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Winter Ecology of Piping Plovers at Oregon Inlet, North Carolina
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Abstract

 

.

 

—Humans may modify winter habitat of the imperiled Piping Plover (

 

Charadrius melodus

 

), yet pub-
lished accounts of the species’ winter ecology are rare. We studied Piping Plovers at Oregon Inlet, North Carolina
from December 2005 to March 2006. Plovers used a 20.1 km

 

2

 

 area (100% minimum convex polygon home range)
containing narrow barrier islands with ocean and sound-side beaches, and small shoals, dredged-material islands,
and marsh islands in shallow-water sounds. Plover activity was concentrated in twelve areas totaling 2.2 km

 

2

 

 (95%
fixed kernel home range). When plovers were on ocean beaches, they spent less time foraging (18%) than when
on Sound Island beaches (88%) and islands (83%, P = 0.003). Sound island use increased and beach use decreased
as the tide dropped (Logistic regression, P < 0.001). Plover use of dredged-material islands implied that habitat
managers can create or restore attractive foraging sites where habitat may be declining or limiting. Wintering hab-
itat management should aim to provide foraging opportunities during most of the day and across a range of tide
conditions and ensure that foraging habitat is close to roost sites. 
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Factors that affect distribution, abun-
dance and survival of the federally-threatened
Piping Plover (

 

Charadrius melodus

 

) on the win-
tering grounds are poorly understood. Pro-
tecting non-breeding plovers and their habi-
tat is a priority in the recovery plans for all
three North American breeding populations
(USFWS 1988, 1996, 2003), which mix on the
wintering grounds (Haig 

 

et al.

 

 2005). Much re-
search has focused on breeding plovers (re-
viewed in Haig and Elliot-Smith 2004). Dins-
more 

 

et al.

 

 (1998) documented a small popu-
lation of overwintering Piping Plovers in
North Carolina’s Outer Banks, but there have
been no other studies of winter populations
on the Atlantic Coast in 16 years (Nicholls and
Baldasarre 1990), during which the Atlantic
Coast breeding population more than dou-
bled (USFWS 2004). The Atlantic Coast
breeding population decreased slightly, how-
ever, from 2002-2005 (USFWS 2004, prelimi-
nary unpublished data). Similarly, the Great
Plains population declined from 1996-2001
(Haig 

 

et al.

 

 2005). Information on habitat and
survival in winter might help explain these de-
clines and help improve recovery strategies
for this species.

Wintering plovers on the Atlantic Coast
prefer wide beaches in the vicinity of inlets
(Nicholls and Baldassarre 1990; Wilkinson
and Spinks 1994). At inlets, foraging plovers
are associated with moist substrate features
such as intertidal flats, algal flats, and
ephemeral pools (Nicholls and Baldassarre
1990; Wilkinson and Spinks 1994; Dinsmore

 

et al.

 

 1998). Because tide and weather varia-
tion often cause plovers to move among hab-
itat patches, a complex of patches may be
important to local wintering populations
(Johnson and Baldassarre 1988; Drake 

 

et al.

 

2001). Given the affinity of plovers for inlet-
associated habitats, artificial closure of
storm-created inlets for protection of human
property could reduce local plover carrying
capacity. Furthermore, inlet stabilization
with rock jetties and channel dredging for
navigation alter the dynamics of sediment
transport and affect the location and move-
ment rate of barrier islands (Camfield and
Holmes 1995), which might in turn affect
the availability of plover habitat. Coastal en-
gineers, however, sometimes deposit
dredged sediment in low wave-energy bays or
sounds behind barrier islands (USACE
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2006), creating small islands with the poten-
tial to attract Piping Plovers (Federal Regis-
ter 2001).

We studied Piping Plover habitat use and
behavior in winter in a human-modified in-
let system. There has been little data on the
use of different habitat zones in the winter
that can be used in habitat conservation
planning. Portions of our study area were
designated as critical habitat for wintering
Piping Plovers (Federal Register 2001) until
2004, when a court decision vacated the des-
ignation of this unit and three others in Dare
and Hyde Counties, North Carolina (U.S.
District Court, District of Columbia Civil Ac-
tion no. 03-216: Cape Hatteras Access Preser-
vation Alliance vs. U.S. Dept. of the Interior,
344 F. Supp. 2d 108. 2004). The designation
was remanded to the U.S. Fish and Wildlife
Service (USFWS), which is currently recon-
sidering it (Federal Register 2006). Data

from our study will aid in understanding spa-
tial and temporal patterns of habitat use, and
habitat preferences. The results can be used
to plan critical habitat protection under the
Endangered Species Act, and to provide
guidelines for habitat management and cre-
ation under programs such as the U.S. Army
Corps of Engineers’ (USACE) “Beneficial
Uses of Dredge Materials” (USACE 2006).

 

S

 

TUDY

 

 A

 

REA

 

Plovers at Oregon Inlet (N 35°46.5’W, 75°32.1’),
Dare County, in the Outer Banks barrier island chain of
North Carolina (Fig. 1) were studied from 5 December
2005 to 23 March 2006, at the northern edge of the spe-
cies’ wintering range (Haig and Eliott-Smith 2004).
Monthly mean temperature during the study was 9.2°C.
The minimum temperature dropped below freezing in
10 d, approximately 9.4 d less than normal (NOAA
2006a). Total precipitation was 32.8 cm, 35% below nor-
mal (NOAA 2006a). Oregon Inlet Channel, a USACE-
maintained navigation channel, passed through Ore-
gon Inlet from the Atlantic Ocean in the east to Pamlico

Figure 1. Map of study area for Piping Plover winter ecology research, Oregon Inlet, North Carolina, 2005-2006.
Pea Island is the northern tip of Hatteras Island. Piping Plover minimum convex polygon (MCP) and 95% fixed
kernel home ranges and the extent of the habitat zones (ocean beach, sound beach, sound islands) recognized in
this study are depicted.
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Sound (average depth 4.6 m, Paerl 

 

et al.

 

 2001) and
Roanoke Sound (typical depth on nautical charts ap-
proximately 0.6 m) in the west. Bodie Island Spit, part
of Cape Hatteras National Seashore (CAHA), was a
2-km long peninsula that bounded Oregon Inlet to the
north, and ranged from 500-750 m wide. The ocean side
of the spit consisted of a sandy beach approximately
150 m wide that was frequented by recreational fisher-
man in off-road vehicles (ORVs). The Roanoke Sound
side of the spit consisted of grassy dunes interspersed
with storm-fed ephemeral pools and a 20-ha sand flat,
approximately two ha of which was intertidal and the
rest of which was algae-covered and overwashed only
during extreme high tides. Pea Island National Wildlife
Refuge (NWR) on Hatteras Island bounded Oregon In-
let to the south, and was approximately 500 m wide in
the study area. The ocean side of the island consisted of
a sandy beach approximately 150 m wide and was acces-
sible only by pedestrian traffic. The beach was backed by
a grassy dune ridge, behind which Highway 12 ran
through the barrier flats. The Pamlico Sound side of the
island consisted of salt marsh. The small islands within
Pamlico and Roanoke Sounds included Green Island (a
flood shoal owned by CAHA) and dredged-material is-
lands C, D, E, F, and G created by the USACE (Fig. 1).
Except for Island E, which last received dredged materi-
al in 1977 and was wholly intertidal, the Corps deposited
dredged material on these islands at least through the
mid-1990’s (U.S. Army Corps of Engineers, Wilmington
District, unpublished data). Dredged-material islands
had open or vegetated sand, salt marshes, tidal creeks,
and tidal flats. Plovers also used several unnamed tidal
marsh flats and mudflat/sandflat islands. The intertidal
portions of these named and unnamed islands ranged
from <1 ha to 9.6 ha. Due to the shallowness and size of
the sounds, tide heights and thus the exposure of
sound-side intertidal areas were much affected by wind
direction and speed (Pilkey 

 

et al.

 

 1998). Most tidal flat
exposure occurred during strong easterly winds.

M

 

ETHODS

 

Field Methods

All accessible Piping Plover habitat were surveyed
daily by boat, auto, or foot, scanning by spotting scope
and recording the number of Piping Plovers and any
band combinations seen. These scans were used to esti-
mate the size of the population, where the winter popu-
lation was considered to be the set of individuals that
used Oregon Inlet from December to March. Capture
of plovers was attempted from 4 December 2005 to 8
March 2006 using a combination of noose carpets
(Drake 

 

et al.

 

 2003) and bungee-propelled whoosh nets
(SpiderTech, Helsinki, Finland), under federal and
state threatened and endangered species and banding
permits, and National Park Service and National Wild-
life Refuge research permits. All captured birds were
uniquely marked with a color band on each tibiotarsus.
A 1.4 g radio transmitter (Model BD-2, Holohil Systems
Ltd., Ontario, Canada) was attached to the back be-
tween the scapulae using cyanoacrylate glue (DURO
Quick Gel® Henkel Consumer Adhesives, Inc., Avon,
OH). Seven individuals were captured, color-marked,
and radio-tagged between 5 December-10 February.
Mean radio retention was 17 ± 7 d (range 3-57 d). Dur-
ing the daily surveys, radio-marked birds were tracked

with three-element handheld Yagi antennae and an ATS
receiver (ATS, Isanti, MN). Attempts were made to lo-
cate each marked bird daily between dawn and dusk,
and where time allowed twice/d during two different
tidal stages. An average of 7.5 h/d (range 1.25-11.33 h/
d) was spent surveying the plover population and
searching for radio-tagged birds. Short survey days re-
sulted from inclement weather or the need to spend
time trapping. The surveys typically began in the morn-
ing (

 

x

 

– = 08.05 h, range 04.00-13.10 h) and ended in
mid-afternoon (

 

x

 

– = 15.32 h, range 08.23-19.00 h). An
average of 90% (SE = 3.8, range 33-100%) of the tagged
plovers were relocated each day (N = 52 d where tagged
birds were available and tracked).

An attempt was made to sample the behavior of all
marked birds each day, and if possible twice/d during
different tidal stages. When a marked plover was located
it was observed through a spotting scope for five min.
Foraging attempts (pecks at the substrate) were count-
ed continuously and behavior (foraging, resting/preen-
ing/standing alert, intra-specific aggression, flying,
other) every 10 s. Behavior of shorebirds is tide-depen-
dant (Burger 

 

et al.

 

 1977), so it was ensured that different
tidal stages within each cover type were sampled to
avoid biasing the results.

To estimate foraging habitat availability, the intertid-
al zone (ITZ, 5-8 contours over a tidal range of 30-50
horizontal m) was contour-mapped in plover foraging
habitat, including barrier island ocean beach, barrier is-
land sound beach, and five of the sound islands that
contained 68/94 (72%) of the sound island plover
sightings, by walking along the water’s edge at various
tide heights carrying a GPS unit (GeoXT, Trimble, Mi-
ami, FL). The contours were differentially-corrected us-
ing base station data and Pathfinder software (Trimble,
Miami, Florida), then the area exposed at each tidal
stage was calcualted in a GIS (ArcGIS 9.1, ESRI, Red-
lands, CA). Tide tables (NOAA 2005, NOAA 2006c)
were used for stations near each of the mapped sites to
calculate the predicted tidal height at the time each of
the contours was mapped, with the predictions adjusted
for the difference between predicted (lunar) height
and verified (wind-driven) height available in six-min
resolution from the Oregon Inlet Marina NOAA tide
station (NOAA 2006b). Simple linear regression was
used to model area of ITZ exposed as a function of esti-
mated tide height. The resultant regression equations
were used to predict exposed ITZ area in three habitat
zones (ocean beach, sound beach, sound islands) at the
time of every plover location, considering the sum of
the areas at the five sound islands mapped to be an in-
dex of ITZ availability for all sound islands.

Data Analysis

 

Home Range

 

. All radio-tagged Piping Plovers in the
Oregon Inlet population were observed in a single flock
on 27/38 survey d in which 

 

≥

 

2 tagged plovers were in
the population, indicating that the birds tended to
move as a flock. All plover locations were therefore
pooled and a home range for the flock calculated, dis-
regarding sightings that were closer than one h apart. If
two tagged plovers were in the same group at the same
time, one of them was randomly chosen for inclusion in
the sample. A 100% minimum convex polygon (MCP)
home range and a 95% fixed kernel home range were
calculated using HRT: Home Range Tools (Rodgers 

 

et
al.

 

 2005) in ArcGIS 9.1 (ESRI, Redlands, California) af-
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ter eliminating duplicate X,Y coordinates. The smooth-
ing factor (h) was calculated using Least-Squares Cross
Validation (Seaman and Powell 1996) and standardized
variances for the X and Y coordinates (Silverman 1986).

 

Habitat Use and Availability

 

. All plover habitats used
fell into one of three habitat zones: ocean beach (barri-
er islands), sound beach (barrier islands), and sound is-
land (dredged material, shoal, and other marsh and
mudflat/sandflat islands, Fig. 1). Discrete-choice (mul-
tinomial) logistic regression (McFadden 1974) was used
to model habitat zone use (the probability of the flock
occupying a particular zone) as a function of the index
of sound island ITZ exposed. Use was categorized as 1 =
ocean beach, 2 = sound beach, 3 = sound islands each
time a radio-tagged bird was located. Since this analysis
was performed for the flock rather than for individual
birds, one tagged bird was randomly chosen for the
analysis if two or more birds were observed together, us-
ing only observations that were at least one h apart. To
check the validity of pooling the birds, an individual
bird effect was tested using a repeated measures logistic
regression model, which found that it did not fit better
than the model with individuals pooled (AIC

 

c

 

 for re-
peated measures model = 380.2, for pooled model =
381.1, where a difference <2 indicates neither model is
better than the other, Burnham and Anderson 2002).
By using radio-telemetry to locate the flocks, the need to
consider detection bias that can affect inferences about
presence (Nichols 

 

et al.

 

 2000) was minimized. The fit of
the model was assessed by examining the deviance/de-
grees of freedom (df) and the Pearson 

 

χ

 

2

 

/df (Hosmer
and Lemeshow 1989). Values close to 1.0 indicated
good fit. If either measure was >1.0, the larger was used
as a scale factor for the covariance matrix, to reduce bias
in our standard error estimates.

 

Behavior

 

. Foraging rates among the three habitat
zones were compared using repeated measures ANOVA
with first-order temporal autocorrelation (Proc Mixed,
SAS Institute, Cary, NC), where the birds were the sub-
jects. Mean % time in different behaviors for each bird
within each habitat zone was calculated. The median of
these mean activity budgets was compared among habi-
tat zones using multi-response permutation procedure
for blocked data (MRBP) in Blossom (Cade and Rich-
ards 2001), where the blocks were individual birds. The
MEDQ procedure in Blossom was used to produce the
multivariate median coordinate (MMC) of the activity
budgets within each habitat zone. The MMC is a mea-
sure of location that takes into account the non-inde-
pendence of the response variables (Cade and Richards
2001), which were % time in behavioral categories in
this case. If the overall test of a difference among habitat
zones was significant, the MRBP analysis was performed
on each pair of habitat zones (

 

α

 

 = 0.05/3 habitat zones
categories = 0.016). MRBP was then used on each behav-
ioral category separately to determine which ones dif-
fered among habitat zones (

 

α

 

 = 0.05/5 behavior
categories = 0.01).

 

R

 

ESULTS

 

Population Size and Survival

A minimum total population size of elev-
en birds was estimated in the region of Ore-
gon Inlet. This was the maximum counted in

one flock, was the maximum observed on
daily counts from 1 January-23 March, and
was the count in 11/82 daily surveys. All
marked plovers were known to be alive on 4
March. Three were observed on 23 March,
the final survey day.

 

Home Range

 

. The MCP home range size
for the population was 20.1 km

 

2

 

 (Fig. 1). The
95% fixed kernel home range size was 2.2
km

 

2

 

 (Fig. 1) and included twelve islands and
beaches.

 

Habitat Use and Availability

 

. The Pearson

 

χ

 

2

 

/df for the discrete choice logistic model
was 1.3, indicating some overdispersion, so

 

√

 

1.3 was used as a scale factor for the covari-
ance matrix. Probability of the flock being
present on the sound islands increased and
probability of use of sound and ocean beach-
es decreased with increasing exposure of the
intertidal area of the sound islands (Fig. 2).
Piping Plovers were more likely to use sound
islands than the ocean beach (Wald’s 

 

χ

 

2
1

 

 =
12.7, 

 

P

 

 < 0.001) and the sound beach (Wald’s

 

χ

 

2
1

 

 = 16.7, 

 

P

 

 < 0.001), as the Sound Islands
became exposed, but were equally likely to
use the sound and ocean beaches (Wald’s c

 

2
1

 

= 1.9, 

 

P

 

 = 0.164). In the early stages of the
falling tide, the sound and ocean beach ITZ
emerged while the sound island ITZ re-
mained mostly submerged; as the tide
dropped further the sound island ITZ
emerged rapidly (Fig. 3).

 

Behavior

 

. Mean foraging rate was higher
in the sound islands than the ocean beach,

Figure 2. Piping Plover % use (points) and predicted %
use from a discrete-choice logistic regression model
(lines) of sound islands, sound beach, and ocean beach
as a function of estimated area of sound island intertid-
al zone (ITZ) exposed. Global significance test for mod-
el fit: Wald’s χ2

2 = 24.0, P < 0.001, N = 197 observations
of tagged birds.
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while foraging rate in the sound beach was
similar to that of both of the other habitat
zones (Table 1). Plovers spent more time
standing (resting/preening/alert) and less
time foraging when on ocean beaches than
when on the sound beach and the sound is-
lands (Table 2). When on the ocean beach,
the flock was more often found on Pea Is-
land south of the inlet (44/46 locations,
96%) than on Bodie Island north of the inlet
(2/46 locations, 4%, 

 

χ

 

2
1

 

 = 38.3, 

 

P

 

 < 0.001).
The southern roosting area was 1.8 km from
the sound beach foraging site and 3.8 km
from the most often used sound island, while
the northern roosting area was 0.4 km from

the sound beach foraging site and 1.8 km
from the most often used sound island.

D

 

ISCUSSION

 

Piping Plover habitat use at Oregon Inlet
was strongly influenced by tidal stage. When
water levels were low, exposing the intertidal
areas of the sound islands, plovers preferred
sound islands over both the ocean and
sound sides of the barrier islands. Piping Plo-
vers in Alabama also preferred sand flat is-
lands at low water levels (Zivojnivich and Bal-
dassarre 1987). Other studies have shown
that where wintering shorebird habitat avail-
ability depends on the tide, habitat selection
is a function of safety at roost sites (Rogers 

 

et
al.

 

 2006), foraging habitat quality (Burger 

 

et
al.

 

 1977; Smith and Nol 2000; van Gils 

 

et al.

 

2006), and the distances between roosts and
foraging areas (Dias 

 

et al.

 

 2006; van Gils 

 

et al.

 

2006). Although our results are in accord
with and extend other findings, replication
of our study with more flocks in different
parts of the winter range would lend greater
support to our inferences.

Wintering birds with small home ranges
containing safe roosts and abundant prey
should experience low commuting costs, and
would be expected to have high survival, as
was demonstrated for Piping Plovers winter-
ing in Texas which had 100% survival (mean
home range size 12.6 ± 3.3 km

 

2

 

, Drake 

 

et al.

 

2001). Although the home range of Piping
Plovers in our study area was only 1.6 times
greater than was observed in Texas, and we
likewise observed no mortality, the popula-
tion size in our study area, as estimated by
maximum count, was very small. This was de-
spite the fact that foraging rates in our study
area were similar to those observed in Texas
(range of means within different cover types
7.0-16.2 attempts/min, Zonick 2000) where
population sizes are much larger. The low
population size at Oregon Inlet may have
been a function of our study area being at the
edge of the species’ range (Dougall 

 

et al.

 

2005; Voisin 

 

et al.

 

 2005). However, anthropo-
genic factors such as human disturbance that
might diminish carrying capacity (Goss-Cus-
tard 

 

et al.

 

 1996) need to be assessed before

Fig. 3. Correlations (r) between predicted exposed area
a) sound and ocean beach ITZ, b) sound island and
sound beach ITZ, and c) sound island and ocean beach
ITZ. Data derived from National Oceanic and Atmo-
spheric Administration tide stations and our tide line
contour maps. In the bottom two figures, untrans-
formed data is depicted but the data were log-trans-
formed before correlation calculation, to linearize the
relationships.
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conclusions about ecological correlates of
population size at Oregon Inlet can be drawn.

Intense human disturbance in shorebird
winter habitat can be functionally equivalent
to habitat loss if the disturbance prevents
birds from using an area (Goss-Custard 

 

et al.

 

1996), and can lead to roost abandonment
and local population decline (Burton 

 

et al.

 

1996). In our study Piping Plovers common-
ly roosted on the ocean beach south of Ore-
gon Inlet and rarely roosted on the ocean
beach north of the inlet, despite the fact that
the southern beach was 2.1 and 4.5 times far-
ther than the two most frequently-used for-
aging sites. The northern beach was used by
ORVs while the southern beach had only
limited pedestrian traffic. Controlled man-

agement experiments could determine if
recreational disturbance drives roost site se-
lection at Oregon Inlet, and if control of dis-
turbance might lead to increased use of the
northern beach as a roost area.

The temporal lag in ITZ exposure
among sites at Oregon Inlet meant that plo-
vers had foraging opportunities during most
of the tidal cycle. Without the sound islands,
good foraging habitat might have become
scarce at low water levels on some days, be-
cause the sound beach ITZ dried out at low
tide when the wind was easterly, and dry in-
tertidal zone may not be profitable (Burger

 

et al.

 

 1977). The ability of plovers to find
food during much of the day can be impor-
tant for survival of the energetically-demand-

 

Table 1. Foraging rates (attempts/min) of Piping Plovers in the vicinity of Oregon Inlet, North Carolina, December
2005-March 2006.

 

Habitat Area

Least-square
Lower

95% CL
Upper

95% CLN

 

a

 

x

 

– SE

Ocean beach 5 8.14 Bb 1.70 4.29 11.99
Sound beach 6 12.45 AB 0.95 10.30 14.61
Sound islands 7 15.57 A 0.66 14.08 17.60
Roadside poolc 1 12.37 — — —

aN = number of birds. Foraging rate of each bird was subsampled several times (range = 1-11 for ocean beach,
1-34 for sound beach, 13-36 for sound islands).

bMeans with the same capital letter are not significantly different (Repeated measures ANOVA, F2,9 = 10.21, P =
0.005, pairwise comparisons calculated with Tukey’s test on least-squares means).

cOne marked bird was observed seven times foraging at an ephemeral pool beside Highway 12 within Pea Island
NWR. Not included in ANOVA.

Table 2. Multivariate median activity budgets of Piping Plovers in the vicinity of Oregon Inlet, North Carolina, De-
cember 2005-March 2006.

Behavior

 Median Proportion of Time Spenta

STSb POcean beach Sound beach Sound islands

Foraging 0.11 0.88 0.82 -7.23 <0.001
Resting/Preening/Alert 0.82 0.07 0.10 -7.40 <0.001
Intraspecific aggression 0.01 0.00 0.00 0.94 0.863
Flying 0.01 0.01 0.02 -0.21 0.340
Other 0.03 0.02 0.05 0.76 0.763
All -5.24c <0.001

aMultivariate median coordinates (MMC) from the MRBP, N = 6 mean activity budgets (one bird was not ob-
served on the sound beach and had to be dropped from MRBP); number of observations from which means were
calculated = 158 on sound islands, 74 on sound beach, 64 on ocean beach).

bSTS = Standardized test statistic (Pearson Type III) of the MRBP analysis.
cSTS for the overall test of similarity of activity budgets among habitat zones. The MRBP analysis was conducted

for each pair of habitat zones (α = 0.016). The sound beach and sound islands did not differ (STS = 1.61. P = 0.942),
and the ocean beach was different than both the sound beach (STS = -2.61, P = 0.016) and the sound islands (STS
= -3.18, P = 0.009).
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ing winter period (Pienkowski 1982). Most
of the sound islands used by plovers were ar-
tificially created by the USACE, suggesting
that constructed sand flats can successfully
mitigate habitat loss due to other beach and
inlet management activities or recreational
disturbance, and may be useful in habitat
restoration projects in general. Plovers used
engineered islands in which the most recent
sand deposition ranged from 28 years to <
ten years, suggesting that restoration efforts
could have short- and long-term benefits.
The roost-foraging site distances we ob-
served suggest that foraging habitat created
as far as 6.5 km from a roost could benefit
Piping Plovers. The USACE’s “Beneficial Us-
es of Dredged Material” program provides
one avenue for creation of wildlife habitat
using sediment dredged during navigation
projects (Yozzo et al. 2004; USACE 2006). In
addition, recent collaboration between the
Corps and the bird conservation community
has significantly raised awareness of the im-
portance for the Corps to consider bird hab-
itat needs during coastal engineering
projects (Guilfoyle et al. 2006, 2007).
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