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EXECUTIVE SUMMARY 
 
 Natural communities in coastal regions are under increasing pressure from 
human use, introduced predators, and habitat change.  The American Oystercatcher 
Haematopus palliatus is a useful focal species to study the effect of rapid anthropogenic 
change on coastal ecosystems.  American Oystercatchers are long-lived shorebirds that 
breed from Maine to Florida and are closely tied to intertidal ecosystems throughout the 
year.  Recent evidence of population declines in several states is raising concern over 
the status of their populations.   
 Our research objectives were: (1) understand the factors affecting American 
Oystercatcher breeding success in North Carolina, (2) develop population models that 
incorporate human and natural influences on population trajectories, and (3) understand 
migration and dispersal using mark-recapture methods.   
 Nest survival monitoring began on Cape Lookout in 1995 and quickly expanded 
to include all of Cape Lookout and Cape Hatteras National Seashores.  Nests were 
located and monitored by NCSU grad students and NPS field staff.  Nest survival was 
highly variable, but overall survival was low (0.246 SE 0.011).  Raccoons and other 
mammalian predators were the primary cause of nest failure, accounting for 54% of 
identified failures.  Overwash and drifting sand accounted for an additional 29% of 
identified failures.  Human disturbance directly caused only 3% of identified failures, but 
disturbance increased the risk of nest loss to predators.  In 2005 we initiated a three 
year study of Oystercatcher chick behavior and survival using radio telemetry.  We 
found that Oystercatcher chicks move extensively and use the entire beach and dune 
system.  Daily movements of 500 meters were common.  This behavior often placed 
them at risk from vehicles on the beach, and several chicks were killed by vehicles 
during the course of the study.  Since 1999, 47% of chicks in full beach closures on 
Cape Hatteras survived to fledging, while 27% survived when vehicles were allowed on 
nesting territories.  Chicks in full beach closures used the beach and intertidal zone 
more than chicks on beaches with vehicles, and spent less time hiding in the dunes.  
Cats and ghost crabs were identified as important predators during the nestling stage.   

Hurricanes are also a significant factor affecting reproductive success.  Hurricane 
Isabel altered the landscape of the Outer Banks, flattening dunes and creating 
overwash flats.  Nesting success increased by 400% on North Core Banks of Cape 
Lookout National Seashore the year after Hurricane Isabel made landfall.  The storm 
improved nesting habitat and appeared to reduce mammalian predator populations on 
islands in the direct path of the storm.  The islands of Cape Hatteras National Seashore 
did not see the same sustained increase in nesting success, possibly because much of 
the new habitat was lost to road reconstruction and the larger islands provided better 
refuge for predators.  We analyzed the effect of the storm on North Core and South 
Core Banks on Cape Lookout National Seashore.  For each study island, we compared 
alternative models in an information theoretic framework to identify those that best 
explained the changes in nest survival and the temporal extent of any hurricane effect.  
The ecological effects of the hurricane varied between islands.  Both islands 
experienced extensive habitat change during the storm, but nest survival only increased 
on the island where predator activity declined.  When predator activity was high or low 
there was no observed effect of habitat on nest survival.  At intermediate predator levels 
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nests on open flats survived at a higher rate than nests on dunes and beaches.  
Periodic years with elevated nest survival can help compensate for low annual 
productivity and may be important for the growth and stability of Oystercatcher 
populations.    
 We developed a set of demographic models for the American Oystercatcher 
(Haematopus palliatus) population in North Carolina to assess the effects of periodic 
hurricanes on population growth.  Nesting success, which averaged 20%, increased to 
80% on Cape Lookout National Seashore after a category two hurricane crossed the 
island in 2003.  We constructed a baseline population model without hurricane effects 
and two alternative parameter sets (10 and 15 year hurricane events) based on 
hurricane strike probabilities for North Carolina counties.  Model parameters (survival, 
fecundity, age of first breeding), were estimated from mark-recapture data, a twelve 
year breeding study, and the literature.  The baseline model had the lowest population 
growth rate (ɚ = 0.984) with an average population decline of 54% over 50 years.  The 
15 year hurricane model limited population decline (ɚ = 0.999) with an average 
decrease of 4.6% over 50 years.  When hurricane frequency increased to 10 years, the 
Oystercatcher population increased by 31.7%, ɚ = 1.006.  Only in the most optimistic 
scenario (hurricane renewal event every 10 years) did the population increase.  Our 
predictions are consistent with the overall decline in Oystercatchers pairs observed on 
Cape Hatteras and Cape Lookout National Seashores in the past decade.  
Oystercatcher pairs have declined 16% at Cape Lookout and 42% at Cape Hatteras 
since 1999.  Our results show that hurricane frequency affects population growth and 
suggest that the life history attributes of American Oystercatchers may have been 
shaped by periodic hurricanes which improve habitat, and reduce predator populations.   
 We have banded 366 individually color-marked American Oystercatchers in 
North Carolina since 1999.  Through resightings of individually marked birds we 
estimated an annual adult survival rate of 92% and an age of first breeding of 
approximately 4 years.  Working in cooperation with other researchers and volunteers 
we have identified wintering sites for these banded birds from South Florida to Virginia.  
Oystercatchers with a breeding or natal site in North Carolina disperse in winter from 
Virginia to Florida.  We found that 32% of the North Carolina Oystercatchers that were 
resighted in North Carolina for the winter, 2% were observed wintering in Virginia, and 
the remainder split up among South Carolina, Georgia, and the Gulf Coast of Florida.   
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INTRODUCTION 

American Oystercatchers (Haematopus palliatus) are large, conspicuous 

shorebirds that are strictly tied to the coastal zone throughout the year.  Unlike many 

shorebirds that breed in the Arctic and migrate to coastal regions in the winter, 

Oystercatchers breed along the Atlantic Coast from Cape Cod to Florida, and along the 

Gulf Coast from Florida to Mexico.  The winter range extends from central New Jersey 

south through the Gulf of Mexico.  An aerial survey of the speciesô winter range resulted 

in a population estimate of 10971 individuals (+/-298), with 7500-8000 wintering on the 

Atlantic Coast (Brown et al 2005).  The survey estimated a winter population of 

Oystercatchers in North Carolina at 647 birds.  A 2007 breeding season survey 

estimated North Carolinaôs summer population at 717 individuals, with 339 breeding 

pairs (Cameron and Allen 2007).   

American Oystercatchers are listed in both Georgia and Florida as ñthreatenedò, 

and as a ñspecies of special concernò in North Carolina (North Carolina Wildlife 

Resources Commission 2008).  The US Shorebird Conservation Plan lists American 

Oystercatchers as a high priority species (Brown et al 2001), in part because of 

significant threats from development and heavy recreational use of coastal breeding 

habitats.   

Human population density in the United States is highest in coastal regions.  The 

rate of population growth is expected to increase substantially, particularly in the 

southeastern states (Crossett et al 2004).  As more humans inhabit the coastal zone, 

recreational use of beaches, salt marshes, and waterways will continue to rise as well.  

Many visitors to the coast seek out undeveloped beaches.  As coastal islands and 
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beaches are developed, more visitors are concentrated onto the remaining undeveloped 

areas.  Coastal development, recreational activity, and altered predator communities 

have substantially reduced the amount of suitable nesting and foraging habitat for 

beach nesting birds in North Carolina.  Roads and artificial dunes along nesting 

beaches can limit access to sound-side marshes and flats that are important foraging 

habitats for beach nesting species like Piping Plovers (Charadrius melodus) and 

American Oystercatchers.  Nesting and roosting sites can also be lost when jetties and 

revetments alter the normal process of longshore transport of sand and accelerate 

erosion of adjacent beaches.   

A study of breeding American Oystercatchers was initiated on South Core Banks, 

Cape Lookout National Seashore in 1995 to document nesting success (Novick 1996).  

Subsequent research expanded the study area to include all nesting Oystercatcher 

pairs on Cape Lookout and Cape Hatteras National Seashores and expanded the scope 

of the work to investigate survival, fidelity, movement, disturbance and depredation.  

This report summarizes the Oystercatcher monitoring and research data from 1995 to 

2008 on Cape Hatteras and Cape Lookout, as well as data from islands in the Cape 

Fear area managed by North Carolina Audubon.   

Like many long-lived species, Oystercatcher reproductive rates tend to be highly 

variable but generally low (Evans 1991).  Thus, the species is unable to recover quickly 

from population declines.  These traits make it difficult to assess the status of a 

population because populations can persist for many years, even if reproductive 

success is low.  Recent surveys indicate that populations in the Mid-Atlantic States are 

declining (Mawhinney and Bennedict 1999, Nol et al 2000, Davis et al 2001).  The 
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breeding population of Virginiaôs barrier islands, a historical stronghold for 

Oystercatchers, fell from 619 breeding pairs in 1979 to 255 breeding pairs in 1998 

(Davis et al 2001).  A 2004 survey that covered the same region estimated the 

population at 302 breeding pairs (Wilke et al 2005).  This survey also covered lagoon 

and marsh habitat and found an additional 223 pairs.  These results suggest 

populations may be moving into non-traditional habitats, and they highlight the need for 

additional surveys in marsh and upland habitats not normally associated to 

Oystercatchers.  During the period of apparent decline in the mid-Atlantic, the species 

expanded its breeding range into the northeastern United States (Davis 1999, 

Mawhinney and Bennedict 1999, Nol et al 2000, Davis et al 2001).  Understanding the 

causes of local, regional, and continental population trends will require region-wide 

studies of the speciesô population structure and demographics.   

The objectives of our research are:  

I) Understand the factors affecting the reproductive success of 

American Oystercatchers in North Carolina.   

II) Develop models of population dynamics that incorporate the 

effects of humans, predators, and environmental conditions on 

population trends.   

III) Understand patterns of adult migration and juvenile dispersal 

through a large scale mark-recapture study.   
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STUDY SITES 

We are currently monitoring American Oystercatcher productivity at several 

locations in North Carolina in cooperation with staff from the National Park Service and 

the National Audubon Society.  Cape Lookout and Cape Hatteras National Seashores 

(Figure 0.1) comprise over 160 km of barrier island habitats that support a population of 

approximately 90 breeding pairs.  The National Audubon Society manages several 

islands in the Cape Fear region (Figure 0.1) that provide habitat for an additional 32 

pairs of breeding Oystercatchers.  Ferry Slip and South Pelican Islands are dredge-spoil 

islands at the mouth of the Cape Fear River where large colonies of Royal Terns 

(Sterna maxima), Sandwich Terns (Sterna sandvicensis) and Laughing Gulls (Larus 

atricilla) nest.  A third island, Battery, is a natural island that has been armored with 

large sand bags to prevent erosion and over wash.  Battery Island is the site of a large 

wading bird colony comprised of White Ibis (Eudocimus albus), Great Egrets (Ardea 

alba), Snowy Egrets (Egretta thula) and Great Blue Herons (Ardea herodius).  It is also 

host to substantial population of breeding fish crows (Corvus ossifragus).  Oystercatcher 

nesting densities on these islands are much higher than those found on the barrier 

islands of the Outer Banks.  In 2003 the Audubon Society began monitoring nesting 

success on Lea and Hutaff Islands in Pender County North Carolina.  Lea and Hutaff 

are barrier islands similar to the islands in the national seashores, but they are privately 

owned and public recreation is limited.  The islands recently joined when Topsail Inlet 

closed to form one island 8 km long (McGowan et al 2005a).   
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Figure 0.1.  American Oystercatcher study sites in North Carolina.   
 

SECTION 1 ï FACTORS AFFECTING AMERICAN OYSTERCATCHER NEST 

SURVIVAL 

A study of breeding American Oystercatchers was initiated on South Core Banks, 

Cape Lookout National Seashore in 1995 to document nesting success (Novick 1996).  

The scope of the original study has expanded to include all of the islands of Cape 

Lookout and Cape Hatteras National Seashores.  The study of Oystercatcher breeding 

success further expanded in the state in 2002 and 2003 when the North Carolina 

Audubon Society initiated nest monitoring on dredge spoil islands at the mouth of the 
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Cape Fear River, and on Lea and Hutaff Islands.  Although the undeveloped barrier 

islands that comprise the National Seashores were thought to be ideal breeding habitat 

for American Oystercatchers, nest survival was much lower than expected.  Novick 

(1996) attributed low hatching rates to human disturbance.  Davis (1999) continued the 

work on Cape Lookout and used nest monitoring and predator tracking stations to 

determine the causes of nest failure.  Davis determined that a majority of nests were 

lost to mammalian predators.  Subsequent studies in North Carolina have supported the 

conclusion that mammals are the primary nest predators, but they also suggested an 

interaction between human disturbance and nest predation rates (McGowan 2004, 

McGowan and Simons 2006).  McGowan and Simons (2006) found an inverse 

relationship between the number of visits an Oystercatcher made to the nest and the 

nest survival rate, suggesting that more disturbed nests are more likely to be found by 

predators.   

 
METHODS 

Surveys of breeding Oystercatchers on the Outer Banks began in early April 

each year.  Nests were located by walking or slowly driving along the barrier beach and 

back-road system.  When an adult Oystercatcher was located, observers watched for 

behavioral cues that indicated the bird had a nest.  Although nesting Oystercatchers do 

not usually employ ñbroken-wingò distraction displays typical of smaller shorebirds, they 

do exhibit easily identifiable behaviors such as false incubating and alarm calling.  

When breeding behavior was observed, scrapes were found by following the tracks of 

the adult birds, or by systematic searches.  Once located, nests were marked with a 

small wooden stick placed near the nest, or by using adjacent natural landmarks like 
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driftwood, shells, etc. as a reference.  The location of each nest was recorded with a 

handheld GPS.  Nests were checked every 1-4 days until hatching or failure.  We made 

every effort to minimize disturbance and reduce the effect of our observations on 

nesting success.  If a bird is seen incubating from a distance, the nest was considered 

active and it was only checked to determine if the chicks had hatched.  We avoided 

walking directly to nest sites, and spent a minimal amount of time in the vicinity of the 

nest to minimize cues for predators.  If a nest failed, we attempted to determine the 

cause of failure by searching the area for signs of predators, overwash, or other sources 

of nest failure.  For example, when a storm event washes out a nest, the nest scrape is 

usually gone and the debris line is evident above the nestôs original location.  

Unfortunately, such evidence does not last long on a barrier beach, so it was not always 

possible to determine the causes of nest failure.   

Previous analyses compared estimates of apparent nesting success using the 

binomial proportion of successful nests to failed nests, with Mayfield nest survival 

estimates (Mayfield 1961, 1975, Davis, 1999, McGowan 2004).  As expected, these 

results showed that apparent nest success overestimated survival because of nests that 

failed and were never found.  We have reevaluated the nest survival database using the 

nest survival module in Program Mark (White and Burnham 1999).  This method is 

similar to the Mayfield method in that a daily survival rate is calculated from nest 

observation days and thus accounts for missed nests.  Program Mark uses a maximum 

likelihood method to estimate the nest failure date when the time between nest checks 

is greater than 1 day, and it allows for modeling covariates to explain variations in nest 

success and the comparison of alternative models using Akaikeôs Information Criteria 



 15 

 

(AIC) (Akaike 1973, Burnham and Anderson 2002).  The average incubation period for 

Oystercatcher nests is 27 days (Nol and Humphrey 1994).  To obtain nest survival 

probabilities we raised estimates of daily survival rates (DSR) to the 27th power.  For the 

purposes of these analyses we assumed no within-habitat heterogeneity in survival 

probabilities throughout the incubation period.  In future work we may be able to test this 

assumption by calculating the age of nests when they are found, and modeling survival 

trends across the incubation and nesting periods.  Here, we report on 1581 nests 

monitored from 1995-2008.  We used 1381 nests in the Program Mark analysis 

because data for some nests were not collected in a manner consistent with this format.   

 
RESULTS 

 
Overall observed hatching success from the beginning of egg laying through 

hatching for all years was 0.288 (SE 0.011), and ranged among sites and years from 

0.0 to 1.00 (Appendix 1).  The adjusted Program Mark estimate for daily nest survival 

was 0.949 (SE 0.002).  The probability of a nest surviving to hatching was 0.95027 = 

0.246 (SE 0.011), which means that an estimated 24.6% of all nests survived to 

hatching.   

  Hatching success was highly variable among years and locations.  Model results 

showed that nest survival rates were different among study sites.  We evaluated two 

models in Program Mark to compare overall nest survival rates from Cape Lookout, 

Cape Hatteras and the Cape Fear region.  The first model used a separate parameter 

for each site while the second model combined all sites.  The delta AIC for the separate 

model was 50 points lower than the combined model, indicating that there are 

differences among the sites.  In addition, the confidence intervals of the nest survival 
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rates for the three sites did not overlap, indicating significant differences in nest survival.  

(Table 1.1).  Nests on Cape Lookout National Seashore had the lowest overall daily 

survival rate, followed by Cape Hatteras.  The study sites in the Cape Fear estuary had 

the highest overall daily survival rate.   

Table 1.1.  American Oystercatcher nest survival rates for study sites in North Carolina.   

Site Nest Survival (SE) 95% CI Nests 

Cape Lookout (1997-2008) 0.181 (0.012) 0.158-0.205 1057 

Cape Hatteras (1999-2008) 0.341 (0.024) 0.295-0.387 449 

Cape Fear (2002-2003) 0.463 (0.046) 0.371-0.550 113 

 
Mammalian depredation was the major identifiable cause of nest failure at our 

study sites from 1995-2008, accounting for approximately 54% of identified nest failures 

(Figure 1.1).  Over-wash and other weather related causes accounted for 29% of 

identified failures.  The remaining identified failures (17%) were caused by human 

activity, avian predators, ghost crabs, or unknown reasons (Figure 1.1).  Human activity 

was defined as a human action directly leading to nest failure, such as physical 

destruction of the eggs, and did not include indirect effects of disturbance.  We could 

not identify the causes of failure for 52% of failed nests.  The sources of nest mortality 

were similar on Cape Hatteras and Cape Lookout, but the relative proportion of nests 

lost to each source varied between year and location (Figure 1.2 and 1.3), 
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Figure 1.1.  Sources of American Oystercatcher nest failure on the Outer Banks of 
North Carolina from 1998-2008 where cause of failure could be determined (N=481).  
Cause of failure could not be determined for 49% of nest failures (N=464).   
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Figure 1.2.  Nest fates for American Oystercatcher nests on Cape Hatteras National 
Seashore from 1999 to 2008.  Column segments represent the number of nests in each 
outcome category.   
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Figure 1.3.  Nest fates for American Oystercatcher nests on Cape Lookout National 
Seashore from 1998 to 2008.  Column segments represent the number of nests in each 
outcome category.   
 

Oystercatcher pairs initiated between one and five nests per season (1.55, SE 

0.01) with an average of 2.35 eggs/nesting attempt (0.01).  A nesting attempt was 

defined as a nest with at least one egg.  Pre-nesting scrapes were not considered 

nesting attempts.  The number of nesting attempts per pair for a given area was 

dependent on the nest survival rate.  When a nest failed, Oystercatcher pairs waited 9-

14 days before initiating a second clutch.  If a nest hatched successfully pairs did not re-

nest unless the chicks were lost while still very young (<7 days).  Oystercatcher pairs 

routinely made two or three nesting attempts per season, with a maximum of five 

attempts recorded in a single season.  The average number of clutches per pair was 

logarithmically related to overall nest survival (y = -0.375Ln(x) + 1.0873, Figure 1.4).   
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Figure 1.4.  The number of nesting attempts per pair as a function of nest survival on 
Cape Lookout and Cape Hatteras National Seashores.   

 

DISCUSSION 

Of all the Oystercatcher nests we monitored from 1995 to 2008, 28.8% survived 

to hatching.  This binomial calculation is a simple and unrealistic model for estimating 

nesting success.  The Program Mark nest survival module accounts for nests that are 

never found, or nests that fail before they are found.  The Program Mark estimate for 

daily nest survival was 0.949 (SE 0.002).  The probability of a nest surviving to hatching 

was 0.95027 = 0.246 (SE 0.011), which means that an estimated 24.6% of all nests 

survived to hatching.  The entire 95% confidence interval for the Program Mark estimate 

of nest survival to hatching is lower than the observed hatching success rate.  This 

means that the binomial success rate is biased high because it only considers nests 

that are found and monitored by observers.  Whenever possible we used the adjusted 

nest survival estimate to compare between sites and years.   
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Nest survival and the sources of nest mortality varied between year and location 

(Figure 1.2 and 1.3), but overall nest survival in both parks was strongly affected by 

mammalian predators and storm overwash.  Mammalian predators were the primary 

source of nest failure.  Human actions that affect predator populations or the ability of 

predators to locate nests will have the greatest effect on nest survival.  McGowan and 

Simons (2006) found that nests that were frequently disturbed were more likely to be 

depredated.  Frequent disturbance may make the nest more visible to avian predators 

and increase the number of scent trails leading to the nest.  On Hatteras Island, Cape 

Hatteras National Seashore, the nest survival rate fell from 0.272 (SE 0.048) in the 

period 1999ï2001 to 0.030 (SE 0.023) in 2002, after foxes colonized the island.  

Predator control measures were initiated in 2003 and the nest survival rate increased to 

0.506 (SE 0.050) from 2003-2008.  On Cape Lookout National Seashore, the proportion 

of nests positively identified as lost to predators dropped from 0.31 to 0.10 after 

Hurricane Isabel flooded the island in September 2003, and apparently reduced 

predator populations (Section 3, Schulte and Simons, in revision).  It is important to 

draw a distinction between breeding season storms and overwash and post-breeding 

storm events.  Breeding season storms can result in significant nest loss as nests are 

flooded out or sanded over.  A strong storm at the wrong time of year can eliminate 

most of the active nests, which sets back the reproductive cycle by 2-6 weeks.  

Hurricanes and strong winter storms do not directly affect nest success because they 

usually occur outside of the breeding season.  These storms can have beneficial effects 

as they create new nesting habitat and may reduce predators.   

We were not able to observe the causes of most nest failures directly.  We relied 
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on indirect evidence, such as eggshell fragments, or predator tracks, to infer the causes 

of nest failures.  Nests reported as undetermined generally represent nests where wind 

or rain erased any clues of the causes of failure.  We believe that the vast majority of 

our unidentified failures are a result of nest predators.  Storm losses were usually easy 

to identify as the tide line following the storm was often evident above the level of the 

nest, or the nests were completely sanded over.  Identification of different nest 

predators was much more difficult.  Avian predators can leave little or no sign at the 

nest, and the tracks of mammals such as raccoons and cats are quickly blown away.  

Even during calm weather, predator tracks were often obscured by Oystercatcher tracks 

as the pair returned and walked around the nest scrape after a predation event.  The 

difficulty of identifying different sources of failure suggests that storm losses may be 

over-represented in our estimates of identified nest failures (Figure 1.1).  It is also 

possible that avian predators are under-represented in these estimates because these 

predators often leave little evidence.  Losses from avian predators usually result in 

clutch reductions as often only a single egg is taken.  Most nest failures occur overnight 

with the loss of an entire clutch of eggs, suggesting mammalian depredation.   

 
SECTION 2 ï BEHAVIOR AND SURVIVAL OF OYSTERCATCHER CHICKS 

Although a considerable amount of research has been conducted on nesting 

American Oystercatchers, relatively few studies have focused on chick survival.  The 

sources and timing of mortality are very difficult to determine for precocial shorebird 

chicks (Nol 1989; Ens et al 1992).  Chicks often leave the nest within a few hours of 

hatching, after which they are cryptic and highly mobile.  When chicks are lost to 

predators, exposure, or other factors, it is usually impossible to determine the cause of 
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death.  Because many breeding attempts fail at this stage, several recent studies have 

stressed the need for a better understanding of the factors affecting chick mortality 

(Davis et al 2001, McGowan et al 2005a).  In 2004 we initiated a study of American 

Oystercatcher chick behavior on Cape Hatteras National Seashore.  Relatively little was 

known about how Oystercatcher broods used their habitat and responded to human 

activity.  Anecdotal observations suggested that breeding adult Oystercatchers altered 

their behavior in the presence of humans and vehicles by hiding their chicks in the 

dunes and keeping them off the beach.  The objectives of this study were to identify 

patterns of chick behavior and habitat use, quantify the effects of vehicles on 

Oystercatcher chick behavior, and compare the effects of two management actions (full 

versus partial beach closures).   

In 2005, 2006 and 2007 we used radio telemetry to track Oystercatcher chicks on 

Hatteras Island, Cape Hatteras National Seashore, and North Core Banks, Cape 

Lookout National Seashore to identify the timing and sources of chick mortality.  This 

section examines factors affecting the survival of Oystercatcher nests and chicks in 

North Carolina from 1997 through 2008.   

METHODS 

When a nest hatched, the young were observed every 1-4 days until fledging, or 

until all the chicks died or disappeared.  With careful monitoring it was possible to 

determine annual breeding success, or the number of chicks fledged per pair, per year, 

although it was not always possible to determine the cause or exact timing of chick 

mortality.  Adult Oystercatchers exhibit markedly different behavior patterns when they 

have chicks.  They are much more aggressive toward intruders, and they give distinct 
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alarms calls.  It was generally possible to determine whether a pair of adult birds had 

chicks by observing adult behavior, even if we could not locate the chicks.  In most 

cases chicks were located by observing adults from a distance using a spotting scope, 

and occasionally a portable blind.  On the rare occasion that a chick was found dead, 

we attempted to determine the cause of death.  We calculated overall breeding success 

or productivity by dividing the number of chicks that survived to fledging by the number 

of breeding pairs for each year for each location.   

We documented habitat use and behavior of Oystercatcher broods on Cape 

Hatteras National Seashore from 2004 to 2007 using behavioral observations.  We did 

not have the option of experimentally manipulating the disturbance level or closed/open 

status of the beach (see Simons and Tarr 2008), so this was strictly an observational 

study.  We conducted observations in hour-long intervals, taking instantaneous behavior 

and location information at two minute intervals.  Broods were observed through scopes 

from a distance where observer presence did not affect the birdôs behavior.  Locations 

were designated as; below the tide line, open beach, and dunes/grass.  Behavior was 

designated as: resting, foraging (chicks searching for food), locomotion, feeding 

(parents bringing food for their chicks), and out of sight.  Behavior watches continued if 

the birds went out of sight as long as we could still determine the habitat type.  This 

prevented a negative bias for dune/grass habitats where the birds are less visible.  We 

observed chicks of all ages from hatching through fledging at all times of day and 

stages of the tide.  We were not able to conduct behavior watches at night, but we did 

periodically check on the location of broods at night to document habitat use.  

Observation windows were randomly assigned to active Oystercatcher broods 
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throughout the nesting season.   

From 2005 to 2007 we radio tagged a total of 121 chicks on Hatteras Island, 

Cape Hatteras National Seashore, and North Core Banks, Cape Lookout National 

Seashore.  Chicks were radio tagged as soon as they were mobile, usually within 24-48 

hours of hatching.  We attached ATS A2420 transmitters (1.3 grams) to the scapular 

region of the chick using surgical grade skin glue (Figure 2.1).  Chicks were checked 

every 24 hours for the first week, and every 1-3 days thereafter.  Transmitter range was 

400-1000 meters depending on terrain.  When a chick died, we tried to locate the 

remains and determine the cause of death.  In 2005 and 2006 we exchanged the ATS 

transmitters for larger PD2 model transmitters from Holohil Systems when the chicks 

reached four weeks of age.  These transmitters were designed to last at least six 

months and were attached to a permanent leg band (Figure 2.2).   

 
 
Figure 2.1.  Recently hatched American Oystercatcher chicks.  Lower chick is wearing 
a radio transmitter.   
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Figure 2.2 Juvenile American Oystercatcher with color bands (J7) and a leg band radio 
transmitter.  Note antenna extending from the transmitter on the bird's left leg.   
 

RESULTS 

Chick survival was estimated from 859 chicks hatched from 439 successful nests 

in North Carolina from 1997 to 2008.  Average chick survival was 0.360 (SE 0.016), but 

survival varied among sites and years (Figure 2.3 and 2.4).  Despite high hatching 

success for the Cape Fear River nests in 2002 and 2003 (0.443, SE 0.049, Appendix 1), 

the survival of the chicks after hatching was very low (0.206, SE 0.049).  Lea and Hutaff 

Islands (barrier islands) had very high nest (0.617 SE 0.133) and chick (0.391 SE 

0.102) survival in 2003.  Data for nests on the Cape Fear River and Lea and Hutaff 

islands in subsequent years were not available.   



 26 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

S
u

rv
iv

a
l 

ra
te

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

C
h

ic
k
s
/p

a
ir

Nest survival

Chick survival

Chicks/pair

 
Figure 2.3.  Breeding success of American Oystercatchers on Cape Lookout National 
Seashore from 1999 to 2008.  Error bars represent one standard error.   
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Figure 2.4.  Breeding success of American Oystercatchers on Cape Hatteras National 
Seashore from 1999 to 2008.  Error bars represent one standard error.   
 

Immediately after Hurricane Isabel (fall 2003), chick survival increased on Cape 

Lookout from an average of 0.165 (SE 0.026) to 0.523 (SE 0.054), possibly because of 

reduced predation on some islands and increased foraging opportunities.  In 2007 and 

2008 chick survival on Cape Lookout increased again to 0.662 (0.058) after the Park 
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Service closed to driving sections of the beach with Oystercatcher chicks.  On Cape 

Hatteras From 1999 to 2009, chick survival in full beach closures was 0.482 (SE 0.056), 

while survival was 0.236 (SE 0.038) when the beach had an open lane for vehicles and 

pedestrians (Figure 2.5).   
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Figure 2.5.  Chick survival by closure type on Cape Hatteras National Seashore from 
1999-2008 (N = 291 chicks).  Error bars represent one standard error.   
 

Sources of chick mortality were determined from the radio telemetry study.  One 

hundred and twenty-one chicks were tracked from hatching to fledging or death.  Chick 

predators included Great Horned Owls (Bubo virginianus), Fish Crows (Corvus 

ossifragus), Feral Cats (Felis catus), Raccoons, (Procyon lotor), American Mink 

(Mustela vison), and Ghost Crabs (Ocypode quadrata) (Figure 2.6).  Human activity 

(vehicle collisions and disturbance) was directly responsible for 16% of known chick 

mortality.  Several chicks died of exposure during storm events shortly after hatching.  

The majority of chick mortality occurred in the first week after hatching, but there was 

also a smaller spike in mortality around fledging at 30-40 days (Figure 2.7).  We were 

unable to determine the cause of mortality in 51% of the cases (N=39).  Typically this 
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was because both the chick and transmitter had disappeared.   
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Figure 2.6.  Identified sources of pre-fledging American Oystercatcher chick mortality at 
Cape Hatteras and Cape Lookout National Seashores from 2005-2007 (N=37).  Source 
of mortality could not be determined for 51% of chick deaths (N=39 chicks).   
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Figure 2.7.  The Kaplan-Meier survival curve for pre-fledging American Oystercatcher 
chicks on Cape Hatteras and Cape Lookout National Seashores from 2005 through 
2007 (N=121 chicks).   
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After fledging, radio-marked chicks were tracked daily until mid-August, when 

field personnel were no longer available.  No fledgling mortality was documented during 

this time.  Survey flights in late August and early September in 2005 and 2006 covered 

the Outer Banks from Nags Head to Morehead City.  The oldest chicks began to 

migrate out of the study area by the end of August, but several still remained at their 

natal sites on the last survey flight on September.   

We conducted 160 hours of behavioral observation of chicks on Cape Hatteras 

National Seashore over four years (2004-2007).  Over 90% of the observations were of 

chicks in full-beach closures because most of the locations where chicks hatched were 

subsequently closed under Park Service policy.  Chicks in full beach closures spent 

43% of their in the dunes, 36% on the upper beach, and the remaining 21% at or below 

the high tide line (Figure 2.8).  Chicks with partial beach closures spent 74% of the time 

in the dunes and 26% of the time on the open beach.  Some behavioral differences 

were evident as well.  Chicks in full beach closures spent more time resting and 

foraging and less time out of sight, due to less time spent in the dunes, (Figure 2.9).  

Chicks in partial closures often ran back and forth from the beach to the dunes in 

response to vehicles, humans and dogs.  Oystercatchers with chicks showed a stronger 

reaction to humans with dogs than to humans alone.  We did not document any dog-

related mortality, but dogs were observed chasing adult Oystercatchers on several 

occasions.  Adults begin to bring their chicks to the waterline to forage within 24 hours 

of hatching.  Broods ranged up and down the beach from their nest sites, often moving 

500 meters or more each day.  This pattern continued throughout the chick-rearing 

stage.  Night observations of chicks invariably found the broods on the open beach or 
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below the tide line on both open and closed sections of beach.  During the day chicks 

spent most of their time hiding in the dunes, particularly in areas open to vehicles.  

Parents always brought their chicks to the beach around sunset.  We observed 

Oystercatchers of all ages that became disoriented by bright (vehicle?) lights at night 

and walked, ran, or flew toward the light source.  We observed adult Oystercatchers on 

open sections of the beach became disoriented by headlights and abandoned thier 

chicks until the vehicles had passed.  In most cases adults returned quickly to their 

chicks, but in at least one case the adults were kept away by multiple vehicles passing, 

which resulted in the deaths of their young chicks, presumably due to exposure or lack 

of food.   

 

Figure 2.8.  Habitat use by American Oystercatcher chicks on Cape Hatteras National 
Seashore in full and partial beach closures (2004-2007).150.5 observation hours in full 
closures, 12 observation hours in partial closures 
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Figure 2.9.  American Oystercatcher chick behavior in full and partial beach closures on 
Cape Hatteras National Seashore (2004-2007).150.5 observation hours in full closures, 
12 observation hours in partial closures 
 

We estimated total productivity as the number of chicks fledged per nesting pair, 

from 1036 pairs and 1581 clutches monitored between 1995 and 2008.  Productivity 

was highly variable among years and among locations (Appendix 1).  A total of 320 

chicks fledged from all study sites between 1995 and 2008.  On average, 0.309 (SE 

0.020) chicks fledged per nesting pair.  Total productivity (P) is a function of nest 

survival (SN), chick survival (SC), chicks hatched per successful nest (HC), and total 

nests per breeding pair.  As we have seen, the number of nests per pair is a function of 

nest survival (Figure 1.4), so the equation for productivity can be written as: 

Equation 1:   SN * SC * HC * (-0.04139(LN SN) + 1.1099) = P 

This equation is useful because it allows us to separate the components of 

overall productivity and therefore to predict the effect of a change at each stage of the 

nesting season.   
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DISCUSSION 

Estimates of fledging success and sources of mortality are difficult to obtain for 

cryptic, highly mobile Oystercatcher chicks.  The radio tagging study revealed the 

relative importance of different predators.  Unsurprisingly, feral cats were found to be 

important predators.  Avian predators and ghost crabs played a larger role than 

previously known.  Both Great Horned Owls and Fish Crows were identified as chick 

predators.  Chicks were most vulnerable during the first week after hatching when they 

are most susceptible to exposure and ghost crab depredation.   

Radio tracking also provided new insights about chick behavior.  Very young 

chicks are highly mobile, much more so than previously believed.  Movement between 

the dunes and the waterline places young chicks at considerable risk from vehicle 

traffic.  We regularly observed chicks hiding in vehicle tracks in response to adult alarm 

calls and also observed chicks, and even some adults, running or flying directly at the 

headlights of oncoming vehicles at night.  This study highlighted the difficulty of 

documenting the mortality of young Oystercatcher chicks.  Without radio telemetry 

keeping track of broods can be difficult, and locating dead chicks is almost impossible.  

Even with radio tags we were only able to identify the source of mortality about 50% of 

the time.  Many chicks simply disappeared from one day to the next.  We suspect that 

predators carried these chicks out of range of our receivers or the remains washed 

away if they died below the high tide line.   

Prior to our telemetry study, sources of chick mortality were not well known, but 

they included starvation, exposure, and vehicle traffic.  Mortality from vehicles was first 

documented in 1995, when three chicks on Cape Hatteras were found crushed in 
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vehicle tracks.   Shortly after we initiated the radio tracking study in 2005, we 

documented the mortality of a brood of two-day old chicks that were run over by an ATV 

on North Core Banks.  We radio-tagged the recently hatched brood at the nest on June 

16 2005.  That same evening the chicks were relocated hiding in seaweed at the tide 

line with the adult pair.  The following morning we tracked the transmitter signals to a 

nearby location and found two of the chicks crushed in a fresh ATV tire track, just above 

the high tide line (Figure 2.10).  

 

Figure 2.10.  Radio-marked Oystercatcher chicks crushed by a vehicle June 16 2005, 
Cape Lookout National Seashore.   
 

On 23 May 2006 two three-day old chicks near Hatteras inlet on Cape Hatteras 

National Seashore died of exposure and depredation after their parents were disturbed 

by vehicle traffic after dark.  The parents brought the chicks down to the tide-line at 

sunset and were subsequently disoriented and frightened off by vehicle headlights.  

One of the chicks was found the next morning nearly dead of hypothermia, while the 

other had been killed by a ghost crab.  In 2007 one radio tagged chick on Cape 

Hatteras was run over by a Turtle Patrol ATV.  The driver of the ATV was trained to 

watch for chicks on the beach, and still missed seeing the chick.  These incidents 

highlight the vulnerability of shorebird chicks to vehicle traffic.   


