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ABSTRACT

The Cape Romain Region (CRR) is located along the coast of South Carolina and
supports over half of the breeding pairs (approximately 200 pairs) of America
OystercatcherdHaematopus palliatus) in the state. Research has shown that
oystercatcher productivity in this area is low due to predation and over-washigiom
tides and boat wakes. | assessed the feasibility of using headstartingassaoin
reducing nest loss in an attempt to enhance reproductive success during the 2010 and
2011 breeding seasons. Apparent nest success of headstarted nests (52%ewdmhigh
control nests (11%) along two study areas within the CRR. However, apparent brood
success was higher for control nests (90%) compared to headstarted nests (27%)
Although headstarting did improve nest success during incubation, it did not appear to
ultimately enhance productivity within this region because of high ratdga loss.

In addition to assessing the feasibility of headstarting, | also exantinédtas
of behavior and attendance rates of oystercatcher breeding pairs ag tegsiiories in
two study areas of the Cape Romain Region. | recorded the percentage of éduegbre
pairs were present on nesting territories and the behaviors exhibited while plieseg
low-tide foraging periods during incubation and chick rearing. | found no significant
differences in the rate of attendance or each behavior between breedingithai
assigned headstart or control nests for incubation and chick rearing. Attendance of
breeding pairs was found to be significantly related to the nest successrof gesis
but was not found to be related to the brood success of chicks. Behavior of breeding pairs
was often found to be significantly related to site during incubation and chick agg durin

chick rearing.
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INTRODUCTION

The reproductive success of shorebirds is limited by many factors including
inclement weather and flooding, prey availability, food availability, habisatidhance,
inter- and intra-specific competition, and predation (McGowan and Simons 2006; Sabine
et al. 2006; Smith et al. 2007; Thibault 2008). These ecological stressors may gagy am
locations and years, and act alone or interact with other anthropogenic drsleess
coastal development and human population growth. These limiting factors on
reproductive success can drive fluctuations in the abundance and geographical
distribution of birds (Gill 1995). Decreases in abundances and shifts in distributians are
concern for shorebirds worldwide (Brown et al. 2001). By identifying factors that
contribute to decreased reproductive success of shorebirds we can better delvelop a
implement effective management strategies for species of cotisersancern.

A shorebird that may be vulnerable to some of these extrinsic factors along the
southeastern coast of the U.S. is the American Oystercatthandtopus palliatus).
This coastal nesting species experiences highly variable reproductiessancong
years and among locations and is intolerant to high levels of disturbance (Sabine et a
2006). American Oystercatchers are long-lived and demonstrate variadadénre
success among years (Nol and Humphrey 1994). The American Oystercatcher is
considered a species of high concern by the U.S. Shorebird Conservation Plangdue to it
low population size ofa. 10,000 and of these only 3,000 individuals are likely breeding
adults (Brown et al. 2001). While there is evidence of range expansion in the nontheaster
U.S., American Oystercatcher population estimates indicate a decline indt#glamitic
(Mawhinney et al. 1999; Davis et al. 2001).

The American Oystercatcher breeds along the Atlantic Coast from dhassdts

to Florida (Nol and Humphrey 1994). They nest on barrier beach islands, salt marshes,
1



dredge spoils and shell mounds (Lauro and Burger 1989; Toland 1992; Wilke et al.
2007). Oystercatchers scrape shallow depressions in the substrate and noyr@adly la
eggs. Both adults incubate the clutch for approximately 27 days and provision chicks
long after they fledge (~35 days). South Carolina supports over 400 pairs of breeding
oystercatchers, the majority of which nest on washed oyster shell mounatstithi
Cape Romain Region of the state (Sanders et al. 2008).

The purpose of this study was to investigate the reproductive ecology of
American Oystercatchers in a core portion of their breeding range asd asse
conservation strategies that may enhance productivity. Results from scovelscted
by SC DNR and from previous research efforts suggest that reproductivessoicites
species within the Cape Romain Region may vary spatially and tempoithliy and
among habitats (Sanders et al. 2008; Thibault 2008). For example, Thibault (2008) found
that approximately 85% percent of American Oystercatcher nests neohwahin the
Cape Romain region of South Carolina during the 2006 and 2007 breeding season failed
to hatch primarily due to flooding (i.e., high tides or overwash of nests from waves) and
predation of nests. Results also suggest that overwash and predation may also contribute
to chick mortality. Examining potential conservation strategies that maypuapine
reproductive success of oystercatchers within this area may be mgtessd in
maintaining sustainable populations.

Chapter two of this thesis, “Feasibility of Headstarting as a Conservationorool f
American Oystercatchers within the Cape Romain Region of South Caroliaaijres
headstarting (i.e., collecting designated clutches during incubation, inaybhtich in a
controlled setting, and returning chicks to nest immediately after hetcnmeans of
enhancing productivity of American Oystercatchers nesting in two losatghin the
Cape Romain Region. | assigned breeding pairs as headstart or control baseutder the

2



in which nests were found then measured the nest success and brood successf all nest
The hatch success of eggs in the incubator was assessed and | attempted tehidentify
causes and timing of nest failure and chick loss in the field for both nest typesttaring
2010 and 2011 breeding seasons.

Chapter three of this thesis, “Attendance and Behavior of American Oyshenca
Parents During the Breeding Season in the Cape Romain Region of South Carolina”,
examines the behavior and attendance rates of oystercatcher pairdiwétimests during
the breeding season. | conducted surveys on breeding pairs during incubation and chick
rearing for the 2010 and 2011 breeding season. During these surveys, | recorded the
percentage of time breeding pairs of oystercatchers were present oresitieig
territory, as well as the behaviors adults exhibited while in attendance amgnesti
territories in two different locations during the foraging period.

Understanding the reproductive ecology of the American Oystercatchrer is a
important step in managing populations within the Cape Romain Region. This involves
knowledge of behavioral differences between sites and years as velfaagibility of

using a conservation tool, such as headstarting, to enhance productivity.
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CHAPTER Il
FEASABILITY OF HEADSTARTING AS A CONSERVATION TOOL FOR

AMERICAN OYSTERCATERS WITHIN THE CAPE ROMAIN REGION OF SO
CAROLINA

INTRODUCTION

The American Oystercatcher is considered a species of high concern by.the U.S
Shorebird Conservation Plan because of the low and declining population size along the
Atlantic coast (Brown et al. 2001). Studies estimating American Oystaerat
populations have indicated there is a decline in states south of Virginia (Mawhiraley e
1999; Dauvis et al. 2001). Threats from coastal development, recreational disturbance
increased predation rates associated with human activity, and climage @ran
concerns for this long-lived species (Davis et al. 2001, McGowan 2004, Thibault 2008).

South Carolina supports the second largest number of American Oystercatcher
breeding pairsc@. 400 pairs) within any state on the Atlantic coast and overdaal280
pairs) of these nest within the Cape Romain Region (Sanders et al. 2008). The Cape
Romain Region (CRR) is located north of Charleston and is adjacent to the Capa Romai
National Wildlife Refuge (CRNWR). The Region also serves as an impotitafisthe
population during the non-breeding season wati 900 wintering oystercatchers
(Sanders et al. 20040his area provides an abundance of suitable nesting and foraging
habitat for this species. Oystercatchers in this Region nest primarily ardsioti
washed shells along waterways and in bays as historical beach nestinghasitaen
lost to coastal development and current beach habitat experiences disturbancars/ hum
(Sanders et al. 2008). Results from previous research in this area suggest thavpyoduct
appears to be low and variable between sites and years and multiple factors may

contribute to variable and low productivity (Thibault 2008). For example, wakes from
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boat traffic and storm overwash contribute to nest failure but it is not oledrat extent,

if any, microtopography (e.g., elevation, slope; Hazlitt 2001) of nest sagsaffect
reproductive success. Predation of nests and chicks by a variety of predataccals

in American Oystercatchers in the CRR (Thibault 2008) as well as in atstezc

species worldwide (Hockey 1996) but the extent of predation may differ among habita
types, years, or stages of the breeding cycle. Other factors such as hstondaidice and
habitat alteration may also affect reproductive success of oystensaiclCape Romain
(Thibault 2008).

Given the evidence of low and/or variable annual productivity and declining
populations in the mid- and south Atlantic states, methods to enhance reproductive
success of oystercatchers in this region are currently being consideesslgyestion
has been to “headstart” nests. A headstart program entails the folloapsg (4t)
collecting real eggs from the nest during incubation, (2) replacingctafleggs with
artificial eggs painted to resemble oystercatcher eggs that aredéc the scrape with
an anchor, (3) incubating real eggs in an incubator in a controlled setting and (4) pulling
artificial eggs from the scrape and releasing chicks back into the nestlia@heafter
hatch. If productivity is lost primarily during the incubation stage due to faciolsas
flooding or predation as appear to be common for oystercatchers, then hewpsests
may enhance oystercatcher productivity by improving nest success. lastoifitr
productivity is primarily or additionally lost during chick rearing, then heatisgamay
not provide a means to enhance reproductive success for this species.

The goal of this study was to assess the feasibility of using a heiagdspaagram
to enhance reproductive success of American Oystercatchers in a ¢ane @itheir
breeding range. | used a control-impact approach to assign nests asagitharor

headstart nests and then measured the success of these nests and detesiniceaskes
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of failure when it did occur. | also measured the success of hatching in thetancahd
the success of parents accepting headstarted chicks. These data theveidecan
initial assessment of the effectiveness of a headstarting programoétucing chicks and

identify potential factors that contribute to reproductive failure.

METHODS

Sudy Area

The Cape Romain Region (Figure 2.1) is comprised of barrier islands, shallow
bays, tidal creeks, salt marsh (dominate®teyrtina alternaflora), mudflats and oyster
(Crassostrea virginica) reefs. The Cape Romain Region (CRR) encompasses the Cape
Romain National Wildlife Refuge (CRNWR) and is the central location forenaus
research projects on shorebirds and nearshore seabirds (Ferguson 2006; Hand 2008;
Jodice et al. 2007; Sanders et al. 2008; Thibault 2008; Brooks 2011). Elevated shell
mounds of oyster and clariércenaria sp.) shells formed by wind and wave energy
along sections of bays, estuarine islands and waterways provide nestingfbabitat
approximately half of nesting oystercatcher pairs in South Carolina (Saetcr 2008).
| monitored oystercatcher nests on shell mounds in two study areas during thegoreedi
seasons of 2010 and 2011: along the Atlantic Intracoastal Waterway (AICWBradjac
the CRNWR and in the southwestern section of Bulls Bay within CRNWR (Figure 2.1).
The AICW is a navigable waterway that has seasonal migrations of largeetatan
create substantial wakes which wash over shell mounds. In contrast, the sbuthwes
section of Bulls Bay does not receive much human recreational disturbance and is

shallow and surrounded [8partina salt marsh.



Nest Monitoring

Nest searches began in late March and continued through the end of July in 2010
and 2011. Shell rakes along the AICW, from marker 67 t@&712.6 km), and all shell
rakes in the southwest section of Bulls Bay (Venning Creek to Bulls Islani)@res
searched approximately every three days until 1 July each year (tiabimwas not
documented any later than mid- June). Oystercatchers are territorial dharimgeeding
season and are very conspicuous and vocal on their territories when protecting a nest.
Therefore, | was confident that | located nests for every active fhinwhe study area
on days where nest searching occurred. However, it is possible that nests/mbgdn
initiated and lost between search ddyssumed the same pairs were making additional
nesting attempts when re-nesting occurred on the same shell mound becausarAmeri
Oystercatchers are typically monogamous and show strong nest sitg {idelitL989;
Nol and Humphrey 1994). Furthermore, the majority of nesting pairs (75% in 2010, 68%
in 2011) in this study had at least one banded adult identifiable by unique color
combinations and within each breeding season, all pairs that renested remaimetheiithi
same nesting territory. Once a nest was located, a 12 cm nail with an id&atific
number was anchored into the shell mound about 1m from the nest as a marker. The
location was recorded (= 3 m) using a handheld GPS, the number of eggs present in the
nest was recorded, and the band combinations of any adults observed on the nesting
territory also were recorded. To assess any occurrence of overwashiaetbtiabding,
“overwash cups” were placed horizontal to and parallel with the nest scrape. | used 350
ml plastic cups that had holes near the top of the cup and a lid. Cups were glued to a
wooden base with a large nail that was then secured in the shell substrate. The holes
along the sides of the overwash cups allowed collection of salt water fromas¥einto

the cup while the lids secured to the top prohibited rainfall from filling the cup.
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Each discovered nest was classified as either a headstart nest or a cetatfol ne
classified nests in the order in which they were found within each study léeeaatang
between headstart and control assignments. Once a nest was found and assigned a
headstart or control, any renest attempts made by the pair on that siteeckthai
original classification. For headstart nests | collected all but one eqggtie clutch
(hereafter referred to as ‘original eggs’), with the exception of one eg@etutor which
we collected the egg and left no original eggs in the scrape (17% of all clutereesne
egg clutches, n=14). These nests were left out of the analysis of the survivainafl orig
eggs but were included in analysis of all headstart nests. The single egtaisited in
the nest for headstart clutches greater than 1 egg served as an indicatentdl past
fate (e.g. | was able to use that egg to determine possible causes afurestdah as
predation or abandonment). | replaced the collected eggs in the nest with wooden
artificial eggs that were painted to resemble oystercatcher eggsi#ireggs were
deployed to encourage parents to continue to incubate so the nest would remain active.
Artificial eggs were initially attached by string to a large tiaéit was secured into the
scrape. However, this large nail was replaced with an 18” rebar anchor 20tid@fter
predators had pulled up artificial eggs and adults subsequently abandoned nests.

Eggs were collected from nests immediately if the clutch was etenghd being
incubated upon discovery (n=38) or, if the clutch was not complete and being incubated
upon discovery, as soon as the clutch was complete (i.e., within 5 days after tlygfirst e
was laid; n=32). Occasionally, nests failed before | was able to ctiikeeggs from a
complete clutch. This happened with 17% (n=14) of the assigned headstart nests. These
nests were included in subsequent analyses of survival of real eggs thattwerthde
scrape but removed from subsequent analyses of survival for all assigned headtstar

with dummy eggs.



| labeled each collected egg with a nontoxic pen to identify its nest origin,
transported the eggs to a facility located in CRNWR (maximum distamweainy nest
approximately 9 km), and placed the eggs in a cabinet-style incubator (Brvesdzaby
190). Eggs in the incubator were measured for length (L), breadth (B) and weight. Egg
volume (cr) for collected eggs was calculated as Volume= 0.51% Byt 1979).

Eggs were monitored regularly for signs of hatching. Once chicks began to hagch, the
were placed into a hatching tray until hatched and then returned to the origires nest
soon as possible but always within 24 hours of hatching. After chicks were placed in the
nest scrape, we observed nests to verify that adults accepted and brooded #u return
chick. If artificial eggs were lost, washed away, or buried, or if adultewmtiseied

incubation before the collected eggs hatched, chicks were fostered into anothertieadst
nest with a similar estimated hatch date.

Active headstart nests in Southwest Bulls Bay and along the AICW were dhecke
on average every three days (2.97 = 1.41) until chicks were returned to the nest or the
nest failed. During each nest check, | recorded the date, time, number of abgadre
artificial), tide phase, and number of adults present. If no eggs (originaificiadytwere
observed in the scrape or parents appeared to have abandoned the nest, the territory was
searched for any evidence that could assist in the determination of causeSaifure
(e.g., signs of flooding, predation, disturbance). Assigned headstart nestsi¢dat f
before collection (i.e., eggs missing from scrape before clutch was d¢eraptbeggs
could be collected for artificial incubation) were accounted for in the fdteamlstart
nests. Causes of nest failure for headstart nests with artificialiegggpdrental
abandonment) were classified as predation (signs of predation at the nadeobwih
nest abandonment, e.g. teeth marks on artificial eggs or artificial eggge@iinom

scrape), overwash (overwash cup contained salt water, overwash cup dislodged from
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shell rake, recently deposited rack observed near/on nest or fake eggs buried ursgler shell
any or all coincident with parental abandonment of artificial eggs), abandmhats (
continued to incubate artificial eggs after loss of real egg but adults not observed
incubating for at least three visits, or new scrape discovered later in dibation cycle

but no signs of predation or overwash observed), undetermined (adults not observed
incubating after loss of real egg and cause of loss of real egg unknown) and other (one
event, adult in breeding pair was killed by predator, likely a peregrine falsexd loa
evidence from remains). For both sites and years, | report the hatchiegsoteggs in

the incubator (percent of all eggs collected that hatch in the incubator andciet joér
clutches that hatchl egg), the number of eggs left in a scrape that hatched, and the
percent of pairs that continued to incubate nests until chicks could be returned (nest
survival).

Active control nests in Southwest Bulls Bay and along the AICW were checked
on average every three days (3.04 = 1.07) until the nest hatched or failed. During each
nest check, | recorded the date, time, number of eggs, tide phase, and number of adults
present. Cameras were deployed for control nests found in Bulls Bay in 2011 from 21
April to 22 June to further assist with classification of nest loss and to ident#yt@dt
nest predators (Sabine 2005; Thibault 2008; Brooks 2011). The system was revised to
consisted of a SVAT mini digital video recorder (DVR) connected to a 7.6 cm wadérp
infrared camera, powered by two 12-volt deep-cycle marine batteriel vemon
parallel (Figure 2.2). The video camera was placed through a small hole cugatlarb-
plastic bucket that was lined with foam and was connected to the DVR with the use of a
power inverter and AC to DC power adapter. All of the equipment was housed in the 5-
gallon bucket with a watertight Gamma S¥did. The DVR was set to 352 X 240

resolution at 4 frames per second and used 8GB SD cards. The video camera was placed
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approximately 3m from nests. Batteries were replaced every visit andr8®were
changed weekly.

As with headstart nests, when a control nest failed the territory wabseédoc
any evidence that could assist in the determination of causes of nest faauses©f
nest failure in control nests were classified as predation (scat, dggstteacks
observed near nest or depredation event observed on video), overwash (overwash cup
contained salt water, overwash cup dislodged from shell rake, recently depagited ra
observed near/on nest; any or all coincident), abandoned (adults not observed incubating
eggs for three visits and egg feels hot/cold or new nest discovered) and unttémi
signs of depredation or overwash).

| chose ‘nest success’ as the term for any nest that survives to hatcrelsdaes
confusion with headstart eggs hatching in the field or in the incubator. Nestssatces
control nests was defined ad >gg in a clutch hatching. Hatch success was used to refer
to collected headstart eggs in the incubator only. Because headstart nestsrbater a g
chance of hatching with eggs in the incubator but adults may not remain at the nest t
incubate artificial eggs, | defined nest success for headstart nesseaga) parents
continuing to incubate eggs (original or artificial) until the hatch date atiteast one
chick being successfully returned to the nest, and/or (b) parents succdsaithing the

real egg that remained in the nest scrape.

Chick Survival

Oystercatcher chicks camouflage well on nesting territories and aresmothiin
a day after hatch. Therefore, | used radio telemetry to locate headstkstamd more
accurately determine timing and causes of chick loss in Southwest BulEnBafong

the AICW. | used surgical glue to attach 1.3g transmitters (Advanced dele8ystems,

12



Isanti, MN) to the scapular region of newly hatched headstart chicks beforgdhey
returned to the nest. Headstart chicks were returned to their original nestexd pl a
suitable foster nest with their eggshell and monitored. Headstart chicksherrecated
and measured approximately every three days (2.88 £ 1.37). During each vik#, chic
were examined for any evidence of physical damage from the transnitss
measured body mass with a spring scale (x 1 g) and length of tarsus, culmen, skull and
wing chord with calipers (all to £ 1 mm). Glue was added to the transmitter on visits
when the transmitter appeared loose. When a transmitter fell off, weptdteto relocate
the chick and reattach the transmitter. If a chick died, we attempted to lsca®ains
and searched the area to determine the cause of death. All chicks were mhamitibre
they were considered “fledged” at 35 days or when observed in flight.

Control chicks were not radioed but monitored by searching shell rakes
approximately every three days (3.26 = 1.9). If a chick was not found on the shell rake
during two consecutive visits, pairs would be monitored at a distance until either (a)
chicks were observed, or (b) adult behavior after an extended observation period
indicated that chicks were no longer present. If chicks were found, they werdeaisjpec
assess health but regular growth measurements were not taken. As withrhelaidks
all control chicks were monitored until they were considered “fledged” at\3bata

when observed in flight.

Satistical Analysis

The Mayfield Method (Mayfield 1961) was used to calculate the rates of nest
survival and probabilities of a nest surviving from egg laying to the hatch datk for
nests. This method was also used to calculate the rates of chick survival and the

probability of a nest having a chick survive to fledge. Daily survival ratessté aad
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broods were calculated as [daily survival rate = 1 — (total number of failtoted /
number of exposure days)], where exposure days equal the number of days the nest or
chicks were monitored. To calculate the probability of a nest surviving for tine egg-
laying to incubation period, | raised the daily survival rate of that period topamemnt
equal to the number of days needed to complete the nesting stage (i.e., 27 days for
incubation, 35 days during chick-rearing to fledge). The probability of succese @gg
headstart clutches (i.e. nests without a real egg left in the scrapdswasalaulated
using Mayfield daily survival rate to assess whether or not breeding ptirena
artificial egg clutches abandoned at the same rate as all headdtart nes

| modeled daily survival rate of oystercatcher nests using logistic-ergos
models (Schaffer 2004) in SAS (PROC GENMOD). This method allowet meamine
the relationship between nest survival and multiple explanatory variableseltchase
the logistic-exposure model because it does not assume homogeneous daily stesival ra
among or within nests (Schaffer 2004).

The logistic exposure models included a subset of the following nest-, local-, and
time-specific explanatory variables: year (2010 or 2011), site (AICW or SosttBués
Bay), nest age, date (represented as the day in the nest season witff &pdhy 1) and
tide height (maximum during interval between visits). Separate models wvef@r r
headstart and control nests for both incubation and chick rearing. Parent typel(origina
foster or mix parents with a combination of both real and foster chicks) was added to the
headstart chick survival model to determine if parent type had an effect on brood
survival. In addition, a model was run to investigate factors that might influence the
survival of the original eggs that were left in headstart nests. Nests widggratutches
where no original egg was left in the scrape (n=14) were not included in thagianaly
Occasionally, nests failed before | was able to collect the eggs frompeterdutch.
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This happened with 17% (n=14) of the assigned headstart nests. These nests were
included in the analysis of the daily survival of original eggs but omitted from the
analysis of daily survival for headstart nests with artificial eggs.

A mixed model (PROC GLIMMIX) was used to analyze the hatch success of the
collected eggs in the incubator. Site (AICW or SWBB), year (2010 or 2011), collection
date, weight and volume were included as explanatory variables. An analysisuot®ar
was used to assess if there were differences between the weight and volohesteidc
eggs between both sites and years.

As part of pilot study to investigate the use of highly accurate GPS to measure
elevation of shell rakes, | conducted a separate analysis to assesgitreshgabetween
nest success and both elevation and slope at a subset of nests during the 2011 breeding
season. Elevation surveys were conducted at 49 nests on 24 May 2011 and at 24 nests on
23 July 2011. Measurements taken on the second date included nests that had not been
initiated or measured on the first date. Nests were surveyed using Redihenaatic
(RTK) GPS. Tidal benchmarks were not available near the nests and new benchmarks
were established near the nests in Southwest Bulls Bay and near the nestsiGh\the A
Benchmarks were established by securing a 1.3m angle iron into the shell bdnk. Eac
benchmark was occupied by a Trimble Model 5700 dual channel receiver attached to a
Trimble Zephyr antenna. Benchmark location and elevation was corrected & O
Static or Rapid Static corrections. Each nest site was visited and GPS$ensags were
made of the nest, high point near the nest, low point of the slope, and water level.
Readings were taken with a Trimble Model 5800 receiver and recorded on a Trimble
Survey Controller. Point data were taken only when “RTK fixed” conditions were met
and RMS (i.e., root mean square) errors of the fix were < 1 cm horizontal and 2 cm

vertical (i.e., this is the RMS error of the fix, not necessarily the acgwfahe data
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itself). Separate models were run using a general linear methodC(BRM) to
determine whether slope or elevation had an impact on hatch or fledge success. An
analysis of variance was run for all slope and elevation measurementsstgate if
there were differences in elevation or slope for either nest type or site.

For all analyses alpha was set at 0.10, although | report &ctzdilies
throughout. Mean estimates are presented + 1 standard deviation and coefficient
estimates are presented +* 1 standard error unless otherwise statadlysksawere

conducted using SAS version 9.3 (SAS Institute, Cary, North Carolina).

RESULTS
Nesting Cycle

The duration of nesting activity (time from initiation of first nest until tls feest
or chick failed to hatch or fledge) in 2010 and 2011 was 119 days. In 2010, the first nest
was found (and likely laid) on 5 April along the waterway and on 6 April (ai@

April) in Bulls Bay, and the last nests were initiated on 13 June along the watanday
11 June in Bulls Bay. In 2011 the first nests were found and likely laid on 4 April along
the waterway and 17 April in Bulls Bay, and the last nests were initiated on 2 dage al
the waterway and 15 June in Bulls Bay.

For the 2010 and 2011 breeding season combined, 55 control nesting attempts
were monitored along the AICW, 35 control nesting attempts were monitored in
Southwest Bulls Bay, 53 headstart nesting attempts were monitored alon@iive #&id
31 headstart nesting attempts were monitored in Southwest Bulls Bay (Figure 2.3)
Twenty-five pairs were assigned to the control group in 2010 and 21 in 2011 (Table 2.1).
Twenty-seven pairs were assigned to the headstart group in 2010 and 23 in 2011 (Table

2.2). Replacement clutches were common when parents abandoned nests or when nests
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were lost to overwash or depredation. For example, 25 control pairs made 49 nest
attempts in 2010 and 21 control pairs made 41 nest attempts in 2011 (Table 2.1). In 2010,
26 headstart pairs made 47 nest attempts, and 23 headstart pairs made 37 nestattempts i

2011 (Table 2.2).

Incubator Success

In 2010, 53 eggs were collected from 39 clutches between 14 April and 14 June
and 38 eggs were collected from 32 clutches between 17 April and 12 June in 2011.
There were no significant differences between the weight (44.21 + 3.85g) or volume
(43.22 + 3.64cr) of the eggs collected between sites and years{R2.19,P > 0.15 for
each). Hatching success for eggs in the incubator was 62% in 2010 and 84% in 2011.
Hatching success in the incubator was significantly affected by kear<6.8,P=0.02)
but not by site, collection date, mass or volume;{E 2.45,P > 0.12 for each). The odds
of an egg hatching in the incubator in 2011 were 5.7 times greater than the odds of an egg

hatching in the incubator in 2010

Nest Fate

Apparent success of control nests was <20% for both sites and years (Table 2.1).
Approximately 10 — 80% of control nests were depredated among sites and lyéafs w
— 30% of nests were overwashed (Figure 2.4). The camera system recorded 9 nest
depredation events at control nests in Southwest Bulls Bay during the 2011 breeding
season (n = 8 raccooRrjocyon lotor], n = 1 American minkNleovison vison]).

Apparent success of headstart nests (i.e., parents continued to incubatd until
chick was placed at nest or original egg hatched) ranged from 35 — 57% for both sites and

years (Table 2.2). Less than 20% of nests failed due to predation or overwash ireeach sit
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and year. (Figure 2.5). Abandonment occurred in Southwest Bulls Bay in 2010 and
slightly less frequently along the AICW in 2011. Approximately 20% of headsttg ne
failed before eggs could be collected from the AICW in either year and lis) Bay for

the 2010 season. However, the proportion of headstart nests that failed before collection
for the Southwest Bulls Bay area decreased to 7% for the 2011 breeding season.

Excluding nests that failed before eggs could be collected (17%, n=14), only 10%
(n=7) of nesting attempts had an original egg survive until the hatch date. Estohat
nest survival from Mayfield calculations (Table 2.3) appeared very sitoikstimates of
apparent nest success (Table 2.1 and 2.2). The probability of success for control and
headstart nests across both sites and years was 10% and 52%, respectiveR.3J.abl

The model combining all nests indicated that nest type (headstart or comaisol) w
the only significant variable influencing nest survival£58.19,P < 0.0001). The odds
of a headstart nest surviving was 6.2 times the odds of a control nest surviving. In the
model investigating the survival of control nests only, the day in the nest cyslag®
was positively related to nest succegs=@.63,P=0.10). For every day a nest survived
on a given site, it was 1.03 times more likely to hatch. The opposite was found in the
headstart nest model where the day in the nest cycle was negatively e la¢st
survival §2.=6.03,P=0.01).

High tide was the only other variable in the control nest model that was
significantly related to nest survivak(=4.74,P=0.03). For every meter increase in high
tide, a control nest was 1.9 times more likely to fail. Unlike control nests, hetadksta
survival was not significantly related to tide heigft< 2.04,P = 0.15). Day in season
(date), site, year, or a combination of site and year also were not sigttyficdated to
survival rates of control or headstart negts(2.17,P > 0.14 for each). However, there

was a significant relationship between year and survival of original edpgadstart
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nests 2, = 6.10,P=0.01) and between day in the nesting season and survival of original
eggs in headstart nesjg. 3.61,P = 0.06). The odds of an original egg surviving to

hatch in 2010 was 2.95 times the odds of an original egg surviving to hatch in 2011. For
every day increase in the breeding season, original eggs were 1.01 timekehote |

fail. Headstart nests without an original egg (i.e. one egg clutches) had & highe
probability of success (0.66) compared to all headstart nests.

The model investigating the effect of slope and elevation on nest success
indicated that slope and elevation were not related to nest success. Elevatiestangf
territories between the two study areas ranged from 0.34m — 1.57m (Figure 2.6).
Elevation of all nests with measurements (n = 72) averaged 1.25 + 0.21 m and slope for
all nests sites with measurements (n = 62) averaged 17.64 + 10.15%. There were no
differences in elevation for nest type, site or their interaction (magerR2.00,P =
0.12). Slope differed between study sitegs¢€17.96,P < 0.0001) but not between nest
types (k58=0.73,P = 0.40) or an interaction of the two,(§g= 0.06,P = 0.81). The
slope of nesting shell rakes along the AICW (21.45 + 9.39%) was steeper compared to

nesting shell rakes in Southwest Bulls Bay (11.20 £ 8.01%).

Chick Survival

A total of 24 chicks hatched from control nests and 58% (n=14) survived to fledge
(35 days or when observed in flight). A total of 60 chicks were placed into 44 headstart
nests and 22% (n=13) survived to fledge. When data were pooled among sites, years, and
nest types (both headstart and control), 32% (n=27) of all chicks monitored were
resighted at fledging age.

During the chick-rearing stage of the nesting cycle, both control and h¢adstar

chicks had low survival in Southwest Bulls Bay (n=1 control chick surviving to fledge in
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2010 and n=2 headstart chicks surviving to fledge in 2011). Therefore, | pooled headstart
and control nests along the AICW to investigate if there was a differencedretw

survival of headstart and control broods. Results from this model indicated that a control
brood along the AICW had a better chance of having a chick survive to fledginwpage t

a headstarted broogb(= 3.24,P = 0.07). The odds of a control brood surviving to fledge
were 3.98 times the odds of a headstart brood having at least one chick survive to fledge.
Mayfield daily survival estimates for headstart and control broods are méseritable

2.4. The probability of a control brood having at least one chick survive to fledge was
83% while the probability of a headstart brood having at least one chick survive t® fledg
was 18%.

Survival of control broods was not significantly affected by age, the day in the
season (date), tide, or yeas, € 2.35,P > 0.13 for each). Site effects could not be
assessed because the sample size for control broods in Southwest Bulls Bay was |
(n=1, that chick fledged). There was, however, a significant site effekcefutstart
broods f2. = 9.79,P=0.002). A headstart brood along the AICW was about 3 times more
likely to fledge than a brood in Bulls Bay. The age of the brood also significalatlgde
to survival 2, = 19.98,P <0.001). The odds of a brood surviving increased by 1.1 times
for every day it survived. Headstart brood survival was not influenced by the day in the
nest season (date), parent type (real, foster or mix), high tide, year or a dmnloha
site and year, < 0.98,P > 0.32 for each). Chicks that were headstarted (i.e., returned)
returned to their original parents (n=28) were accepted in 97% of cases, bhtckerte
headstarted to foster parents (n=9) were accepted in 89% of cases, and chickethat wer
headstarted to foster parents along with original chicks (i.e., mix parents, ere/) w
accepted in 86% of cases. All chicks that were not accepted by parents (regzrdles

parent type) displayed deformities occurring from incubator errors in the 28ddnse
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Of the headstart chicks that did not survive to fledge, 74% (n=35) were lost within
the first week after they were returned to their original or anothexbdeiibeadstart nest
(Table 2.5). Causes of chick loss were often difficult to assess becausesranthsigns
of loss were not often observed on nesting territories. Identifiable caudasloloss
included predation (n=5), killed by adults (h=6) and starvation or poor health (n=2).

| assessed the relationship between brood survival and elevation and slope of the
nesting shell rake. The relationship of slope and elevation on fledge succesdstatie
chicks could not be evaluated for Southwest Bulls Bay because of the small sample si
of nests that had at least one chick in the brood survive to fledge that in this study are
(n=1). Both slope and elevation were significantly related to the brood success of
headstart nests along AICW, (& 5.81,P = 0.04 and Fs= 8.26,P = 0.02, respectively).
There were no control chicks fledged in Bulls Bay in 2011. | also combined atl/pest
(headstart and control) to investigate the effect of slope and elevationnestatites
with slope and elevation measurements along the AICW. Slgpe<B.60,P = 0.06)
and elevation (1= 5.81,P = 0.03) were significantly related to brood survival along
AICW. Slope was lower for nesting locations along the AICW that fledgkadhick
(18.8 + 7.3% for successful nests and 25.5 + 5.2% for failed nests) and elevation was
higher for nests that fledgedone chick (1.3 £ 0.09 m for successful nests and 1.1 + 0.3

m for failed nests).

DISCUSSION

Nest and brood success of American Oystercatchers in the Cape Romain Region
was highly variable among sites and years, a pattern that appears to be cartimeon i

Southeastern U.S. (Sabine et al. 2006; Thibault 2008). The nest success (11%) and
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fledging rate (0.30 chicks per pair) of control nests during this study appedsas ®©

results reported for another two-year study on the reproductive sucdasentan
Oystercatchers within the Cape Romain Region (15% nest success and 0.25 chicks per
pair; Thibault 2008). In addition, studies conducted in other mid-Atlantic statese@port
comparable findings. An eight-year study on barrier beaches in North Caegorded

24% nest success and 0.19 chicks fledged per pair (McGowan 2004) and a four-year
study on several coastal islands in Virginia found 14% mean nest success and 0.24 chicks
fledged per year (Nol 1989).

Reproductive success in American Oystercatchers tends to be low throughout the
southeastern U.S. (Nol 1989; Davis et al. 2001; George 2002; McGowan 2004). With the
use of headstarting, nest success of American Oystercatchers nétinghe CRR was
enhanced to 52% (compared to 10% for control nests). The nest success of headstart nests
surpassed the nest success of Oystercatchers nesting in Georgia (388f6j)hereghest
documented hatch rates of pairs nesting in the southeast (Sabine et al. 2006). Although
nest success was higher in headstart compared to control nests during oulestgely, f
success for headstarted nests remained low (0.26 chicks per pair).

High variability in nest success both within and among sites and years within the
CRR suggests factors at local scales such as disturbance, predation ardivesents
likely influence nest success of American Oystercatchers more so thamaldgctors
such as weather or food availability. In my study, reproductive success a&sb var
between study areas, with higher success achieved along the AICW coropgaeed t
Southwest Bulls Bay. This was contrary to the findings of previous research cahducte
within the same study areas within the Cape Romain Region (Thibault 2008).
Reproductive success within the CRR was also variable between years. Repgoduct

success was highest in the 2006 and 2008 breeding season (0.43 chicks fledged per pair
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for each year) and lowest in the 2007 breeding season (0.04 chicks fledged per pair) for
both sites (J. Thibault unpublished data, Thibault 2008). During my study, reproductive
success was higher for both sites in the 2010 breeding season (0.31 chicks fledged per
pair) and slightly less for the 2011 breeding season (0.25 chicks fledged per pag). Whil
reproductive success in American Oystercatchers varies betweesnsitasiong years,

it is unknown if these levels of annual productivity are adequate to maintain the

population (Davis et al. 2001).

Incubator Success

Although | successfully collected, incubated and hatched American Oyshkenca
eggs, | did encounter some difficulties with incubation. During an earlier pildy,s39
eggs were collected from AICW and Bulls Bay and eggs were returnedrieshehen
eggs showed indications of hatching (i.e., pipping, starring) or within 2 hours after
hatching (J. Thibault unpublished data). The pilot study found that the majority of
collected eggs with known hatch fate did not hatch successfully (n=20, 59%) either in the
incubator or after being returned to the nest. Because this pilot study repartéertna
were also eggs with unknown hatch fate (n=5) after being returned to the Inest ko
return chicks to nests immediately after hatch in order to more adguassess hatch
success in the incubator. In the first year of my study, hatch success fortéacebgs
was 60%. In contrast, hatching success during 2011 was 100%. Poor hatching success in
2010 included both unhatched eggs and eggs that hatched but with deformed chicks (e.qg.
ectopic viscera, splay legs). Two factors appeared to contribute to poor hatchirggsucce
First, the air-conditioning unit in the facility that housed the incubator malfundtione
Although the incubator internally regulated the temperature, it appearedm@dtant

that the external temperature remain relatively stable as welln¥difanction was fixed
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within 24 hours but its state of disrepair was coincident with several eggsigatchi
deformed chicks or failing to hatch. Second, humidity and temperature levels within the
incubator appeared to be set at less than ideal levels during the early breadorgaf

2010. The initial temperature was set at 37.6°C and humidity at 50% (60% during hatch),
following recommendations for poultry eggs. Deformities occurred with théssgse

When the temperature was lowered (as low as 37.2°C), chicks did not display the
aforementioned deformities and hatching occurred at a much higher ratea Befor
resuming headstarting for American Oystercatchers during the 201 1rgysedsson, |

tested the incubator using 36 chicken eggs. The incubator was set at 37.6°C and humidity
at 50% humidity during development. Eggs were transferred to a separate&tyrof
incubator with temperature settings at 37.6°C and humidity at 65% when eggs were
hatching. All of the fertile eggs that were expected to hatch did hatch out hdattky

without deformities, regardless of placement of the eggs within the incubator pobrde
placement. A study by Powell et al. (1997) on captive rearing of piping plovecatedi

that it was possible to successfully incubate shorebird eggs artificistysettings at

37.4°C and between 78-82% humidity. Therefore, | decreased the incubator teraperatur
to 37.4°C and increased humidity to no lower than 65% for eggs collected in 2011. This
change resulted in 100% hatch success of all fertile eggs collected andkallraiched

healthy.

Nest Survival

Apparent nest success can overestimate survival because successtivies
higher rate of detection than failed nests (Johnson & Shaffer 1990). During this study
however, estimates of apparent nest success for both headstart and costreéreest

similar to Mayfield estimates. This may be because of the frequencgtdesches and
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the visibility of oystercatcher nests on shell rakes. Oystercatchsrwee easily located
at my study locations and 3 day intervals of nest checks appeared to be adequate to
estimate hatching success. Nests were found as they were laid and gfsLicests
were accounted for with the same frequency as successful nests. Becagkerof hi
detection of nests, the apparent nest success estimate may not have ovedestima
hatching success therefore yielding similar results as the Mayfiethod.

Hatching success and nest survival were higher for control nests along the AICW
compared to those in Bulls Bay for both years. This is different from resultseepor
the 2006 breeding season for these sites (Thibault 2008) but was similar to cesalts f
during the 2008 breeding season (J. Thibault unpublished data). Results from the 2006
season showed that nests along the waterway appeared to fail from overwash,
depredation, abandonment, failure to hatch and human disturbance while nests in Bulls
Bay failed predominantly from depredation or overwash events (Thibault 2008). With
little documentation of mammalian predation during the 2006 breeding season, it
appeared that nests in Bulls Bay were more successful compared to those on the
Waterway because of the lack of anthropogenic disturbance. Headstart nedte fiest t
structure with artificial and original eggs, not survival of eggs in the incubator)
experienced higher nest success and survival along the AICW compared to Bulls Ba
2010 but not in 2011 (Tables 2.2 & 2.3). It appears that in 2010 artificial eggs were less
secure and were often removed by predators or flooding and this coincided with parental
abandonment. During the 2011 breeding season, all artificial eggs were secured in the
scrape with a longer anchor and | did not observe missing artificial eggsiasequent
parental abandonment at all. Because there is less anthropogenic dist(irbance

overwash from boats) within the Southwest Bulls Bay, breeding pairs atikébgso
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abandon artificial eggs and therefore are more likely to continue to incubatehioiid ¢
could be returned.

While the odds of a control nest succeeding increased for every day the nest
survived, the opposite was observed for headstart nests. This opposite effect observed
between nest age and survival between headstart and control nests mayibecekpla
the ability of artificial eggs to ‘survive’ despite the quality of a nestitevents that
occur there. For example, control nests located on a less suitable nestiony teithin a
study area (e.g. prone to overwash or predation) may be more likely talieil eethe
nesting cycle. For the Cape Romain Region, there appear to be many factas that ¢
contribute to nest loss and often nest locations within and between both sites experience
poor survival. Headstart nests change this dynamic through the use obaddgs.

Even in less suitable locations, nests are able to survive overwash and depredation
attempts but repeated overwash and depredation can ultimately force adodtisdora

nests when the risk of incubating the nest outweighs the benefit of hatching. Therefore,
headstart nests may be more likely to be abandoned over time.

Tide height was a significant factor influencing the survival of control n€bts
southeastern U.S. is prone to tropical storms and hurricanes that can reshiti@véilsg)
of nest loss for many avian species that breed in low-lying habitats such asseac
marshes. For example, Thibault (2008) reported that the majority of American
Oystercatcher nests within the Cape Romain Region that failed during the 28@indre
season were lost to overwash created by two tropical storms that occurredying
and June. Although no nests in the CRR were affected by tropical storms or hurricanes
during the breeding season in either year during this study, high nest losedcztuing
extreme spring high tides on 26 May 2010 and 16 April & 14 May 2011. It appears that

nests in the CRR are prone to natural overwash events due in part to the physical

26



structure of the shell mounds used as nesting habitat. Tide levels during spring can be
extreme (e.g. highest records for the 2010 and 2011 breeding seasons were 3.02 and 3.07
meters, respectively) and often leave only the top portion of shell mounds exposed. Other
studies investigating nest loss of oystercatcher species have also fduresthass can

occur more frequently in locations that are vulnerable to tidal flooding (Lauro §eBur

1989; Nol 1989; Lauro & Nol 1993). The effect of high spring tides can be exacerbated
by boat wakes especially along the waterway where boat traffic caedueiht and the
intensity of the wakes can be severe. American Oystercatchers deteomsstasite

fidelity and pairs within the CRR that lost nests continually re-nested aathe spot on

a shell mound even if the nest elevation was prone to flooding. Interestingly, nest
elevation was not found to significantly influence the survival of control nests $or thi

study but this could be explained by the low variation between nest elevations $or nest
with measurements (approximately 80% of nesting territories with measote had
elevations between 1-1.5 meters; Figure 2.6). Through the use of headstarting, nest
survival was no longer significantly affected by tide height. Stringstattg artificial

eggs to anchors held eggs in place despite the severity of overwash. Even nests that
experienced overwash events that were so severe that shell and wrack béiged arti

eggs had occurrences of adults digging out eggs, reforming a scrape andicgmht

incubate the artificial eggs.

Nest Fate

Differences in reproductive success between sites and years appearddedde
differences in overwash and predation. Identification of predators on shelfoakedh
study sites proved difficult because tracks were not visible on the shell seidstnaas

common to find a failed nest with no eggshells or evidence of depredation. Although |
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was often unable to determine the cause of nest failure of control nests fosiétlaed

year, overwash appeared to be the primary cause of identifiable failuretfaoAtCW

for both years while predation appeared to occur frequently within Bulls Bayhn bot

years. Furthermore, camera surveillance allowed me to determine fthatigmevas

common in Southwest Bulls Bay in 2011, accounting for 80% of nest loss for control

nests. Raccoons were identified as the most common nest predator, accounting for 89%

(n=8) of recorded nest depredation events. Other studies investigatingeskeso s of

American Oystercatchers found that raccoon were responsible for a sigh#roount of

nest loss (McGowan 2004, Sabine et al. 2006). American mink were also identified as a

nest predator within this area (n=1 recorded event). Mammalian nest depredttin

these study areas was rarely documented in past years (Thibault 2008)r Anothe

noteworthy finding from camera surveillance was that depredation eventsextbefore

overwash events which indicates that nests that failed with signs of overwash and no

signs of depredation could be falsely listed as overwash as the cause for nest loss
Failure of headstart nests was typically attributed to repeated overwash or

depredation attempts that ultimately caused adults to abandon. A significant amount of

headstarted nests failed before the clutch was complete and eggs coulddbedcolle

Occasionally it was difficult to assess whether the cause of faills@veawash,

predation or a combination of the two stressors because adults would be observed

incubating artificial eggs after overwash or predation events had ocddowever, it is

possible to speculate on the fate of some headstart nests. Artificial eggsavded

prior to being secured in nest scrapes so scratch or bite marks could be used to identify

possible nest depredation. In addition, at the start of the 2010 breeding season 6” nails

were used to secure artificial eggs into nest scrapes but were often pulled up and found i

the marsh with bite and scratch marks. Evidence of depredation (scratch, tdetlomar

28



eggs being pulled up) on artificial eggs was identified for 29% (n=24) of hdau=tés

and overwash evidence was observed at 33% (n=28) of headstart nest sites forsboth site
and years. Evidence of attempted depredation or overwash did not necessaehcefl

the ultimate fate of headstart nests because of the use of artificiakegdadure 2.5).
Original eggs were additional indicators of headstart nest fate, with @n(y87) of

headstart nests having an original egg survive until the hatch date.

Chick Survival

For the 174 nesting attempts (headstart and control) monitored during the two
years of this study, only 27 chicks fledged and approximately 89% of thesedl&dm
the AICW. Although headstarting may improve nest success during incubation, it did not
appear to ultimately enhance productivity. Brood success and productivity were highe
for control and headstart nests along the AICW compared to those in BullsrBegifo
years. Chick survival was also lower in Southwest Bulls Bay compared to thevasater
Of the headstarted chicks that did not survive to fledge in Bulls Bay, 95% died within the
first week after they were placed in the nests (Table 2.5). In contrast, only 59% of
headstarted chicks placed along the AICW that did not survive to fledge weretlost wi
the first week after they were placed in the nests. Differences irvauavid fledging
success between Bulls Bay and the waterway may be attributed to thenddtene site
guality (i.e. food availability, increased rates of predation or overwash, oneksso
neighbors).

Control broods appeared more likely to have at least one chick survive to fledging
age than headstart broods. However, only 29% of all chicks monitored were control
chicks. Control nests that produced chicks may have been located where pressure from

predation, overwash or other extrinsic factors was low and as such chick survival may
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also be higher there. All headstart nests that had an original egg survivehtovbes
also able to fledge a chick (headstart or original). Territories that disbrwetan original
egg survive to hatch often did not fledge chicks. Parents on these nesting temerge
confirmed to accept released chicks and therefore it was likely that théisg nes
territories were not as suitable to longer term chick survival due to factérasuc
predation, overwash or other extrinsic pressures.

Headstart nests provided information on the differences in brood survival between
the two study areas. Investigation of the differences in site quality wassay to try to
assess why chicks located along the AICW were more likely to fledgehbsa lbcated
in Bulls Bay. When chicks were lost, | searched the shell rake and/or usedttgle
locate remains or clues that may help determine the cause of loss. lakéstorocate
transmitters and/or remains for the majority of chicks monitored that wer@#2Q).
Occasionally, transmitters were found but no remains were observed (n=15)ohkva
able to find remains for 14% (n=8) of all chicks that did not survive to fledge. A low
number of headstart chicks were rejected and killed after they wereek(@a<l) and all
of these chicks were from the 2010 breeding season and displayed deformities afte
hatching in the incubator. Because the majority of breeding pairs accagtbcoaded
chicks after they were returned despite parental type (i.e., original, foster parants),
it was evident that there were other driving factors in chick loss for these &esearch
has found that predation and starvation are the two major causes of chick loss (Nol 1985)
and studies have reported other oystercatcher pairs killing chicks (Sabin2006a. |
investigated these possible stressors for the two study areas and attengatiermine
the leading causes of chick loss within and between sites.

A study by Ens et al. (1992) reported that nesting areas adjacent to fasesting
fledged more chicks than nesting areas separated from feeding areaanuedisf 200-
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500m. However, it has also been reported that for individuals that breed in areas with
abundant prey the cost of food transport may be negligible (Ens et al. 1992). The latter
scenario may be common in the CRR where there appears to be an abundance of food for
breeding and non-breeding oystercatchers (Hand 2006; Thibault 2008). All of the chicks
in this study observed with signs of starvation or poor condition occurred at the end of the
breeding season (July 4-11) when parental attentiveness may decreaseiasribes of
an energetic risk of survival to adults if they extend brood care too long (Rutheraluff e
2009). Therefore, it appears that chick starvation is not the leading cause obshick |
within and between these areas.

Avian predation or predation on chicks by other breeding pairs could be a cause
of chick loss in my two study areas. Thibault (2008) reported that avian predation was a
cause of nest loss during incubation, although I did not observe any signs of avian
predation on nests that failed during this study. However, | did observe remainsksf chi
that displayed signs of avian predation (i.e., stab wounds on body). All of these
observations (n=4) occurred on shell rakes that were shared with other breedinly pair
is likely that at nesting locations where breeding pair territoreeslase or overlap,
adjacent pairs may kill chicks (Sabine et al. 2006). Because the majoritysohesiing
within the CRR defended a single shell rake, chick loss from adjacent painsotvlikely
to be a major cause of chick loss for these study areas.

A study on the reproductive success of shorebird species reported that the greates
influence on reproductive success was fluctuating annual predation pressuheefSahi
2007). All territories within the CRR are adjacent to abundant salt marsh, whrels ssr
suitable habitat for mammalian predators such as raccoon and American migkaCam
surveillance in Southwest Bulls Bay during the 2011 breeding season indicated that

mammalian predation occurred regularly during incubation. If mammaliantjoreeas
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a major cause of chick loss for this area and along the AICW, | would expechittiat
remains would rarely be found and chicks would be more likely to fail within the first
few days after hatch when they are less mobile. For this study, chickhsamexre not

found 79% of the time and 97% of transmitters that were recovered after chicleless

in or near the nest scrape. There were a few instances where the assroitters

helped identify mammalian predation as the cause for chick loss. For example, one
transmitter was recovered near the den of a female mink with kits and anatlerittier

from an older chick was tracked behind the shell rake in the marsh and was found near
mink scat and the bands of the missing chick.

There were frequent observations of American mink during the daytime near
nesting locations in Bulls Bay and many scrapes were observed throughout nesting
territories without eggs during the early 2011 breeding season. Trapping fefforts
mammalian predators (6 April-12 April, 2011) along the marsh adjacent to shalje
rake south of Venning Creek where three pairs of oystercatchers hagsksthhesting
territories (two headstart pairs and one control pair) resulted in the reai@val
American mink. Camera surveillance on the control nests present on this shell rake
recorded nest depredation events by raccoon. This in combination with scratch and bite
marks on artificial eggs made it evident that raccoon were a frequent prea &hos
shell rake. Despite raccoon being a known nest predator, two chicks released into a
headstart nest on this rake survived to fledging age. This suggests that althoogh racc
may be a common nest predator in Bulls Bay they may not be efficient predators of
chicks. Mink predation can be difficult to detect and may require additional investigat
to determine the extent to which they are responsible for nest and chick faraile (C

2010).
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Slope and elevation of nesting shell rakes also were related to chick survival of
headstart chicks located along the waterway. Chicks on territories wittadedrslope or
increased elevation were more likely to fledge. A study by Hazlitt (2064 yeported
that slope had a significant impact on the reproductive success of oystecaiittiek
loss in this study area was occasionally coincident with signs of overwash (nrcB) w
can be influenced by elevation or slope.

Investigation on the parental acceptance of headstarted chicks indicated that
adults were as likely to accept foster chicks as original chicks. Two detegrfactors
on whether or not parents accepted headstarting chicks appeared to be whether chicks
were healthy (i.e. no deformities) and if the chick was returned aroundtiimated
hatch date. Adults were observed killing chicks with significant deformgpday legs or
ectopic viscera) in the 2010 breeding season. The only occurrence of adultsggjedti
killing chicks during the 2011 breeding season was an instance when chicks were

returned to a headstart nest before the anticipated hatch date.

Conclusions

Headstarting can be an effective tool for enhancing the nest succesent#n
Oystercatchers. However, headstarting may not ultimately be effecthe majority of
chicks released onto nesting territories do not survive to fledging ageeedcess
within this area remained low and variable due at least in part to predatemistiiging
may be most appropriate where flooding, overwash, or disturbance are they mannses
of nest loss. If headstarting were to be considered as a management siratéwnce
the productivity of oystercatchers within the CRR, our data suggest that ni@fedle
data on predation rates, timing of predation during the oystercatcher breediow, seal

population sizes of predators are needed to determine if headstarting could enhance
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productivity or if predator removal were needed. For example, a study on thetong-t
effects of North American mink on seabirds in western Scotland found that colonies and
breeding pairs decreased by up to 52% over ten years in locations where mink were
present (Craik 2010). In areas with high predation rates, predator controtoeese the
reproductive success of American Oystercatchers but can be labor intersgyveerm

and expensive (McGowan 2004), and requires a detailed understanding of the ecology,
diet, movement patterns, and population dynamics of the predators.

Although this study monitored chicks until fledge age, it would be beneficial to
monitor chick survival post-fledge. While fledging success is the metric ¢éonciee
productivity, | occasionally did not observe chicks after their fledge daigesting that
mortality occurs after 35 days post hatch. Because of Oystercatcheraizpddliet,
chicks are unable to obtain food on their own and rely on parents to provision them for up
to 60 days after hatching (Nol and Humphrey 1994). Further study on chick survival
post-fledge is needed to accurately estimate fecundity and provide ititorrafthe
sources of chick mortality and other habitat related factors that affecta during this

stage.
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Figure 2.1. Study area within the Cape Romain Region, South Carolina. Study nests
occurred along the Atlantic Intracoastal Waterway between markers 67 and 96, and
in Bulls Bay between Venning Creek and the Bull Island Channel.

37



Figure 2.2. Camera set-up for control nests in Southwest Bulls Bay Aprilune 2011
in Cape Romain National Wildlife Refuge, South Carolina.
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Figure 2.3. Assigned headstart and control nests of American Oystercatelen the
Cape Romain Region of South Carolina during the 2010 and 2011 breeding season.

39



Table 2.1. Reproductive success of control pairs of American Oystercatclsaewithin the Cape
Romain Region, South Carolina, 2010 & 2011.

No. No. nest  Apparent Brood No. Productivity
Year Site pairs  attempts nestsuccess, success, fledglings estimaté
>1 egg >1 chick

hatched (%) fledged (%)

2010 Atlantic Intracoastal 17 31 6 (19) 6 (100) 8 0.47
Waterway

Southwest Bulls Bay 8 18 1(6) 1 (100) 1 0.13

2011 Atlantic Intracoastal 13 24 3 (13) 2 (75) 5 0.38
Waterway

Southwest Bulls Bay 8 17 0 (0) 0 (0) 0 0.00

TOTAL 46 90 10 (11) 9 (90) 14 0.30

! Number of young fledged/ number of pairs
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Table 2.2. Reproductive success of assigned headstart pairs of Americays@rcatchers
within the Cape Romain Region, South Carolina, 2010 & 2011.

No. No. nest  Apparent  Brood success, No. Productivity
Year Site pairs attempts nest success, >1 chick fledglings estimaté
>1 chick fledged (%)
returned (%)

2010 Atlantic Intracoastal 18 30 17 (57) 7 (41) 7 0.39
Waterway

Southwest Bulls Bay 9 17 6 (35) 0 (0) 0 0.00

2011 Atlantic Intracoastal 14 23 11 (48) 4 (36) 4 0.29
Waterway

Southwest Bulls Bay 9 14 10 (71) 1(10) 2 0.22

TOTAL 50 84 44 (52) 12 (27) 13 0.26

! Number of young fledged/ number of pairs
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Figure 2.4. Fate of control nests of American Oystercatchers along thelamtic
Intracoastal Waterway (AICW) and southwest Bulls Bay (SWBB), Cape Romain
Region, South Carolina, April — July, 2010 and 2011. n = number of nests
monitored.
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Figure 2.5. Fate of headstart nests of American Oystercatchers along the aitic
Intracoastal Waterway (AICW) and southwest Bulls Bay (SWBB), Cape Romain
Region, South Carolina, April — July, 2010 and 2011.
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Table 2.3 Mayfield daily survival rates and probability of hatching success fdneadstart and control
nests of American Oystercatchers in the Cape Romain Region, South Cara, 2010-2011.

Mayfield
Nest No. Exposure No. daily Probability
Year Site type nests days failures survivaf of success
2010 Atlantic Intracoastal Waterway Headstart 30 589 13 0.977 0.53
Control 31 414 25 0.940 0.19
Southwest Bulls Bay Headstart 17 305 11 0.966 0.39
Control 18 190 17 0.911 0.08
2011 Atlantic Intracoastal Waterway Headstart 23 388 11 0.973 0.48
Control 24 251 21 0.916 0.09
Southwest Bulls Bay Headstart 14 323 3 0.991 0.78
Control 17 138 17 0.877 0.03
TOTAL Headstart 84 1605 38 0.976 0.52
Control 90 993 80 0.919 0.10

& calculated as # failures/ total exposure days

A . . .
b calculated as Mayfield DSRnumber of days in the incubation stage (27)
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Figure 2.6. Frequency distribution of elevations for American Oystercather nesting
territories during the 2011 breeding season along the Atlantic Intracoastal
Waterway and Southwest Bulls Bay in the Cape Romain Region, South Carolina.
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Table 2.4 Mayfield daily survival rates and probability of brood success for
headstart and control nests of American Oystercatchers in the Cape Romain
Region, South Carolina, 2010-2011.

Mayfield
Nest No. Exposure No. daily Probability of
Year Site type nests days failures survivaf success
2010 Atlantic Intracoastal Waterway Headstart 17 323 10 0.969 0.33
Control 6 236 1 0.996 0.86
Southwest Bulls Bay Headstart 6 31 6 0.806 0.00
Control 1 41 0
2011  Atlantic Intracoastal Waterway Headstart 11 247 7 0.972 0.37
Control 13 105 1 0.990 0.72
Southwest Bulls Bay Headstart 10 67 9 0.866 0.01
Control 0 0 0 0 0
TOTAL Headstart 44 668 32 0.952 0.18
Control 20 382 2 0.995 0.83

& calculated as # failures/ total exposure days

Ay i -
b calculated as Mayfield DSRnumber of days in the pre-fledge stage (35)
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Table 2.5 Chick loss by age for headstarted American Oystercatcher chicksthe Cape Romain
Region, South Carolina, April — July, 2010 and 2011.

Year Site 0-6 days 7-13 days 14-20 days 21-27 days 28-34 days Total
2010 Atlantic Intracoastal Waterway 11 3 0 1 0 15
Southwest Bulls Bay 5 0 1 0 0 6
2011 Atlantic Intracoastal Waterway 5 1 3 3 0 12
Southwest Bulls Bay 14 0 0 0 0 14
TOTAL 35 4 4 4 0 47
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CHAPTER Il
ATTENDANCE AND BEHAVIOR OF AMERICAN OYSTERCATCHER PARENS
DURING THE BREEDING SEASON IN THE CAPE ROMAIN REGION OF SOHY
CAROLINA
INTRODUCTION

The American Oystercatcher is listed as a species of high concern bysthe U.
Shorebird Conservation Plan (Brown et al. 2001). Estimates of breeding pairteindica
that oystercatcher populations are declining in states south of Virginiés(Etaal. 2001).
Threats to productivity include predation, climate change, human disturbancat habit
loss, and overwash. It is unknown whether or not current levels of productivity are
sufficient to sustain oystercatcher populations. Therefore, understandiorg that may
affect the productivity and survival of nests and chicks are needed to effentaehge
this species.

South Carolina supports the second highest number of nesting oystercatcher pairs
on the Atlantic coast (Sanders et al. 2008). The Cape Romain Region (CRR) of South
Carolina provides nesting habitat for oystercatchers on barrier beastuesine islands,
as well as washed shell mounds and supports approximately 60% of breeding pairs in
South Carolina (Sanders et al. 2008). The Region also serves as an importanthsste f
population during the non-breeding season wati 900 wintering oystercatchers
(Sanders et al 2004). Although the CRR supports high numbers of oystercatchers,
wintering estimates provide evidence that these numbers are a small propbttie
total number that once existed in the area (Sanders et al. 2004).

Nest success in many avian species can be strongly related to behagrospat
and attendance rates of breeding adults that subsequently may be relateatonemial
variables or habitat conditions (Bukacinska et al. 1996; Paredes et al. 2005; Sxhith et

2007). For example, studies on the European Oystercatthangtopus ostralegus)
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have shown that breeding pairs that feed adjacent to their nests and hence have higher
rates of attendance also have higher levels of productivity compared to pamsisha

leave their nesting territory and commute to foraging grounds (Ens et al. 1D92).
American Oystercatchers, optimal territories for nesting individualsaappdoe those

where parents can simultaneously attend and be vigilant (Nol 1989).

For the American Oystercatcher, males and females cooperate in pdotietl
and care for chicks until well after fledging. Biparental care camome incubation
efficiency, nest and brood survival, as well as enhancing conditions of the lrpadin
to optimize care toward eggs and chicks (Lenington 1980; Oring 1982; Miller 1984;
Szekely and Reynolds 1995). Biparental care may be particularly advantageous when
predation rates are high. Biparental care would then allow parents to better ests
or chicks and would also help to ensure that adults have a mate available for re-nest
attempts should nest failure occur (Reynolds and Szekely 1997). Breeding pairs tha
unable to cooperate efficiently throughout the breeding season may exhibit lower
reproductive success and may experience increased energetic défaeamysand
Monaghan 1996; Martin and Ghalambor 1998; Thomas and Szekely 2005; Alrashidi et
al. 2010). Successful partners appear to be those that are better able to eoordinat
contributions to incubation and chick rearing (Nol 1985; Morris 1987). Parental care
tactics (such as provisioning) may be shaped by nest predation as welh (@ aaiti
2000).

Site selection may influence attendance rates and behavior patterns of adults
during the breeding season. For example, closer proximity to food may resuliein mor
frequent nest changes because off duty (i.e. non-incubating) parents canaelduty
parents earlier (Blanken and Nol 1998). This could be advantageous to allow adults to

replenish energy stores that can be directed toward nest or chick care. EHDeRal. (
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found that pairs of European Oystercatchers with the same nesting and feedony t
fledged more young compared to those with separate nesting and feedinge®riitor
addition, habitat visibility may influence the nature of parental attend&taeken and
Nol 1998, Hazlitt et al. 2002).

The purpose of this study was to assess parental behaviors and attendance rates
that may influence nesting success of American Oystercatchersiia partion of their
breeding range. | measured attendance rates and classified behaviontsf ghaieg
incubation and chick-rearing at nesting territories during low-tide foggagmiods. | then
assessed the relationship between a suite of environmental and ecologatéésamd
parental attendance and behavior. Because this research was conducteof asl@ayer
project to determine the feasibility of using artificial incubation to enhpraductivity
of American Oystercatchers, | included variables associated withxpatiment (i.e.,
whether or not parents were brooding artificial or original eggs; see Clajethis
study. Attendance rates of Oystercatchers can influence nest saicddgstime
reproductive success since eggs and young chicks left unattended become euioerabl
predators and heat or cold stress (Burger and Gochfeld 1991; Schneider andavieVill
2007). Similarly, behavioral allocation during incubation and chick-rearing may
influence nest or brood success or may be influenced by variables such as the nest or
chick age, site or year. Understanding behavioral traits and attendaiscguratg the
breeding season may help managers understand why some nesting locations anel pairs

more successful than others.
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METHODS

Sudy Area

Nest searches were conducted to locate nesting territories and pliestivie
nests during the 2010 and 2011 breeding season in the Cape Romain Region of South
Carolina (see Chapter 2). Two study areas were involved in this study; améictl
Intracoastal Waterway (AICW) and Southwest Bulls Bay. These areacritical for
research since the majority of American Oystercatcher breedingmp&iosith Carolina
nest on shell mounds within the Cape Romain Region of the state (Sanders et al. 2008).
Shell rakes along the AICW, from marker 67 to 97, and all shell rakes in the southwest
section of Bulls Bay (Venning Creek to Bulls Island Creek) were searchegdvesier
until a nest was found. Active nests in Southwest Bulls Bay and along the AICW were

checked until chicks fledged or nests failed.

Field Procedures

| attempted to conduct attendance and behavioral surveys for every active
nest in Southwest Bulls Bay and along the AICW. | attempted to conduct one survey fo
each active nest during incubation and another survey for each nest during the chick
rearing phase. However, it was common for nests to fail or chicks to be lostlbeése
able to conduct a survey. All surveys were conducted during low tide (2 hours before to 2
hours after peak low tide) and were 53-90 minutes in duration. | attempted to conduct
chick-rearing surveys when chicks were less than one week old, althoughghistwa
always possible. Surveys were conducted from land or boat from a distanceast at |
150 m so as to minimize potential impacts to behavior (Burger and Gochfeld 1991,

Verboven et al. 2001; McGowan and Simons 2006; Sabine et al. 2008).
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The attendance rates of both parents on nesting territories (i.e., the atba that
breeding pairs defend, includes the waters edge of the shell rake) wet¢mnotghout
the duration of the survey. | conducted continuous behavioral observations and recorded
attendance times of each parent (i.e., times were noted when parents deparieetpr ar
| also recorded the time of day, age and number of chicks or eggs for each survey. The
behavior for each adult and the duration of each behavior while present on the territory
also were recorded throughout the survey. | distinguished between neshgestart
or control, see Chapter 2) in case breeding pairs demonstrated different ateatzsc
or behaviors with the use of artificial eggs in headstart nests. Locatioreeaded
continuously during the survey unless the individual was no longer visible or had left the
nesting territory. The relative locations of adults and young were recottadthey
were visible (e.g. water’s edge, top of shell rake). However, this informat®nata
used in any analyses for this study.

Eighteen behaviors were identified and activities were condensed intoreadeg
following Sabine et al. (2008) for all incubation and chick-rearing surveysaidegtive
(i.e., copulating, incubating eggs, maintaining nest, brooding, and provisioning chick),
self-maintenance (i.e., preening, bathing, stretching, hopping, and shaking)otiecom
(i.e., flying and walking), forage (i.e., using bill to open prey or probe subftrgbeey
and drink), rest (i.e., standing or sitting with head turned back and bill tucked under
wing), vigilance (i.e., standing with no bill tuck), alarm (i.e., piping display, head

bobbing, chasing, being chased, or other agnostic behavior) and unknown.

Satistical Analysis
| used general linear regression (PROC GLM, SAS Version 9.3, SAS Institute

Inc., Cary, NC, USA) to examine the percentage of time breeding adultpresent at
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their territory during the low-tide foraging period and the percentage efduring

which parents engaged in each behavior while attending. The proportion oinetal ti
attended in relation to total time available and the proportion of time exhibited in
behavioral categories in relation to total time in attendance were dependabliegan
these analyses. | combined the amount of time each parent was present ainipe nest
territory during the observation period to derive a measure of total atterfdatice
breeding pair. For example, if parent 1 was on the territory for 50 min of a 60 min
observation period, and parent 2 was on the territory for 40 min of the same 60 min
observation period, then the percent time attended = ((50 + 40)/120)) P6rcéntages
were transformed using the arc sine root transformation to standardizeimeedor
analyses, although untransformed values are presented throughout for ease of
interpretation. | used a manual backward-elimination process for all depedables
(both incubation and chick rearing) and deleted terms®vitl0.05 at each step.

Behavior data for third and fourth attempt nests during incubation were small and
unbalanced among site, nest type and nesting attempt number and therefore excluded
from subsequent analyses (Table 3.1). Independent variables for backwanaistielimm
models run for attendance and each behavioral category included nest typeasite, y
nest age, clutch size and nesting attempt number. Date was not included becayse it m
be confounded with attempt number. Two-way interaction terms included in the
incubation models were site * year and site * attetmggsessed the relationship between
nest success (hatehl egg for control nests, hatch or retarfh chick for headstart nests)
and attendance and each behavioral category separately for headstart rahdesist
using general linear regression models (PROC GLM, SAS Version 9.3, SABtésti
Inc., Cary, NC, USA) with nest success as the dependent variable. | also edraluct

correlation analyses (PROC CORR, SAS Version 9.3, SAS Institute Ing,, B2y
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USA) for first and second attempt nests during incubation for both sites asdqyear
investigate the relationship among behavior variables.

Sample sizes for chick-rearing were small and unbalanced among ditiypees
brood size and attempt number (Table 3.1). Therefore, analyses were limited/to a fe
comparisons, specifically comparisons of attendance and behavior fonfirseeond
attempts along the AICW. | pooled data among brood size because there was no
significant relationship between attendance and brood size in first atterdptdrear
control nests along the AICW {E< 0.09,P > 0.78 for each). | then conducted two
analyses. First, | assessed the relationship between attendance andstdgpe
(headstart or control), brood success (fleddechick or failed), brood size (1-3), chick
age (d), chick adeand a two-way interaction term, brood success * year. The variable,
chick agé was included to allow for a nonlinear relationship between chick age and the
dependent variable. Second, | sought a relationship between attendance andtyegr, ne
attempt number (1 or 2), brood success (fleddechick or failed), brood size (1-3),
chick age (d), chick agand a two-way interaction term, brood success * year.
Therefore, the difference in the two models was the inclusion or exclusion ofrthioter
nest type (model 1) and attempt number (model 2). Analyses on chick-rearing only
included surveys conducted along the AICW because of limited surveys conducted
during this stage in Bulls Bay due to low survival of chicks within this study braa.
correlation analyses (PROC CORR, SAS Version 9.3, SAS Institute Inmg,, N33,

USA) separately for first attempt nests during chick-rearing (hexadstd control
combined), as well as first and second attempt headstart nests along thecAICW t

investigate how the dependent variables were related to each other.
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RESULTS
Incubation

Incubation surveys (n = 52 headstart nests, 26 control nests) were conducted from
10 April = 3 July 2010 and 29 April — 11 June 2011 on first (n=46 surveys) and second
attempt nests (n=32 surveys). Eighty-seven nests failed before incubatieysstwuld
be conducted.

Combined attendance of both parents on the nesting territory during low-tide
periods ranged from 39% to 100% along the AICW and 57% to 98% in Southwest Bulls
Bay for all nests during the 2010 and 2011 breeding season (Figure 3.1). The mean
attendance for all breeding pairs for both sites and years was 81.0% + 14.3%3(Zable
The percentage of time breeding pairs spent in reproductive behavior ranged.fdfim c
— 50% for all sites and years (Figure 3.2). Self-maintenance, foraging dadaggeach
typically accounted for 10 — 20% of the observation period during incubation while
locomotion, resting and alarm behaviors each accounted for <10% of the observation
period (Figure 3.2). There were slight differences in the time pairs spéffiteirent
behaviors for the two study areas. For example, breeding pairs along thealticated
more time to vigilance, resting, and self-maintenance behaviors than thosésiBa&ul
(Table 3.3, Figure 3.2). There were no significant differences in attendiauece t
(F1,72=0.01,P=0.94) or percent of time allocated to each behavior between nest types
(Tables 3.3 and 3.4;F< 1.49,P > 0.23 for each). Clutch size was positively related to
alarm behaviors observed on nesting territoriesgf.46,P=0.02). For first and second
attempt nests (headstart and control), the correlation among all paiomgarsons of
behaviors during incubation was lové £r0.35 for all pairwise comparisons). Attendance
during incubation was positively related to nest success for all controlbaatsen sites

and years for first and second attempt nests,(8.16,P = 0.01). Attendance was
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higher at control nests for breeding pairs that hatehkahick (88.83 £ 10.64%)
compared to nests that failed (77.59 £ 11.95%). All other behaviors were not found to be
significantly related to nest success 44< 1.16,P > 0.29 for each behavior for headstart

nests; k50< 3.19,P > 0.09 for each behavior for control nests).

Chick-rearing

Surveys during the chick-rearing stage (n = 7 from control nests, n =9 from
headstart nests) were conducted 6 May — 7 July 2010 and 12 May — 7 July 2011 for first
attempt nests. An additional nine surveys were conducted for second attempt nests
(headstart nests only) between 10 June and 7 July 2010 and 8 June — 25 June 2011.
Approximately 44% (n = 24) of nests monitored between both breeding seasons that
hatched> 1 egg or had 1 chick returned as a headstart chick failed before a chick-
rearing survey could be conducted.

Combined attendance of both parents on the nesting territory during low-tide
periods ranged from 62.5% to 100% along the AICW during chick-rearing for first and
second attempt nests during the 2010 and 2011 breeding season (Figure 3.3). The mean
attendance for all breeding pairs along the AICW for both years was 90.4% = Th8%
percent of time breeding pairs were present on nesting territoriestaAJCW during
chick rearing (90%) appeared higher than attendance rates observed for huagding
during incubation along the AICW (82%; Tables 3.2 and 3.5). Vigilance and foraging
were the primary behaviors of breeding pairs during chick-rearing suovetye
waterway for both years (Figure 3.4). For chick-rearing from fitetatts (all nest
types) along the AICW, all pairwise comparisons in all cases were weaR.@5). For
chick-rearing first and second attempt in headstart nests along the Allainaise

comparisons in all cases were wedk(p.25).
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There was no significant difference in attendance rates between control and
headstart nests during chick-rearing (Table.R@pults from models run for first-attempt
nests only for each behavior during chick-rearing showed that chick age wifisangy
related to reproductive and locomotion behaviors (Table 3.7). Breeding pairs spent less
time in reproductive and locomotion behaviors on nesting territories as chicks aged,
although the relationship with chick age and reproductive behavior was nonlineae (Fig
3.5). The data suggest a clear negative relationship between chick age and reproductive
behavior through the first 8 days post hatch, but due to the lack of data in chicks >10 days
of age it is difficult to determine if the upward sweep in Figure 3.5 is real oritatof
the sampling methods. Additional data on older chicks would clarify these data. ¥ear w
significantly related to self-maintenance behaviar4E 8.65,P = 0.01). Brood success,
nest type, brood size and the interaction term fledge * year were not sighifiGay of
the models (F14< 3.89,P > 0.07 for each). In addition, there were no significant
relationships between attendance and any of the independent variableselda@sess
1.09,P > 0.31 for each).

The results in the final models of behaviors for first and second attempt nests
during chick-rearing for headstart nests indicated that independent vauradileling
chick age, chick ageand the interaction term fledge * year were significantly related to
behaviors (Table 3.8). Brood success was positively related to the amount of time
breeding pairs spent in alarm behavior = 6.85,P = 0.02). Breeding pairs that
fledged> 1 chick spent more time in alarm behavior (4.5 + 2.3%) compared to pairs that
did not fledge any chicks (2 + 1.8%). Chick age was significantly relategbtoductive
(F1,16= 7.32,P = 0.02) and foraging (Fs= 4.67,P = 0.05) behaviors. There was a clear
negative relationship between reproductive behavior and chick age but there was a non-

linear relationship between chick age and foraging behavior (Figure 3.6). The data
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suggest a positive relationship between chick age and foraging behavior throfigt the
8 days post hatch, but due to the lack of data in chicks >10 days of age it is difficult to
determine if the downward sweep in Figure 3.6 is real or an artifact ofrtipiisg
methods. Additional data on older chicks would clarify these data. There was also a
significant relationship in the final model between foraging behavior and #ragtibn

term brood success * year; (fz= 5.39,P = 0.04). Year, nest attempt and brood size were
not significantly related to any of the behaviorg < 1.66,P > 0.22). In addition, there
were no significant relationships between attendance and any of the independent

variables | assessed £F0.21,P > 0.65).

DISCUSSION

Parental attendance and behavior patterns can be used as a tool to inform
management decisions particularly if these data can be related to environragatdés
such as habitat type or reproductive variables such as nest or brood succes&nAmeric
Oystercatchers typically have a hatch success of ~40% and brood success of ~20%
(Davis et al. 2001; Sabine et al. 2006; Thibault 2008). Within the CRR, the rates of nest
success can vary within and between nesting areas and years and it has betdsugge
that some of that variability may be attributed to attendance (Thibault 2008; Thabault
al. 2010).

| found no effect of nest type (i.e., whether or not parents were assigned to
headstart or control nests) on parental attendance or any of the behaviordddec
during incubation or chick-rearing. These findings were significant becaunsgapart
of this study (Chapter 1) involved assessing the feasibility of headgtaithile the first
chapter reports the hatching and nest success of assigned headstart cangosnteol t

nests along the AICW and in Southwest Bulls Bay, this chapter provides evidence that
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parents do not alter attendance rates or behavior based on the use of agdEiat after
the release of headstarted chicks when compared to control nests (i.e., thosgwéh ori
eggs and naturally hatched chicks). These results further indicate thaigsille to
headstart eggs without disturbing the reproductive cycle, behavior or attenat@scenat
are typical during incubation and chick-rearing for American Oystereabreeding
pairs.

Active nests of ground nesting species such as oystercatchers yipaadlat least
one parent in attendance to reduce losses due to weather or predation (Morris 1987;
Burger and Gochfeld 1991). Research has demonstrated that predation and starvation can
be major contributors to nest failure in oystercatchers in the southeastefhitl. 5985;
Davis et al. 2001; Sabine et al. 2006). However, while parental attendance of nests
decreases the probability of an egg or chick being lost (Verboven et al. 20010aatte
at the nest site also can reduce the amount of food provisioned as the two behaviors are
often traded-off. | found that the majority (99%) of surveys conducted during the
incubation and chick-rearing stage had at least one adult present on the negbing terr
for the duration of the survey. Because predation appears to be common at olistercatc
nests in the CRR (Thibault 2008; also see Chapter 2 herein), behaviors during incubation
or chick rearing may be related to the vulnerability of the nest (Thompson anhBave
1987; Matrtin et al. 2000). Selection should favor nesting strategies and behaviors that
minimize the risk of predation (Smith et al. 2007).

The Skutch hypothesis predicts that nest predation increases with parewitgl acti

at the nest and that activity is positively related with clutch size (Skutch 1849). |
contrast, other studies investigating parental attendance during incubattoiotiad that
nests with lower attendance rates tend to suffer higher rates of egg loss (Gha@mgps

Raveling 1987; Samelius and Alisauskas 2001; Verboven et al. 2001; Smith et al. 2007).
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Egg hardiness (ability to tolerate extensive heating and cooling) of oyshecagys

could enable reduced parental activity at the nest site (Nol and Humphrey 1994;
McGowan and Simons 2006). In this study, clutch size only appeared to be positively
relatedto the amount of time adults spent in alarm behaviors and in particular attendance
was not related to clutch size. Nest success of American Oysteraagsitewithin the
Cape Romain Region does not appear to be negatively influenced by increasgdadictivit
breeding pairs on the nesting territory as the Skutch hypothesis predicthbut rat
enhanced by increased attendance rates of breeding pairs as other stediesrita
However, during my study all surveys were conducted during the daytime when
mammalian predation may be less prevalent and when parents may be less léahe
nests unattended due to heat stress. Further investigation on attendance rates of
oystercatchers at night would be useful to determine if breeding pairs makeraa)ts

to attendance rates when predation pressure is expected to be grealdsrarggs can

be left unattended without risk of damage from heat.

Environmental variables may influence parental behavior during incubation and
as such may help explain why nest success may vary among sites and years.
Oystercatcher breeding pairs typically coordinate contributions to iticolso that one
adult is always incubating the nest (Nol 1985). Because reproductive behavj@ai
classified behaviors) during the nesting stage primarily includes incubbatoamd little
difference in time allocated to reproductive behaviors between sites asdAka
breeding pairs allocated more time spent to self-maintenance, vigilaticest
behaviors, however, along the AICW compared to Southwest Bulls Bay. Smith et al.
(2007) found that behavior can be influenced by visibility on nesting locations. Optimal
territories for oystercatchers appear to be those where parents gandoncabe vigilant

simultaneously (Nol 1989). Parents not present on territories are presumaply awa
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foraging or at “loafing” sites (Burger and Gochfeld 1991). Bulls Bay may praadeng
habitat of a slightly higher quality compared to the AICW with respect to priyximi

food resources. For example, Thibault et al. 2010 found that the extent of shellfish reefs
(i.e. foraging areas) adjacent to nest sites was greater in Bulls Bagp@mhio AICW. It
appears, therefore, that if breeding pairs in Bulls Bay foraged on neaflsytliey may

have had less time to allocate towards comfort behaviors, such as selirarzceter

rest, compared to pairs on the waterway. Unknown activities appeared to be recorded
more frequently for Southwest Bulls Bay and this may have been due to vegetaton the
obscuring observation of adults.

Research has indicated that predation does not increase with parental activity
between nesting stages (Roper and Goldstein 1997; Martin et al. 2000). In this study,
attendance of breeding pairs during chick-rearing was not found to be sighyfica
related to the brood success. However, because of limited sample sizes, thal potenti
effect of study site during the chick-rearing stage could not be assegsexvidus study
within the CRR by Thibault et al. (2010) found that Southwest Bulls Bay had higher rate
of parental attendance for successful broods compared to failed broods while parental
attendance along the AICW was higher for failed broods compared to successful broods
Lower occurrences of nest failure caused by overwash and predation were thought to
contribute to reproductive success for this area (Thibault 2008). Comparing ateendanc
rates and brood success between the 2010 and 2011 breeding seasons | found that
breeding pairs attended nesting territories more during the 2011 season but éasledecr
brood success. Additional surveys within this area would need to be conducted during the
chick-rearing stage within these sites to determine whether or not therdat@ship

between attendance and brood success.
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Foraging efficiency in breeding oystercatchers may depend &trigzat on the
distance between foraging locations and the nest (Smith et al. 2007; Thibault et al. 2010)
Increased provisioning efforts to larger broods may alter foraging destas well as
changes in the type and size of prey delivered (Wright et al. 1998; Thibault 2008). To
feed chicks, one parent must be off territory while the other parent typidaihdatto
young (Nol 1985). During my study, brood size was not significantly related to
attendance or any of the behaviors | measured, including foraging (i.e.)lbose to
foraging on or adjacent to the nesting territory). The lack of significaneebetbrood
size and attendance or behaviors suggests that oystercatchers at thesgytsitestcan
provision broods of various sizes without altering attendance or behavior pattenks. Chi
age was significantly related to reproductive behavior (negative relan®comotion
behavior (negative relationship), and foraging behavior (positive relationsleggaRh
has found that cooperation by parents is most important during the first week post hatch
when energy requirements for chick growth and survival are maximal (M8k4;

Byrkjedal 1985; Roberts and Hatch 1993; Blanken and Nol 1998; Thibault 2008) but that
the requirements for parents to provision chicks often decrease as the chicksagseBe
reproductive behavior includes provisioning the chick and because locomotion may occur
more as adults are transferring food from the shoreline to chicks, it is not uteekbext
behaviors directly related to feeding chicks (locomotion and reproductive) would be
negatively related to chick age as | observed. In contrast, there appeared toitdeea pos
relationship between foraging and chick age for headstart pairs withniirsiegond

attempt nests during chick-rearing. Parents foraging on nesting tegitoay not

necessarily be foraging strictly to provision chicks but rather to replenelyestores.

Further study of parental behaviors during chick-rearing, particuladiieks age and

approach fledging, would be beneficial to determine if differences in behaviar occ
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between the two study areas and if these might be due to differences in laloitates
or proximity to food resources. However, this may not be possible if chick loss occurs
early on and is related to extrinsic factors such as predation or overwaslhathe
parental behavior and attendance. As the breeding season progresses, broodettendanc
may decline as there is more of an energetic risk of survival to adults gxtexyd brood
care too long (Rutherauff et al. 2009). However, | found no significant relationship
between the nesting attempt number and attendance or any other behavior during
incubation or chick-rearing. It may be useful to further investigate the effeesting
attempts on attendance and behavior in third and fourth nesting attempts that would likely
occur later in the breeding season. While there is documentation of attendasice rat
changing as the breeding season progresses, little research has beaeadonduc
investigating behavioral changes of breeding pairs as the season ggegres

| did not investigate sexual differences in parental care for pairs bethveéwo
study areas during these years but it is important to consider findings fienstidies
to explain individual differences in parental care. The incidence and extent oftinouba
and brood care can vary between individuals (McKinney and Brewer 1989; Heany and
Monaghan 1996; Fraser et al. 2002). Sexual differences in investment often take on
different forms and can occur at different times during the breeding sédsors(
1987). For example, both sexes may attend equally during incubation but unequal
attendance rates may still occur during chick rearing (Nol 1985, Wiggins and Morris
1986). In American Oystercatchers, Nol (1985) found that females tended to brood more
while males made more foraging trips during chick-rearing. | did not diffatent
between males from females during my surveys but future analyses thdéethc
documenting sexual roles may provide managers with additional data that could explai

some of the variability observed in reproductive success among sites and years
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Because the CRR supports the majority of breeding pairs of American
Oystercatchers in South Carolina (Sanders et al. 2008), understanding thegteiati
between environmental variables, parental behaviors, and nest and brood success in this
area is important for management. Such data can be used to further understand what, if
any, management actions can be taken to improve productivity. My data demonstrated
that headstarting may enhance nest success (see Chapter 2) and tredthsdravior and
attendance is not altered with the use of artificial eggs. Parental betmayiphowever,
be adjusted in response to other variables such as site characteristics sty oy
year. As such, management of American Oystercatchers should consider nogqiist di
causes of reproductive failure but also variability in behavioral attributearehts
during all phases of the breeding season. Additional research that measures adent
chick behavior during brood rearing for different nesting attempts betweéndlstes
(AICW and Bulls Bay) would enhance our understanding of the trade-off between

provisioning, foraging and vigilance.
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Table 3.1. Sample sizes of attendance and behavioral surveys conducted for
American Oystercatcher control and headstart nests during incubatin and
chick-rearing for first through fourth nesting attempts along the Atlantic
Intracoastal Waterway and Southwest Bulls Bay, Cape Romain Region, South
Carolina, 10 April — 7 July 2010 and 29 April — 7 July 2011.

Southwest Bulls Bay

Attempt  Attempt

1 2 3
Incubation 3 5 2"
(Control)
Incubation 12 8 0
(Headstart)
Chick-rearing 1 0 0
(Control)
Chick-rearing 2" 0 0
(Headstart)

Attempt

Attempt  Attempt
4 1
0 13
0 18
0 7
0 9

Atlantic Intracoastal Waterway

Attempt  Attempt  Attempt
2 3 4
5 5 1
14 1 0
0 1 1
9 0 0

" Indicates surveys that were excluded from analyses
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Figure 3.1. Frequency distribution of attendance rates for American Oystcatcher
parents nesting along the Atlantic Intracoastal Waterway (top) and Southwestls
Bay (bottom) during incubation surveys for first and second attempt nestsm the
Cape Romain Region, South Carolina, 2010 and 2011 breeding season.
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Table 3.2. Attendance rates of American Oystercatcher pairs during
the incubation stage for first and second attempt nests in each study
area within the Cape Romain Region of South Carolina during the
2010 and 2011 breeding season.

No. Total Time present

surveys survey on territory

Year Site conducted time (min) (%)
2010 Atlantic Intracoastal Waterway 32 4050 3336 (82)
Southwest Bulls Bay 13 1750 1350 (77)
2011 Atlantic Intracoastal Waterway 18 2194 1811 (83)
Southwest Bulls Bay 10 1390 1091 (78)
TOTAL Atlantic Intracoastal Waterway 50 6244 5147 (82)
Southwest Bulls Bay 23 3140 2441 (78)
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Figure 3.2. Behaviors of American Oystercatcher breeding pairs while atteling
nesting territories during incubation for first and second attemp nests within the
Cape Romain Region, South Carolina, 10 April — 7 July 2010 and 29 April — 7 July
2011. n = number of nests monitored.
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Table 3.3. Stepwise results from a backwards elimination procedure to assehe effects of various factors on
parental attendance and behaviors of American Oystercatchers during aubation for nests within the Cape
Romain Region, South Carolina, USA, 2010 and 2011. Models conducted separately for attmce and for
each behavioral category. Number refers to order in which variables were moved from each behavior model
during the backwards elimination (P>0.05). F statistic and P-values prested for any significant variables
remaining in final model.

Self-
Attendance Reproductive maintenance Locomotion Foraging Rest Vigilance Alarm
Nest type 4 3 7 3 7 4 5 4
F1,7§7-65 Fly7§9.80 Fly7§1385
Site 8 8 P=0.01 5 3 P=0.003  P=0.0004 7
Year 6 4 4 6 5 5 6 6
Nest age 3 5 6 4 4 6 4 3
Nesting attempt 7 6 5 8 6 7 3 2
Fly7§5.46
Clutch size 5 7 3 7 8 3 7 P=0.02
Site * attempt 2 1 1 1 1 2 2 1
Site * year 1 2 2 2 2 1 1 5
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Table 3.4. Percent time (mean £ SD) attending and engaged in specific
behaviors during incubation for American Oystercatcher pairs during
first and second nest attempts within the Cape Romain Region, South
Carolina, 2010-2011.

Behavior Headstart nests (%) Control nests (%)
Attendance 80.86 + 15.19 81.54 +12.80
Reproductive 46.71 £ 21.20 43.62 £ 21.65

Self-maintenance 10.71 £11.93 12.77 £10.21
Locomotion 6.35+4.14 7.15+5.56
Foraging 12.17 £ 11.37 10.46 £9.93
Rest 4.21 +7.07 4.80+6.75
Vigilance 11.10 £ 11.52 11.80+9.30
Alarm 2.29+4.39 2.77+4.34
Unknown 6.50 £ 15.79 6.84 +15.01
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Figure 3.3. Frequency distribution of attendance rates for American Oystcatcher
parents nesting along the Atlantic Intracoastal Waterway during chick-reamg
surveys for first and second attempt nests in the Cape Romain Region, South
Carolina, 2010 and 2011 breeding season.
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Table 3.5. Attendance rates of American Oystercatcher pairs during the otk-
rearing stage along the Atlantic Intracoastal Waterway within the Cape Romain
Region of South Carolina, 2010 and 2011.

No. Total Time present
surveys survey on territory
Year conducted time (%)
2010 15 1940 1723 (89)
2011 10 1186 1096 (92)
TOTAL 25 3126 2819 (90)
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Figure 3.4. Behaviors of American Oystercatcher breeding pairs while atteling
nesting territories during incubation for first and second attemp nests within the
Cape Romain Region, South Carolina, 10 April — 7 July 2010 and 29 April — 7 July
2011. n = number of nests monitored.
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Table 3.6. Percent time (mean £ SD) attending and engaged in specific
behaviors during incubation for American Oystercatcher pairs during
first and second nest attempts within the Cape Romain Region, South
Carolina, 2010-2011.

Behavior Headstart nests (%) Control nests (%)
Attendance 87.28 + 13.69 91.57 +7.57
Reproductive 15.11 +15.5 9.29 + 8.69
Self-maintenance 9.89 +4.40 5.71+1.50
Locomotion 9+6.46 15+14.14
Foraging 25.78 £13.37 26.86 £ 23.31
Rest 9+6.69 10 £16.13
Vigilance 27.22 +22.03 20.14 +11.39
Alarm 3.11+3.02 2.43+£1.99
Unknown 0.89+1.69 11 +£23.59
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Table 3.7. Stepwise results from a backwards elimination procedure to assehe effects of various factors
on parental attendance and behaviors of American Oystercatchers durindghick-rearing for first attempt
nests within the Cape Romain Region, South Carolina, USA, 2010 and 2011. Models conddcteparately
for attendance and for each behavioral category. Number refers to order in wbh variables were removed
from each behavior model during the backwards elimination (P>0.05). F stigtic and P-values presented
for any significant variables remaining in final model.

Self-
Attendance Reproductive maintenance Locomotion Foraging Rest Vigilance Alarm
Brood success 3 4 2 3 7 3 7 5
F1Yl4:8.65

Year 7 2 P=0.01 4 4 4 4 2
Nest type 5 3 4 6 3 5 3 4
Brood size 4 5 3 5 2 2 2 7

Fl,l3:7-60 F1’14:4.90
Chick age 6 P=0.01 6 P=0.04 6 7 6 6

Fl'13:6.94
Chick agé 2 P=0.02 5 2 5 6 5 3
Brood success 1 1 1 1 1 1 1 1

* year
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Figure 3.5. Relationship of chick age and locomotion (top) and chick age and
reproductive behavior (bottom) during chick-rearing for first- attempt American
Oystercatcher nests along the Atlantic Intracoastal Waterway in the Cape Rwain
Region, South Carolina, 2010 and 2011
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Table 3.8. Stepwise results from a backwards elimination procedure to assehe effects of various factors
on parental attendance and behaviors of American Oystercatchers duringhick-rearing for first and
second attempt headstart nests within the Cape Romain Region, Soutl@lina, USA, 2010 and 2011.
Models conducted separately for attendance and for each behavioral category. iNber refers to order in
which variables were removed from each behavior model during the backwds elimination (P>0.05).

F statistic and P-values presented for any significant variables remang in final model.

Self-
Attendance Reproductive maintenance Locomotion Foraging Rest Vigilance Alarm

Fl,l4:2-16 F1Y1§6.85
Brood success 2 P=0.16 3 P=0.02
F1’14:0.39
Year 5 P=0.54 5 2
Nest attempt 6 2 2 3
Brood size 4 1 4 4
Fl,le):7-32 F1Y15:4.67
Chick age P=0.02 4 P=0.05 5
F1’15:5.22
Chick agé 3 3 P=0.04 6
F1’14:5.39
Brood success 1 P=0.04 1 1

* year
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Figure 3.6. Relationship of chick age and reproductive behavior (top) and chickge
and foraging (bottom) during chick-rearing for first and second attempt leadstart
nests of American Oystercatcher nests along the Atlantic Intracoastal Wettway in
the Cape Romain Region, South Carolina, 2010 and 2011.
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CHAPTER IV
CONCLUSION

American Oystercatchers are long-lived shorebirds with variable arataalaf
reproductive success. Coastal development and disturbance due to humans as well as
predation of nests and overwash of nest sites are threats to this species during the
breeding season. | assessed the feasibility of using a headstarting tetheigju@nce
reproductive success of American Oystercatchers in a core portion dréiling range
in South Carolina. | also investigated attendance and behavioral allocation ohgreedi
pairs on nesting territories during the incubation and chick-rearing stage.

The second chapter of this thesis “Feasibility of Headstarting as arCatise
Tool for American Oystercatchers Within the Cape Romain Region of South Carolina
investigated the success of headstarted nests compared to control nestsudyhacesis
within the Cape Romain Region, as well as the hatch success and parental eeadptan
eggs and chicks artificially incubated. Apparent nest success was lagheatistarted
nests compared to control nests but brood success was lower for headstart campared t
control nests despite high rates of parental acceptance of headstartedAdthiokgh
incubator hatch success differed by year, these differences appearedi¢ctbe d
mechanical issues and settings with the incubator. The acceptance ravdydratehed
chicks by parents was high regardless of whether chicks were placed wrigiaal nest
or a foster nest. My data suggest that while headstarting improved nesssuetatively
low survival rates of chicks may still contribute to poor reproductive success.

Chapter three, “Attendance and Behavior of American Oystercatchert®ar
During the Breeding Season in the Cape Romain Region of South Carolina”, examined
the proportion of time that parent oystercatchers were present on the tesstiogy and

the proportion of behaviors exhibited during the low tide foraging period. Attendance and
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behavior rates did not vary between assigned headstart and control pairsrsy ¢jusst
the placement of artificial eggs or headstarted chicks at nests did not hdatesx
parental behavior. Parental attendance had a significant positive relatiortbhiest
success during incubation but was not related to brood success. Behaviors ofjbreedin
pairs varied by site during incubation and chick age during chick-rearing. éwiiti
chick-rearing surveys should be conducted between sites to assess anglpotenti
differences in parental behavior or attendance rates between the twasiiggtds
breeding stage.

Oystercatchers nesting in South Carolina appear to experience high nest loss
within the Cape Romain Region. Results from this study indicate that it is pdssible
headstart nests because a) eggs hatch successfully from the incubatoltsigaamtinue
to incubate artificial eggs; c) parents accept released headstartaftecksatch; and d)
parental behaviors do not change between nest types. Therefore, headstarbagn
effective conservation tool for overcoming productivity loss during incubation. Howeve
high rates of chick loss, as measured in my study, can reduce the usefulness of
headstarting. My results demonstrate that wildlife managers neediledlet
understanding of both nest and chick survival before deciding whether or not to

implement a headstarting program for American Oystercatchers.
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