r¢ days to download recaed audio

and replace batteriesl calibrated thezoom HRrecordings using a highly sensitive and accurate
Larson Davis 831 sound level meterensurethe accuracy ofmy sound level measurement§ he
National Park Service Natair Sounds and Night Skies Division processed the calibration data as
described  Mennitt and Fristrup (2012).

Island-wide Sound Monitoring

I monitored theislandwide ambient sound environment to providentaxt for my
measurements at oystercatcher né3t&ter et al. 2009) Ambient sound data were collected from a
linear array of audio recorders placegiery two miles along the length of North Core Banks
following protocols emblished by the Natural Sounds and Ni§kies Divisionof the National Park
Service Figure 2.2). Sound recordings were made ovkree5-7 day periodonce eachin May,
June, and Jul010to provide baselineneasurementsf summer ambient sad levels on North
Core Banks.

Vehicle Closures

The National Park Service managedhicle activity on North Core Banks tprevent
destruction of nests and reduce disturbance to breeding shord¥éds.in vehicletraffic areas were
posted with signsnhibiting vehicle activity In 2011, the National Park Serviexpanded their
management practicedpsing additional sections of the beach to vehidbgsrerouting traffic toa
primitive road behindhe dunes.These management practiadkwed meto monitor nests in areas
without beach driving For my analysed,identified fourclassifications of vehicle managemeised
in 2011 Full closures were large areas closed to protectmuestrns and iBing Plovers; ehicles
were excluded inside the closure but they could drive along parts of the perivebécles were not
managed (no closure) aésts located in dune or other habitats away from approved vehicle routes.
Ramp closuregeroutedvehicles around active nests on theearfront beach to the interior primitive
road behind the dunedrive-through closures prevented vehicles from stopping in the vicinity of
nests, but allowed driving by the nestsAs the National Park Servicadaps ther vehicle

management to changing conditions during the breeding season, | assigned these classifications to
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nests on a daily basid.incorporated ghicle closurdype into myanalyses of aircraft overflights

control for the potentially confounding efft of variations in vehicle activity.

Video and Audio Analyses

VideoAudio Recording®rocessing and Behavior and Activity Sampling

The United States Marine Corp€£herry Point Naval AiiStation provided information on
timing, location, speed, and altitmaf military overflights through th&€Core MOA airspace above
Cape Lookout National Seashor¢ used this informgon with the time stamps on theudio and
video recordings tadentify the Core MOAflights on therecordings and assess them independently
from other types of aircraft

| collected aproximately 48,00 hours ofvideo and audigecordings during the 2010 and
2011 breeding seasansAnalyses were conductday reviewing all video andaudio recordings
collected during knownCore MOA overflights. In addition, starting on the day following the
deployment of recording equipment at a nest (i.e., the filseddhour day of recording), reviewed
all video and audiagecording files within a 2hour period fom every fourth day of monitoring.
From thesesub samples| noted every occasion when an oystercatcher left or returned to its nest,
every incident of human activity (either heard on the audio recordings, seen on the video recordings,
or both), and the dhavior of the incubating oystercatcher before andnguthe human activity
eventss A human activity fAevento was defined as the
could first be seen or heard on the recordiog$e time it was no longer visébr heard.l observed
whether or not oystercatchers were on and attending their nests both during and 20 minutes before
human activity eventsl classified an oystercatcher as on the nest if it was sitting on or standing over
t he eggs at ofthe eumdnaaiatkeventt(iie.mie time of the highest sound level during
an event or the time when the human stimulus was closest toett® | compared this to
presence/absence of an oystercatcher on the nest exactly 20 minutes before the pédhketievent.

| used motion detection softwea developed by Syed Hussain,Nwrth Carolina State
University Ph.D. candidate in electrical and computer engineering, to automate the process of
detecting activity at oystercatcher neststhe video recordirsy The software processéhe original
video recordings and extractframes in which oystercatchers mave or from thé nest,as well as
anyactivity of humars or other animals within the field of view. Reviewing the extracted still frame

images greatly decreased the time required to review the videos. In cases where thdetextted
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images produced ambiguous resultsyatched the full video recording tadument activity at the
nest | comparedsamples of video reviewed by human observation versus the motion detection
softwareand determinethe softwarenad avery high detection ratef eventswhen visibility at the
nest was goo(k6 of 28 events seen dme video during a-8our sample were detected by the motion
detection software) However,event detection byhe motion detection software wéesssreliable
when conditions were fogdi® of 49 events seen on the video duringteoGr sample were detedte
by the motion detection softwareYherefore] reviewed the full videsecordingsvhenever fog was
present.

| processed the audio data using two software programs, Audio2NVSPL and Acoustic
Monitoring Toolbox (v1.3877), developed and provided by theutdhtSoundsand Night Skies
Division of the National Park Servicddyce 2009 This software allowed meo review theaudio
recordingsn one hour segmensuimmarized visually as spectrograrather than listening to the full
audio recordingin reattime (Figure2.3). Noise events appeared on the spEptm as blotches of
color. 1 listened to the segment of the audio recording contaitfieghoise eventsusing both
auditory and visual clues to identify the source of the noise. Wherar activity was identified, |
used the software to calculate sound level values for each human noise event.

I measured sound levels using two metrics, maxinigg(MaxLEQ) and Sound Exposure
Level (SEL), to assesy/stercatcheresponses to individual aircraft and vehicle noise events (Pater et
al. 2009). LEQ is the equivalent average sound level @gpecified time period, in ngase for one
second. Therefe, MaxLEQ is the maximum LEQ recorded at one second intervals for the duration
of the noise event. SEL represents the total noise energy produced from a single noise event. It takes
into account sound levels measured at multiple frequencies overrdt@odwf the event. MaxLEQ
and SEL are quantified in decibels (dB), which for this study axeeighted (dBA) to take into
account the presumed frequency hearing range of the American Oyster(lslefer 1986, Conomy
et al. 19983 Beason 2004 | measued sound levels foobserved human activities oystercatcher
nests both to compare the sound levels of different types of human activity and to compare
anthropogenic sound to ambient souddnbient sound levels were randomly sdetpfrom thearray
of audio recorders distributed every two miles across North Core Banks with samples taken at times
when no human activity was evident on the recordings

| also compared sound levels during human activity events to ambient levels of similar
duration 20 minwgs before human actiyitevents occurredby calculating the average change in

sound levels from 20 minutes before to during human activity events. piichigled a more direct
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measure of how human activity was altering the sound environ(Rater et al. @09) For
comparison, kalculated how ambient sound environments may change naturally over a similar 20
minute interval but without human influencAmb i ent s o werarandoenly samplexl rom

an array of audio recorders distributed every two miles across North Core Banks with samples taken
at times when no human activity wasgident on the recordingsThe duration chosen fosampling

ambi ent sound dray whichsathe avaage dbrdtionsoEhuman activity events.

Island-wide Sound Monitoring

The islandwide array of audio recordegenerated a total of 3,92®ursof audio recordings
1,327 hours were recorded in May, 1,506 hours in June, and 1,08Rihaluly | processed and
reviewed the recordings using the same softwararatiics described above for audio recordings at
nests. Ambient sound levels weraeasuredt high and low tide on every day of recording at every
recordinglocation. Samplesincluded allambientsoundsrecordedon the islandat the time of
samplingincluding: weather, human activity, wildlife, etc.Along with tide height, lalso used
National Oceanic and Atmospheric Administration weatarchives of historical ocean surfeliv
heightand wind speedelels at nearby Ocracoke Islaralitvestigate the effects of environmental
variables inexplairing natural variations irthe ambientsound environmenof North Core Banks
during theperiods ofislandwide ambient soundecording

Statistical Analysis

All statistical analyses were conductedR (R Development Qe Team 2011)applying a
significance level of 0.05.

Island-wide Sound Monitoring

| comparedthe effects ofenvironmental conditionsn ambient sound levelen the island
using multiple linear regression and/e | ¢ h 6sample #eststo account for potential unequal

samplevariances

Video and Audio Monitoring at Nests

I comparedthe hatching successatio of nestsmonitoredwith video and audiagecording

equipmento the hatching success ratio nésts that were not recordesing a chisquared test.
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Anthropogenic Activity

| compared sound levels of aircraftto-offo ad vehi cl es sanpletgsta Wel ch
compared the change in sound levels from 20 minutes before to during human activity to the change
in ambient sound levels for a similar 20 minute interval using indicator variables for each human

activity type usingan Analysis of Variance.

Behavioal Response

To comparehedistributions of on/off nest behavior before and during human activity events
lused Mc N e-sgaared sestscfdr paired dataEach human activity type was assessed
individually. | conducted further analyses to assess if otlaiables were interactingith or
confounding the behavioral response of oystercatchers to tmarhactivities. Restricting my
analysis to only human activity events where an oystercatcher was on the nest 20 minutes before the
events occurredand takinginto account potential response variation among the breeding pairs of
oystercatcherd,conducted an analysis usingi@neralized linear mixed modehiked dfects logistic
regression) In this model, human activity typnd nesting habitat type weliged effecs, and nest
(breeding pa) was a random effect. The moddso estimated possibleinteractionbetweerhuman
activity type and habitat type. Because | vgagcifically intereted in flights through th€oreMOA,
| conducted another analysising the model described above, but with human activity type
reclassified to include only two categories: Qdre MOA flights and 2) all other human activity
types. In this analysis, the interaction between human activity type and habitat type was not
significant, so was excluded from the modkehlso used a mixed effects logistic regression model to
compare the effects of te@ore MOA flight altitudes on the behaaial responseof oystercatchers.

This analysis included onlgZore MOA flights. The model includediltitude as a categoricéiked

effect (low versus high altitude), habitgpe as dixed effect, and negqbreeding pairas a random
effect. High altitude flights were defined as those 10,000 feet and abovealtdude flights were
below 10,000 feet.The interaction between altitude and habitat was not significant, so was excluded
from the model.

I comparedhedaily nest attendance of hatched nésfs ai | ed nest s-testtoi ng a
account for the possibility of unequal variance between samples. To determine if the amount of
human activity around is&s affected nest attendancégdted howthe ddly amount of human activity
affecteddaily nest attendance using simpd@d multiplelinear regression models. Because nest

attendance was estimated as the proportion of the day @tsterrs spent on their nestsjded an
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arcsine square root transformation, which is a common variatabilizing transfornation for
proportional data. &lso tested for a relationship between the amount of daily human activity and the
number of times oystercatchers departed from their nests each day usingasichpheltiplelinear
regression.

| analyzed differencein the behavior of oystercatchers nesting in different types of vehicle

closures usingnalysis of variance.

RESULTS

Island-wide Sound Monitoring

| estimatedan ambient average MaxLEQ level of 55.7+0.7 dBA and an average SEL of
67.920.1 dBA across thaland 6 = 55). Average ambient sound levels (both MaxLEQ and SEL
values) on the island wesggnificantly higher at high tide than low tidg#ble2.1). Ambient sound
levels on the island were significantly correlated to ocean tide height and surf swell, however wind
speed did not appear to explairrigiions in sound levelsTable2.1). Weekdays (Monday through
Friday) had significantly louderaverage ambient sounds levels (MaxLE®0.3t0.3 dBA, SEL =
83.5t0.2 dBA) than weekends (Saturday and SunddexLEQ = 57.2+0.6 dBA, SEL = 80.1+0.3
dBA) (MaxLEQ:t = 4.619,p < 0.0001; SELt =8.727,p <0.0001).

An example of sound attenuation from a faititude Core MOA overflight is summarized in
Figure 2.5. The overflight occurred on 21 June 2010 at an altitude2if05feet. Irecorded the
overflight on the audio recorder nearest the flight path (island mile 13) from 09:43:21 to 09:44:44.
Peak sound levels were measured at this audio recorder (72.5 dBA) at 09:#8¥® measured
sound levels at the same time from recorders located along the length of the island. Overall, sound

levels decreased rapidly as distance from the flight patieased.

Video and Audio Monitoring at Nests

I monitored 62 nests (55% of 112 total nests; 33 in 2010 and 29 in 2@ by 47 breeding
pairs of oystercatchengith video and audio recording equipment. Of the 62 nests recorded, 24

successfully hatched and 38 failedA higher proportionof nests with recording equipment
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successfiy hatcred young(0.39) than nestwithout recording equipmer(D.18) ¢ = 4.759,p =
0.029).

Anthropogenic Activity

The US Marine Corps reported 245 flights through the Core MOA from 7 Mdr2ZiAugust
2010 Figure 2.4). Of these 105 flights occurred during the nesting period of American
Oystercatchers (21 April 31 July 2010)24 of whichwerebelow an altitude of 10,000 feet. Suitable
data were available for analysis of 21 of thel@4-altitudeflights. In 2011, the US Mame Corps
reported 116 flights through the Core MOA from 14 Api@7 July 2011 Kigure2.4). Of these, 114
occurred during the nesting period of American Oystercatchers (14iApduly 2011), 35 of which
were below an altitude of 10,000 feet. Suitable data were available for analysis of 12 ofae 35
altitudeflights. Fifteen lowaltitude flights could not be analyzed because they occurred at the end of
the oystercatcher nesting season when only one nest remained. This nest had inviable eggs and
therefore was not suitable for an analysis of incubation behavior. IBigtltitudeflights were not
analyzed due to equipment malfunction or logistical complications in maintaining or deploying
recording equipmentThe 33 usable lovaltitudeflights (below 10,000 feet) flown through the Core
MOA over both years provided 114 opportunities dssess changes in oystercatcher behavior
associated with the overflights.

Anthropogenic activities recorded in the nesting environment included; Core MOA
overflights (military aircraft corresponding with reported flights through the Core MOA), other
military fixedwing aircraft (military aircraft not reported as flying through the Core MOA), civilian
fixed-wing arcraft, rotarywing aircraft (Icould not differentiate military from civilian rotawying
aircraft), passenger vehicles,-tdtrain vehicles (AVs; single passenger), utilitgrrain vehicles
(UTVs; all-terrain vehicles with two passengers digeside), and pedestriarfgigure 2.6). Flights
through the Core MOA were recorded much less frequently than other types of human activity. Other
military fixed-wing aircraft, ATVs, and passenger vehicles were the most frequently recorded human
activity types with passenger vehicles by far the mostnesomhuman activity occurring around
nests. | recorded an averagof 342 human activity events at nests each dayeaged over 51
video-monitored nests in 2010 and 2011).

I measured sound levels for all human activity eventss | found a strong posites
correlation between the SEL and MaxLEQ valuescorded for sound events £ 3977,R*= 0.88,p
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< 0.00)), I conducted further analysesingonly SEL values. Ambient SELsaveraged/0.34+0.62

dBA (n = 55) (Figure2.7). Aircraft (all types of aircraft included) had significantly loudeerage
SELsthan offroad vehicles (all types of efbad vehicles includedAircraft: mean= 73.87#0.16

dBA, n = 2420;0ORV: mean= 67.85:0.17 dBA, n = 3585 t = 25.812;p < 0.000). Low-altitude
CoreMOA flights had the highest average SEL at 822838dBA with a maximum of 99.60 dBAn(

= 110) (Figure 2.7). The average SEL before and after the flights was 68.0+0.49 and 68.49+0.62
dBA, respectively Figure2.8). Low-altitude flights were audible in threcordings foran average of
67.82+4.45 secals.

Low-altitude Core MOA flights producedthe greatest average change in sound levels from
before to duringhe event(14.22+0.84 dBA). The aveage change in SEL for loadtitude Core
MOA flights, 14.22+0.84 dBA, was significantly higher than the average change in ambient SEL,
0.05+0.13 dBA(Table 2.2, Figure2.9). All other human activity types, except for UTVs, also had
significantly greater average changes in sound levels from before to dimngctivity when
compared to chang& ambient sound level3 @ble2.2, Figure2.9).

Behavioral Responss

Oystercatchers were on their nests about the samenarabtime before and during most
types of aircraft flyovers, including all flights through the CoMOA (low-altitude Core MOA
flight: n = 101, 2= 0.063,p = 0.803 high-altitude Core MOA flight: n = 166, %°=0.281,p = 0.59§
civilian fixed-wing: n = 492, = 0.096,p = 0.757 rotarywing: n = 135, 5°= 0, p = 1) (Figure2.10).
Oystercatchers were dheir nests significantly more duringilitary fixedwing flights than before
the flights @ = 1474 4*= 5.306,p = 0.021). Oystercatchers were on their nests significantly less
during all types of offoad vehicle and pedestrian evethianthey werebefore those events occurred
(passengerehicle:n = 2101, y°=91.88,p < 0.00L; ATV: n=1109 y°=517.5,p < 0.00L; UTV: n=
211, 4% = 34.46,p < 0.001; pedestrian:n = 154 y* = 21.73,p < 0.001) (Figure 2.10). It took
oystercatchexr an average d.75t0.35 minutesr{= 1638 events occurring at 52 nedis)return to
their nests following human activity evertaring which they were not on their nest§he longest
return time following a human activity eventvas 59.78 minutegafter passage of gassenger
vehicle) but 75% of oystercatchers returned to their nests within 8.83 mifull@sing a human

activity event(Figure2.11).
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The type of human activityhad a strong effect othe probability that an incubating
oystercatchewasoff its nest during human activity ever(ts= 5203 observations from 53 negtss
0.001) (Figure2.12). Oystercatchers were more likely to be off their nests duringoaifl vehicle and
pedestrian ewdsthan during aircraft events. Oystercatchead the highest probability of beidf
thdr nests during ATV eventand the lowest probability of being off their nests during MOA flights
(all altitudes combined) Nesting habitatalso appeared tinfluence oystercatcherbehavioral
responsedo human activity. An interaction between these twwedictor variablesuggestghat
oystercatchers nesting in open sand and dune habitats react differediifferent types ofhuman
activity. Oystercatchersieremore likely to be off theiness duringthe passage daff-road vehicles
and pedestrianahen rests werdocated in open sand areidmn they were when nests were located
in dune habitat$Figure2.12). Theprobability of an oystercatchéeing off its net during aircraft
activity varied by aircraft typ and nesting habitafFigure2.12). | compaed flights through the Core
MOA to all other human activity types combined into a single category and compared the behavior of
oystercatchers during th@ore MOA flights to behavio during all norRCore MOA activity types.

The probability of oystercatchers being off their nests duCiogeMOA flights was significantly less
than during all norfCoreMOA human activitiesr{ = 5203 observations from 53 nests; 5.962,p <
0.001). Tre altitude of the flights through the Core MOA (low versus high) had no significant effect
on the probability that oystercatchers were off their ndsting the flights(n = 227 observations
from 42 nestsz=0.200,p = 0.84]).

Daily nest attendancehe percentage of each 2wur period of each day oystercatcheese
sitting on or standing over their nests) averag@@+0.7%(21.2+0.2 hours)f the day(n = 230 days
from 55 nests) Kigure 2.13). Nests that successfully hatched had higher avedagg nest
attendanc€89.7+1.0%;n = 23) than nests that faile@@1.7+2.86, n = 32), (t = 2.972, df=40.894,p
= 0.003, (Figure2.14). | found no relationship between the average number of all human activity
eventsper dayand the averaggaily nest attndancén = 55 nests,R* = 0.013,F =0.633 p=0.43. |
also found no relationship between the number of human activity events in a given day and the daily
nest attendance for that day=% 175days,R?= 0.04Q F = 0.111, p = 0.739). Daily nest attendance
was notrelated to the number of efbad vehicle events in a day$ 175 RF = 0.002 F =0.349 p=
0.555, or to the number aEore MOA flights daily (0 = 175 R < 0.001 F < 0.001, p = 1). Of all
human activity types, only rotatying aircraftshoweda negative correlation between the number of
daily humanevents and daily nest attendana#though it explained onl2.9% of the variation in
attendancewhich |deemediologically insignificant(n = 175 R* = 0.029 F = 5.347 p = 0.022).
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I found a positive relationship between the total humber of all human activity events
occurring around a nest in a day and the number of times the oystercatchers departed frast their n
that day although the number of human events explained only 3.7%eofariation m oystercatcher
departures sodid not deem it to bbiologically significant(n = 173days R = 0.037,F = 6.525 p =
0.012). However, when each human activity type was assessed individually, only the daily number of
ATVs was positively elated to the daily number of departures froe lest explaining8.7% of the
variation indeparturegn = 173 RZ = 0.087 F = 16.34 p < 0.00)).

Closure type had no effect on the daily nest attendance of oystercatcher pairst@ieans
None = 89.%#2.8% (n = 7), Full = 88.5£1.86 (n = 21), Drive-through= 91.2+1.9% (n = 27),
Ramp=86.4+1.% (n = 44), F = 2.274,p = 0.085) or the daily number of departures from the nest
(MeangSE None= 22.9+1.3(n = 7), Full = 27.2+1.6(n = 21), Drive-through= 29.1+1.1(n = 27),
Ramp=28.9+1.5(n = 44); F = 1.403;p = 0.247). There was no effect of clositype on thaverage
propation of observations per day of/stercatchersff their nests during aircrativerflightsof any
type (Table2.3).

DISCUSSION

Human activity has clear effects othe sound environment of Cape Lookout National
Seashore Low-altitude Core MOA flights increasl soundexposurdevels (SEL) abos ambient by
an average of 14.22+3.94BA, and rotary wing aircraft increased the&39+0.76dBA. Similar
increases irenvironmental sound levglvere reportedfor helicopter overflights in a study of King
Penguins (Hughes et al. 2008t is important to note thahe decibel scalis not linear, but log
based A ten decibel increase in sound levels is perceived by the average humdouwdng of
soundintensity (Sataloff and Sataloff 2006so the 14 dBA increase caused by the-&dtitude Core
MOA flights would be perceived by humans as more than twice asastiteambientenvironment

| did not detect significant behavioral responses of American Oystercatcimeostiaircraft,
including highspeed lowaltitude flights through the Core MOArapace abovélorth Core Banks
It appears American Oystercatchers eitviewv aircraft as a minimahreat or they have habituated
to the presence of aircraft in their nesting environment. A similar lack of behavioral response,
perhaps due to habituation, was noitedtudies ofraptors(Andersen et al. 198%llis et al. 1991,
Trimper et al. 1998), duckgConomy et al. 1998b), and penguifslughes et al. 2008).
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Oystercatchers may have been on their nests more durirgl@dnmilitary fixed-wing flights as a
freeze esponse to evade detection during the flights, or this neswltindicate a response of birds to
activitiesoccurring before the flightdat were not evident frommy video or audio monitoringPrior
research at Cape Lookout National Seashmoted low-flying aircraft occasionally influenced
oystercatcher incubatidmehavior (McGowan and Simons 2008 owever, nany aircraft flights in
the nesting environment may not have been accounted for in this study becesesisliortinterval
video recordingsvithout audiowhich may have missed natisible overflights.

| did observe oystercatchdvehavioral responses to all types of-mfdd vehicle and
pedestrian activity.Previous research has noted that shorebirds respond differently to different types
of human activity (Burger 1981, Sabime al. 200§. Although offroad vehicle and pedestrian
activity has been occurring in the nesting environment of the oystercatchers for many years, and some
habituation may have occurred, -offad vehicles and pedestiga presumably represent a greater
threat to incubating birds than aircraft. ATV activity, in particular, elicited a strong behavioral
response from oystercatchers, with oystercatchers on their nest only about 30% of the time when
ATVs drove past their nes McGowan and Simons (2006) also found ATV traffiffected
incubation behavior of American Oystercatchers along North Carolina cGdssstrong response of
oystercatchers to ATVs may be an association between ATVs and the activity of researchasg be
research activities on North Core Banks are conducted mainly from ATVs. Therefore, this finding
may not beapplicable tdocations outside of North Core Bankéere oystercatcher monitoring and
research is not conducted on ATVsAmerican Oystercahers at Cumberland Island National
Seashore, Georgirasponded tpedestriaamuch as they dith North Carolinabutshowed a weaker
response to vehiclesd ATVs(Sabine et al. 2008 owever, it is also likely that smaller, faster, and
louder ATVs, wth more visiblehumandrivers are perceived by birds as a greater threat than other
types of vehicles. Tarr et al. (2010) found that ATVs altered wintering shorebird behavior and habitat
use at Cape Lookout Manal Seashore even though the birds in dtisdy were not regularly
approached bATVs. Oystercatcharnesting in open beach areas responded more strongly to off
road vehicle activity, presumably because they are more expagednuch greater visibilitthan
oystercatchexr nesting in more shefted dune habitats

The behavioral response of birds to-fad vehicles and pedestrians may explain some of
the variation in the nesting success of American Oystercatchers. McGowan and Simons (2006) found
evidence thavehicles and pedestrians influendadubation behavioof American Oystercatchers

and altered incubation behavior affected daily nest survititattended eggs are likely more
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vulnerable to predators, such as ghost crabs and avian predators, and they are subject to temperature
fluctuationsthat may harm the developing embryo (Anderson and Keith 1980, Robert and Ralph
1975). Although I found nest attendance influenced hatching succegsmnefrican Oystercatcher

nests, Idid not findhuman activity affected oystercatcher nest attendafigstercatchers rely on

their inconspicuous nest scrapes and cryptigailpred eggs to avoid detection by predators (Colwell

et al. 2011, Lee et al. 2010Higher rates of movement to and from a nest may attract predators

allow predatos to locate nestmore easily(Martin et al.2000). Although |found oystercatchers

were oftenoff their nests during vehiclend pedestriarvents, found minimal evience that human

activity affectedthe total numbr of times oystercatchers lefheir nests in a dayswygesting
oystercatchers move to and fromitheess frequently during the ay regardless of human activity.

My analysis of the behavior of oystercatchers in different types of vehicle closures was
constrained bysmal sample sizes. Only nineegs in drive-through closuresl4 nests in ramp
closures seven nests in full closures, and twests in no closurevere available for this analysis.
Furthermore, thdocation of nests within closures was not standardizedthedistance to and
visibility of vehiclesfrom nests most likely played a role in the response of oystercatdriely,
someramp and fullvehicle closures had occasional vehicle traffic because NafamklService staff
and researchers continued to access closed areas withadffrehicles to conduct research,
monitoring, and management duties. Future research on the effects of vehicles would benefit from
the establishment of complete vehicle closures for the duration of the incubation period, as well as
larger closed areas to dease visibility of vehicle activity beyond the boundaries of the closures.

| found no evidence, based on observations of banded individuals, that birds abandoned
active breeding territories in areas off-odad vehicle use. However, did document sevelra
oystercatcher pairs from failed nests outside of vehicle closures thester within vehicle closures.

American Oystercatchers appear to respond differently to different types of human activity.
While aircraft overflights elicited minimal behaviorsgonses by the oystercatchers, | found a strong

behavioral response to vehicles and pedestrians.
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TABLES AND FIGURES

Table 2.1. Effect of tide surf swell, and wind speeaah ambient sound levels Bbrth Core Banks
Cape Lookout National Seashore, NSound level{dBA) were measuredith Samson Zoom H2
Digital Audio Recorders from a week each in May, June, and July 28d0ndlevelsare reported
using two metrics, maximumegl, the maximum equivalent average sound level recorded at one
second intervals for the duration of the noise evamd, Sound Exposure Leye&bhich represents the
total noise energy produced from a single noiseneEnvironmental data were obtained from the
National Oceanic and Atmospheric Administration weather arclidvasarby Ocracoke.

a. 2 St OK @amplé west comparing low and high tide sound levels individually

Maximum Lgg Sound Exposure Level
meantSE meartSE

n (dBA) t p-value (dBA) t p-value

Tige 9h 407 599:04 o5 () gags 83.1£03 5483 0.0005
Low 396 58.8+0.4 81.8+0.3

b. Multiple linear regression comparing all environmental variables simultaneously.

Maximum Lgq Sound Exposure Level
Estimate+SE  t p-value Estimate+SE t p-value
(Intercept) 52.79+0.78 67.4 <0.0001 75.44£0.47 162.2 <0.0001
Tide (low) -1.27+0.53 -2.4 0.0172 -1.55+0.31 -4.9 <0.0001
Surf Swell 6.38+0.69 9.3 <0.0001 6.99+0.41 17.1 <0.0001
Wind Speed 0.04+0.11 0.4 0.7188 0.03+0.07 0.5 0.603
n=607,R°=0.166 n=607,R°=0.405,
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Table 2.2. Averagechange in soundevels from 20 minutes before tduring various human
activities recorded at American Oystercatcher nests at North Core Banks, Cape Lookout National
Seashore, NCSound levels were measuneith Samson Zoom H2 Digital Audio RecorderSound

levels are reported asA-weightedSound Exposure Leve€dBA), which represents the total noise
energy produced from a single noise evertmbient sound levels were randomly sampled from an
array of audio recorders distributed every two miles across North Core Banks with samples taken at
times when no human activity wasdrd. The duration chosen for sampling ambient sound levels is
51 seconds, which is the average duration of human activity ev@ots. MOA flights weranilitary

aircraft corresponding with reped flights through the Core military operations area (Qd€A)

above Cape Lookout National Seashore, NC, while military fixed) aircraft were othemilitary

aircraft not reportedas flying through the Core MOA.ATVs were singlepassenger aterrain
vehicles while UTVs were sidey-side utility-terrain vehites.

Human Activity Type meant+E& (dBA) F n p-value
CoreMOA Flight (Lovaltitude) 14.22+3.96 567.5 110 <0.000%
CoreMOA Flight (Higfaltitude) 3.96+0.27 41 173  0.0433*
Military FixedWing 4.59+0.14 199.8 1447 <0.0001*
Civilian FixedVing 3.56+0.20 43.0 483 <0.0001*
RotaryWing 8.39+£0.76 2595 131 <0.0001*
Passenger Vehicle 1.05+0.13 51 589  0.0235*
ATV 1.80+0.12 56 776  0.0177*
uTtv 1.27+0.21 3.0 145 0.0810
Ambient -0.05+0.13 55

*significant at p<0.05
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Table 2.3. Analysis d variance of the effect afehicle closuresn theproportion of observations per
day of American Oystercatchers nottheir nests during aircraft overflightd/ehicle closures were
active vehicle management lifie National Park Service at North Core Banks, Cape Lookout
National Seashre, NC around shorebird breeding are@ore MOA flights weremilitary aircraft
corresponding with repaetl flights through themilitary operations area (Core MOA) above Cape
Lookout National Seashore, NC, while military fixedng aircraft were othemilitary aircraft not
reportedas flying through the Core MOA.
Overall Overall

Human Activity Type Closure Type Average Proportioe SE  n

F p-value
CoreMOA Flight 1.215 0.315 None 0£0 4
Full 0.05+0.03 11
Drivethrough 0.19+0.08 21
Ramp 0.07+0.06 16
Military FixedWing 0.185 0.906 None 0.07£0.07 5
Full 0.12+0.04 13
Drivethrough 0.13+0.06 18
Ramp 0.10+0.03 33
CivilianFixedWing 1.043 0.379 None 0.15+0.07 6
Full 0.04+0.02 18
Drivethrough 0.13+0.04 16
Ramp 0.13+0.04 35
Rotarywing 2.269 0.105 None 0.50%£0.50 2
Full 0.0083+0.0083 10
Drivethrough 0+0 3
Ramp 0.13+0.08 14

"Vehicle closuretypes included in this analysis: fne- nests without closures were located in habitats
away from approved vehicle routasth minimal management. (Full closures were large areas closed"
protect nestingshorebirds and coloniesehicles were excluded inside the closure but they couldaldrng
parts of the perimeter(3) Vehicle drivehrough closures prevented vehicles from stopping in the vicinity
nests, but allowed driving by the nest$) Ramp closures required vehicle traffic to detour to the sand r¢
behind the dunes
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Figure 2.1. Video recording equipmenised to monitor incubatingmerican Oystercatchers and
surrounding beach activityThe recording system consisted of a camera, digital video recorder, and
batteries ermsed in a white Hallon plastic bucket (left). A camera unit deployed at an active
oystercatcher nest North Core BanksCape Lookout National Seashore, Ki@ht).
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Figure 2.2. An audio recorder anile marker nine on North Core Banéis Cape Lookout National
SeashoreNC. The microphone/digital recorder (inset) is surrounded byndscreen and suspended

one meter above the ground. The white plastic bucket holds batteries that allow the tecaomler
continuously for up to two weeks. An array of recorders distributed every two miles along the length
of the island provided baseline ambisotind levels on the island.also placed these recorders near
American Oystercatcher nests to monitorrgisiin the nesting environment.
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Figure 2.3. Acoustic Monitoring Toolbox (AMT) audianalysissoftware. Audio recordings can be
viewed visually as a speogram. Pictured above is a eneur segment (shawas four consecutive
15 minute blocks) of an audio recording. A naitit fixedwing flight recorded at North Core Banks,
Cape Lookout National Seashore, ®ighlighted by the red box.
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Figure 2.4. Map of military flight paths through the military operations ar€are MOA) airspace
above North Core Banks, Cape Lookout National Seashi@@@& 2010 and 2011.
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Figure 2.5. Instantaneoussiandwide sound leels on North Core Banks, Cape Lookout National
Seashore, NGuring a flight through thenilitary operations @ea Core MOA airspaceabove the

island The overflight occurred on 21 June 2010, and sound level measurements were taken at
09:43:48. Sound leels were calculated from recordings generated by audio recorders placed at mile
markers (MM) every two miles across the length of the island.
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Figure 2.6. Human activities recorded near American Oystercatcher mgstddeo and audio
monitoring equipmenbn North Core Banks, Cape Lookout National Seashore, Nke plot is a

tally of all incidents of edt human activity type observee eideo and audio recdingsfrom 177
recording days fromb6 nests monitored in 2010 and 2011. The plot shows relative abundance of each
human activity category.MOA flights were military aircraft corresponding with reped flights
through the military operations area (Core MOA) above Cape Lookout National Seashore, NC, while
military fixed-wing aircraft were othemilitary aircraft not reporteds flying through the Core MOA.
ATVs were singlepassenger atierrain vehioks while UTVs were sidby-side utility-terrain
vehicles.
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Figure 2.7. Sound levelsreported asSound Exposure Levels (dBA), of various human activities
recorded at American Oystercatcher nestsNorth Coe Banks, Cape Lookout National Seashore,
NC. Ambient sound levels were randomly sampled from an array of audio recorders distributed
every two miles across North Core Banks with samples taken atwihess no human activity was
evident on the recordingsSound Exposure Levels represent the total noise energy produced from a
single event. They take into accountwkighted sound pressure levels measured at multiple
frequencies over the duration of the eveMOA flights weremilitary aircraft correspondyg with
repored flights through the military operations area (Core MOA) above Cape Lookout National
Seashore, NC, while military fixeding aircraft were othemilitary aircraft not reporteds flying
through the Core MOAATVs were singlepassenger atierrain vehicles while UTVs were sidbgy-

side utility-terrain vehicles.
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Figure 2.8. Sound levelsecorded on North Core Banks, Cape Lookout National Seashore, NC
before, during, and after loaltitude (<10,000 feetpoverflights through thenilitary operationsarea

(Core MOA) airspaceabove the islangn=110). Sound levels are mee=l by Aweighted Sound
Exposure Level (dBA which is the total noise energy produced over the duration of a sioge
event. Sound Exposure Legebefore and after flights are calculated using the same sample duration
as the flights.
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Figure 2.9. Average(+SE)change in sound levels, measuredfbweightedSound Exposure el

(dBA), from 20 minutes before to during various human activitigsund Exposure Level is the total
noise energy produced over the duration of a single noise event. Samples 20 minutes before human
activity events have the same duration asdheesponding sample during human agyivevents.
Ambi ent s o wererandamly sampleddrom an array of audio recorders distributed every
two miles across North Core Banks with samples taken at tithea no human activity was evident

on recordigs. Similar to human activity events, the average change in ambient sound levels is
calculated from 20 minutes before to during a randomly chosen sample. The duration chosen for
sampling ambient sound e v e is blsseconds, which is the average duratbmuman activity
events. MOA flights weremilitary aircraft corresponding with reped flights through the military
operations area (Core MOA) above Cape Lookout National Seashore, NC, while militarwifinged
aircraft were othemilitary aircraft notreportedas flying through the Core MOAATVs were single
passenger aterrain vehicles while UTVs were sidhg-side utility-terrain vehicles.
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Figure 2.10. The percentage of observatio@SE represented by the black ticks on the tops of
percentage barg)f American Oystercatchers on their nests during human activities and 20 minutes
before those incidents of human activity occure¢dNorth Core Banks, Cape Lookout National
Seashore, NC Sampe sizes include all compiled observations of these huativities on
recordings from 5&udio/videemonitored nests.MOA flights weremilitary aircraft corresponding

with repored flights through the military operations area (Core MOA) above Cape ubblational
Seashore, NC, while military fixeding aircraft were othemilitary aircraft not reporteds flying
through the Core MOAATVs were singlepassenger atierrain vehicles while UTVs were sidbgy-

side utility-terrain vehicles.
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Figure 2.11. Return time forAmerican Oystercatchgthat left their nests duringuman activity
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Figure 2.12. Probability that oystercatchevgere not on their nest during various types of human
activity in open sand and dune nesting habitttdNorth Core Banks, Cape Lookout National
Seashore, NCOpen sandreas are habitat such as the open beach and sand flats in whichyisibilit
high, while dine habitats are located within large dunéth more limited visibility. MOA flights
were military aircraft corresponding with reped flights through the mility operations area (Core
MOA) above Cape Lookout National Seashore, NC, while military fixedy aircraft were other
military aircraft not reportedis flying through the Core MOAATVsS were singlepassenger all
terrain vehicles while UTVs were sidy-side utility-terrain vehicles.
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Figure 2.13. Frequency distribution of average daily nest attendance of -wabeitored American
Oystercatcher nests (n=5&) North Core Banks, Cape Lookout National Seashore, N@ily nest
attendance is determined by the percent of «ad# period the birds spend at their nests either
incubating or shading the eggs.
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Figure 2.14. Average daily nest attendancevileo-monitoredAmerican Oystercatcharests which

failed to hatch(81.7+2.8%6, n=32)and nests which successfully hatcl{8€.7+1.0%; n=23at North
Core Banks, Cape Lookout National Seashore, NC
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CHAPTER 3

Effects of Human Activity on the Physiologyof Nesting American

Oystercatchers
ABSTRACT
An organisnd s heart rate i Bdicator of hysiotogidalystssute e d
environmental stimuli. | used heart rate to monitahe physiological response of American

OystercatchergHaematopus palliatysto human activity in their nesting environment. placed
artificial eggs with embedded microphones 48 oystercatche nestsin 2010 and 2011which
recordedthe heart rate oincubating oystercatcheicontinuously until nests hatched or failed
compared heart rates torginuous video and audio recordiagnestso determine the physiological
resporse of birds tovarious types othuman activity | observed military and civilian aircraft,
passenger vehicles, @éirrain vehicles, utilityterrain vehiclesand pedestrians around nesi/ith
the exception of higispeed lowaltitude military overflights, found litie evidence that oystercatcher
heart rates wermfluenced by most types of human activitfhe lowaltitudeflights were the only
human activity to significantly increase average heart rates of incubatiregaatshers (from 161+4
beatshminute 20 minute before the flightdo 174t5 beats/minuteduring the flights). However,
althowgh statistically significant, o not consider the increase in heart rate dunighg-speedJow-
altitude military ovefflights to be of biological significanceecause this tference appears well

within the range of variatiofor restingheart rate othis species

INTRODUCTION

The effectof humanactivity on wildlife populations isa topicof great interest to ecologists,
land managersand policymakeréBoyle and Samson 198Sutherlancket al. 2006, Sutherland 2007,
Fleishman et al. 2011 Although research often focuses on behavioral resparfisetdlife to human
activity, the lack of a behavioral response does not imply a ladkstairbancgWilson & al. 1991,
Nimon et al. 1996).Human dsturbance caproducea variety of physiologicalesponseshat may

reducethe fitness of individualbirds by reducing fecundity and surviv@Wingfield and Sapolsky
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2003). Hormonal and other physiological changassed bystress may also directly suppress
reproduction (Vihgfield and Sapolsky 2003).

I examinedphysiologtal responses to human activiby measuring the heart rates of
incubating birds. Heart rate monitoring is being used with greater frequencymesmsure of
disturbance Hippop and Hagen 199Wilson et al. 1991Nimon et al. 1995Nimon et al. 996,
Weisenberger et al. 1998arms et al. 1997, Giese et al. 19B&son et al. 2009 Weisenbergeand
others (1996) found that simulated aircraft noise caused heart rates to increase in desert ungulates.
Although Adelie penguins showed both behavior responses and increased heart rates in response to
approaching helicoptersheir response t@pproacing humans wasdrhited to increasing heart rate
until very close proximity(Wilson et al. 1991). Heart rate responses to human disturbaioce
Gentoo Bnguinswere more ambiguougNimon et al.1995, Culik and Wilson 1995).European
Oystercatchers exhilgitl increased heart rate during human disturbanéppép and Hagen 1990).
Simulated jet noisaitially increased heart raia Black Ducks, bt the response rapidlyedlined as
exposure continuedith no effect on overall daily heart raseggesting no et energetic cost to the
ducks(Harms et al. 1997).White-eyed vireos exhibited similar pattern, initially increasingheir
heart rate in response to human disturbancewiibtlittle evidence oflong-term effects on energy
expenditure (Bisson et al0Q9).

Monitoring avianheart rate often requiresstressful captures anthe use ofexternaly
mountd or internaly implantd monitoring devices (Culik 1992, Harms et al. 198%son et al.
2009. | adapted anorrinvasivemethodfor recordingthe heart rates of breeding birdsing small
microphonesnountedn false egggNimon et al. 1996, Arnold et al. 20111 placed these devices in
American Oystercatcher nests at Cape Lookout National Seashore, North Caratinaitiar the

heart rate ofhe incubating oystercatcharsresponse to human activity.
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METHODS

Field Methods

Anthropogenic Activitand Behavior Monitoring at Nests

I monitoredthe incubationbehaviorof American Oystercatcheand human activity in the
vicinity of their nests dung the 2010 and 2011 breeding seasons with continuous digital amndko
audiorecording. | wasunable to monitoall American Oystercatcher nests with recording equipment
and therefore used a stfed sampling scheme in whichrbndomly selectedbreedng pairsfor
monitoringfrom stratadetermined byocation along the length of the island, location relative to the
primary dunesandvehicle closure statusl recorded continually 24 hours per day at seleogsts
until the nest either failed or hatched/ideo cameragmonitoredt he i ncubating oyst
behavior, as well as the surrounding beach for human actwitiyaudiaecordings provided a record
of both natural and anthropogenic sounds in thaduliate vicinity ofthe oystercatcher nestBue to
differences in the landscape around nests, the ta@alsarveyed by video recordingaried among
nests. Video recordings also provided information about nest predation, incubattes, rand
interspeific interactions

| classified nests by habitat as either open sand or dune nests. Opérmalsitalincluded
the open beach and sand flatsere the terrain was flat and open with minimal vegetation. Dune
habitats were areas of varying and elevaédedhin and vegetation.

Heart Rate Monitoring at Nests

| recorded the heart rates of incubating oystercatchers using miniature microphones implanted
in artificial eggsthat were addetb a clutchfor the duration of nest survivalThis allowed meto
make continuousaudio recorihgs o f the incubating oWVhsmemawt cher 6
invasive design has been used previously with terns and gulls (Arnold et al., 2@it1for much
shorter monitoring intervalsl constructed mheart rate sensoby drilling a hole in a plastic egg and
mounting a small microphone flush with the surface of the ¢higlure3.1). A wire lead attated to
the microphone allowed m# connect the sensor to an external digital audio recorder. The plastic
eggs and microphones were t hen (ldoura batlabnswveiet h e i t
the superior membrane for producing good heart rate recordioggyotect and conceal the

microphone. The covering was painted to resemble an American Oystercagcheasgembled 20
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artificial egg monitorsplacing one egg in a nest foeart rate monitoring. Oncebkegan hed rate
monitoring at a nest, doninued monitoring continuously 24 hours per day for the duration of the
incubation period. Artificial eggs were checked every few days and periodically replaced as their
outer memhane deterioratedl adapted the same Zoom H2 digital audio recorders faseainbient

noise monitorig to record heart rates. placed the recorder and battery in a plastic bucket buried
approxinmately 30 feet from the nest. also buried the wire connecting the artificial egg to the
recorder. Dung the 2010 breeding seasomuried the initial length of the cord straight down about

six inches below the artificial edg tether the egg in place. hbped this would help maintain the
proper orientation of the microphone beneath the incubating bird while allowing some mampulat

of the egg. Howevwe | found this method allowed too much movement of the egg causing the
microphone to become misaligned and unable to record the heartbeat. Therefogethduf011
breeding season,dttached a nch screw to the wire slightlydbow the artificial egg, and secured

this screw in the sand below the nest. This more rigid configuration continuously maintained the
correct orientation of the microphone increasing the consistency and quality of heart rate recordings.
On occasion, thartificial egg became separated from the rest of the clutch due to the activity of the
incubathg adults. If this occurred nhoved the artificial egg a few inches to the new nest location.

In 2011, Imade additional modifications to impmthe heartate recordings. tiested a new
artificial egg design with two microphones embeatiifethe egg instead of one, with the objective of
increasingthe chancesa microphonewould pick up the heartbeat if the position of the egg shifted
beneath the incubatingird. | also adjusted and changed the artificial eggs in the nests more
frequently to reducehe deteriorationof recording qualityover time that | observed in 2010.
Nevertheless, ldid not see improved performance in eggs with two microphones. However,
anchoring the artificial egg with a nail and placing fresh artificial egg monitors fregaently
increasedthe number and quality of theecordings. With increased effort and alterations in the
design of the heart rate monitorsyasable to doubléneart rate recording hours in 2011.

Although | was initially concerned that the artificial eggs ght disturb incubating birds, |
saw little indication of this problem. In fact, on several occasions following destruction of the clutch
by a nest predatoadults returned to their nests and continued to incubatenmagining artificial egg
until 1 removed it. | checked nests with heart rate monitoring equipment ddilgid not add an
artificial egg to the single nest with a feeigg clutchbecausdour eggs is thenaximum number of

eggsoystercatcherare known to incubate.
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Analysis of Heart Rate Recordings

| collected approximately 48,000 hourswifleo and audigecordings and 12,000 hours of
heart rate recordings during the 2010 and 2011 breedisgrseal he United States Marine Corps,
Cherry Point Naval Air Station provided information on timing, location, speed, and altitude of
military overflights through the Core MOA airspace above & hapokout National Seashore.used
this informadion with the time stamps on theudio and video recordings to idiéy the Core MOA
flights on therecordings and assess them independently from other types of aifnaliyses were
conducted by reviewing all video, audio, and heart rat®rdingscollected durig known Core
MOA overflights. In addition,starting on the day following the deployment of recording equipment
at a nest (i.e., the first iur4-hour day of recording), teviewed all videand audiarecording files
within a 24hour period from every fath day of monitoring. From thesebsamples| noted every
occasion when an oystercatcher left or returned to its nest, every incident of human activity (either
heard on the audio recordings, seen on the video recordings, or both), and the behdwgor of t
incubating oystercatcher before andidwmg t he human activity events.
defined as the time at which an incident of human activity could first be seen or heard on the
recordings to the time it was no longer visible or heafathropogenic activities recorded in the
nesting environment included; Core MOA overflights (military aircraft corresponding with reported
flights through the Core MOA), other military fixeging aircraft (military aircraft not reported as
flying through the Core MOA), civilian fixedwving arcraft, rotarywing aircraft (I could not
differentiate military from civilian rotamwing aircraft), passenger vehicles, -dtrain vehicles
(ATVs; single passenger), utilierrain vehicles (UTVs; allerrain vehioks with two passengers
sideby-side), and pedestriandf an oystercatcher was on the ndsting a human activity event, |
reviewed the heart rate recordiegrrespondingo that incident andalculated heart rate before,
during and afteras many humarmctivity events as possibl®espite more and better heart rate
recordings in 2011, it was impossible to calculate heart rates during some events due to poor
recordings

| usedAdobe® Audition® audieediting softwarg Adobe Systems Incorporatetd) analyze
heart rate recordings. | counted the heart beatdi@artl them in the recording, and compared those
counts to the number of spikes on the visual waveform producédobe® Audition®(Figure 3.2).
When necessary, klowed theplayback speedof rapid heart rate recordings facilitate these

analyses. 1ook 10second samples of heart rate at the peak of events (either the loudest point of the
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event on the audio recordings or when the human activity stimulus was closest to tingtmesideo
recordings) and extrapolated those samples tts lpest minute by multiplying theampled heart rate
by six. Heart rate was measured in a similar mannactlyx20 minutes before the peak time of an
event as a control.

If necessary, lused Adobe® Audition® to review video, audio, and heart rate files
simultaneously. Concurrentewing and listening allowed m® align the three recordings with a
high degree of temporal accuracy, not achievable by the timestamp on the recordings alone.

Statistical Analysis

Heart Rate Monitoring

| compared hatching success ratios of nests with and without heart rate monitgra abki

squared test.

Physiological Response

All statistical analyses were conducted iR Development Q@ Team 2011)applying a
significance level of 0.05Initially, | pooled heart rate samples from all pairs of oystercatchers for a
general analysis of their physiologia&sponse to human activity. compared heart rate samples
before and during human activity using paire@dts hypothesizing that heart rate durihgman
activity would be higher than the baseline heart rate 20 minutes before incidents of human activity
Responses taaehtype of human activitywerealsoassessed individuallyl also compared heart rate
samples after human activity to heart ratmgles before and during human activity using paired t
tests, hypothesizing that heart rate 20 minutes after human activity events would be lower than heart
rate during human activity and the same as baseline heart rate 20 minutes before humar activity.
compared sound levels and oystercatcher heart rate during human agsivigysimple linear
regression.

To take into account potential response variation among breeding pairs of oystercatchers, and
to assess other mitial explanatory variables,dlso caoducted an analysiusing alinear mixed
model (inear mixed effects model In this model, human activity type, nesting habitat type, the
mean number of human activity events per @daythe day in the incubation period of the neste
fixed effecs, and nest (breeding pair) was a random effect. In preliminary analyses, interactions

between varibles were not significant, so | did not include them infmgl model. Becausd was
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specifically interested iflights through the Core MOA, donducted artber analysis using the same
model describedabove, but with human activity type reclassifiatb only two categories: 1fore
MOA flights and 2) all other human activitypes. Again, interactions were not significant, so were
excluded from the modell also used a mixed effects line@gression model to compare the effects
of Core MOA flight altitudes on theheart rateresponses of oystercatchers. This analysis included
only Core MOA flights. The model included altitude as a categorical fixed effeat versus high
altitude), nesting habitat type, the mean number of human activity events pandtye day in the
incubation period of the nest aixed effects, and nest (breeding pair) as a random effddigh
altitude flights were defined as &#® 10,000 feet and above; laltitude flights were below 10,000

feet. Interactions wer@ot significant, so werexcluded from the model.

RESULTS

Heart Rate Monitoring

| monitored 42 nests (38% of 112 total nests; 18 in 2010 and 24 in [2¢d by 36 beeding
pairs of oystercatchemsith heart ratamonitoring artificial eggs. tollected approximately 12,000
hours of heart rate recordings (~4,000 hours in 2010 and ~8,000 hours in 2011). Of the 42 nests with
heart rate monitors, 15 successfully hatchad 27 failed. The proportion of successfully hatched
heartratemonitored nests (0.36) was not significantly different than nests that were not monitored
(0.26) {°=0.828,p=0.363).

Physiological Response

Heat rate samples came from all 8§stercatcher pairs with heart rate monitoring in 2010
and 2011. lcal cul ated a Arestingd heart rate of A me
sampling heart rate of incubating oystercatchers which had their bills tucked under a wing, a common
resing posture in birds, whenheard and saw noviglence of human activity on thedeo and audio
recordings.Resting heart rate of incubating oystercatshranged from 12@88 beatshinute with an

average of 1886 beatsiminute f = 35 samples from 18 pair.
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Baseline heart rate samples 20 minutes before human aeisgtitsranged from 10842
beats/minute i = 662), while heart rate samples during human activity ranged fror334.4
beats/minuten( = 662). The average heart rate of incubating oystereatckluring human activity
events forall activity types combined186+1 beats/minute) was not significantly higher than the
baseline heart rate from birds 20 minutes befdtee human activity evets occurred (184+1
beats/minutg (pairedt = 1.39, df= 530 (n = 531),p = 0.918). Heart rate 20 minutes after human
activity eventsranged from 10866 beats/minuten(= 475). The average heart rate 20 minutes after
human activityeventsfor all activity types combinefl8&:2 beats/minute) did not differ sigrifintly
from the baseline 20 minutes befdmneman activityevents(188t2 beats/minute)pairedt = 1.29, df
=474 (0 = 475),p = 0.901)or the averageuring human activityevents(186t2 beats/minute)(t =
0.20, df=474 (h=475),p = 0.839).

However, the heart rate of oystercatchZdsminutesbefore lowaltitude Core MOA flights
(161+4 beats/minute) was significantly less than the heart rate during the flights (174+5 beats/minute)
(Table3.1, Figure3.3). Average heart rates before events were not significantly different than during
the events forall other types ofhuman activity Table 3.1, Figure 3.3). | found no correlation
between sound levels and oystercatcher heart rate during human activity events (M&XIEQ:
0.001, p = 0.253; SEL:R ?= 0.005,p = 0.070). The noise of rotarwing aircraft and lowaltitude
CoreMOA flights occasionally drowned out the sound of the heart beats on the recordings making it
impossible to calculate heart rate durinthose events.

| postulated that other variables may have been affecting the physabloggponse such as
the habitat of the nesting environment, the daily amount of human activity occurring around a nest,
and the stage of the incubation period in whichahent occurred. Restricting nanalysis to only
human activity events where an rgatcher was on the nest 20 minutes before the events occurred,
and taking into account the potential for variation among the responses oflirdiyiairs of
oystercatchers,did not find evidence to suggest that nesting habitat, mean number of psedssy,
day of incubation, or type of human activity had an effect on oystercatcher heam raté10Q
observations from 26 nests; Habit&t:= 2.01,p = 0.173 Mean # EventsF = 0.73,p = 0.40%
Incubation DayF = 1.67,p = 0.20Q Event TypelF = 1.17,p = 0.319. Comparing flights through
the Core MOA(all altitudes)to all otherhuman activity types combineddund that the average heart
rate duringCore MOA flights (174.6t4.2 beats/minute)was not significantly different from the
average heartite of oystercatchers during n@oreMOA human activitieg187.8:1.8 beats/minute)

(n = 410 observations from 26 nests,= 0.03,p = 0.858. 1 did find a significant effect of the
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altitude of Core MOA flights on the heart rate of incubatimgstercatchers. Average heart rates of
incubating birds were 27.7 beats per minute higher during low altitude flights than they were during
high altitude flightsf = 34 observations from 14 nesksy= 6.18,p = 0.040).

DISCUSSION

The heart rates of inbating oystercatchers were riofluenced by most types of human
activity, perhaps because they had habituated to these activitastuation was noted as a potential
reason fominimal behavioralresponsg of severalraptor species to lovevel jet oveflights (Ellis et
al. 1991, Trimper et al. 1998)Fhysiological responsmay show similapatterns of habituatioas
well. Harms and others (1997) suggested habituation as the explanation for declines in heart rate
responses of Black Ducks to continuegbosure to aircraft noise.

However the recenteduction inthe minimum altitude of higlspeedCore MOA flights may
make them a relatively novel evdor birds nesting on North Core Banksdid find evidencethat
the heart rate of incubating American Oystercatchers increased tighgpeedow-altitude Core
MOA flights. Lowe-altitude flights may also be more visible than kaititude flightsand thevisual
stimulus of the jet combined with higher soundelevduring lowaltitude flights may represent a
stronger threat to incubating oystercatchtben other forms ofiuman activity This effect may be
true fa rotarywing aircraft as wellas they too had high sound levels and were seen flying at low
altitudes, however the noise ofotary aircraft often obscured the heartbeat of the incubating
oystercatchersn my recordings so sample sizes for these aircraft were insufficientafualysis
Physiology changes, such as increased heart often reflect hjher stresslevels and higher
energetic costahich may be detrimental to reproduction (Wingfield and Sapolsky 2003). Althiough
did occasionallyobserve individual cases of elevated heart rates in response to other forms of human
activity, low-altitude Core MOA flights were the only type of human activity thsignificantly
increased the heart rate of incubating oystercatchéosvever, although statistically significaiitjs
not clear that this increaseli®logically significant. | found, on averag that heart rate was 13 beats
per minute higher during lowltitude Core MOA flights than baselineates20 minutes beforeAnd,
average heart rate during leadtitude flights was 27.7 beats per minute higher than during- high
altitude flights. A shortterm (50 hours) study of a single pair of European Oystercatchers, a species

very similar to American Oystercatchers, found a rangel®f beats per minute (1558
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beats/minutein the baseline heart rate of the pair as they incubated thei(Higgtop andHagen
1990) Given thatresting heart ratefor American Oystercatchers varieder a rangeof 162 beats
per minute(126-288 beats/minutg it is unlikely thatthe increase in heart rate during laititude
Core MOA flights is biologically significant Furthermore, he infrequency of these lowltitude
flights, 24 in 2010and 35 in 201Mduring the 3month oystercatcher nesting seasosuggests they
would have a negligible physiological cosind minimal biological significance to nesting
oystercatchers.

It is clear that American Oystercatchers respond to aircraft, vehicles, and humans in different
ways. Birds showed elevated heart rates in response taltibtmde Core MOA flights but they
seldom left their nestéResults, Chapter 2) In contrast, bird§requently repondedto off-road
vehicles and pedestrians by leaving their nests, but when remaining on their nests during these human
activity typesdid na show elevated heart rates.suspect that birds detect vehicles and pedestrians
visually at greter distances andither have elevated heart rate immediately prior to departing their
nests ordepart before their heart rates are elevated. Birds that are habituated to these activities may
remain on their nests and not show elevated heart rates.

| did occasionallyrecordvery brief increases in heart rate at the beginning of vehicle and
pedestrian events. These quickly subsided, presumably after the birsiseds®e source of the
event. To further evaluate this phenomenasubsampled a small number (n=93) of human activity
events continuously from five minutes prior to the event to five minutes after the event, taking 20
second samples of heart rate every minute and found nmafiwdi of bias in mysampling protocol.
Newertheless| found considerable fluctuation in thmmseline heart rate 2@inutes before human
activity was well as in theesting heart rates of incubating oystercatchers during periods with no
evidence of human activity. These variations maftect unaccounted fordifferences among
individual oystercatchers variations in ambient temperatureand associated thermoregulatory
demandsor they may indicate a response of birds to activities that were not evidermifreieo or
audio monitoring Although perhaps notsensitive enough to discriminate among more subtle
responsesl believe myheart ratesamplingprotocol wasproficient for detectingstrong consistent
response$o human activities American @stercatchers which remain on their nests duringarum

activity at Cape Lookout National Seashdenot exhibit strong heart rate responses.
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TABLES AND FIGURES

Table 3.1. Incubating Anerican Oystercatcher heart mipeats per minute) before and during
different types ofhuman activityin the vicinity of theirness. Core MOA flights wee military
aircraft corresponding with reped flights through themilitary operations area (Core MOA) above
Cape Lookout National Seashore, Nghile military fixedwing aircraft were othemilitary aircraft
not reportedas flying through the Core MOAATVs were singlepassenger aterrain vehicles while
UTVs were si@-by-side utility-terrain vehicles.

HR Before HR During

Human Activity Type meantSE meanzSE

(bpm) (bpm) pairedt df n p-value
CoreMOA Flight (Lovaltitude) 161+4 17445 -2.044 26 27 0.0256
CoreMOA Flight (Higlaltitude)  187+10 176+9 1.290 12 13 0.2215
Military FixedWing 189+2 186+3 1.356 161 162 0.1771
Civilian FixedVing 1834 180+3 1.307 88 89 0.1948
RotaryWing 1757 182+11 -0.888 14 15 0.3893
Passenger Vehicle 188+2 18712 0.601 257 258 0.5485
ATV 19145 189+5 0.382 54 55 0.7038
uTtv 208+8 196+7 1.790 22 23 0.0873
Pedestrian 2079 200+9 0.462 16 17 0.6501

*significant at p<0.05

59



e T M o - s ‘o Che T 1

Figure 3.1. A plastic egg with an embedded microphone (left). Once covered and painted to
resemble real American Oystercatcher eggs, the sensors were added to an active nest and used to
record the heart rate of incubating American Oystercatchers (right). The osd iadicates the

artificial egg in the nest. The microphone is visiddea white spatn the upper surface of the egg.
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Figure 3.2. Tensecond clips from audio recordings of American Oystercatcher heart beats viewed as
waveforms inAdobe® Audition® audicediting software(Adobe Systems Incorporated)he top

heart rate waveform is from an incubating American Oystercatcher and codsdpa heart rate of

228 beats/minute. The bottom waveform is from an incubating American Oystercatcher and
corresponds to a heart rate of 168 beats/minute.
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Figure 3.3. Average (+SE) heart rate of Amécan Oystercatchers before and during human
activites Samples include all 42 oystercatcher pairs monitorechéart rate in 2010 and 2011.
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MOA flights were military aircraft corresponding with reped flights through the military
operations area (Core MOA) above Cape Lookout National Seashore, NC, while militarwifirged
aircraft were othemilitary aircraft not reporteds flying through the Core MOAL ow-altitudeCore

MOA flights were the only iman activity type for which oystercatchers had higher average heart

rate during than before the activityATVs were singlepassenger atierrain vehicles while UTVs

were sideby-side utility-terrain vehicles.
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CHAPTER 4

Effects of Human Activity on the Annual Reproductive Successf
American Oystercatchers

ABSTRACT

Many shorebird species have declinpgpulations, with human disturbaniceplicated asa
factor contributing tothis trend. This study assessd the effects of human activity othe
reproductive success the American Oystercatch@daematopus palliatysa nesting shorebird of
conservation concern on the Outer Banks of North Carolifge researclsupplementedbngterm
monitoring of American Oystercatchproductivity that has continued since 1986 Cape Lookout
National Seashore in North Caroljnaith 24-hour video and audio monitoring &2 nestsin 2010
and 2011 Average mst survival and productivity (chicks fledged per pair) weslatively high
(0.340+0.041and 0.617+0.133 respectively suggesting thaexperimental lowaltitude overflights
through the airspace over Cape Lookout, as well as recording equipment abaubditie effect on
reproductivesuccess | assessed incubation behayibuman activityyehiclemanagemenpractices
and habitat effects odaily nestsurvival ratesand nest successsing multiple logistic regression
models, logistic exposure modendAIC. | found that daily numbers aiff-road vehicls wasthe

only variableconsistentlyassociated witignificantreductionsn nest success and daily survival.

INTRODUCTION

Researcland surveys haveoted reductions in many shorebird populatidAsrfiming et al.
1988,Howe et al. 198Clark et al. 1993, Donaldson et al. 2000, Brown et al. R0Blman use and
disturbance is one factor believed to strongly contribute to these population detlimean use has
been found tccausebird mortality, to decrease the amount of suitable nesting hatlgadisplace
birds, and to alter bird breeding activity leading teeducedreproductive succes@Carney and
Sydeman 199%Brown et al. 200l For exampleincreased human access decreased the numbers of
Dunlin on Delaware Bay beachiesNew JerseyClark et al. 1993).Low use of New Jersey beaches

by Common Terns, Least Terns, Black Skimmers, and Herring Gulls for breeding was attributed to
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heavy human delopment and use (Erwin 1980)}Human activity decreased nesting success of
Herring Gulls (Hunt 1972) anBlack Skimmers (Safina and Burger 198Black skimmers also had
reduced fledging success correlated to higher levels of disturbance and abareoslgddisturbed
breeding areas (Safina and Burger 1983uman recreation increased chick loss for Snowy Plovers
in northern California (Ruhlen et al. 2003), whileo8sy Plovers moved into areas newly protected
from humans inSantaBarbara California aml initiated highly successful breeding (Lafferty et al.
2006). Human activity has alseeen found to have detrimental effects on the reproductive success of
nonshorebird species including Brown PelicgAsiderson and Keith 1980Black-crowned Night
Herons (Tremblay and Ellison 1979 Mourning Doves (Westmoreland and Best 1985), Great Tits
(Halfwerk et al. 2011), and Adelie Penguins (Giese 1996).

The American Oystercatchds a beackestingshorebirdstrongly tied to coastahabitats
along the Atlanticand Gulf coast®f the United StatefAmerican Oystercatcher Working Group et
al. 2012) Populationdeclines(Mawhinney and Bennedict 1999, Nol et al. 2000, Davis et al. 2001)
leadtol i sting the speci es iathe United StgeShoiekdrd Conskrvation g h

pr

Plan Brown et al.2001) In North Carolinait is considereh fispeci es of(Noglpeci al

Carolina Wildlife Resources Commission 200&arly monitoring of American Oystercatchéns

North Carolinasuggested a link beeen low nesting success and human activity (Novick 1996).

Favored humanecreational areas on open beaches adjacent to the ocean are also prime nesting

habitat for American Oystercatchers. Hunsuiivity on these beachesan destroy nest®r flush
incubating oystercatcherfrom nestdeaving the nests momusceptible to predaticend unprotected

from temperature fluctuatior{Sabine et al. 2008)Human activity was associated wititreased egg

and chick loss o similar speciesifrican Black Oysteratcherg(Tjorve and Underhill 20083nd it

may have played a significant role in thetinction of theCanarian Black Oystercatcher (Hockey
1987) This study assessed the effects of various human activiti¢seoreproductive success of
American Oystercatchgon the Outer Banks of North Carolina. The research supplemented long
term monitoring of American Oystercatcher productivity that has continued since 1995 at Cape
Lookout National Seashore in North Carolina, withhddir video andudio monitoring of nests.
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METHODS

Productivity Monitoring

I conducted surveys of American Oystercatchers on North Core Ban&spe Lookout
National Seashorduring the oystercatcher breeding season from early April to early August in 2010
and 2011. Bids were located by dring the length of the island. idlentified birds exhibiting
breeding or territorial behaviors, and then located nests by observing the birds, following their tracks,
or systematically searching areas afsgected breeding activity.l attempted to locate every
oystercatcher nest on the island during the breeding seasons in both 2010 and 2011.

Nests in vehicldraffic areas were posted with signs by NatioRatk Service personnel to
inhibit human and vehicle activity in the immetdiavicinity of the nestand to prevent nests from
being run over Nests on the open beach were provided additional protection in the form of-a drive
throughonly corridor that extended 300 feet on either side of the nest. The National Park Service
alsocompletelycloses areas of high shorebird and taeedingio vehicles and pedestrians. In 2011,
the National Park Service closed additional sections of the beach to vdlyickrsuting traffic toa
primitive road bdind the dunes, which allowed n@monitor nests in areagithout beach driving
These different managementpractices allowthe National Park Servicéo adapt their vehicle
management tehanging conditions during the breeding seasdridentified five classificationsof
vehicle management used in 2010 and 2011 for my anal¥/séisclosures were large areas closed to
protect neshg terns and Piping Ploversehicles were excluded inside the closure but they could
drive along parts of the perimetérestonly closues were small areg@sted with signs alongib-
foot radiusaroundthe nest.Vehicles were not managed (no closure)ests located in dune or other
habitats away from approved vehicle routes. Ramp closemmgedvehicles around active nest:n
the ocearfront beachto the interior primitive road behind the dunes.Drive-through closures
prevented vehicles from stopping in the vicinity of nests, but allowed driving by the nests.

| also classified nests byabitat as eithebpen sand or duneess. Open sanchabitas
includedthe open beach and sand flatisere the terrain was flat and open with minimal vegetation
and visibility was high. Dune habitats were areas of varying and elevated terrain and vegetation with
limited visibility.

I monitored nes to estimate the distribothi, abundance, productivitysurvival and

incubation behavior of oystercatcher@and to determine levels of human activity in the nesting
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environment Nest monitoring was conducted by direct observageary 13 daysand with
continuousaudio andvideo recording ds described in Chaptef @ntil the eggs hatched or theshe
failed. If a nest failed, Idetermined the cause of nest failure from evidence at the nest site or by
reviewing the nest monitoring video.

The National Park Servicalso established vehicle closurésr all breedingoystercatcher
pairs with chicks by reroutingraffic along the primitiveroad behind the primary dunes. Areas
lacking aprimitive road were posted with signs to reduce the vehjoéed limit and warn vehicle
operators of the presence of chickslocated and observethicksevery t2 daysafter hatchingo
determine chick survival and fledging dates.

Banding

| banded a total of 42 American OystercatcHerduture identification three adults and 14
chicks in 2010, and one adult and 24 chicks in 2011. Banslimggoing on North Core Banksijth
several hundred oystercatchers banded at Caplkeoud National Seashore over §@ars prior to this
study, so | did not put extensive eift into banding adults as many webanded previously.
However, lattempted to band every chick that survived to 25 days dftlagege at which the legs of
most chicks ardéarge enough to aoonmodate a band | used both U.SGeological Surveynetal
bands and large alphanumeric color bands engraved with unique codes for each bird. Alphanumeric
bands are readable with binoculars and spotting scapesstances of up to 100 m. résighted
banded birds throughout the study to document movement pattabritat use, and survivaldults
were captured using an Americanystercatcher decoy, recorde@merican Oystercatcher
vocalizati ons, FRgored.la |cépivie chiclss by hang,tordwith(light hand nets.

Statistical Analyses

| used Program MARKWhite and Burnham 1999) estimate nest and chick surviaid
Program CONTRASTHines and Sauer 1989) to comppreductivity estimates

| compared hatchinguccess ratios of nests with and without equipment using-sqohred
test. | included variable$or oystercatcher behavidneesponss, human activityyehicle closurgype
and habitatypein multiple logistic regression models to ass#sseffectof these covariates on nest

SUccess
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Daily nestsurvival ratesandthe effects of covariates were assessgéith a logistic exposure
model inthe software, R (R Development i@oTeam 2011) The logistic exposure modatcounts
for biases associated withariations in the ageof discoveryand exposure periods of nests,
heterogeneity indaily survival ratesamongnests and allows forthe inclusion of explanatory
variables (Shaffer 20046haffer and Thompson 2007The effectof monitoring equipment at sest
on daily nest survivaind hatching success wassessed apart from other nest covariates as data for
othercovariates were collected using the monitoring equipment making them fully dependent.

| used a significance level of 0.05, and odds ratios @&% confidence intervals to assess
the magnitude of the effect of any sifigant explanatory variable. dompareccompeting candidate
modelscontaining combinations of explanatory variables i ng Akai keds i nformati c

RESULTS

| observed 68 adulAmerican Oystercatchers on Nor@ore Banks (approximately two
oystercatchers/kilometerduring the 2010 breeding season. Of these, 31 pairs made 58 nesting
attempts Table4.1). The first nest was found on 21 April 2010 and the last nest failed on 31 July
2010. Thirty chicks hatched from 15 nests, and 15 of those chicks survived to fledging.

During the 2011 breeding seasonghserved 68 adult Aerican Oystercatchers on North
Core Banks (appromiately two oystercatchers/kilometer Of these, 32 pairs made 54 nesting
attempts Table4.1). Thefirst nest was found on 14 April 2011 and the last nest failed on 14 July
2011. Thirtyseven chicks hatched from 18 nests, and 24 of those chicks survived to fledging.

Nest survival was 0.2520.059 in 2010 and 0.333.064 in 2011, increasing from
0.175:0.060in the year prior to the study (200@)able4.1, Appendix 1) Nest survival continued to
increasethe year after the study (0.3465093 in 2012). Chick survivd on North Coe Banks was
lower in 2010 (0.500+0.091than in 2009 (0.538.129, but increased to 0.640.078 chicks
fledged per chiks hatched in 201lthen dropping only a small amount to 0.63411 in 2012
Breeding productivity (chicks fledged perebding pair)was 0.4840.089in 2010 increasing to
0.75@:0.149in 2011and 0.9330.284 in 2012, albf which were higher than productivity in 2009
(0.276:0.121). Average mst survival during study yea(8.34@:0.041 20162011 was higher than
nest survivalin prestudy yearsfor which we have dat#.28Gt0.059 19992009) although the
averages were not significantly differeni® € 1.597, df= 1, p = 0.206 (Figure 4.4). Average
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productivity during study years (0.6470.133 20102011) was significantly higher than productivity

in prestudy years for which have data (0.34%8.022 19982009) §° = 6.495, df= 1, p = 0.01)
(Figure4.5). Nest survival, chick survival, and productivity study seasons were comparable to or
higher than overall levels in North Carolinaorin 19952012 (Table 4.1, Appendix 1). | also
calculated daily nest survival rates (n=112) using a logistic exposure model (Shaffer 2004). The
overalldaily survival rate for all nests was 0.9466004.

Nests in bothstudy breeding season2010 and 2011yvere distributed across the length of
the island in open beach, intdune, and sand flat habitatSigure 4.2). A nestfree area on the
southern half of the island is centered around a small area of development and concentrated human
activity. Almost one third (28.57%f nests attempted in bogfears successfully hatched chicks
(Figure 4.3). Predation was by far the greatest cause of nest falir®6% of total nests)
Environmental elemants such as wind and storm overwasére responsible fdrilure of 10.71%of
nestsand 7.14%of nests were abandoned was unable to determine the cass® nest failure for
11.61% of the nests. Video recording at the nests increagddowledgeof the causs of nest
failure from 52% historicallyr{= 1172 nests from 1992008) (Schulte 2012) to 88% this study(n
=112 nests from 201R011).

Of the 62 nest$33 in 2010 and 29 in 201Mhonitored with videcand audioequipment
throughout the incubation perip@4 nestssuccessfully hatchedhicks and 38 failed. Hatching
success ahestswith recording equipment (0.3%as significantlyhigherthan hatching success at
nests withoutrecording equipment(0.18) ¢ = 4.759, p = 0.029). The presence of recording
equipment wasalso significantly associated with increased daily nest survival (EstitfS&te
0.564£0.235,z=2.40,p = 0.016). The odds of daily nest survival were 1.76 (95% C.I.: [1.12, 2.77])
times greatefor nests with recording equipment, than those without.

| then assessed the effects on hatching success and daily nest sorviga8l jests) of other
covariates including: the average number of aircraft events per day, the average numbeyaof off
vehicle events per day, the vehidesure type (type of management of human actaiound nesjs
the average number of times oystercatchers left their nests per day, the average daily nest attendance,
and nest habitat typeThe average number of afbadvehicle eventper daywasthe only variable
significantly correlatedo decreasedaily nest surviva(Table4.2) andhatchingsuccesgTable4.3),
given the presence of the other variablEsr every increase in average-offad vehicle numbers per
day, the odds of a nest surviving each day decreased 6% (odds @&a®d,95% C.I.: [0.90, 0.98])
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andthe odds of successful hatching of a nest decreasé@%yodds ratio= 0.88 95% C.I.: [0.76,
0.97)).

The besfitting logistic exposure model (from a set of candidate models including
combinations of the above variables) assgseffects on daily nest survival included the average
number of offroad vénicles per day, the type of vehiadsure, and daily nest attendance, although
differences in AIC values among models were mininfab{e 4.4). When | reran the analysis
including only variables from the top model, -offlad vehicle numbers had a significant effect
(Estimate(SEy -0.05(0.02) z = -3.013,p = 0.003), decreasing the oddkned success bg¥% (odds
ratio = 0.94, 95% C.1.: [0.91, 0.98]0nly one type of vehiclelosure, no closure, had a significant
effect (Estimate(SE;s -1.35(0.63)z = -2.14,p = 0.032), decreasing the odds of nest succegShy
(odds ratio= 0.25, 95%C.I.: [0.07, 0.90])compared to nests in full closureNest attendance did not
significantly affect nest success (Estimate(SH).03(0.02),z = 1.50,p = 0.134). The besfitting
regressiommodelassessing effects on hatching sucoesgained only thaverage number of ofbad
vehicles per day althoughdifferences inAIC valuesamong models were minim@lable4.5). When
| reran the analysis including onlyariables fromthe top modelthe average number of efbad
vehiclesper daywas negatively correlated with hatchirsgiccess (Estimate(SE)-0.13(0.05),z = -
2.82,p=0.005), decreasing the odds of hatchind BY6 (odds ratio= 0.88 95% C.I.: [0.79, ®5]).

Records of the timing of placement and removavefiicle closures ir2011allowed meto
estimate the proportionf the incubation periothat a nest was protected by a vehicle closute
added this covariate tay regressiorand logistic exposummodelsanalyzing the 201hests(n = 25).
Again, the average number of @ffad vehicle eventper daywas signiicantly correlated to
decreasedlaily nest survival and hatchirmiccess, but in this analysisalso found a significant
positive correlation between the average number of airovafflightsanddaily nest surviva(Table
4.6) and hatchinguccesgTable4.7). Every increase ithe averagenumberof off-road vehicle per
day produced a 8% decrease in the odds of daily nest survival (odds ratio = 0.92, 95% C.I.: [0.86,
0.96] and a34% decrease ithe odds of hatchinguccesgodds ratio = 0.6695% C.I.: [0.40, 0.93]).
The odds of nests surviving each day increased by 10% (odds dafi®, 95% C.I.: [1.01, 1.21]) and
the odds okuccessful hatching of nestereased by4% (odds ratie= 1.34,95% C.1.: [1.07, 1.89])
for every one flight increase in aircrafterflights per day

The besfitting logistic exposure model assessing effects on daily nest survival did not
contain average number of aircraft overflights. intluded only the average number of-osad

vehicle events per day and nest habitat typable 4.8). As with prior model comparison\IC
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values did not differ gitly among the models. When | reran the analysis only including variables
included in the top model, only the average number ofaafl vehicle events per day had a
significant effect (Estimate(SE -0.06(0.03)z=-2.195,p = 0.028), decreasing the d&lof success

by 6% (odds ratio= 0.94, 95% C.1.:[0.90, 0.99]). The effect of habitat was not significant
(Estimate(SE¥ -1.07(0.63)z=-1.71,p = 0.088). The besfitting regressiormodelassessing effects
on hatching succes®ntainedhe averageumber of aircraft overflightghe average number of eff
road vehicle events per day, andsthabitattype (Table 4.9). Again, AIC values did not differ
greatly among the modelg/hen Ireran the regressidncluding only variables from the top mogdel
none of the variables had a statistically significasociation with hatching success (Vehicles:
Estimate(SE)} -0.15(0.09),z = -1.69,p = 0.090; Aircraft: Estimate(SE; 0.09(0.06),z= 1.60,p =
0.109; Habitat: Estimate(SE)-2.98(1.58)z=-1.89,p = 0.059)

DISCUSSION

Reproductive successf American @stercatchers ofNorth Core Banks during the two
seasons of this study were comparabletdn many cases highénan pastreproductive succesm
the islandfor the 12 years (1998009) prior to this researcffppendix B) This is true when
compared tdhistoricalstatewide data for North Carolirgs well (Stocking 2012)Research in other
states has documented observed nest survival ranging from 0.038 in New Jersey in 2005 and 2006 to
0.46 in Georgia in 2004 (American &grcatcher Working Group et al. 2012). similar study of
videomonitored American Oystercatcher nest€amberland Island National SeashoreGeorgia,
hadan equivalentate of nest predation (40.63%abine et al. 2006

The average number of ofbad vehicles driving by nestsper day showed aignificant
negative correlation with nesting successlimost every analysi McGowan and Simons (2006)
found a relationship between ATV traffic and changes in incubation behavior of American
Oystercatchersral suggestedhat variations in nest attendanassociated with ATV traffianight
explain variations in nesting succes$ did not find a strong correlation between behavior of
incubating oystercatchers and metrics of nesting success, so cannot ideiéfy anechanism to
explain the relationship between vehicle traffic and nest survNabkt attendance was included as a
variable affecting daily survival rates of nesighe bessupportednodel for2010 and 2011 nests,

however its effect was not gtcally significant. A comparison of the average daily nest attendance
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for hatched versus failed ne¢@hapter 2) did suggest nest attendance was highsudéoessfuhests
(t=2972, df = 40.894p = 0.0049) butit did not point to a strongelationshipbetween dily nest
attendanceindthe number of offoad vehicle events in a déy= 175 R’ =-0.004,F = 0.349p=
0.555; Chapter 2

Although the numbeiof off-road vehicls is correlated with esting success, $aw no
indicationthat beedingpairs abandagd their territoriesfollowing nest failure. | frequently saw the
sameindividually marked oystercatchenesting in the same locatidrom year to year. The high
nest site fidelity of America®ystercatchersould be problematin areas of high human activity.
Sutherland (2007) descrithethese sites as ecological trapshabitats that eem ideal when
oystercatchex are selecting breeding sites but prove to be of lowtguater in the breeding season,
hindering reproductivesuccess. It is noteworthythat almost no oystercatclsenested within two
miles oft h e i permmmedidlging facilities during ths study This area experienséheavier
humanactivity and vehicle traffithan other parts of the islandh 2012, a sgle pairincludingone
individual thatwas bandeés a chick three yemearlier attempted to breed near the developed area,
and fledgedthreechicks However,one chick wadater found deadon theprimitive interior road
apparently hit by a vehicle. Determining thepopulationlevel effects of human disturbance,
particularly in longlived species with highly variable annual productivity such as American
Oystercatcherswill take years of carefully monitoring rates of fecundity and survival in this
popuhtion

| am at a loss to explain whthe average number of aircrafterflights per day showed
positive relationship withboth nesing success and daily survival rates 2011 | found little
evidence thabystercatcherseft their nests during aircraftverflights (Chapter 2) Prior studies
found no correlation between military overflights and reproductive succBsseding Mexican
Spotted Owls subjected &xperimentalhelicopter flights had similar nesting success andgftegl
sucessto owls not subjected to tlwverflights(Delaney et al. 1999)Black and otherg1984) found
no correlation betweelow-level military flights and the reproductive success of five wading bird
species (Great Egrets, Snowy Egrets, Tricoloretbhis, Little Blue Herons, and Cattle Egrets).

I was also somewhat surprised to find a positive association between the presence of
recording equipmentand nest success and daily survivalReproductive succesat the video
monitored nestsvas high comparkto levelsprior to thisstudyas well | observed several instarsce

of raccoons investigatingideo camerasvithout detecting thedjacent nests Most of these nests
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survived to successfully hatcht is possible that these novebtures distractedr@dators away from
nearby nests.

| was unable toas®ss theeffects of pedestriansn the nesting success dmerican
Oystercatcherglue to small ample size. A comparablestudy in Georgia at Cumberland Island
National Seashor®und pedestrians walkinfgequentlynear nests disrupted American Oystercatcher
incubation activities and caused nest fail(@bine et al. 2006).Pedestriamactivity (researchers
checking nests) alstbushed Eurasian Oystercatchedsf their nests bu did not increase egg loss
(Verboven et al. 2001)! believethe currentlow levels of pedestrian activitgt North Core Banks
have minimal reproductive consequencesiestingAmerican Oystercatchers.
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TABLES AND FIGURES

Table 4.1. American Oystercatchereproductive succesat North Core BanksCape Lookout
National Seashore, N@Quring study years and the year prior to the stadghistoricaly for North
Carolina

North Core Banks North Girolina

Study Seasons State Summary
2009 2010 2011 2017 (19952012
Breeding Pairs 29 31 32 15 1689
Nests 40 58 54 26 2633
Average Clutch Size - 2.38 2.5 - -
Average Nesting i i i
Attempt/Pair 1.87 1.69
Nests Hatched 7 15 18 9 863
Eggs (Chicks) Hatched - 30 37 - -

Nest Survival Observed 175 6 060y 0.259 (0.059) 0.333(0.064) 0.346 (0.093) 0.328 (0.009)

(SE)
Neszssé’j“’“’a' Adjusted ) 168 (0.056) 0.299 (0.056) 0.381 (0.061) 0.351 (0.092) 0.331(0.010)
Chicks Fledged 8 15 24 14 710
Chick Survival (SE) 0.533 (0.129) 0.500 (0.091) 0.649 (0.078) 0.636 (0.111) 0.480(0.013
Productivity (SE) 0.276 (0.121) 0.484 (0.089) 0.750 (0.149) 0.933 (0.284) 0.399 (0.018)

®Ahurricane in August 2011 opened an inlet that separated the southern three miles of North Core Bar
creating a distinct second island, Middle Core Banks. Data from only North Core Banks was reported
as Middle Core Banks had unique factors diffigcreproductive success metrics, which would not be
comparable to previous years.

Observed nest survival = nests hatched/total nests

°‘Adjusted nest survival is calculated using Program MA

“Chick survival = chicks fledged/chicks

hatched

®*Productivity = chicks fledged/breeding pair:
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Table 4.2. Logistic exposure model of factors affecting the daily survival rate of American
Oystercatcher nests at North Core Banks, Cape Lookout National Seashore, NC in 2010 and 2011
(n=48).

Odds Rati6  95% C.I. for Odds

Explanatory Variable Estimate (SE) z p-value (559 Ratio
Intercept 0.800 (2.627) 0304 0.761
Avg.Daily Aircraft Events 0.013 (0.020) 0.660  0.509
Avg. Daily Vehicle Events -0.063 (0.021) -2.941 0.003* 0.939 0.902, 0.982
Vehicle Closufe
Nestonly 14.810 (929.137) 0.016 0.987
None -1.373 (0.875) -1.570 0.116
Drivethrough 0.104 (0.847) 0.123  0.902
Ramp -0.345 (0.575) 0601 0.548
Avg Dally Oystercatcher /5 ¢ g55) 0.777  0.437
Departures
Avg. Daily Nest Attendance 0.038 (0.023) 1.653 0.098
Habitaf
Within Dunes -0.236 (0.740) -0.319 0.750

*significant according to a significance level of p<0.05

40dds ratios were only calculated fariables which were significant

®\ehicleclosures were active vehicle management by the National Park Service around shorebird bree:
areas. Types included in this analysisH1l) closures were large areas closed to protect nestiogebirds
and coloniesvehicles were excluded inside thesure but they could drive along parts of the perimet&).
None- nests without closures were located in habitats away from approved vehicle nitkesiinimal
management.(3) Vehicle drivehrough closures prevented vehicles from stopping in ttieity of nests, but
allowed driving by the nest&) Ramp closures required vehicle traffic to detour to the sand road behind
dunes

“Nest habitats were generally classified as open sand or within d@pes sand habitats included the open
beach andsand flats where the terrain was flat and open with minimal vegetation and visibility was high
Dune habitats were areas of varying and elevated terrain and vegetation with limited visibility.
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Table 4.3. Logistic regression analystf factors associated witAmerican Oystercatcher nesj
successit North Core Banks, Cape Lookout National Seashore, NC in 2010 an(h2@B)
Odds Rtio® 95% C.I. foodds

Explanatory Variable Estimate (SE) z p-value Gy ratio
Intercept -10.467 (9.035) -1.158  0.247
Avg.Daily Aircraft Events 0.076 (0.05% 1.409 0.159
Avg. Daily Vehicle Events -0.132 (0.062) -2.116 0.034 0.877 0.757,0.970
VehicleClosuré&
Nestonly 18.144(2164.6) 0.008  0.993
None -2.468 (1.583) -1.559 0.119
Drivethrough -0.173(1.238) -0.140 0.889
Ramp 0.158 (1.114) 0.142  0.887
Avg Dally Oystercatcher 5910 04y 0971  0.332
Departures
Avg. Daily Nest Attendance 0.099(0.078) 1.277 0.201
Habitaf
Within Dunes -0.311 (1.304) -0.239 0.811

“significant according to a significance level of p<0.05

0dds ratios were only calculated for variables which were significant

®Vehicleclosures were active vehicle management by the National Park Service atardalrd breeding
areas. Types included in this analysisH1l) closures were large areas closed to protect nestiogebirds
and coloniesvehicles were excluded inside tiesure but they could drive along parts of the perimetéis
closure type was used as the baseline for analysis, so does not appear in the analysis outpu2aies.
only closures wersmall closed areas extending only in af@st radius from thenest.(3) None- nests
without closures were located in habitats away from approved vehicle rautkesninimal management(4)
Vehicle drivehrough closures prevented vehicles from stopping in the vicinity of nests, but allowed driv
the nests(5) Ramp closures required vehicle traffic to detour to the sand road behind the.dunes

“Nest habitats were generally classified as open sand or within d@pes sand habitats included the open
beach and sand flats where the terrain was flat and open wmithimal vegetation and visibility was high.
Dune habitats were areas of varying and elevated terrain and vegetation with limited visibility.
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Table 44. Akai kebds | nf o{@avalies for cahdidate enodels including potential
factors affecting daily survival rate of American Oystercatcher nests at North Core Banks, Cape
Lookout National Seashore, NC in 2010 and 2011 (n=4#8ctors includedthe average number of
aircraftevents per dayAircraft), the average number of effad vehicle events per dé@RV), the
vehicle closure type (type of management of human actigityund nests, ClosUrethe average
number of times oystercatchers left their nests per(Bapart) the average daily nest attendance
(Attendance)and nest habitat tygélabitat).

Model K nAIC AIC weight
ORV+Closure+Attendance 4 0 0.51
ORV+Closure+Depart+Attendance 5 1.08 0.30
Aircraft+ORV+Closure+Depart+Attendance 6 2.68 0.13
Aircraft+ORV+Closure+Depart+Attendance+Habitat 7 4.58 0.05

*significant (significance level p<0.05) variable in the {segported model

Table 45. Ak ai keds | nf o (ACa Yaiues rior dandidatteemodels including potential
factors affectinghatching successf American Oystercatcher nests at North Core Banks, Cape
Lookout National Seashore, NC in 2010 and 201448). Factors includedthe average number of
aircraft evaits per dayAircraft), the average number of effad vehicle events per dé®RV), the
vehicle closure type (type of management of human actigityund nests, Closyrethe average
number of times oystercatchers left their nests per(Bapart) the aerage daily nest attendance
(Attendance)and nest habitat tygélabitat).

Model K NAIC AIC weight
ORV 2 0 0.27
ORV+Closure 3 0.44 0.21
AircrafttORV+Closure 4 0.64 0.19
AircrafttORV+Closurgdtendance 5 1.07 0.16
Aircraft+ORV+Closure+Depart+Attendance 6 1.57 0.12
Aircraft+ORV+Closure+Depart+Attendatidabitat 7 3.51 0.05

*significant (significance level p<0.05) variable in the {segiported model
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Table 4.6. Logistic exposure model of factors affecting the daily survival rate of American
Oystercatcher nests at North Core Banks, Cape Lookout National Seashore, NC in 2011 (n=25)
including the percent of the incubation period the nest was protected by a closure.

Odds Rati8 95% C.1. for Odds

Explanatory Variable Estimate (SE)  z p-value (€559 Ratio
Intercept 2.983 (8.357) -0.357 0.721
Avg.Daily Aircraft Events 0.096 (0.046) 2.074 0.038* 1.100 1.011, 1.213
Avg. Daily Vehicle Events -0.085 (0.033) -2599  0.009* 0.919 0.864, 0.985
Vehicle Closufe
None -1.126 (1.472) -0.765 0.444
Drivethrough 0.035 (1.623) -0.022  0.983
Ramp 1.572 (1.009) 1.558 0.119
% Nest Closed -0.004 (0.012) -0.318 0.751
Avg Dalily Oystercatcher 0.052(0.093 0.558  0.577
Departures
Avg. Daily Nest Attendance  0.048 (0.069) 0.700 0.484
Habitaf
Within Dunes -0.720 (1.347) -0.535 0.593

*significant according to a significance level of p<0.05

40dds ratios were only calculated fariables which wersignificant

®\ehicle closures were active vehicle management by the National Park Service around shorebird bree¢
areas. Types included in this analysisH1l) closures were large areas closed to protect nestiogebirds
and coloniesvehicles werexcluded inside the closure but they could drive along parts of the perin{@jer.
None- nests without closures were located in habitats away from approved vehicle nitkesiinimal
management.(3) Vehicle drivehrough closures prevented vehiclesnfrgtopping in the vicinity of nests, bu
allowed driving by the nestg4) Ramp closures required vehicle traffic to detour to the sand road behind
dunes

“Nest habitats were generally classifiasl open sand or within dune®pen sand habitats incled the open
beach and sand flats where the terrain was flat and open with minimal vegetation and visibility was hig
Dune habitats were areas of varying and elevated terrain and vegetation with limited visibility.
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Table 4.7. Logistic regression analysis of factors associated with American Oystercatcher nesting
success at North Core Banks, Cape Lookout National Seashorgy RlIl1 (n=25) including the
percent otheincubation period the nestas protected by a closure

Odds Rtio®  95% C.1. for odds

Explanatory Variable Estimate (SE) z pvalue (€5 ratio
Intercept 52.210 (34.752) 1.502 0.133
Avg.Daily Aircraft Events 0.289(0.140 2.063 0.03% 1335 1.07Q0 1.894
Avg. Daily VehiclEvents -0.420 (0.202) -2.079 0.038& 0.657 0.403 0.925
VehicleClosuré&
None (3-;;6?;’30) -0.005  0.996
Drivethrough -3.632 (4.221) -0.860 0.390
Ramp 1.833(2.806) 0.653  0.514
% Nest Closed -0.074 (0.047) -1.576 0.115
Avg DailyOystercatcher 0.265(0.210) -1.263  0.206
Departures
Avg. Daily Nest Attendance  -0.437 (0.284) -1.539 0.124
Habitaf
Within Dunes -11.108 (6.107) -1.819 0.069

*significant according to a significance level of p<0.05

d0ddsratios were only calculated foaviables which were significant

®\ehicleclosures were active vehicle management by the National Park Service atardalrd breeding
areas. Types included in this analysisH{l) closures were large areas closed to protect nestiogebirds
and coloniesvehicles were excluded inside the closure but they could drive along parts of the per{Rjete
None- nests without closures were located in habitats away from approvedherouteswith minimal
management.(3) Vehicle drivehrough closures prevented vehicles from stopping in the vicinity of nests
allowed driving by the nesté4) Ramp closures required vehicle traffic to detour to the sand road behind
dunes

“Nest habitats were generally classified as open sand or within d@@sn sand habitats included the oper
beach and sand flats where the terrain was flat and open with minimal vegetation and visibility was hig
Dune habitats were areas of varying arldvated terrain and vegetation with limited visibility.
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Table 48. Akai kebds | nf o{@avalies for cahdidate enodels including potential
factors affecting daily survival rate of American Oystercatcher nests at North Core Banks, Cape
Lookout National Seashore, NC in 2011 (n=25) includingpgércent of the incubation period the
nest wagrotected by a closuréDther factors includedhe average number of aircraft events per day
(Aircraft), the average number of affad vehicle events per dd@RV), the vehicleclosure type

(type of management of human activiyound nests, Closyrethe average number of times
oystercatchers left their nests per dBgpart) the average daily nest attendafdendance) and

nest habitat typéHabitat).

Model K nAIC AIC weight

ORV+Habitat 3 0 0.379

Aircraft+ORVHabitat 4 0.02 0.375
Aircraft+ORW/bClosed+Habitat 5 1.83 0.15
Aircraft+ORW/ClosedAttendance Habitat 6 3.57 0.06
Aircraft+ORW/6ClosedBepart+AttendanceHabitat 7 5.50 0.02
Aircraft+ORV+ClosurgsClosedbBepart+AttendanceHabitat 8 8.03 0.01

*significant (significancéevel p<0.05) variable in the bestipported model

Table 49. Akai keds I nformation Criteron (AIC) val ues

factors affectinghatching successf American Oystercatcher nests at North Core Banks, Cape
Lookout National Seashore, NC 2011 (n=25) including thepercent ofthe incubation period the
nest was protected by a closu@ther factors includedhe average number of aircraft events pyr d
(Aircraft), the average number of afbad vehicle events per d4d@RV), the vehicleclosure type
(type of management of human activilyound nests, ClosUrethe average number of times
oystercatchers left their nests per ¢Bgpart) the average digi nest attendanc@Attendance) and

nest habitat typéHabitat).

Model K NAIC AIC weight
Aircraft+ORV+Habitat 4 0 0.38
AircraftfORV+Closure+Habitat 5 0.71 0.27
Aircraft+ORV+Closure+Depatiabitat 6 1.71 0.16
Aircraft+ORV+ClosurgsClosedbepart-Habitat 7 2.29 0.12
Aircraft+ORV+ClosurésClosedBepart+AttendanceHabitat 8 3.45 0.07

*significant (significance level p<0.05) variable in the {segiported model
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Figure 41. Amer i can Oystercat cherused omcaptye aduft dmeficevh o 0 s h
OystercatchersThe decoy and recorded oystercatcher vocalizations attract territorial oystercatchers.
The net, propelled by elastic cords, is triggered by a researcher hidirgyn
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Figure 4.2. North Core BanksCape Lookout National Seashore, NM@d locations of all 58
American Oystercatcher nests monitored in 2010 and all 54 nests monitored in 2011.
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Figure 4.3. Fate of all 112American Oystercatcherests attempteith the 2010 and 2011 breeding
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Figure 4.4. Historical nest survivalrates forAmerican Oystercatchers on North Core Banks, Cape
Lookout National Seashore, NC. Nest survival was adjustaddountfor nests which failed before
they were found.Study seasons (2010 and 2011) are highlighted in red.
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Figure 4.5. Historical productivity (chicks fledged per breeding pair) of American Oystercatchers on
North Core Banks, Cape Lookout National Seashore, NBludy seasons (2010 and 2011) are
highlighted in rel.
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CONCLUSIONS

High speed lowaltitude flights through the Core MOA airspace increased the ambient sound
levels on North Core Banks,afe Lookout National Seashore, more than any other type of human
activity. However, these flights occurred less freqgiyethtan other types of human activity and did
not have a significant effect on the nesting behawimr nesting success$ American Oystercatchers.
Although oystercatchers had increased heart rates duringalibtwde Core MOA flights, the
increases do nappear to be of biological significance. | found no effects on oystercatchers from
any other type of aircraft. In comparisorff-mbad vehicles and pedestriaaBcited a significant
behavioral response from oystercatchérg | found no evidence of physiological response. Off
road vehicles were also correlated to a decrease in nest survival and success. Airanattagqpesr
to pose as great jgerceived threat to incubatirystercatchers agroundbased activities. lelieve
that demographieffects from aircraft, including lowaltitude Core MOA flights, through the nest
incubation stage of breeding are unlikely under current levels of human activity at North Core Banks.
However, offroad vehicles appear to be affecting both the incubatitlavier and nest hatching
success of American Oystercatchers.

Although most of myresearch was focused on thestincubationperiod, the remainder of
the breeding season is no less int@ot to theproductivity of American OystercatclserThe chick
rearing stage of oystercatcher reproduction is equally important and subject to different factors
affecting productivity and survival (Schulte 2012Effects during the neshcubation stage of
reproduction may be compounded by effects duriegcthickrearing stage, which, although not the
focus of this research, has been shown in past research to be strongly affected by human activity.
Schulte (2012) found decreased survival of American Oystercatcher yodtie Outer Banks of
North Carolinain the presence of offbad vehicles, and he also documented direct vebalsed
mortality of chicks and differences in chick behavior inside and outside of vehicle closures.

It is difficult with longlived species which have variable annual produgtigtch as
American Oystercatchers (American Oystercatcher Working Group et al. 2012) to accdssnong
effects on population productivity. The short tifn@me of this study limits its ability to produce a
full understanding of effects of human activion longterm population viability of American

Oystercatchers.
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Appendix A

National Park Service map Gfape Lookout National SeashorAvailable at:
http://www.nps.gov/calo/planyourvisit/upload/CALOmapl.pdf
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