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(ABSTRACT)

We studied piping plovers (Charadrius melodus Ord) on Assateague Island Nationa!
Seashore, Maryland, during the 1988-1990 breeding seasons. The estimated
breeding population declined from 25 pairs in 1988 to 14 pairs in 1990. Nest predation
by red foxes (Vulpes vulpes) was high. Predator exclosures constructed around
individual nests did not increase nest survival. Chick survival was higher in bay
beach and island interior brood-rearing habitats than on the ocean beach. Our
evidence supports the hypothesis that the availability of adequate food is driving the
differences in survival observed among brood-rearing habitats. Chicks raised on the
bay beach or island interior weighed more, had higher foraging rates, and spent a
greater proportion of their time foraging than chicks reared on the ocean beach.
Indices of invertebrate prey abundance indicated that insects were more abundant
on the bay beach and island interior than on the ocean beach. Disturbance did not
differ among brood-rearing habitats. Human disturbance was higher in 1990 than in
previous years. Overall productivity was 0.71 chicks fledged/breeding pair, well
below our estimate of the productivity needed to deter a population decline.
Management efforts should focus on reducing nest predation and maintaining

overwash access paths to high quality brood-rearing habitat.
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INTRODUCTION

The piping plover (Charadrius melodus Ord) is a small shorebird endemic to
North America. Its breeding distribution is limited to three geographical regions: the
Atlantic Coast from Newfoundland south to North Carolina, the Great Lakes, and the
northern Great Plains. Populations winter in the Bahamas and the West Indies, and
along the shores of the southern Atlantic Coast and the Gulf of Mexico, (Bent 1929,
Sidle 1985, Haig and Oring 1985, 1988c). In 1973, because of a decline in the breeding
population, the species was placed on the Audubon Society’s Blue List (Arbib
1972-1979, Tate 1981, Tate and Tate 1982, Tate 1986). In 1986, it was protected under
the Endangered Species Act, and classified as endangered in the Great Lakes region
and threatened throughout the rest of its range (Sidle 1985). The population decline
has been attributed to loss of breeding habitat and poor reproductive success (Dyer
et al. 1988). Predation, human disturbance, and habitat loss from beach development
and stabilization are thought to be responsible for the decline (Wilcox 1959, Arbib
1978, Via 1979, Cairns and Mclaren 1980, Raithel 1983, Flemming et al. 1988, Williams
et al. 1988, Patterson et al. 1991). Reproductive success has been low in some cases
even when human disturbance was minimal. The reasons for low reproduction are

poorly understood, but nest predation (Haig 1985, Ailes 1988, Cross 1989, Maclvor
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1990, Patterson et al. 1991) and low chick survival (Cairns 1977, Flemming 1984,
Patterson et al. 1991) are thought to play a role.

Assateague Island National Seashore (AINS) is the northern portion of a barrier
island off the coast of Maryland. Patterson (1988, pers. commun.) and this study
observed plovers rearing their broods in three types of habitat: the bay beach, the
island interior along the margin of the vegetation, and the ocean beach. Patterson
et al. (1991) reported that survival rates of chicks raised on the ocean beach were
significantly lower than those of chicks raised on the bay beach. There are (at least)
3 hypothetical explanations for this difference: 1) differential predation pressures
may lead to higher survival rates on bay beaches, 2) higher disturbance rates on
ocean beaches may reéult in more time spent vigilant or crouching and less time
spent foraging, leading to lower survival, and 3) poor food supplies on the ocean
beach may result in the starvation or weakening of young, leading to lower survival
(Patterson et al. 1991). The goal of this study was to evaluate these hypotheses on
Assateague Island National Seashore, with special focus on the food availability
hypothesis. Additionally, we continued to provide baseline population monitoring on

Assateague Island National Seashore.
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OBJECTIVES

My objectives were to 1) esﬁmate the population size and the number of
breeding pairs on the Maryland portion of Assateague Island, 2) estimate
reproductive success, both with and without predator exclosures, 3) identify and
evaluate factors limiting piping plover productivity, 4) examine the importance of
foraging habitat, 5) estimate survival rates of banded plovers, 6) use these survival
estimates to model the population, and 7) estimate the reproductive output needed

for a stable population.

STUDY AREA

Assateague Island is a 59-km-long barrier island off the coasts of Maryland and
Virginia. The Virginia portion is Chincoteague National Wildlife Refuge (NWR),
administrated by the U. S. Fish and Wildlife Service (USFWS). The Maryland portion
of the island is administered by the National Park Service (NPS) as Assateague Island
National Seashore (AINS). The NPS also oversees recreational use on Chincoteague
NWR. My work was restricted to the Maryland portion of the island.

Patterson et al. (1991) found piping plover breeding distribution on Assateague

Island to be restricted to 3 distinct areas; the hook, the wild beach/wash flats, and the
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northern 8 km of the island (Figure 1). The first two areas are on Chincoteague NWR
while the third made up the majority of my study area.

The northern portion of AINS has a relatively wide, flat beach and few small
(<1m high) broken dunes. Open beach width (berm, See Table 1 for definitions)
ranged from 140 to 380 meters, but the island is less than 300 m wide in some places
(Patterson 1988). Large flat areas are occasionally overwashed by winter storms,
creating vegetation-free pathways that piping plover broods use when moving from
the ocean side to the bay side of the island. The only large dune system in the
northern 8 km is restricted to the northernmost 1 km and the elevation seldom
exceeds 3 meters. These dunes are composed of dredge spoi! material deposited
by the U. S. Army Corps‘ of Engineers in 1962 (Buckley and Psuty 1986).

Ocean beach vegetation is nonexistent. Sand, shells, pebbles, and very small
cobble make up the wide ocean beach, which can extend nearly to Sinepuxent Bay
at times. Salt meadows, marshes and mud flats are common bay side features.

Shrubby vegetation regularly grows along the bay side water’s edge (Figure 2).

Human Activity

Human activity was concentrated south of the study area on AINS. State and
federal campgrounds operated throughout the breeding season. Off-Road-Vehicle
(ORV) use was restricted to the southern 20 km of the National Seashore (Maryland)

at a maximum density of 12 vehicles per 1.6 km of beach. The northern 8 km of AINS
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was restricted to foot or boat access only, with the exception of Park Service and
research vehicles (Figure 1). A hike-in campground was located approximately 700
m north of the southern study area boundary (Figure 2) and received frequent use

(0-20 campers/night during June-August).

Tides

| calculated the 1988 - 1990 tides for the northern end of Assateague Island
National Seashore (U. S. Department of Commerce 1988a, 1989a, 1990a), using the
Ocean City (Isle of Wight Bay) adjustments for the tabled Sandy Hook values. | used
these corrections as they provided the closest estimate to tidal fluctuations on the
bay side of the northern 8 km of the island. Calculated high tides lagged 11 minutes,
at most, behind actual ocean beach high tides. Tides on the Off Road Vehicle (ORV)
section of the island lag approximately 15 minutes behind the tabled tides for the
north end (extrapolated from U. S. Dept. of Commerce 1988a, 1989a, 1990a).

Maximum tidal range was 0.57 meters during neap tides and 1.43 m during
spring tides. Actual tidal ranges and heights observed, however, occasionally varied
from the tabled values because of local weather patterns (mostly wind; Defant 1958,

pers. obs.).
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Methods for Location Assignment

To keep track of effort expended in various areas, | divided the northern 8 km
of the island into 16 habitat blocks. Each block was 500 meters north to south and
extended over the width of the island. Each block was further divided into five 100-m
strips (Figure 3). Locations in each parallel band were identified further by the habitat
type of each location (Ocean tidal zone, berm, mud flat, etc., Table 2). | divided the
ORV zone, located south of the NPS developed zone, in a similar manner. See
Appendix A for more details.

| clustered habitat blocks into 3 groups: the northern section of the northern 8
km (blocks 1-8), the southern section of the northern 8 km (blocks 9-16) and the ORV
section (blocks 21-33). This was necessary because only one section could be
practically surveyed during a given day for some surveys. | will refer to these 3

sections throughout.

Weather

Weather data were collected by NPS personnel at the AINS campground ranger
station (U. S. Dept. Commerce 1988b, 1989b, 1990b). Average daily temperatures
ranged from 7.9 °C to 25.0 °C. Temperatures were relatively cool in March and April,

rose dramatically in May, and stabilized by June. June, July and August all had
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mean daily temperatures above 20 °C. Monthly rainfall during the course of the study

ranged from 2.7 cm to 16.9 cm (Table 3).
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Chapter 1. SURVEYS OF FORAGING HABITAT

BEFORE NESTING

Piping plovers arrive on the breeding grounds more than a month prior to nest
initiation (Patterson 1988, pers. obs.). During this period, plovers initiate courtship,
territory selection, and foraging in preparation for the breeding season (Cairns 1982,
Ricklefs 1974). In 1990, we attempted to assess the use of tidal foraging areas by
plovers prior to the initiation of nesting to accomplish a number of objectives. We
hoped to determine how important these habitats are to foraging plovers.
Additionally, we hoped to locate concentrations of plovers to assist future
researchers in locating birds prior to breeding. Intensive surveys also provided us
with opportunities to locate color-banded birds returning to the island to breed as
these returns were the basis of our survival estimates. Preferred foraging habitats

need to be conserved as they are important to plovers as they prepare to breed.
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METHODS

| conducted 9 surveys from 3-19 April, 1990 to determine foraging areas used
by plovers before nesting. Sampling was conducted at combinations of 3 times of day
and 3 tidal levels, one survey for each combination (Latin square design). Morning,
mid-day, and evening surveys were centered on 0800, 1200, and 1600 hours,
respectively. High, low, and mid-tide surveys were centered on tabled high tide, low
tide, and a midpoint between the extremes. | accomplished this by starting 1-1.5
hours before the appropriate tidal level (a survey was completed in approx. 2.5-3
hours). Two mid-tide rising (0800 and 1600 hours) and one mid-tide failing (1200
hours) surveys were completed. | recorded the time spent in each habitat unit as a
measure of observer effort.

| observed birds with binoculars or a 15-45x spotting scope. To avoid recording
positions of birds that were affected by my presence, | recorded only the first location
obtained for each bird. | traversed areas on foot, sampling all intertidal habitat. |
surveyed the shoreline by walking a complete loop. | walked the bay side shoreline,
crossed the island, and walked the ocean beach returning to the point of origin, or
visa versa. The direction of the loop (clockwise/counter-clockwise) and the starting
point (north or south end of the survey section) were chosen randomly. | recorded

the time in and out of each habitat block.
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The northern section (habitat blocks 1-8) and the southern section (habitat
blocks 9-16) were surveyed on consecutive days. Only one section could be
practically searched given time of day and tidal constraints. The section searched
first (northern vs. southern) was determined randomly. | surveyed the ocean beach
from a transect between and parallel to the highest water mark (spring tide) and the
most recent high tide mark. [n this way, | could observe birds foraging low on the
beach, as well as those roosting above the high tide line. | made no effort to locate
birds more than 5 m inland of the spring tide mark. | stopped every 60-70 meters to
scan the beach ahead with binoculars. Tidal level, estimated wind speed and
direction, temperature, and cloud cover were recorded for each observation. When
possible, | recorded the distance at which | first observed the birds (detection
distance) and the distance at which they appeared to be reacting to me (reaction
distance). | defined “reacting” as alarm calling or stopping their current behavior and
walking/running to avoid me.

Available foraging habitat was determined using aerial photographs and
observations in the field. Shoreline distances were measured with a planimeter on
maps digitized from 1988 aerial photographs. | measured mud flats’ perimeters at
low tide. All ocean beach and berm areas were considered available. Bay beach
areas were considered unavailable if <0.5 m of beach was present. Unavailable
shoreline, such as where saltmarsh extended to the bay and no beach was present,
was excluded from our shoreline distance measures. | categorized plover sightings

into 4 habitat types: ocean tidal zone, berm, bay beach and mud flats (Table 1).
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| compared the number of plovers observed in each habitat type with the
expected number of plovers based on the proportion of all available habitat in each
type (chi-square goodness-of-fit). Following the rejection of the null hypothesis, |
compared the proportion of plovers observed in each habitat and the proportion of
available habitat to determine if any habitats were selected or avoided (Neu et al.
1974). Similarly, | determined if plovers were distributed evenly among the 16 habitat
blocks, as would be predicted by the available habitat, with a goodness-of-fit test. |
was unable to compare use and availability within each block using Neu et al. (1974)
because of the large number of blocks exceeded the authors’ recommended
maximum.

| analyzed the total number of plovers observed, and the plovers observed /
kilometer of available habitat, on the bay side and ocean side during a given survey
toop. Wilcoxon Rank Sum tests were used to test differences in the number of birds
observed between the two beaches (bay vs. ocean) and mid-tide rising vs. mid-tide
falling. 1 used the Kruskal-Wallis test to test time of day and tidal effects on the
plovers observed. | also examined time of day and tidal effects on the number of

plovers observed / km of available habitat simultaneously using 2-way ANOVA.
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RESULTS

Habitat Selection

Plovers were not distributed uniformly among habitats (x> =114, 3 df, P < 0.001).
| observed plovers on bay side mud flats more frequently than expected (P < 0.05,
Table 4) and less frequently than expected on the berm or ocean tidal zone (P < 0.05).
Plovers used the bay beach in proportion to its availability (0.1> P> 0.05).

Plovers were not distributed uniformly among all habitat blocks (x*=51.8, 15 df,
P<0.001). Bay side blocks 3, 8, and 12 contained twice as many observations as
other blocks and 58% of all bay side plover observations. Habitat blocks 5, 11, and
13 on the ocean side likewise contained greater numbers than other blocks and 56%
of all ocean side observations (Table 5).

Overall, | observed plovers on the bay side more frequently than on the ocean
side (Wilcoxon Rank Sum, n=18, Z=2.8, P=0.006 and n=18, Z=3.2, P =0.001 for the
number of plovers and plovers/km respectively, Table 6). However, at high tide there
was no difference between bay side and ocean side plover observations.

On the bay side, | observed an average of 1.17 plovers during high tide, 5.67

plovers during mid-tide and 5.83 plovers during low tide (Kruskal-Wallis, P =0.005).
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On the ocean side, | observed 2.0, 1.3, and 1.17 plovers at high, low and mid-tide,
respectively (P=0.926, Table 6). Fewer plovers were observed on the bay side at
high tide than at mid- or low tides (Wilcoxon Rank Sum, n=6, Z=2.8, P =0.005 and
n=6, £=2.6, P=0.010 respectively).

Plovers observed per kilometer of beach showed similar trends (Table 6). On
the bay side, | observed fewer plovers/km at high tide than at mid- or low tides
(Wilcoxon Rank Sum, n=6, Z=2.8, P=0.005 and n=6, Z=2.8, P=0.005). In contrast,
there were no differences among tidal levels on the ocean beach (Kruskal-Wallis
x*=0.16, P=0.924).

Similarly, tidal level and time of day affected plovers observed / km on the bay
side (2-way ANOVA F=6.2, 17 df, P=0.0052). Tidal level was responsible for a
significant portion of the observed differences (P =0.0013) while time of day did not
contribute significantly (P=0.46). On the bay side, | observed fewer plovers / km at
high tide than at mid or low tide (Duncans multiple range test P=0.05). On the ocean
side, tidal and time of day effects were not significant (2-way ANOVA F=0.71, 17 df,
P =0.60).

| observed greater numbers of plovers on the bay side during mid- and low tides
than on the ocean side (Wilcoxon Rank Sum n=18, Z=2.6, P=0.009 and n=18,
Z=26, P=0.010). Plovers/km also were greater on the bay side than on the ocean
side during mid- and low tide (Wilcoxon Rank Sum, n=18, Z=2.7, P=0.008 and

n=18, Z=2.8, P=0.005).
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Time of day did not affect the number of plover observations (Table 7). Mid-tide

falling and mid-tide rising surveys also did not differ (Table 8).

Detection and Reaction Distances

Detection and reaction distances were available for a limited number of
observations (Table 9). Detection and reaction distances were no different between
beaches (Wilcoxon Rank Sum, Z=1.2, P=0.223 and Z =1.3, P=0.211, for the bay and
ocean beaches respectively). The difference of the two (detection - reaction) also
showed no difference (Wilcoxon Rank Sum, Z=0.41, P=0.683). The variance
between bay side and ocean side distances did not differ (Moses Rank-like test,

P> 0.5 for detection, reaction, and the difference), although high variances and a

small sample size appeared to hamper this analysis.
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DISCUSSION

Habitat Selection

Piping plover distribution is not uniform before breeding. At this time, plovers
favor large mud flats for foraging areas. As a result, | observed plovers more
frequently in bay side habitats than in other areas during lower tidal levels. The most
frequently used bay side habitat blocks contain both mud flats and bay side beaches.
Habitat blocks with frequent ocean side use did not have these bay side features.
During the breeding season on Plymouth Beach, Massachusetts, Brown (1986) found
more plovers at low tide using the inner beach (similar to our bay beach) than on the
outer beach, but, as in this study, found approximately equal numbers on either
beach at high tide. Burger et al. (1977) observed high shorebird use of mud flats and
sand flats during lower tidal levels as well, especially during the hour following low
tide. On the wintering areas, Haig and Oring (1985) observed plovers using sand flats
more than adjacent coastal beaches on 27 sites along the Gulf Coast. Johnson (1987)
and Johnson and Baldassarre (1988) also noted plovers more frequently used mud

flats at lower tidal levels than outer ocean beaches during winter.
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Nichols (1941) described plovers feeding on the ocean beach on Long Island,
N.Y.; however, the availability of bay side beaches and mud flats or the search effort
expended in these habitats are unknown. Burger (1977) observed plovers in New
Jersey frequently on the ocean beach and inner beach foraging mainly in the wet
sand zone (Table 1); however, observations in mud flat habitats were not frequent
enough to be included in the analysis.

Mud flats are selected by plovers as a foraging site prior to breeding.
Maintaining these sites may be important to plovers, given their energetic needs
prior to breeding. Activities that would increase disturbance or mud flat destruction
clearly should be avoided. Because most mud flats extend from the island toward the
active channel into Sinepuxent Bay, the impacts of boat activity need to be
addressed. Increased boating activity may accelerate the erosion of mud flats and
bay side beaches (Maryland Dept. of Natural Resources 1981). The impacts on the
infauna (animals in the substrate) clearly need further investigation, not only with
respect to plovers, but with all shorebirds in mind, as these areas are frequently used

by migrants.

Detection and Reaction Distances

Detection and reaction distances did not differ between the bay side and ocean
side but sample sizes were small. The difference between detection and reaction

distances provides a measure of an observer’s ability to detect plovers before they
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react to his or her presence. On bay side surveys, this difference was limited
because of the irregular shoreline. | believe that the counts, however, were not
affected because of a surprise factor. When rounding a point, | quickly scanned the
bay beach ahead to detect plovers before they had a chance to react. On the ocean
side, my ability to see plovers may have been limited by beach slope and the
occasionally undulating surface of the intertidal zone. Ocean side reaction and
detection distances may be underestimated here because | did not observe birds
before they reacted to my presence in 3 of 6 instances. This only happened 1 of 7

times on the bay side.

Biases and Observer Effort

Although | believe the observed differences between bay beach and ocean
beach plover counts exist, | recognize a number of potential sources of bias which
could lead to underestimating ocean side plover counts. On the ocean side, the
observer is visible from greater distances. Plover visibility is lower on the ocean side
because plovers blend in well with the mottied white sands of the ocean beach, and
bay side substrates tend to be darker in color and more contrasting to a plover. A
larger sample and 2 observers would be an improvement for future surveys.

| considered using the time spent in each habitat block as a measure of observer
effort to correct bird counts for disproportionate habitat block sizes. | believe that

birds observed/km of shoreline, however, is a better correction factor for several
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reasons. | believe | expended the same effort searching for plovers in each habitat
block. | walked at the same rate and stopped at approximately the same intervals.

| attempted to scan all areas aheaq for the same amount of time. Time, however, was
directly related to the number of plovers observed. Because the color band
combinations of returning birds was important for our estimates of annual survival, |
would often sit for many minutes attempting to read a band combination. Frequently,
| ' would sit recording band combinations for periods exceeding the usual survey time.
Also, high water conditions on some high tide bay side surveys resuited in
disproportionately greater amount of time spent in those areas. Numerous guts, cuts
and small creeks could not be crossed as readily at extremely high tides as they

could at lower tidal levels. These areas had to be crossed further inland.
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SUMMARY

Before nesting, plovers use mud flats and bay side beaches to a greater extent
than ocean side beaches, especially at lower tidal levels. Efforts to locate
color-banded birds returning to breed should focus on these habitats at lower tides
to be most effective. Protection of bay side beaches and mud flats from excessive
disturbance, destruction, or alteration is important to plovers prior to breeding and to

other shorebirds during‘migration.
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Chapter 2. PIPING PLOVER BREEDING BIOLOGY

The piping plover is endemic to central and eastern North America. Although
nearly extirpated by shooting in the late 1800’s, populations began to recover
following the passage of protective legislation (Bent 1929). More recent population
declines have been attributed to reproductive failure, among other factors (Sidle 1985,
Haig and Oring 1985, Dyer et al. 1988). Factors limiting reproductive success include
egg and chick losses from predation, recreational disturbance, and habitat
destruction (beach development, dune stabilization; Wilcox 1959, Arbib 1978,
Sanderson 1977, Via 1979, Cairns and McLaren 1980, Raithel 1983, Haig and Oring
1985, Williams et al. 1988, Goldin et al. 1988).

Assateague Island National Seashore supports 100% of the known piping plover
breeding population in Maryland (Hecht 1988, 1989, 1990). Past reproductive success
has been limited by nest predation and low chick survival. Red foxes (Vulpes
vulpes) were responsible for 71% (n=17) of nest predations on AINS in 1986-1987
(Patterson et al. 1991). In 1986-87, chick survival on AINS was 54% but varied from
19% to 69% among different brood-rearing habitats. Broods reared on the ocean
beach had the lowest survival (19%) while broods reared on the bay beach had the

highest survival (69%, Patterson 1988).
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The Atlantic Coast piping plover recovery plan calls for an increase in the
breeding population as a primary objective as well as annual monitoring (Dyer et al.
1988). In addition, the marked differences in chick survival among different
brood-rearing habitats in 1986-87 warranted further investigation. To assist in these
recovery goals, my objectives were to 1) document the breeding population size on
AINS, 2) provide basic population monitoring, 3) calculate daily nest and chick
survival rates, 4) investigate the utility of predator exclosures as a management tool
to boost hatching success, 5) document nest predation sources, and 6) formulate

management recommendations for the AINS plover population.
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METHODS

Nest Searches

After the first nest scrapes (Table 1) were observed (~15 April each year), we
searched potential nesting areas for nests during all hours of the day, but avoided
periods of excessive heat or inclement weather to protect the eggs. We conducted
most surveys in the morning because search conditions generally were best then.
We surveyed the ocean beach using a transect parallel to the ocean between the high
tide line and the foredune. We used transects that were approximately 70-m wide.
We searched wide stretches of beach using more than one parallel transect.
Additionally, we searched separately areas with small dunes and gaps in the dune
line caused by overwashing winter or storm tides. We discovered nests by patiently
watching as flushed birds returned to their nests. Nests also were found by following
plover tracks in areas frequented by plovers. On discovery, we approached each
nest close enough to determine the number of eggs (approximately 5-10 m). We
marked nest locations subtly to prevent observer-induced predation or disturbance.

We placed common beach debris (e.g. tires, driftwood, pier and shipwreck debris,
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etc.) no closer than 10 m from the nest. No markers were used that might serve as
a perch or visual cue for possible avian predators (Picozzi 1975, Strang 1980). As in
foraging habitat searches, we recorded the time spent in each area.

Piping plovers in Maryland have nested in the same areas since at least 1985
(Hoffman 1985, Patterson 1988). We searched these areas at least once every 7 days
(more often when possible). We surveyed the ORV section three times in 1988 and
1990, and twice in 1989 between mid-April and the first week in July. Patterson (1988)
found only 1 occurrence of nest initiation after 5 July on AINS; therefore, all nest
surveys were discontinued after the second week in July.

Nest search surveys were the basis for our breeding population estimate. Our
estimate is based on the assumptions that 1) we found all nests and/or broods and
2) we identified all renesting attempts correctly. To accomplish this, we recorded the
location of each bird observed. Through time, we were able to recognize areas
where nests were likely to occur by the pattern of observations, and we monitored
these areas closely. Because we were able to identify individual birds (via unique
color-band combinations), we were able to determine if the same birds were
observed together in the same area on more than one search. Each year we
assumed we located all nesting attempts. This is not unlikely as we spent
considerable time searching for nests. Renesting attempts were identified by either
the presence of a banded bird (from a previously failed nest, n=15) or by considering
the location of the previously failed nest and the interval between failure and renest

when the birds were not banded (n=86). Piping plovers frequently renest following
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an unsuccessful nesting attempt (Wilcox 1959, Cairns 1977, Whyte 1985, Haig 1987,
Maclvor 1990), usually in 6-10 days (Haig and Oring 1988b, Patterson 1988). These
assumptions were realistic as one (11 pairs) or both (41 pairs) birds were
recognizable (color-banded) in 88% of first nesting attempts (59 breeding pairs) in
1988-1990. Four of the 6 nests that we classified as renests when neither plover was
banded were within 300 m of the previously failed nest and were initiated within 8-10
days after the first nest was lost. We conservatively considered the other 2 nests as
renests, even though 20 days elapsed between the loss of the first nest and the
initiation of the second nest.

Nest surveys also yielded information on nest initiation and clutch completion
necessary for estimating nest survival. Nest site characteristics were recorded. A
permanent record of nest locations, plotted on aerial photographs, also was

compiled. These data, in turn, were incorporated into a GIS database.

Predator Exclosures

Predator exclosures were square-shaped with rounded corners and sides that
bowed slightly out (intermediate between a square and a circle). Exclosures were
~2.2 m on each side. We constructed predator exclosures from the following
materials: 1 - 91-cm x 10-m galvanized welded wire with 5-cm x 10-cm mesh, 4 -

122-cm x 2.5-cm x 2.5-cm wooden tomato stakes, brass hog rings, garden ties
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(plastic-coated twist ties), and monofilament fishing line (4.5-27.2 kg (10-60 Ib.) test
strength).

We used two-person crews to erect exclosures in the following manner. The
tomato stakes were driven into the sand around the nest to a height at least 10 cm
below the top edge of the finished exclosure, reducing the chance they would be
used as a perch site. We then encircled the 4 stakes with the welded wire and buried
the bottom wire to a depth of 10 cm. In hard sand, we dug a narrow trench to simplify
burial. We clamped the two ends together with the hog rings and secured the welded
wire to the stakes with the garden ties. Early in 1988, we did not use tops, but after
nests were predated by birds, we strung monofilament line in parallel strips 10 cm
apart across the top. We used monofilament line ranging from 4.5 to 27.2 kg (10-60
Ib.) test strength. This design is similar to that used by Maclvor (1990).

In 1988, we erected predator exclosures around one half of the nests in each of
two categories: those with access to the bay beach and those without such access.
Status was assigned in order of finding. Pairs with nests within 500 meters
(measured parallel to the wrack line [Table 1]) of an unobstructed pathway from the
ocean (nesting) beach to the bay were considered to have access to the bay beach.
We considered pathways unobstructed if they were free of shrubs for a width greater
than 3 meters and free of dense (= 200 stems / m?) grasses and forbes for a width
of 1.5 meters or more. These subjective criteria were determined following

observations in 1988 and seemed reasonable as this was the smallest opening we
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observed chicks moving through. As nests were discovered, every other one was
assigned to an exclosed status.

In 1989, we split the nests into two categories as we did in 1988; those with
access to the bay beach and those without. For those with access to the bay beach,
we fenced one half of all nesting sites (areas presumably used by 1 pair of plovers)
while the other half received no predator exclosures. In the interest of boosting
success of nests far from bay access paths, we exclosed all nests. In 1990, we
constructed exclosures at all nests (with the exception of 1 nest lost to fox predation

very quickly).

Flush Distances

We noted the distance at which an incubating adult flushed from the nest as we
approached the nest to trap the adults or construct an exclosure. In 1988 and 1989,
flush distances were not a primary objective and were collected when we approached
nests for other reasons. In 1988-1989, we noticed that birds flushed soon after we left
the vehicle, suggesting that we had been able to approach the nest closer in the
vehicle than would have been possible on foot. In 1990, recognizing this potential
negative bias, we approached nests on foot from greater starting distances to more
accurately record incubating plover’s response (flush) to a human on foot. We
calculated a mean value for each nest to satisfy the statistical assumption of

independence (nests were approached 1-6 times, X=2.25, SE =0.23, n=43 nests).
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Kruskal-Wallis and Wilcoxon Rank Sum tests were used to compare the flush

distances among years.

Estimating Nest Success

We examined all nests daily to determine success and hatch dates. We viewed
nests through a 15-45x spotting scope from distances great enough so that the birds
would not be disturbed. Nest success was estimated using Mayfield’s (1961, 1975)
method. Comparisons were made using Hensler’s (1985) techniques. | used a 34-day
laying/incubation period for my calculations based on observations by Wilcox (1959),
Cairns (1982), and Patterson (1988). Interval survival rates (probability that any given
nest will hatch) were calculated by raising the daily survival rate to the 34th power.
The micro computer program MICROMORT (Heisy and Fuller 1985) was used to
calculate the daily and interval survival rates.

During daily nest checks, we recorded the locations of all people within 300
meters of the nest. Thus, a daily instantaneous sample was taken for all nests during
incubation. Overall, sampling was uniform throughout the day.

Whenever we approached a nest closely, such as for banding, exclosure
construction, or checking after nest failure, we briefly searched for evidence of

human or predator presence within 50 m of the nest and recorded the results of that
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search. When a nest failed (loss of eggs to predators, flooding, or abandonment), the

area within 10 meters of the nest was searched for signs of predation.

Chick Survival

We observed broods daily for a period of at least 25 days to estimate survival to
fledging. Any bird we observed at 25 days of age or older was considered fledged.
Patterson (1988) observed chicks as young as 20 days old in flight. We calculated
daily chick survival using MICROMORT (Heisy and Fuller 1985), as we did with nest
survival,

We captured chicks at 4 days of age to individually mark them whenever
possible. If we did not catch them at 4 days, we attempted to do so as soon after 4
days of age as possible. We banded and weighed the chicks. For the analysis, |
included only chicks captured at 4 or 5 days of age to reduce age-related variation.
With recognizable individuals, we were able to determine which chicks survived and

which did not.
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RESULTS

Population Estimate

We found 34, 27, and 19 nests in 1988-1990, respectively. We know of missing
only one nest in 1990 when we observed chicks 1-2 days old in an area in which we
suspected the presence of a nest, but could not find one. We estimated the breeding
population was 25, 20 and 14 pairs in 1988, 1989, and 1990, respectively (Table 10).

Observer effort expended in nest searching is shown in Table 11.

Flush Distances

Piping plovers flushed from their nests at an average distance of 78 meters
(Table 12). Fiush distances in 1990 were significantly greater than in 1988 or 1989

(pairwise Wilcoxon Rank Sum, P=0.0001 and P=0.002, respectively).
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Nest Success

Thirty-two of 81 piping plover nests (40%) produced chicks (Table 13). However,
37% of the total nests were destroyed by predators. Red foxes were responsible for
more known nest losses than any other factor (x*=236.3, 3 df, P <0.0001). Forty-four
percent of the total eggs were lost to known causes (Table 14). Of these known
losses, red fox (68%) and avian predators (17%) accounted for most egg loss (Table
15). Flooding, gull predation, plovers and research accidents (during trapping) also
contributed to egg loss. Mean size of complete clutches was 3.79 (Table 16). Plovers
placed their nests on flat portions of the beach (70%) devoid of vegetation (81%).
Shell fragments lined 84% of the nests (Table 17).

Daily nest survival averaged 0.962. Daily nest survival did not differ between
nests with and without access to the bay side of the island (Table 18). We also
observed no difference between early nests (initiated on or before 21 May) and late
nests (initiated after 21 May) or nests >75 m from the high tide line vs. nests <75
m to the high tide line.

When we approached nests for banding and exclosure construction (n = 268),
we observed fox tracks < 1 m from an active nest on 2 (0.7%) occasions. Pony
(Equus caballus)(4, 1%) and sika deer (Cervus nippon)(1, 0.4%) tracks also were
recorded at this distance. Human track distances ranged from 1 m to 100 m (n=15

occurrences (6%), Figure 4). When we observed nests from a distance (n=744),
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humans were observed to pass within 20 m of active nests only 3% of the time

(Figure 5). Humans were not observed within 300 m during 97% of nest observations.

Predator Exclosures

Overall, predator exclosures did not significantly increase daily nest survival
(Table 19). In 1988, 6 nests were lost initially because of an ineffective early design
(no tops), but nest success was 100% after we added tops. In 1989, every nest
exclosed hatched successfully. Foxes destroyed 8 exclosed nests in 1990.

We were able to construct predator exclosures quickly (Table 20), usually in <20
minutes. We observed no nest abandonment (n=37) because of predator exclosure
construction. Ninety-two percent of birds (n=27) resumed incubation in less than 10
minutes after construction. We did not observe birds resuming incubation after 10
constructions because we could not see the nest from a distance or we exclosed the
nest before clutch completion and an adult was not incubating before we constructed
the exclosure. In 5 instances, we trapped and banded one or both adults before

exclosure construction.
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Chick Survival

Chick mortality was concentrated in the first 10 days of life (Figure 6). Older
chicks (11+ days of age) had significantly higher daily survival rates than younger
birds (Table 21). Chicks foraging on the bay beach and island interior habitats had
much higher daily survival rates than chicks foraging on the ocean beach.
Additionally, chicks with access to the bay side had a higher daily survival rate than
those without access (79% [n= 14] of the broods with access to the bay side moved
to the bay side). Nest initiation date, however, did not affect chick survival rates.

Weights of chicks 4 and 5 days old were lowest on the ocean beach and highest
on the island interior (Kruskal-Wallis y*=8.1, P=0.018; Table 22). Weights of chicks
4 or 5 days old surviving to fledging were higher than those not surviving (Wilcoxon
Rank Sum, Z=2.7, P=0.008; Table 23). Culmen length of surviving chicks was longer

than that of chicks that did not survive (Wilcoxon Rank Sum, P =0.039).

Reproductive Success

In 1988-1990, 13, 18, and 11 chicks fledged respectively. Fledging success was
higher in the bay beach and island interior habitats than on the ocean beach (x? test

for equality of proportion, P<0.0001; Table 24). Reproductive success was 0.71
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chicks fledged/breeding pair in 1988-1990. Success varied from year to year (Table

10) but did not exceed 0.90 chicks fledged/breeding pair.
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DISCUSSION

Piping plovers on AINS generally nested in a shallow scrape on the wide, open
beach (Patterson 1988). We observed many nests lined with sheil fragments. A
majority preferred areas of moderate to high numbers of shells and pebbles in the
substrate (Patterson 1988, this study), which would add to the disruptive pattern used
as camouflage. Eighty-one percent preferred unvegetated sites, although a few (11)
nested among vegetation or in the center seaside goldenrod (Solidago
sempervirens) clumps. These nest-site preferences are consistent with other Atlantic
coast plover nesting sites (Bent 1929, Wilcox 1959, Cairns 1982, Burger 1987, Maclvor
1990).

Our population estimates of 25, 20 and 14 breeding pairs indicate a rapid
decline. The 1991 population was 17 breeding pairs (Maclvor pers. commun.),
suggesting there is some natural fluctuation. Estimates from 1972 and 1980, however,
suggest the breeding population was twice as large as currently present. Hoffman
(1985) found 18-20 pairs in 1985. Patterson (1988) searched extensively and estimated
17 and 23 breeding pairs in 1986 and 1987. While the local population has declined,
the Atlantic coast population has remained stable to slightly increasing in the past
few years (Hecht pers. commun.), although this may be an artifact of increased

search effort. Increased concern for the species recovery by state and federal
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agencies and private citizens has increased the number of surveyers searching for
plovers on their breeding areas. Continued monitoring is appropriate to determine if
the local population is in decline or if these fluctuations are a response to the variable
nature of nesting habitat. Availability of quality nest sites may change year to year
and influence local plover populations (Macivor 1990). The absence of violent winter
storms and lack of overwashing has resulted in widespread revegetation of some
overwash areas on AINS (Kumer pers. commun., pers. obs). Additionally, the
presence of dredge spoil dunes has provided protection against past storms and
allowed vegetation to dominate the northern 1 km of the island. Although the
overwash areas may not be used directly, they do provide access to quality brood
foraging habitat. Cross (1987) found plovers on Metompkin Island selecting nest sites
closer to open overwashes with access to the bay side mud flats. Plovers also select
nest sites near tidepools that function as bay side mud or sand flats (Cross 1989). If
these overwashes revegetate on AINS, nest site selection could be altered or
deterred.

I predict that the AINS breeding plover population will increase in years
following major storm events. Reproductive success also may increase. The most
recent winter storm on January 4, 1992 provides an opportunity to test this prediction
during the 1992 and 1993 breeding seasons.

Nest search effort
We were able to completely search the northern or southern sections of the

northern 8 km of AINS in one day 80% of the time. The northern section took slightly
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longer to search than the southern section because of beach characteristics. The
northern beach is much wider in more places and required more search time. In
1990, we completed nest searching more quickly than in 1989. Our shorter search
times may have been a result of our nest searching experience. By 1990, we had 2
years experience working with plovers on AINS. Additionally, fewer plovers nested
in 1990, and as a result, we may have spent less time observing plovers to detect
nests. Though it is conceivable that we found fewer nests in 1990 because we spent
less time, | believe this to be highly unlikely. Adults on a breeding territory advertise
their presence and react to observers. When birds were observed, we always
attempted to locate a possible nest. In 1990, we observed fewer adults on breeding

territories.

Flush Distances

Flush distances were significantly greater in 1990, compared to either of the
previous two years. In fact, they were nearly double the 1988 and 1989 distances.
Most 1988 and 1989 flush distances were collected during nest trapping and banding,
and | believe we may have biased flush distances by approaching the nest too closely
in the truck. Many birds flushed immediately as we left the truck, or while we were
within a few meters of the truck. Our closer approach in the truck was necessary to
assure a quick and safe retrieval of the trapped birds. Flush distance data were

collected secondarily and, unfortunately, | believe this underestimates the true
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flushing distance for 1988 and 1989. In 1990, we avoided close approaches and the
flush distance nearly doubled. Therefore, | believe the 1990 data are more
appropriate when addressing recreational disturbance of nesting piping plovers on
AINS.

Flush distances may be used as an index of plover sensitivity at a particular site
and to establish disturbance buffer zones around piping plover nesting areas. These
data, however, may underestimate the area needed to minimize disturbance.
Flushing in response to human presence presumably is an attempt to conceal the
nest location (predator avoidance) (Byrkjedal 1987). At distances greater than that
required for flushing, human activity elicits greater attentiveness from incubating
birds. Birds often sit more erectly and watch people more closely. Physiological and
psychological responses at these agitation distances are difficult to assess but are
important considerations. McGarigal et al. (1991:37-41) discuss a “Dual Disturbance
Threshold Model” as it relates to human-eagle interactions that conceptually applies
to human management in plover use areas. The conceptual model (Figure 7) defines
an agitation zone beginning at the flush distance and extending to a distance at which
human disturbance first elicits a physiological, psychological, or behavioral response.
Human disturbance between the two thresholds and the time required to elicit a
response appear to be related, though the exact shape of the curve is unknown. As
the distance is decreased, less time is required to elicit avoidance or escape
behavior. We observed a similar response from incubating piping plovers and from

tending adults with broods. During a few (n< 5) observations of incubating birds, our
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approach was noted by the incubating adult; however, it did not flush. After 5 to 10
minutes, the adult flushed from the nest and alarm called with no apparent
provocation. We would suggest that our approach was not close enough to elicit
immediate flushing but close enough to agitate the incubating bird to an intolerable
level after a period of time.

Nesting area buffer zones at sites with human recreational pressures should be
designed so that boundaries are outside the agitation distance. Although inadequate
buffers may not cause immediate flushing, flushing could be elicited by constant
human activity on the buffer boundary. Given the tendency for recreationists to park
their ORVs or recreate immediately adjacent to closed areas (pers. obs.), establishing
boundaries outside the agitation distance is important. The type of human activity
also plays a role. Motionless activities, such as sunbathing, are less disturbing than
beach sports (e.g. paddleball, volleyball) or pedestrians walking or running by the
nest (Brown 1986, pers. obs.). Unfortunately, we collected no data on agitation
distances. | suggest the use of a minimum of 50 m as a conservative estimate of the
agitation distance; however, | recognize that some fine-tuning may be necessary after
additional data are coilected.

Therefore, we recommend a minimum buffer zone radius of 225 m for symbolic
fencing and signs to be placed around each nest on AINS. This estimate is based on
the greatest mean nest flush distance (174 m) and our estimated minimal agitation

distance (50 m).
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Plovers on AINS appear to be more sensitive to disturbance than at other sites.
Wilcox (1939) reported that plovers flushed at approximately 61 m in New York while
Cairns (1982) reported mean nest flush distances of 43.1 m (5-93 m range, n=66) in
Nova Scotia. At study sites in New Jersey, Burger (1987) reported a mean nest flush
distance of 21 meters. On Chincoteague NWR, Cross (1989) found plovers flushed at
a mean distance of 47 m (5-300 m range). We observed a mean flush distance in 1990
nearly twice the distance of any other study. This may be the result of AINS
historically having very low human disturbance or the extremely wide, flat beaches
that allow plovers to observe an intruder’s approach from a considerable distance.

Another hypothesis is that the plovers were sensitized by our research activities
(nest searching, exclosure construction, banding, etc.), and therefore, flushed at
greater distances. Unfortunately, we were unable to test this hypothesis because we
rarely observed the birds’ response to humans other than ourselves.

At sites with high human use, plovers may be habituated to human presence or
more sensitive plovers may be excluded. Cairns and McLaren (1980) found plovers
on remote beaches flushed from the nests at distances > 85 m whereas on high
recreational use beaches, observers were able to approach as close as 3 m before
the bird flushed. Plovers breeding on Long Island, New York flushed from their nests
at 12-61 m (Wilcox 1959). On Breezy Point, New York, adult plovers flushed in
response to approaching pedestrians or joggers at 15-20 m, though it is unclear if
these birds were incubating or foraging (Goldin et al. 1988). Burger (1987) reported

a mean flush distance of 21 m and implied that the study beaches experienced
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frequent and extensive recreational use. Hoopes et al. (1988) observed foraging
piping plover broods while collecting behavioral data from a mean distance of 43 m
to “minimize or eliminate researcher disturbance.” Our observation distances on
AINS often exceeded 150-200 m and only approached 50 m when foraging birds

moved toward a parked research vehicle that had not moved recently.

Nest Success

The probability that a nest would survive (one or more eggs hatch) on AINS was
27% during 1988-1990 using the Mayfield (1975) method. Patterson (1988) reported
a 40% survival during 1986-1987. Prindiville Gaines and Ryan (1988) reported nest
success rates of 41-42% in North Dakota. Few other studies have reported daily nest
survival, making comparisons difficult. The lower daily nest survival on AINS in
1988-1990, compared with 1986-1987, may have been the the result of the quick loss
of the initial nests exclosed in 1988 and the fox depredated exclosed nests in 1990.
An increasing predation pressure also may have contributed to the lower nest
survival.

Apparent hatching success (no. of eggs hatched/ no. found) was 35% (n=284),
fairly low compared with other studies. Wilcox (1959) and Cairns (1982) reported high
hatching successes of 92% (n=668) on Long Island, New York and 76% (n=201) in

Nova Scotia, respectively. Goldin et al. (1988) observed 57% success (n =44 eggs).
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Maclvor (1990) was the only study that reported lower hatching success (25%, n=1565
eggs). She attributed the low success to predation, which is true for this study as
well.

The importance of using consistent and reliable estimates of nest success, such
as daily nest survival, is shown in this study. Apparent nest success (40%, Table 13),
apparent egg success (35%, Table 14), and Mayfield nest success (27%, Table 18)
differ considerably from each other. The frequent use of success defined as the
number of eggs (or nests) hatched divided by the number found may underestimate
losses (Mayfield 1975, Miller and Johnson 1978). These estimates do not incarporate
the span of time observed. Nests lost in the earlier stages of incubation have a lower
probability of being found and incorporated into nest success. At sites with high
predation or when nests lost early could be easily missed (as with plovers), daily
survival rates accurately report nest success. Nest success at study sites with
catastrophic losses, such as floods, however, is best estimated using the apparent
method (Johnson and Shaffer 1990), but this requires high nest detectability.
Techniques for calculating nest success when nests are visited at irregular (Bart and
Robson 1982) or infrequent intervals (Miller and Johnson 1978, Johnson 1979) also
have been developed. Pollock and Cornelius (1988) proposed a distribution-free nest
survival estimator. These techniques were not needed for our calculations because
we observed nests daily (a frequent and regular interval). Calculating the probability
that any given nest will hatch (the interval survival rate) from the daily survival rate

is most appropriate for piping plovers.
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Survival of nests with or without bits of white shell fragments as a nest scrape
lining was nearly significantly different (P =0.077); however, this may be misleading.
Nest site information was collected after the nest hatched or during incubation (such
as during banding or exclosure construction). Shell fragments appear to be added to
the nest scrape during laying and incubation (Cairns 1982, pers. obs.). Nests lost very
early, such as after the first or second egg, may not have had “seashell” fragments
present because of the timing of the loss. Half (5) of the nests without shell fragments
were lost very early, suggesting this bias.

Piping plovers have been observed to line their nest scrapes with broken pieces
of white shell (as we observed), small stones, bits of slate, and driftwood (Bent 1929,
Wilcox 1959, Palmer 1967, Cairns 1982, Sidie 1985, Haig and Oring 1988b), depending
upon what materials are available. The exact function of a nest scrape lining is
unknown, but it may facilitate water drainage away from the eggs. However, Cairns
(1982) reported eggs inundated with water later hatched. A nest scrape lining also
may reduce heat conductance from the sand on hot days, or help maintain a more
constant incubation temperature in a cooler environment. Another possible function
of a nest scrape lining may be to stabilize the sand in the nest cup and, therefore,
keep the nest from collapsing when the incubating bird leaves the nest.

Human disturbance of incubating adults

Few contacts between humans and plovers were recorded. Humans were within

300 m of a nest in less than 3% of all nest observations. When we approached nests,

we observed human tracks in the area 6% of the time. These data suggest that
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current human use on the northern 8 km of AINS is infrequent, compared to other
Atlantic Coast beaches. Goldin et al. (1988) reported plovers were disturbed by
humans an average of every 2.4 minutes at Breezy Point, New York. Maclvor (1990)
and Burger (1987) also reported human use on their study beaches that appears to
be higher than on AINS (town beaches, condominiums adjacent to the beaches,
restricting human use to travel corridors through the dunes, and the use of beach
sweeping equipment and bulldozers to clean the beaches), but they did not directly
quantify human use.

Although human presence near nests is infrequent, one nest apparently was
abandoned because of nearby human activity in 1990. We found many human tracks
and empty beverage bottles among the dunes 20-30 meters from the nest. It
appeared as though the humans spent considerable time adjacent to the nest and
one set of human tracks lead up to and away from the predator exclosure. The adult

plovers did not return to the nest the following day.

Predation

We observed high rates of piping plover nest predation on AINS. Predators
destroyed 37% of known nests and were responsible for 77% of known nest losses.
Patterson (1988) found predation to be high in previous years as well (30% of known
nests and 65% of known nest losses). In Massachusetts, Maclvor et al. (1990) and

Rimmer and Deblinger (1990) reported 52-81% and 71% of nests lost to predators at
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various beaches. Whyte (1985) also found nest predation to be high. Cairns (1982)
found 35% of known eggs were lost to predators; Haig and Oring (1988b) reported
that 40% of known nests were destroyed by predators. Ailes (1988) and Cross (1989)
reported that predators were responsible for a majority of known nest losses on
Chincoteague NWR (south end of Assateague Island), but they also have achieved
some success using predator exclosures and extensive predator control.

Red foxes were responsible for 77% of total nest predations on the north end
of Assateague Island, and were the sole predator in 1989 and 1990. Fox predation
rates on AINS were 71% in 1986-1987 (Patterson 1988). Maclvor et al. (1990)
attributed 71-100% of nest predations on Cape Cod to red foxes. Similarly, Rimmer
and Deblinger (1990) reported red foxes were responsibie for 47% of nest predations
in Massachusetts. Although problematic in the past, red foxes were only responsible
for 14% of the total loss in 1988 on Chincoteague NWR (Ailes 1988); however,
extensive predator control and the use of exclosures helped reduce losses.

Observations of red fox foraging movements suggest foxes primarily are
nocturnal and are not searching specifically for piping plover nests. Foxes find plover
nests through systematic searches through nesting habitat or by accidental
encounters on Cape Cod (Maclvor et al. 1990) and on AINS (Bashore pers. commun.).

Our initial exclosure design did not prevent high losses (6 of 7 nests) to avian
predators, but we recorded only 1 instance of avian predation (gull) not associated
with an exclosure. Avian predation does not appear to be a problem on AINS, yet the

potential exists. Woody vegetation encroachment, such as that occurring on the
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northern 1 km of the island, has recently provided nesting habitat for crows (Corvus
spp.) and boat-tailed grackles (Quiscalus major) immediately adjacent to plover
nesting areas. In 1988, fish crows (C. ossifragus) were observed regularly carrying
least tern eggs from an adjacent colony to presumed nesting areas in the trees.

Although a problem in other areas, raccoons (Procyon lotor) do not appear to
be very abundant on the northern 8 km of AINS. They are, however, present farther
south on the island and have preyed on piping plover nests in Virginia (Patterson
1988). Other reported nest predators include American crows (Corvus
brachyrhynchos), opossums (Didelphis virginiana), skunks (Mephitis mephitis), gulls
(Larus spp.), domestic pets, grackles (Quiscalus spp.), Norway rats (Rattus
norvegicus), and house mice (Mus musculus)( Wilcox 1959, Burger 1987, Patterson
1988, Maclvor 1990, Rimmer and Deblinger 1990).

Predation has been identified as a major limiting factor affecting Atlantic Coast
piping plover populations (Dyer et al. 1988). Further investigation of piping plover
productivity has confirmed the impact of predators, especially red foxes, yet little is
known about predator population dynamics. Red foxes are important predators on
Assateague Island and on Cape Cod, but few historical data are available. Foxes may
not have been a problem in the past because they were not a natural component of
barrier island systems. Rhodes (1903), Gilmore (1946), and Churcher (1959) provide
convincing evidence that the foxes on the Atlantic Coast barrier islands are
descendants from European stocks, placed there by fox hunters between 1650 and

1750. Colonial records show foxes were introduced into New York, Maryland, and
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Virginia. Native red foxes appear to have been restricted to northern boreal forests
prior to European colonization. The determination of whether these populations are
native or exotic (European) is especially important when considering management
options on sites administered by the National Park Service.

Although not a problem on AINS during this study, expanding gull populations
could increase gull predation in the future. Recently, gull populations have been
expanding their breeding ranges (Sidle 1985, Lock 1988). In addition to direct
predation, gulls aiso may exclude plovers from nesting areas (Dyer et al. 1988).
Maclvor (1990) suggested that plovers avoided nesting on Monomoy NWR because
of its large gull population, even though physically suitable habitat was present.
Cross (1987) thought herring gulils (Larus argentatus) affected nesting distribution of
plovers on Metompkin Island. Gull population dynamics and the effects of human
refuse deposited in coastal landfills should be addressed.

At other nesting sites, concern that humans may inadvertently attract predators
to nesting areas may be warranted. Leftover or discarded food scraps, garbage, or
fish entrails all could attract potential predators. On AINS, however, we found very
little human refuse on the northern 8 km of the island (See Chapter 3 for details).

Other factors limiting reproductive success of plovers include coastal
development. Construction projects can remove suitable nesting habitat directly (e.g.
by onsite construction) or indirectly (e.g. by encouraging increased human use),
forcing plovers into suboptimal habitat. Dune stabilization encourages vegetative

growth, reduces overwash, forms narrower, steeper beaches (Dolan 1973, Godfrey
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and Godfrey 1973), and destroys the flat beach that plovers tend to prefer (Burger
1987). Wilcox (1959) noted that plovers abandoned a site following a successful dune
stabilization project. The placement of dredge spoil material also is of interest, as
new nesting habitat can be created. Maclvor (1990) observed plovers nesting on
dredge spoil deposits. Spoil deposition that would retard the natural scouring and
overwashing of barrier beaches, however, should be discouraged. Vegetative
encroachment because of a lack of overwash has forced plovers to nest elsewhere
(Maclvor 1990) in Massachusetts. The northern 1 km of AINS has been protected
from storm events by a spoil dune since 1962. As a resulit, vegetation is flourishing
on the bay side of the spoil dune. Loblolly pines (Pinus taeda) >5 m tall with > 25.4
cm diameter breast height (DBH), and extensive bayberry (Myrica pensylvanica and
M. cerifera) thickets (> 7.5 cm DBH) are present. This unnatural encroachment on a
barrier island tip has provided a refuge for potential predators, including red foxes,
crows, and boat-tailed grackles. Additionally, because overwashing waves have
been prevented from reaching the bay, no access paths are present. Dredge spoil
deposition alters the naturally dynamic nature of barrier islands and promotes
stabilization. These natural processes are vital to the maintenance of nesting habitat

and provide access to the bay side of the island.
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Predator Exclosures

Predator exclosures did not increase daily nest survival on AINS because a
number of exclosed nests were predated. Mayer and Ryan (1991), however,
increased nest survival substantially in North Dakota by fencing off entire nesting
beaches. Rimmer and Deblinger (1990) used large (30-m perimeter) triangular
exclosures around individual nests to significantly boost apparent hatching success
to 92% in Massachusetts. Maclvor (1990) also increased apparent nest success to
77%, compared with 13% for unexclosed nests on Cape Cod. Similarly, Ailes (1988)
and Cross (1989) reported 85% and 78% apparent nest success for exclosed nests
compared with 27% and 35% for unexclosed nests. In the present study, all exclosed
nests hatched in 1989, but in 1988 and 1990, some exclosed nests were depredated,
reducing our nest success. No predators got inside predator exclosures used by
Rimmer and Deblinger (1990)(n=26). Mayer and Ryan (1991) reported several
intrusions of their exclosed beaches resulting in depredations, but overall nest
success remained high. Nol and Brooks (1982) did not increase killdeer (Charadrius
vociferus) nest success with exclosures and suggested their design was too small
(1-m square) because raccoons could reach through the openings and obtain the
eggs. Mink (Mustela vison) and long-tailed weasels (Mustel/a frenata) also were not
stopped by their design, although few designs would be effective against mink and

weasels and still allow the incubating bird access to the nest.
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The probability of an unexclosed nest hatching in 1988 was <40% (interval
survival, Table 20). In 1989-1990, this was <3%. Predation pressures were not as
extreme in 1988 as they were in the 2 following years. Actual nest survival
probabilities were lower than these rates suggest, as nests lost before clutch
completion have been excluded from this analysis. The low probability of survival
underscores the high and possibly increasing predation pressures on AINS. The
higher nest survival rate in 1988 may have been a result of many factors. In 1988,
least terns nested on the northern 1 km of the island, adjacent to the denning area
of 1 family of foxes. Tern eggs and chicks may have supplemented the foxes diet,
reducing the pressure on the plovers. The colony was decimated and terns did not
return in 1989 or 1990._ The mobbing behavior of the terns provided no additional
protection for nesting plovers from fox predation as only one pair nested within the
tern colony and it was an enclosed nest.

Local factors are important in determining the implementation of exclosures.
Exclosures without tops were used in Massachusetts with no ill effect (Maclvor pers.
commun.). The results of using topless exclosures on AINS were catastrophic. In
1988, six of seven topless exclosures were depredated by unidentified avian
predators (we suspect grackles and/or crows). Avian predators may have
investigated the sudden appearance of an unfamiliar object or perhaps used the
exclosure as a perch and discovered the eggs secondarily. The remaining nest may
have been protected from avian predators as it was located in a least tern (Sterna

antillarum) colony (Burger 1987, Macivor 1990).

Chapter 2. PIPING PLOVER BREEDING BIOLOGY - DISCUSSION 49



In 1988 and 1989, we waited to exclose a nest until it contained a complete
clutch to avoid the chances of desertion and so that we could trap and band the
adults. Consequently, 17 of 81 (21_%) nests were depredated before they reached a
complete clutch or before we could band the adults. In 1990, we constructed
exclosures as soon after finding the nest as possible. We had no problem with
acceptance of the exclosures before clutch completion and recommend this period
for exclosure construction. Adults incubate sporadically at this time and construction
may not interrupt an incubation bout. Although others (Ailes 1988, Cross 1989,
Maclvor 1990) generally have waited for clutch completion, we believe our method is
prudent at sites with high predation pressure.

The time to construct an exclosure was 17.7 minutes, 10 minutes for the
exclosure construction and 7 minutes for constructing the top. Maclvor (1990)
reported a construction time of 10.5 minutes for a similarly designed exclosure
(without a top); however, she used 3-4 people rather than 2, as we did. Plovers were
away from the nest longer for our study (17.1 vs. 24.3 min.), but this is approximately
the time needed to construct the top. On Chincoteague NWR, Cross (1989)
constructed exclosures of similar design in 15 minutes and his total exposure time
(construction time + time for the plover to return) was 29 minutes.

Maclvor (1990) observed that 2 of 16 (12.5%) piping plover pairs would not
tolerate the presence of an exclosure and resumed incubation only after the
exclosure was removed. Furthermore, she suggested that, for one pair, this

intolerance may have been the result of banding 1 of the birds on the previous day.
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We observed no such response. On 5 occasions, we trapped and banded one or both
adults immediately prior to exclosure construction. Although we experienced no
problem with this technique, | recommend trapping and exclosing nests on the same
day be done cautiously. It took the adults longer to resume incubation following both
banding and exclosure construction, compared to exclosure construction alone.
Longer exposure periods could increase the risk of temperature stress on the eggs.
The increased nest exposure and resume time can only be justified at sites with

extremely high predation pressures.

Fox depredation of exclosed nests

The sequence of events at exclosed nests attacked by foxes suggested that the
fox(es) became increasingly adept at gaining access to exclosed nests. It appears
that the fox(es) responsible for the exclosure depredations learned and remembered.
The fact that, in 1990, each exclosure penetrated had less digging than the previously
violated exclosure, and that exclosures were ultimately entered over the top is
consistent with this hypothesis. In 1989, foxes dug around 1 exclosure two days
before hatch and again on hatch day, but did not get inside. On Chincoteague NWR,
foxes were observed to dig around exclosures as well; however, none gained access
to the nest (Ailes 1988, Cross 1989). In 1990, we observed 11 of 19 exclosures with
evidence of fox activity around them. The first 4 instances all involved fox(es) digging

to depths of 10-15 cm, completely encircling 3 exclosures. Fox(es) climbed over the
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exclosure and depredated the nest in 2 of these first 4 instances (both were within a
day or 2 of hatching). The next 2 instances had only 2 scratches in the sand outside
the exclosure and also were lost to foxes. The subsequent 3 instances showed no
signs of foxes digging around the exclosure and all 3 nests were eaten. The last 2
instances each had digging around all sides of the exclosure but only 1 nest was lost.
In an attempt to exclude fox(es), we increased the strength of the monofilament top
to 60 Ib. test, and reduced the space between lines to 5 cm. We also doubled the
height of two exclosures to ~1.5 m using 2 welded wire sections with 20 cm overlap.
Neither new design excluded the fox. We suspect that all 8 nests depredated were
the work of a single fox because all were within a single fox territory (Bashore pers.
commun.).

I suspect chick communication before hatch may have drawn the fox to the
nests. | examined 5 nests just prior to hatching. | could hear clicking or the chicks
pecking against the shell in all cases. In 4 nests, | heard chicks peeping 3, 2, 2, and
1 days before hatching. Experimental evidence shows chicks make clicking sounds
a day or two before they hatch to synchronize hatching (Vince 1966, 1969, 1972). Near
the time of hatching, adults seemed to be restless and easily disturbed. The noise
from the eggs, or the increased motion of the adults may have attracted predators to
the nest.

Maclvor et al. (1990) suggested red foxes on Cape Cod avoided experimental
nests where human scent was applied daily (the eggs were handled). Additionally,

Maclvor (1990) felt that red foxes may avoid contact with exclosures. Conversely, Nol
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and Brooks (1982) thought human scent on exclosures may have attracted
mammalian predators to killdeer nests. Foxes on AINS appeared to locate and
destroy exclosed nests regardless of human scent.

We recommend continued use of predator exclosures. Our current design is
inexpensive, quickly erected and only requires 2 people for construction. When
individual foxes learn to associate exclosures with eggs, these individuals must be
removed. Selective removal of problem foxes by trapping or shooting would likely
be most effective just prior to the breeding season. At this time, foxes have
established breeding territories (Bashore pers. commun.), and selective removal of
individuals would disrupt successful fox reproduction and eliminate individuals
residing near plover breeding areas.

We recognize a number of improvements to our current design. The number of
stakes used should be increased to 5 (instead of 4) to make the exclosure sides more
rigid and the overall shape more circular. In our previous design, the welded wire
was not completely rigid between the stakes and may have allowed fox(es) to use the
side of the exclosure as an incline rather than acting as a vertical barrier. Slightly
taller (1.2 m) exclosures may create a better barrier to red foxes. An overall larger
diameter (15 m circumference) would further separate the exclosure sides from the
eggs. This might help reduce predation if sight, scent or sounds from the nest are
providing cues. Tops are effective against avian, but not mammalian, predators;
therefore, we recommend their continued use using 20 Ib. monofilament (fishing line)

with 10-cm spacing. At sites where foxes have learned to plunder enclosed nests, a
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Chick Survival

Seventy-five percent of chick mortality occurred within the first 6 days of life.
Chicks surviving to 10 days of age had nearly twice the probability of surviving than
younger chicks. This is consistent with survival at AINS in previous years. Patterson
(1988) reported that 79% of chick mortality in 1986-1987 occurred in the first 10 days.
Cairns (1982) also reported that most chick mortality was concentrated in the first 10
days of life. Cross (1989) reported that 70% of chick mortality on Chincoteague NWR
occurred in the first week. On Cape Cod, Massachusetts, Maclvor (1990) observed
slightly lower chick mortality (59%) during this same period in 1985-1989. Flemming
et al. (1988), however, found chick mortality in Nova Scotia during 1979-1983
concentrated between 10 and 17 days of age.

Specific causes of chick loss are difficult to identify. Patterson (1988) did not
identify any causes of chick mortality in 44 hours of daylight brood observations on
AINS. | attempted limited night observations using night-vision equipment but found
the contrast between the light colored plovers and the sand was not sufficient to
distinguish the plovers. Pienkowski (1982) experienced similar problems with ringed
plovers (Charadrius hiaticula) but found a dark mud flat to have sufficient contrast.

We observed 2 instances in which we are confident in assigning the causes of
loss. In 1988, we watched a brood of 2 chicks cross the beach, become disturbed,
and retreat. We only saw 1 chick after this disturbance. Minutes later, we discovered

a ghost crab (Ocypoda quadrata) feeding on a freshly eviscerated chick. The chick
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was 8 days old and weighed 9 g (eviscerated). We are confident that the ghost crab
caught and killed the chick. Patterson (1988) saw a ghost crab attack a newly hatched
chick, but the adults quickly repelled the crab in that instance. Ailes (1988) and Cross
(1989) reported that ghost crabs were responsible for a large portion of chick
mortality on the Wild Beach at Chincoteague NWR, but they provided no direct
observations to support this. The alternative hypothesis that chicks are limited by the
availability of food resources still needs to be addressed on the Wild Beach.

In 1990, we approached an exclosed nest (previously with 4 eggs) and found
only 1 egg, which was in the process of hatching. A 1-m band of fox tracks
completely encircled the exclosure and there was some digging. Although we did
not directly observe any foxes, the evidence suggests that any previously hatched
chicks (maximum of 3) were eaten by waiting fox(es). The final chick hatched later
that day, and fledged.

Other than these 2 instances, we were unable to document any causes of direct
chick mortality. Patterson (1988) found a chick crushed by a vehicle in 1987. Goldin
et al. (1988) found 2 dead chicks: 1 crushed by a vehicle and the other dying from

unknown causes.

Chick Weight, Survival, and Enerqy Demands

The chick weights and survival patterns that we observed in the different

habitats are consistent with the hypothesis that differing food availability is an

Chapter 2. PIPING PLOVER BREEDING BIOLOGY - DISCUSSION 56



important determinant of the different survival patterns of plover chicks in different
habitats (In Chapter 3, we will continue this discussion and provide additional
evidence). In habitats without sufficient forage, chicks cannot maintain a positive
energy balance, and therefore lose weight and may succumb to exposure or
predation as a result of their starvation-induced weakness. For this reason, we
examined the weights of chicks in different habitats. We found chicks on the bay
beach and island interior were heavier than those on the ocean beach. Additionally,
daily survival rates of chicks on the bay beach and island interior were substantially
higher than those on the ocean beach.

Chick Weight

The fact that, at 4 to 5 days of age, the weights of chicks that ultimately survived were
greater than the weights of chicks that did not survive, is consistent with our
hypothesis that poor food supply contributes importantly to chick mortality on AINS,
Cairns (1982) also found that chicks that did not fledge had lower body weights in the
first 10 days than chicks that survived. On AINS, chicks that fledged had longer
culmens than those that perished, suggesting that surviving chicks are growing, as
well as gaining weight.

Chick Energetics

Upon hatching, chicks continue to draw on yolk energy reserves for the first few days;
however, most species exhaust the yolk reserve in 1-4 days at a fairly even rate (Kear
1965, Ricklefs 1974, Whittow 1976, Welty 1982, O’Connor 1984). Yolk reserves provide

the chick with energy during the first few days while it learns various survival skills
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(e.g. foraging, predator avoidance, etc.), freeing it of the need to instantly learn how
to forage effectively.

Energy demands increase soon after hatching. Basal metabolism of a typical
precocial species peaks soon after hatching and can easily reach 2-3 times that of
adult rates. At 10-25% of adult weight, the metabolic rate and energy demand is
greatest (Ricklefs 1974:246). This corresponds to piping plover chick weights of 5-13
g -- the same range of weights we observed in chicks 4-5 days old. Precocial chicks
lose weight during the first two days after hatching. Their weight stabilizes and they
begin to gain weight after the third day (Soikkeli 1967, Cairns 1977, Pienkowski
1984a). Pienkowski (1984a) found that ringed plover chicks did not begin to gain
weight until 2-3 days after hatching, but then gained weight steadily through fledging.

Access to food is essential for the survival of these young chicks. Their
metabolic demands are increasing at a time when yolk reserves are exhausted. If
food is not available, mortality rates would increase as chicks deplete their internal

energy reserves.

Reproductive Success

Overall, 43% of the chicks that hatched on AINS fledged (Table 24). The
variations in how fledging success is defined and reported in other studies makes
comparisons difficult; therefore, | will only discuss comparable figures. Maclvor

(1990) reported a mean of 61% for the beaches in her study. Patterson (1988)
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reported 19-69% of chicks fledged in different brood foraging habitats. On
Chincoteague NWR, Ailes (1988) found a 40% chick fledging rate.

Productivity (chicks fledged/breeding pair) is low and highly variable in North
America (Haig and Oring 1985). During the course of this study, reproductive rates
varied among Atlantic Coast states from a low of 0.43 (n =14 pairs) in North Carolina
in 1990 to a high of 2.38 (n =16 pairs) in Maine in 1989 (Hecht 1988, 1989, 1990).
Overall, Maryland had nearly the lowest productivity of all Atlantic Coast states and
provinces in all 3 years with only North Carolina (0.59 in 1989 and 0.43 in 1990) and
Delaware (0.0 in 1988) reporting lower figures. This underscores the need for efforts
to boost reproductive success on AINS. The successful use of predator exclosures
in 1989 increased reproductive success but not substantially. Further efforts to
increase reproductive success are warranted.

The productivity on AINS is currently below levels necessary to maintain a
stable population (Prindiville Gaines and Ryan 1988, Melvin et al. 1991, this study).
Productivity is limited on AINS by high nest predation and the early loss of chicks.
Chick loss is difficult to quantify, but predation and the availability of adequate forage
(Chapter 3) impacts chick survival. Maclvor (1990) recognized the difficulty in
identifying chick mortality and believed predation was responsible for a substantial
portion of her losses. Wiens and Cuthbert (1984) also suggested that most chicks
were lost to predators, but recognized starvation as an aiternative hypothesis. Cross
(1989) believed that avoiding predation was of greater importance to chicks on

Chincoteague NWR than acquiring sufficient food. On Tom’s Cove Hook, the south
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end of Assateague Island, where broods have a choice of foraging habitats, 85%
(n=14) moved to mud flats, tidal pools or barrier flats soon after hatching, areas we
recognize as higher quality foraging areas (as discussed in the following chapter)

suggesting that adequate forage may not be limiting.
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SUMMARY

The piping plover breeding population on AINS was 25, 20, and 14 pairs in 1988,
1989, and 1990, respectively. We found 34, 27, and 19 nests in 1988, 1989, and 1990,
respectively. Incubating plovers flushed from their nests at greater distances than
reported elsewhere (median = 120 meters) in 1990. To reduce disturbancé to
incubating adults, we recommend the use of 225 m disturbance buffers on AINS.
Forty percent of the piping plover nests found hatched. The daily nest survival rate
was 0.962. Nest predation was high and was primarily due to red fox. Predator
exclosures did not improve overall nest survival. Six exclosed nests were lost to
avian predators and 8 exclosed nests were lost to foxes.

Chick mortality was concentrated in the first 10 days of life. Chick survival on
the bay beach and island interior habitats was higher than on the ocean beach.
Similarly, weights of chicks raised on the bay beach and island interior were greater
than those raised on the ocean beach. Surviving chicks were substantially heavier
and had grown more than chicks that died. Thirteen, 18, and 11 chicks fledged in
1988-1990, respectively. Overall reproductive success was 0.71 chicks fledged /
breeding pair for the study, well below the estimated levels necessary to maintain a

stationary population.
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Chapter 3. COMPARING BROOD FORAGING

HABITAT

In 1986-87, Patterson (1988) observed that plover chicks in broods that moved to
bay beach foraging areas had a higher probability of surviving than those that were
reared on the ocean beach. Plovers moved to the bay beach via vegetation-free
paths created by storm wave overwashes. Large waves generated by Hurricane
Gloria extensively overwashed the northern 8 km of Assateague Island in September,
1985 (U.S. Dept. of Commerce 1985), scouring numerous paths from the open beach
to the bay (Bashore and Krim 1986). Hurricane Charley in August, 1986 (U.S. Dept.
of Commerce 1986) maintained these paths (Patterson pers. commun.). Other
portions of the northern 8 km of the island were not as extensively overwashed, and
chicks hatching in these areas selected or were restricted to feed on the ocean
beach. In 1988, we identified a third major habitat use area, the island interior, and
incorporated it into our study design. The island interior is located along the margin
of the vegetation or within sparse vegetation (Table 1).

Any of three hypotheses could explain the observed differences in chick survival
between broods reared on the bay beach (high survival) and those restricted to the

ocean beach (low survival, Table 24): 1) higher predation pressures on the ocean
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beach could reduce survival, 2) disturbance rates could be greater on the ocean
beach, resulting in plover chicks spending more time vigilant, less time feeding, and
expending more energy escaping, 3) lower food availability on the ocean beach may
weaken chicks and contribute to increased starvation or predation, or any
combination of hypotheses (Patterson et al. 1991). We addressed each of these
hypotheses, with special emphasis on the forage availability hypothesis.

Bay beach foraging habitats had higher chick survival than ocean beach
habitats. We examined these differences by comparing foraging rates, activity
budgets, prey abundances, disturbance rates, and human presence among the
habitats. Given the survival rates observed in 1986-1987, we made a number of
predictions based on our hypotheses. We predicted that 1) indices of predator
abundance on the bay beach would be less than those on the ocean beach; 2)
disturbance on the bay beach would be lower than on the ocean beach (e.g. indices
of non-predators [including humans] on the bay beach would be less than on the
ocean beach); and 3) chick foraging rates and prey abundances on the bay beach
would be higher than on the ocean beach. We also predicted that chicks on the bay
beach would weigh more than those on the ocean beach but recognize this may be

the result of a combination of food availability and disturbance.
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METHODS

Determining Brood Foraging Habitat

After the eggs of known nests hatched, each brood was located daily to
determine the foraging habitat used. All birds were checked for bands, which were
read and recorded. Tﬁe location of each family group was recorded daily, providing
us with information on habitat use and brood movements.

We observed the plovers from a sufficiently distant or concealed position so that
brood location was unaffected by observation. A portable blind was used
occasionally but with little success. The vehicle provided the best blind. We
recorded bird locations when first encountered. When we found a brood, we
recorded the tidal level (hours past high tide to the nearest quarter hour),
temperature, % cloud cover, wind direction and speed (Beaufort scale), brood
location (Appendix A), habitat type, and the number of people within 300 m of the

brood.
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Behavioral Observations

Foraging Behavior

Foraging data were collected by watching focal chicks or adulits for 5 minute
periods (Altmann 1974). A digital timer' with an alarm was used to time the periods.
During each observation period, we characterized foraging movements (Table 1) and
recorded the number of such movements. If the focal animal was lost from view, the
observation was resumed and completed if the animal became visible within
approximately 2 minutes (Lehner 1979), otherwise, the observation was terminated.
To the extent possible, each chick in the brood was observed in sequential 5-minute
observations. Because we felt that foraging rates and behaviors among chicks within
a brood may not be statistically independent, we calculated a mean foraging rate for
each brood and used this foraging rate in subsequent statistical comparisons.

One or both adults also were observed when possible. We termed adults
observed within 25 meters of a brood as “tending adults.” We also observed “lone
adults” that were not associated with a brood when we had the opportunity. We
calculated separate values for the chicks and adults.

We attempted to sample all broods daily, but when time constraints prohibited

this, we focused most closely on the 0 to 10 day-old chicks because this age group

1 Timer Plus, manufactured by Fisher Scientific
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experiences the highest mortality rates (Cairns 1982, Patterson 1988, Maclvor 1990,
this study; but see Flemming et al. (1988) who reported the greatest mortality
between 10 and 17 days of age). In general, we attempted to sample all broods
>90% of the days.

We calculated foraging rates by dividing the number of foraging attempts (pecks)
by the observation time and expressing them in attempts per minute for age classes
3-10 days old, 11-20 days old, 21+ days old, lone adults and tending adults. To
preserve independence, we calculated a mean value for each age class at each
location (Habitat Unit, see Appendix A) and analyzed this data set. Foraging rates
were found to be non-Gaussian; therefore, when we compared rates in different
habitats we used a Kruskal-Wallis test. Comparisons among bay beach, island
interior and ocean beach habitats were made excluding observations of chicks 0-2
days of age because it generally tock 2 days for broods to move to the bay beach or
island interior habitats from their nests on the ocean beach (i.e. there were no chicks
0 days old observed on the bay beach). After 3 days of age, the number of chicks in
each habitat was balanced.

We weighed chicks 4 and 5 days of age in as many broods as possible (See
Appendix H). We tested if a relationship existed between this weight and the foraging

rate for each respective age class (Spearman’s correlation coefficient).
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Time Budgets

We gathered time budget information as we conducted the 5-minute foraging
observations. A programable stopwatch beeped at ten-second intervals, at which
time the behavior of the focal bird was noted. We recorded both behavior (Table 25)
and disturbance sources. We dictated data into a tape recorder and transcribed the
tape that evening. For analysis, some behaviors were pooled into more general
categories (Table 25). To preserve statistical independence, time budget data were
pooled for each brood, and a mean was calculated for each location in the same

manner as the foraging data.

Prey Sampling

Approximately once a week, we sampled prey populations (terrestrial
arthropods and substrate invertebrates) in 4 areas. Two areas were within randomly
selected brood foraging sites, and two areas were selected at random. Brood sites
were selected by drawing 2 of the available brood numbers out of a hat. For the
random sites, we used a random numbers table to select a random distance south
of the Ocean City Inlet. We collected samples from the ocean beach, bay beach, and

island interior. We attempted to collect samples from the same relative position on
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the beach in each respective habitat. in brood foraging areas, we attempted to center

our sample areas where we had observed plovers foraging.

Terrestrial Arthropods

We sampled available arthropods at all sites using 2 sticky paint stirrers
exposed for 30 minutes. Tanglefoot® Insect Trap Coating? was used to capture
arthropods on these sticks. We placed one stick horizontally on the ground and the
other vertically, approximately 10 cm apart. The area exposed was 64.5 cm? (21.5 cm
x 3 cm) for the horizontal stick and 129 cm? for the vertical stick. Arthropods were
counted by size class and Order.

In 1990, we sampled terrestrial arthropods in all 3 habitats using a sweep net.
Ten sweeps ~10 cm above the surface of the sand were taken, and the number of
arthropods captured were counted. We used similar sweep techniques in each
habitat. Ocean beach samples were taken along the wrack line, bay beach samples
were taken along the shore, and island interior samples were taken along the edge
of the vegetation or within the sparse vegetation.

Relative arthropod abundances were compared among habitat types using
Kruskal-Wallis tests. Random points and brood-rearing territories were compared
with a Wilcoxon signed-rank test. To control for temporal variability, we paired

samples from random sites and brood-rearing territories by each week. Statistical

Z The Tanglefoot Company, Grand Rapids, M1 49504, available from Forestry Suppliers, Inc., Jackson,
MS 39284-8397
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analyses were preformed on the difference between brood-rearing territories and

random sites.

Substrate Invertebrates

In 1988, we initiated substrate sampling. We obtained 3 subsamples along the
shore or upon a mud flat, if present, on the bay beach; 3 subsamples from the wet
sand on the ocean beach; and 3 subsamples from the saturated sand low on the
ocean beach. Subsamples were taken 5-10 m apart. Within brood-rearing territories,
we attempted to sample areas where we observed plovers foraging. In 1989, one
sample each was taken from the bay beach or mud flat, the wet zone and the
saturated zone of the ocean tidal zone, and a sample was taken from the island
interior, along the margin of the vegetation or within the sparse vegetation (Table 1).

For each sample, we recorded the time of day and tidal level. We preserved
samples in 5-10% formalin with Rose Bengal (approx. 1/2 tsp./20 L 10% formalin
solution, enough to color all life forms pink). We extracted all life forms >1 mm from
the sand using watchmaker’s forceps or by swirling the mixture and decanting the
organisms. We manually searched for bivalves following decanting. We identified
polychaetes, bivalves, and insect larvae to Class and amphipods to Order
(Amphipoda).

We compared relative invertebrate abundances among habitat types using

Kruskal-Wallis tests. Wilcoxon Rank Sum tests were used for pairwise comparisons
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following significant Kruskal-Wallis tests. Random points and brood-rearing
territories were compared with a Wilcoxon signed-rank test as described in the

previous section.

Monitoring Human Use and Predator Abundance

Disturbance-predation Transects

In order to compare potential disturbance and predation rates among habitats,
we obtained indices of human use and predator use in the 3 habitats. Once a week,
in each brood foraging site, we walked a 100-m-long, 4-m-wide transect parallel to the
wrack line. The center of the transect was 5 m above the wrack line, and the
50-meter mark was adjacent to the approximate center of plover activity during the
preceding week. A second transect, 50-m long and 4-m wide, ran perpendicular to
the midpoint of the first transect, away from the water. In brood foraging sites with
access to both the high energy beach and the bay beach, we established and
traversed transects in both habitats to determine the relative differences in
disturbance within each territory. Island interior transects were initiated in 1989.

During each traverse, we recorded the number of human trails, the number and

type of human refuse items, the number of ghost crab burrows, and the number and
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type of predator and nonpredator trails, by species, using a modified line intercept
method (Gysel and Lyon 1980). Because garbage, ghost crabs, or carrion may
influence predator foraging patterns, we recorded the number of these items on the
transect as well. We ran transects 1 to 3 days after high winds or heavy rains erased
all tracks. For analysis, we standardized all track counts for 1 day of exposure.
Statistical comparisons among the 3 habitats were made using Kruskal-Wallis
tests. We compared brood-rearing territories and random points using a Wilcoxon
signed-rank test. As in the analysis of invertebrate prey, samples were paired by the
week of collection and the analysis completed on the difference between
brood-rearing territories and random samples. Only trail counts from animals in
which we observed 1 or more trails/transect in >70% of the transects were analyzed
statistically (i.e. datasets containing more than 30% zeros (ties) were not analyzed).
We assessed track longevity on AINS in 1990. Tracks were made daily on an
experimental plot. The plot was checked daily and track disappearance was

recorded.
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RESULTS

Brood Movements

On average, piping plover chicks moved less than 200 m from their nest sites in
the first 10 days of life (Table 26). After 20 days old, chicks became more mobile,

moving more than 1 km in one instance.

Foraging Behavior

Foraging rates for chicks 3-10 and 11-20 days old differed among habitats
(Kruskal-Wallis y*=14.4, 2 df, P=0.0007 and y2=8.0, 2 df, P =0.0186, respectively,
Table 27). Ocean beach foraging rates for these chicks were lower than bay beach
and island interior rates. Foraging rates did not differ among habitats in the 21+

days-old age class. This age class used the ocean beach more frequently than the
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younger age classes. Tending and lone adult foraging rates similarly were highest
in bay beach habitats.

Lone adults foraged at a higher rate than tending adults on the bay and ocean
beaches (Wilcoxon Rank Sum [normal approximation with continuity correction]
Z=2.26, P=0.0235; Z=3.32, P=0.0009, respectively) but not in the island interior
along the vegetation margins (P =0.6592).

Chicks (all age classes) used vegetation gleaning to a greater extent on the bay
beach (1.4%) and island interior (0.9%) than on the ocean beach
(0.4%)(Kruskal-Wallis [chi-square approximation] y?=9.3, P=0.009). All other
methods of prey capture did not differ among habitats (Table 28). Chicks took prey
primarily from the substrate surface, penetrating the substrate only on a few
occasions (pers. obs.).

Foraging rate increased with age within the 3-10 day age class in the island
interior (linear regression, F=12.9, P=0.001, adjusted-R?=0.285, Figure 8) but not in
other habitats or age groups (P> 0.05).

The Spearman’s correlation coefficient showed a positive relationship between
chick weight (at 4-5 days old) and foraging rate for chicks 3-10 days of age (r=0.38,
P=0.013, n=42) for all habitats combined. Piping plover chicks 3-10 days of age that
ultimately fledged showed no relationship between weight (at 4-5 days old) and

foraging rate (3-10 days) on the bay beach, island interior, or ocean beach.
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Time Budgets

Young piping plover chicks (<20 days) spend most of their time foraging (Table
29). Island interior and bay beach chicks 3-10 and 11-20 days old spent more time
foraging than ocean beach chicks (Kruskal-Wallis y?=11.1, 2 df, P=0.004 and
x*=10.1, 2 df, P=0.007, respectively). The proportion of time spent in locomotion in
the 11-20 days old age class was higher on the ocean beach than on the bay beach
(intermediate) or the island interior (lowest)(Kruskal-Wallis, y2=7.9, 2 df, P=0.019).
The proportion of time spent in preening, alert, or resting behaviors did not differ
among habitats.

Tending adults oﬁ the bay beach spent more than 50% of their time foraging,
compared to only 6% for tending adults on the island interior and 18% for tending

adults on the ocean beach (Table 29).

Disturbance and Foraging Observations

Foraging rates did not differ significantly between observations containing one
or more disturbance events and those containing none except 2 age classes on
different beaches (Table 30). Foraging rates of chicks 3-10 days old on the ocean
beach were higher during observations that were disturbed than observations that

were not disturbed (P =0.047). Tending adults also had higher foraging rates during
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observations containing disturbance than during observations that were undisturbed

in all habitat types, though this was only significant on the bay beach (P=0.05).

Disturbance and Time Budgets

We observed few differences in the time engaged in different behaviors between
disturbed and undisturbed observations (Table 31). The time chicks 3-10 days old
spent foraging on the bay beach and island interior was lower in observations with
disturbance, but the reverse was true on the ocean beach. In general, the time spent
in locomotor activities increased in observations with disturbance. Resting time
decreased in observations with disturbance in all but 2 combinations of age class and

beach.

Human disturbance

Piping plovers in all habitats experienced human disturbance at similar rates
(P=0.8). Rates of human disturbance ranged from 0.01 events/minute (1 event/100
min.) on the bay and ocean beaches, to 0.04 events/minute (1 event/25 min.) on the
island interior. Human disturbance did not affect foraging rate or behavioral variables
to a greater extent than other disturbance sources (Appendix D, We tested
observations that were not disturbed with observations that were disturbed by

various sources [human, plover, avian, etc.]. We then compared the level of
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significance (p-values) of human disturbed observations vs. other disturbance
sources. Of 160 comparisons, 86 (54%) observations disturbed by humans were less
different (the p-value was closer to 1) than observations disturbed by other sources,
56 (35%) were more different, and 18 (11%) were the same.).

Foraging rates of plovers disturbed by humans did not differ from rates during
observations when no human disturbance was noted (Table 32). Time budget
variables (% time foraging, locomotion, preening, alert, and resting) likewise showed
no differences between observations containing disturbance and those with no
disturbance, though sample sizes were <10 in most cases (Table 33).

Human disturbance in 1990 was greater than in 1988 or 1989 on both the ocean
beach (Kruskal-Wallis, P=0.0146) and the bay beach (Kruskal-Wallis, P = 0.0001,
Table 34). The disturbance levels in 1990 were 8-25 times greater than the human

disturbance observed in previous years.

Disturbance during behavioral observations

Disturbance from a number of sources was observed during behavioral
observations (Table 35). One or more incidents of avian disturbance was observed
in 15% of all observations. Human disturbance was observed in 4.9% of all
observations.

The proportion of observations containing avian disturbance was highest for the

bay beach {5%), and lower on the island interior (2%) or the ocean beach (3%,

Chapter 3. COMPARING BROOD FORAGING HABITAT - RESULTS 76



Kruskal-Wallis x*=7.61, 2 df, P=0.022). Disturbance did not differ among beaches for
overall disturbance (Tables 29, 36) or disturbance from plovers, humans, mammals,
other or unknown sources (Table 36). Conspecific interaction was the chief avian
disturbance factor (26%). These encounters were territorial in nature along shared
boundaries or on a common feeding territory.

To address the effects of different sources of disturbance on foraging rates and
time budget variables, we compared observations containing one or more
disturbance events with those that contained none (Appendix D). Overall disturbance
correctly indicated the significance (at P=0.05) of the individual sources of
disturbance 97.3% of the time (253 of 260 comparisons). Moreover, overall
disturbance correctly indicated the significance of ALL sources of disturbance in 130
of 135 variables compared (96.3%). Thus, our use of “overall disturbance” does not
appear to mask any effects of various disturbance sources.

Overall disturbance on the ocean beach in 1990 was higher than in 1988 or 1989

(Kruskal-Wallis, P=0.0001, Table 34).

Behavioral Observations

In 528 attempts to locate broods known to have at least one surviving chick, we
were able to find at least one chick 391 times (74%). Of the 367 brood checks when
we were able to find one or more chicks in a brood, we initiated behavioral

observations 202 times (55%). Of 367 attempts to begin behavioral observations on
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a brood, we were unable to begin 83 (23%) because the chicks were obscured by
grass or ran behind a dune, 33 (9%) because we caught the chicks for banding, 21
(6%) because fog, rain, or wind obscured our vision or made the use of spotting
scopes difficult, 7 (2%) because the chicks were disturbed by other animals, and 7
(2%) because the chicks were disturbed by the researcher’s presence (n=25) or other
humans (n=2).

Of 654 behavioral observations, 81.8% lasted the full 5 minutes. Those under 3
minutes in length (5.8%) did not differ significantly from longer observations in the
variables tested (Appendix B). Eighty-three observations (12.7%) were terminated
before completion because focal animals ran from view (usually into the vegetation
or behind a shallow dune). Twelve birds (1.8%) flew off and 24 (3.7%) were
terminated early because of disturbance. Of the observations containing disturbance,
no individual disturbance source (human, avian, plover, mammalian, or other) was
responsible for a higher proportion of behavioral observations ending early
(chi-square test of homogeneity, y¥>=5.1, 4 df, P=0.277). Additionally, | tested each
disturbance source vs. all other sources pooled, to determine if any one source was
particularly disruptive. No individual source was responsible for a disproportionately
high or low number of early ending observations (chi-square test of homogeneity,
P=0.073, P=0.101, P=0.611, P=0.720, and P=0.325 for human, avian (other than
plover), plover, mammalian, and other disturbance sources).

Of the 119 observations that were terminated before the 5-minute scheduled

end, 24 (20%) ended because of disturbance. Fourteen (12%) focal animals were lost
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from view during observations disturbed by a boat-tailed grackle, crow, a piping
plover, a willet, unknown avian, a pony, weather, and 7 humans. In 10 instances
(8%), the plover flew off as a result of disturbance from boat-tailed grackles (2), a gull,
plovers (3), a willet (1), a turtle (1), and humans (2).

The variation in foraging rates within a brood (intra-) was no different (P> 0.05)
than the variation among broods (inter-) for any chick age class or beach. Only
tending adults had higher interbrood (vs. intrabrood) variation in foraging rates in the
island interior (F=150.3, n=4,12 P<0.001). All other age classes and beaches
showed no differences.

Time of day and tidal level biases were found to be minimal (Appendix C). We
observed a linear relafionship between tidal level (ordinate) and foraging rate
(abscissa) only in one age class. Tending adults on the bay and ocean beaches
foraged at a greater rate during lower tidal levels (linear regression, F=7.8, 8,9 df,
P=0.02 and F=5.8, 40,41 df, P=0.02); however, the relationships were not strong

(Adj-R?=0.43,and Adj-R?=0.104).
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Relative Prey Abundance

Terrestrial Arthropods

| found no differences in relative arthropod abundances between random points
and brood-rearing territories (Wilcoxon signed-rank P> 0.1) in any habitat types. Bay
beach arthropod counts were greater than those on the island interior or the ocean
beach in brood-rearing territories (Kruskal-Wallis, x* =36.5, 2 df, P=0.0001) and at
random points (Kruskal-Wallis, y>=16.7, 2 df, P =0.0002) (Table 37). Island interior
arthropod counts were intermediate and significantly different than either bay beach
or ocean beach counts (pairwise Wilcoxon Rank Sum, P<0.05). Ocean beach
arthropod counts always were lowest. Variation in arthropod abundances among
years was high.

Dipterans composed 91% of all arthropods caught. Various coleopterans,
homopterans, and hemipterans made up the balance (Table 38). The upright stick
and the horizontal stick had nearly equal numbers of captured arthropods (51%/49%).
Scatter plots failed to suggest any seasonal trend in the total number of arthropods
captured (Figure 9). Tidal level also appeared to have little effect on the number of
arthropods captured (Figure 10).

Sweep net insect counts in brood-rearing territories were not different from

random sites for any habitat type (Wilcoxon signed-rank P> 0.2, Table 39). Pooling
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random and brood-rearing sites, more insects were captured in the island interior
than in other habitats (Kruskal-Wallis, y?=12.6, 2 df, P=0.002). Island interior
brood-rearing territories had higher insect counts than ocean or bay beach habitats
(Kruskal-Wallis x*=7.90, P=0.019). Insect counts at random sites, however, were not

different among habitat types.

Substrate Invertebrates

Total substrate invertebrates were more numerous in brood-rearing territories
than at random points in the island interior (Wilcoxon signed-rank P=10.0006) and the
ocean beach (Wilcoxon signed-rank P =0.0001) but not in the bay beach (Wilcoxon
signed-rank P =0.38)(Table 40). The invertebrates driving these differences, however,
were not the same for each habitat. On the ocean beach, amphipods were more than
twice as numerous in brood-rearing territories than at random points (Wilcoxon Rank
Sum, P=0.004). Island interior brood-rearing territories had more insects and insect
larvae than random sites (Wilcoxon Rank Sum, P=0.004). In the island interior,
polychaetes were more numerous in brood-rearing territories than at random points
but not significantly so (Wilcoxon Rank Sum, P=0.056). No specific bay beach
invertebrate densities differed between random points and brood-rearing territories.

In brood-rearing territories and random sites, total substrate invertebrate
densities were greatest on the ocean beach (Table 40). Bay beach values were

intermediate and island interior values were the lowest. All habitats were different
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from each other in both brood-rearing territories and at random sites (pairwise
Wilcoxon Rank Sum, P<0.05). Amphipods showed the most dramatic differences,
driving the differences we observed in the total values.

Most amphipods and mole crabs (Emerita talpoida) were found on the ocean
beach (Table 40). Small bivalves and polychaete worms were most numerous on the
bay beaches and mud flats. Insects and insect larvae were most common on the
island interior, but far more numerous in the brood-rearing territory samples than in
random samples.

Amphipods made up approximately 95% of the ocean beach samples and most
were found in the saturated intertidal zone (Table 1, 41). In every category of
substrate invertebrates except mole crabs and insects or insect larvae, saturated

samples contained the majority of the invertebrates.

Monitoring Human Use and Predator Abundance

Only 22 of 613 brood observations (4%) contained human/plover contacts
(Figure 11). However, when broods encountered humans, the humans passed within

5 m of the broods original center of activity 11 of 22 (50%) observations (Figure 12).
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Disturbance-predation Transects

The total number of trails did not differ among habitat types (Kruskal-Wallis,
P=0.8, Table 42). Potential predator trails, however, were more common on the bay
and ocean beaches than in the island interior (Kruskal-Wallis, P =0.0019).
Nonpredator trails were greater on the bay beach and island interior than on the
ocean beach (P=0.0001). Human trails were greater on the bay beach than on the
island interior or ocean beach (P=0.01).

On the island interior, we counted more trails in brood-rearing territories than
at random points for ponies (Wilcoxon signed-rank P =0.03), humans (P =0.0095),
nonpredators (P =0.0025), and the total number of trails (P=0.013, Table 43). The
number of deer, fox, and total predator trails were not different between
brood-rearing territories and random points. The number of trails from other sources
could not be compared because they were not abundant encugh to meet the
minimum needed for statistical analysis. We also found no differences in trail counts
between brood-rearing territories and random points on either the bay or ocean
beaches.

Most transects (96%) were run a day or two following wind or rain that would
have erased all previous trails. Mean exposure period® was 1.5 days (SE = 0.07,

n=101). Human tracks were quickly erased. On the experimental plot in 1990, tracks

3 The time since the last wind or rain event that erased all tracks.

Chapter 3. COMPARING BROOD FORAGING HABITAT - RESULTS 83



lasted 0.59 days (SE=0.18, n=51 days). Tracks were erased by both wind (n=14)

and rain (n=18), although we did not note the cause of erasure every time.
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DISCUSSION

Foraging Behavior

Younger chicks foraged at greater rates in bay beach and island interior habitats
than on the ocean beach, weighed more, and had a higher probability of survival
(Chapter 2). These observations support the hypothesis that bay beach and isiand
interior habitats have more food available to young piping plover chicks than the
ocean beach, and that chicks reared in ocean beach habitats suffer higher losses as
a result of starvation or starvation-related problems.

Similarly, adults on the bay beach foraged more rapidly than adults on the ocean
beach or island interior. Tidal level was related to foraging rate only in tending adults
on the bay and ocean beaches. Higher tending adult foraging rates at lower tidal
levels supports the hypothesis that prey are more available at these tidal levels.

Foraging rate and prey density appear to be good indicators of prey availability
for other species. Sanderling (Calidris alba) prey capture rates were affected by prey
size, prey density, prey spatial distribution (clumped vs. regular vs. random), prey
depth, and substrate penetrability (Myers et al. 1980). Wind, rain, cloud cover,

temperature, the presence of other predator (bird) species, and prey selection also
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influence prey capture rates (Pienkowski 1983a, 1983b, 1983c). As prey density
decreases, prey availability decreases, prey capture rates decline, and foraging rates
decline (Murton et al. 1966, Maron and Myers 1985). Conversely, higher foraging
rates and capture rates have been reported where prey availability and prey density
were greater (Goss-Custard 1970, 1977, Puttick 1979, Myers et al. 1980). To plover
chicks, prey availability is more important than prey density or total numbers of prey
(Evans 1976), but little experimental work has been done to determine the availability
of prey items to plover chicks. Prey type and size are difficult to determine at great
distances. Other studies, however, have shown that foraging rate or prey capture is
a positive function of prey density in other species (Holling 1965, 1966; Myers et al.
1980).

Conversely, foraging rates may decrease with increasing prey availability as
birds become more selective (Baker and Baker 1973, Pienkowski 1983b, Wilson 1990);
however, this hypothesis is based on the premise that foraging individuals can
discriminate among prey items. These studies focused on adult shorebirds. Little is
known about the relationship between prey availability and foraging rate in
developing chicks. Selective foraging is a function of experience (Holling 1965).
Young chicks, therefore, may be less selective than adults. Immature and juvenile
birds forage more slowly and less efficiently than adults do, suggesting that some
learning is involved (Kear 1962, Newton 1967, Orians 1969, Puttick 1979, aiso see
Dawkins 1971, Smith 1983, O’Connor 1984). Pienkowski (1983b) suggested that ringed

plover chicks become selective with increasing age while Galbraith (1989) felt that
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lapwing (Vanellus vanellus) chicks (both Family: Charadriidae) foraged
opportunistically, not selectively. Young piping plover chicks may be foraging
opportunistically, although | would predict they make the transition to selective
foraging strategies early in their first year of life.

From our observations, it appeared that insects were the primary prey on the
bay beach and island interior. Most ground strikes did not appear to penetrate the
surface. We observed adults taking worms on the bay side, but chicks seldom did.
Suspected diet composition on the ocean beach is more difficult to assess. Based
on prey availability, chicks foraging at the water’s edge most likely were taking
various crustaceans. Some, however, foraged along the wrack line, an area with
abundant insects and beach fleas (Gosner 1978).

Young birds are typically reared on high protein diets (O’Connor 1984), often
different from adult diets. Insects provide high protein and easy to handle prey
(Kirkham and Morris 1979). The importance of invertebrate prey to chick growth and
development is reviewed by Ricklefs (1983) and O’Connor (1984). Paralleling our
daily chick loss, Johnson and Boyce (1990) reported sage grouse chicks raised
without insects all died between 4 and 10 days of age while all chicks provided with
insects lived. It should be noted, however, that these were feeding trials and the
chicks did not have alternative food sources available.

Our data are consistent with the hypothesis that starvation, or a
starvation-induced weakened condition, led to decreased survival. The amount of

energy that a precocial chick can provide for itself is limited by its small size and
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feeding experience (Ricklefs 1968). Although the growth rates for precocial chicks
are relatively slow (O’Connor 1984), metabolic demands peak soon after hatching
(Ricklefs 1968, 1974). Chicks must become ambulatory soon after hatching and begin
to thermoregulate within a few days (Soikkeli 1967, Ricklefs 1968, 1974, 1983, Ricklefs
et al. 1978). Yolk reserves provide energy during this period, but they are usually
exhausted in 1-6 days (Romanoff 1944, Kear 1965, Marcstrom 1966, Ricklefs 1974,
1979, 1983, Ricklefs et al. 1978, Kirkham and Morris 1979, Pienkowski 1984a). Chicks
that have not acquired the skills to forage effectively or do not have an adequate food
supply may suffer from an energy deficit. The fact that most of our plover chicks were
lost in the first 10 days of life is consistent with the hypothesis that early chick
mortality is the result of starvation.

Chick growth rates and weight gains are directly affected by food supplies
(Ashmole 1962, Harris 1966, 1969, 1978, LeCroy and Collins 1972, Boersma 1978,
Houston 1976, Ricketts and Prince 1981, Van Heezik and Davis 1990), and weight
gains have been used as a measure of growth rates in many species. We also used
weight as an indicator of growth (Chapter 2). A lack of food resources may slow or
limit development (O’Connor 1977a) to the point that chicks that fail to gain weight
above certain thresholds do not survive (e.g. Schreiber 1976 [brown pelicans],
Ricklefs 1983 [house wrens]). Initially, precocial chicks devote most of their energy
to maintenance and survival (Ricklefs 1973). Therefore, differences in relative
weights of young plover chicks may reflect their ability to survive and increase their

body weight on the available resources.
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The salt content of the prey items in different habitats may affect survival. On
the ocean beach, amphipods are the most numerous prey item. They live in a habitat
saturated by sea water and probably have a high salt content. Whereas on the island
interior and bay beaches, terrestrial insects and insect larvae are abundant and are
presumably less salty. Young white ibis (Eudocimus albus) have difficulty with high
saline diets at very early ages, explaining why adults fly great distances to raise
young on freshwater invertebrates (Bildstein et al. 1990, Johnson and Bildstein 1990).
Mottled duck chicks have reduced survival and growth rates at higher salinity diets
(Moorman et al. 1991). Young piping plover chicks may experience this difficulty with
osmoregulation as well. An intolerance to high saline prey could represent a
physiotogical bottleneck for successful reproduction (Johnson and Bildstein 1990);
however, this requires further investigation as piping plover chicks feed primarily on
the ocean beach elsewhere along the Atlantic Coast (Maclvor 1990). The amount and
distribution of wrack in these other areas may increase the availability of insect prey.
On Breezy Point, N.Y., Goldin (pers. commun.) reported chicks fed on insects
associated with the wrack line. On AINS, piping plover chicks remained relatively
close to the nesting and adjacent feeding area for approximately the first 20 days of
life, especially those foraging on the island interior and the bay beach. At about 20
days of age, chicks became more mobile, often moving from other brood-rearing
habitats to feed on the ocean beach. Factors influencing this use pattern are not
known, but an initial intolerance to high saline diets is one possible explanation.

Plovers foraging on the bay beach and island interior appeared to be eating mostly
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insects (which are presumably lower in salt content), but when plovers move to the
ocean beach, they may be switching to amphipods and other prey inhabiting the
swash zone (presumably higher in salt content).

Another hypothesis that could explain the pattern of early chick loss on AINS is
that predators encounter and eat these newly-hatched chicks. Unfortunately, this
hypothesis is extremely difficult to test. Red foxes, AINS’s primary predator, are
nocturnal. Plover chicks are smali and extremely mobile, further complicating
observations. Pienkowski (1984a) had similar problems with ringed plovers. He
attributed most of the chick losses to predators, primarily because he found no
differences in chick weights of surviving and disappearing chicks. Young chicks that
disappeared on AINS, however, had lower weights than those that survived. Also,
foraging rates and invertebrate indices on the bay beach and island interior were
higher than those on the ocean beach. Furthermore, chick survival on the bay beach
and island interior was higher than on the ocean beach. For these reasons, | believe

that food availability was more important to chick survival than was predation.

Time Budgets

Young chicks spent a majority of their time foraging. Foraging rate generally
was greater as the time spent foraging increased.
Tending adults spent more time being alert than in any other behavior. As

guardians of the chicks, this is not surprising. The percent of time spent foraging was
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highest on the bay beach and lowest on the island interior. This may be because bay
beach sites tend to be flat and relatively open, especially on bay side mud flats, which
offer good visibility. Ocean beaches are typically steep-sioped and offer limited
visibility from below the crest of the berm. Similarly, interior habitats may have
vegetation and small dunes which limit visibility. Plovers appear to detect predators
visually (Byrkjedal 1987). Thus, in the open habitats, predators may be more readily
detected. This ease of detection may allow plovers in such habitats to devote more
time to foraging.

Time budget observations frequently have been used to quantify behavior
(Verner 1965, Wiens et al. 1970, Stiles 1971, Wolf and Hainsworth 1971, Dwyer 1975,
Dunbar 1976, Puttick 1979, Maron and Myers 1985, Burger 1988, Flemming et al. 1988,
Eberhardt et al. 1989). Altman (1974) reviews the major techniques available, of
which instantaneous sampling and continuous observation are the most commonly
used. Because our goal was to assess the distribution of time spent in various
activities, instantaneous sampling provides the best choice given the restrictions of
a field study (Altman 1974, Lehner 1979, Tyler 1979). Continuous time observations
provide the most accurate estimate of the time spent in each activity, although using
a 10-second interval, as we used, closely approximates continuous observations

(Tyler 1979, Tacha et al. 1985).
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Disturbance

Conspecific aggression occurred regularly on the feeding territories. In a few
cases, the conflict was between the adults of adjacent broods. Most interactions
were between tending adults and a lone plover. Aggressive behavior as described
in Cairns (1982) was commonly observed, and the lone plover usually left quickly.
Occasionally, a feeding territory of one brood and a nesting territory of another would
be adjacent and conflicts were common.

Adult plovers aggressively defended their chicks and feeding territories not only
from conspecifics but from potential predators and competitors as well. Adult plovers
attacked birds regardless of size, including both sanderlings and great black-backed
gulls (Larus marinus). We observed one instance of mobbing when a crow flew over

a nesting area and was pursued and harassed simultaneously by 4 adult plovers.

Disturbance and Behavioral Observations

Foraging rates for tending adults on the bay beach were greater during
disturbed observations than during undisturbed observations. Higher foraging rates
of disturbed observations have a number of possible explanations. Although
disturbance at these foraging sites was high, prey abundance and availability also
may have been high. Areas of quality forage were in demand by other shorebirds,

increasing the chance of disturbance. Thus, foraging in these areas may have led to
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a higher chance of disturbance, but access was gained to higher forage quantity or
quality. Ground pecking in the form of redirected or displacement behavior (Alcock
1984:451) in response to the disturbance also could have contributed to the
discrepancy, although | doubt this affected our results. Chicks usually reacted to
disturbance by crouching, and | believe they are less likely than adults to engage in

ground pecking displacement behavior.

Human disturbance

The data on human disturbance suggest that foraging rates and time budgets
do not differ between disturbed and undisturbed observations. In Nova Scotia,
Flemming et al. (1988) found human disturbance to significantly reduce the foraging
rate and the incidence of foraging in chicks. Goldin et al. (1988) and Laskowski (1987)
reported human activities interrupted plover foraging bouts as well. Our data
represent human impacts when human visitation rates were low to moderate. Few
behavioral observations were completed during periods of high human visitation to
the National Seashore. Behavioral observations were difficult if not impossible to
obtain on many weekends and holidays (e.g. July 4) when human use was heavy.
We were able to locate broods easily in the morning, but this became more difficult
as the day progressed. During periods of high human visitation, broods often took

refuge in and along the vegetation bayward of the beach. Flemming et al. (1988)
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showed that chicks reacted to human disturbance by shifting away from feeding and
energy conservation activities to vigilance and predator avoidance.

Thus, | believe our behavioral observations underestimate human disturbance
overall. These data are appropriate for characterizing ‘typical’ weekday human use
patterns of the northern 7 km of AINS (approx. 10 visitors/day). On days of high
human use, however, | believe that human disturbance may be excluding plovers
from foraging sites for much of the day. Extensive disturbance in Nova Scotia plovers
was 5-50 pedestrians / day (Flemming et al. 1988). | believe levels equal to or greater
than this occur during brief periods of high use on AINS. Long weekends could be
particularly devastating.

In 1990, human disturbance increased substantially compared to previous years.
Both bay and ocean beaches experienced higher disturbance rates. Unfortunately,
we collected few data on the relative numbers of recreational visitors among these
years. | believe the observed increase in human disturbance during behavioral
observations is related to two other observations. First, there appeared to be
increasing recreational use of the northern 8 km of AINS from 1988 to 1990, increasing
the chance of human disturbance. Second, proportionally more broods used the
ocean beach as a foraging area in 1990 than in previous years. Because the ocean
beach is a favorite pathway for recreationists, the number of human-plover contacts

increased.
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Human Use and Disturbance

In 1988-1990, human use levels on the northern 8 km of Assateague Island
National Seashore were moderate and mostly restricted to specific areas.
Sinepuxent Campground, the Ocean City Inlet area, various island crossover points,
and the ocean tidal zone (pers. obs.) received most of the use. Sinepuxent
Campground was consistently used by visitors during the plover breeding season;
however, use was limited because it is a hike-in site 3 miles from the parking lot.
The inlet area received heavy use, primarily on weekends. | observed as many as
50 boats here on a busy weekend. Visitors who swam across the bay or beached
their boats on the bay side of the island often walked around to the ocean beach to
recreate. Additionally, many visitors walked the intertidal zone to the inlet and back,
inadvertently disrupting plover foraging. Future monitoring of human recreation

disturbance pressures should initially concentrate on these areas.

Invertebrate Prey

Bay beach habitats have the highest terrestrial arthropod densities. Island
interior values are intermediate, while ocean beach values are the lowest. These
data suggest that bay beach habitats are superior with respect to the available

terrestrial insects. We observed no difference in arthropod densities between
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random points and brood-rearing habitats, perhaps because of the high variation
among sites and years. Sweep net data reinforce the availability of insect prey along
the island interior. Rates of capture were 5 to 13 times higher on the island interior
than in other habitat types.

Ocean beaches have greater substrate invertebrate densities than other
habitats; however, these may be unavailable to young chicks. Most of these
organisms live in the saturated zone of the intertidal area and migrate up and down
the beach with the tide (Vader 1964). Young chicks (< 10 days of age) seldom use
this area and restrict their foraging to the wet zone and the wrack line. Older chicks
(> 20 days old) and adults do use the saturated zone often. Most of our observations
of young chicks foraging in the saturated zone are during low tidal levels when the
beach is relatively flat. The perils of foraging along the ocean tidal zone became
apparent while observing a chick on a relatively steep beach. The chick was foraging
along the edge of the wet/saturated zone until being overwhelmed by an incoming
wave. The chick retreated to the island’s interior and resumed foraging once it had

dried.
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Monitoring Human Use and Predator Abundance

Disturbance-predation Transects

The total number of trails indicating potential disturbance sources did not differ
among habitats. Trails of nonpredators, however, were more numerous along the
bay beach than in other habitats. This may be because many animals used the bay
beach as a pathway. Ocean beach values also were high, probably for the same
reason. The ocean beach and wrack line is a major foraging area for red foxes,
AINS’s primary predator.

Tracking substrates were not completely comparable among habitats. Bay
beach substrates were more compact. Finer, more compact substrates may have
caused us to underestimate track densities, especially those of lighter animals.
Heavier animals (such as humans), however, could have been overestimated as
tracks were not erased as easily in the bay beach habitats. Island interior and ocean
beach substrates were comparable, mostly dry sand. Given these considerations,
bay beach habitats may have been used by light animals more frequently than we
observed. Although the number of human trails could have been overestimated on
the bay beach because of the tracking substrate, we believe this is not a large bias.
Human tracks on the bay side were not counted if they were not fresh (sharp edges,

distinct) or had any indication of being created before we started our sampling period
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(exposure time). We recognize this imprecision in aging tracks; however, we believe

that the bias is small relative to the differences we observed.
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SUMMARY

Chicks reared on the bay beach or island interior habitats had higher survival
than chicks reared on the ocean beach. Foraging rates, indices of invertebrate prey
abundances, and disturbance rates all are consistent with the hypothesis that poor
chick survival may be the result of low food availability. Chick predation also could
account for these differences, but we believe it is not as important as food availability.
The foraging rates of young chicks on the bay beach and island interior were higher
than the foraging rates of chicks raised on the ocean beach. These chicks also spent
more time foraging than those on the ocean beach.

Terrestrial arthropods, which were mostly insects, were more abundant on the
bay beach and island interior than on the ocean beach. Chicks mostly preyed upon
insects, and insects occurred mostly on the bay beach and the island interior.
Substrate invertebrates were most numerous along the saturated ocean tidal zone,
but we question the availability of these prey to young plovers.

Disturbance on AINS was low to moderate. Overall disturbance did not differ
among habitats. We found no difference in foraging rates or time budget variables
between observations that were disturbed and those that were not. Human

disturbance in 1990 was greater than in 1988 or 1989.
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Chapter 4. SURVIVAL AND POPULATION MODELS

A knowledge of survival (or mortality) rate is essential for the adequate
management of a population (White and Garrott 1990). An estimate of the rate at
which members of a population disappear is an important consideration when
addressing population growth or recovery. Reproductive rates are determined
relatively easily. Mortality, however, is more difficult to estimate because plovers are
migratory and spend a majority of their annual cycle dispersed from the breeding
areas.

The AINS piping plover population has declined in the past 10 years from ~50
pairs in 1980 to 14 pairs in 1990 (Table 10). This decline may be the result of
increased mortality, decreased fecundity, changes in immigration or emigration rates,
or a combination of these factors. Individually color-marked plovers allowed us to
estimate annual survival for adults and first year birds. These estimates of survival
allowed us to model the current population, set goals for the reproductive success
necessary for recovery, and predict future population levels, given the past

reproductive success.
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METHODS

Survival Rates

Sightings and recaptures of piping plovers color-banded on Assateague Island
National Seashore, Maryland provided estimates of survival. Plovers banded by
Patterson (1988) in Maryland were included in the analysis; however, those banded
on Assateague Island in Virginia were excluded from survival estimates.

| calculated annual survival rates for adult and first year piping plovers. The
number of birds known or assumed alive one year later was divided by the number
known alive in a given year (Table 44). | calculated 3 estimates of survival using this
method. Of the 3 estimates (detailed below), the first was based on birds we
positively identified, the second included a correction for color-band loss, and the
third estimate included corrections for band loss and band-induced mortality. We
believe this last estimate was warranted because we observed birds with leg injuries
that probably resulted from banding. Although the injured birds seemed to behave
normally, we thought that the band-related injuries may have caused some mortality.
Since we were most interested in the survival of the unbanded population, we

attempted to estimate this value.
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Complete color-band combinations - | calculated survival based on the number

of individuals observed in a given year compared to the number observed or banded
the previous year. | calculated juvenile or first year survival in a similar manner for
birds banded as chicks in 1988 and 1989 and observed the following year. This
estimate was based solely on birds that were positively identified.

Complete plus incomplete color-band combinations - To account for birds

observed with partial combinations, | assumed that these individuals had lost their
band(s) between the previous year and the year observed. We could not identify
birds banded as chicks without a complete color-band combination; therefore, only
adult survival was estimated using this method. This estimate added 6 additional
birds (2 were observed in 2 years) to our first survival estimate. In 1989, we observed
2 birds with partial band combinations that could not be positively identified. Also
included are 2 birds observed in 1989 and 2 birds observed in 1989 and 1990 that had
incomplete color-band combinations but were identifiable®.

Complete plus incomplete color-band combinations plus estimated deaths - My

third estimate of survival attempts to correct for higher mortality rates in the banded
population as a result of band-related injuries. We observed 11 injured birds in 1988
and 1989, 4 of which were observed in the following year. Assuming these 11 birds
survived at a rate similar to the birds that did not lose any bands (67%), we would
have expected to see 7 birds return in later years (11*0.67 =7). The difference

between the number of birds we expected to see (7) and the number we saw (4) was

4 These birds include those in which the remaining bands were still a unique color-band combination
and 2 birds that had distinct leg injuries and partial combinations that matched birds returning to
breed in the same territory the following year (see Appendix on Leg Injuries for further details).
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our estimate (3) of the number of birds that died because of band-related injuries in

1988 and 1989. These birds were then added to the Complete plus incomplete

color-band combinations estimate in the appropriate years and survival was

calculated.

Population Model

| modeled the AINS population using a deterministic population model. The
model simply accounts for changes in a population based on a life-equation,
exponential model as tabulated by the PD (Population Dynamics) software, version
4.5, by J.W. Grier (Grier 1991). | used data from the past 5 years on AINS to calculate
a mean that was used as an input for reproductive variables. Survival data from this
study also were used. Model inputs are listed in Table 45.

I also determined the reproductive rate necessary to maintain population
stability for 100 years, given our survival estimates. To do this, | used the survival
estimates calculated in this study and varied the number of young produced per
successful female until the population was stationary (did not increase or decrease
by 1 individual) for 100 years. | calculated a range of estimated reproductive rates
required for population stability by using the upper and lower 95% confidence

interval for each survival estimate.
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RESULTS

Survival Rates

Annual adult survival in 1988-1990 was 67-72% (Table 46), depending on the
estimate, and ranged from 44-86% (Table 44) among years. Chick first year survival
was consistently 41%. Birds returning to AINS (Appendix F) composed the majority
of the resightings (91 of 92 adults sighted were seen on AINS, 8 of 12 first year birds
were sighted on AINS). Others were sighted elsewhere during migration or the

breeding season (Table 47).

Population Model

Reproductive output necessary to provide population stability was 1.4-1.6 chicks
fledged/breeding pair (Table 48). Given the current reproductive rates, we predict a
continued population decline on AINS (Figure 13). Using the 5-year mean
reproductive values, the models using the adult survival estimates (67%, 71% and

72%,) all predict local extinction by 2016. The lower 95% confidence interval values

Chapter 4. SURVIVAL AND POPULATION MODELS - RESULTS 104



for adult and first year survival forecast population decline for all models.
Conversely, the upper 95% confidence intervals of adult and first year survival all

predict expanding populations.
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DISCUSSION

Survival Rates

| based survival rates on recaptures and sightings of previously color-banded
birds. Reported rates reflect the minimum number of birds known to be alive 1 year
following the initial banding or resighting. Actual survival may be somewhat higher.
Return rates were similar to other reported resighting rates for piping plovers (Table
49). Resightings of adults returning to AINS made up nearly all (99%) of our
resightings and were greater than reported for other study sites (Haig and Oring
1988b-71%). Occurrence of chicks known to be alive returning to the natal site (75%
of known survivors) also was higher than reported elsewhere (Wilcox 1959-72%).
Eight (28%) chicks returned to their natal site to breed. Haig and Oring (1988c)
reported natal philopatry between 2.9-21% in the Northern Great Plains. Whyte (1985)
found 8.3% (n=12) of chicks banded returned to their natal site the following year.

Band, foot, and leg loss possibly lead to a negative bias in survival rates (which
would inflate our estimate of productivity needed to maintain population stability).
We observed two adults in 1989 with incomplete band combinations and had no way

to identify these individuals via the elimination of known combinations. Banding also
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may reduce survival; however, we have no direct evidence. We attempted to
conservatively correct for band loss by adjusting survival assuming that birds with
incomplete band combinations were identified the previous year. We also estimated
survival correcting for the number of birds that died because of band-related burden
or injury. It should be noted that we observed piping plovers returning, and breeding,
despite foot and leg loss. In 1989, a female plover missing both feet laid 3 full
clutches (4 eggs each, all were lost to foxes). For this reason, | believe the Complete

plus incomplete band combinations estimate most accurately reflects survival in the

actual AINS population.

This annual adult survival rate is higher than reported in the Great Plains
(Prindiville Gaines and Ryan 1988 - 63.4%, Whyte 1985 - 42%), but similar to other
Atlantic Coast sites (Melvin et al. 1991 - 74%). Most previous studies have primarily
relied on return rate estimates.

Dispersal to alternate breeding sites may have reduced our estimates of
survival, although | believe it did not affect our estimates greatly. Few sightings from
other areas were reported (Table 47, Appendix F), and only 1 of 10 (10%) adults
sighted elsewhere was NOT seen on AINS. Additionally, intensive surveys and
monitoring were conducted adjacent to the study area. If adults were dispersing to
other sites and not stopping over on sites known to the birds (AINS), one would
expect a greater number of sightings off the study area. | do not believe that

dispersal greatly affected our survival estimates.
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Piping plovers will live 10 or more years on AINS. [n 1988, we trapped a bird
banded as a chick on AINS on 9 June 1979. We observed it again in 1989, ten years
after it hatched. Clapp et al. (1982) reported a male plover returning 14 years after

being banded on Long Island, N.Y. by Wilcox (1962).

Population Model

Reproductive productivity on AINS was below the estimated level necessary to
maintain a stationary population. We report 1.41 young fledged/breeding pair as the
necessary reproductive level per year to achieve this goal. Confidence intervals
(95%, Table 46) for the survival estimates predicted expanding populations for the
upper limits and declining populations for the lower limits. Prindiville Gaines and
Ryan (1988) and Melvin et al. (1991) have offered levels of 1.15-1.44 and 0.8-0.9 chicks
fledged/breeding pair for population stability, respectively. Though our methods are
different, our results are directly comparable to Prindiville Gaines and Ryan’s (1988)
method. In the future, | recommend using their method® (Page et al. 1988) as it is
much simpler and easier to calculate than our methods. Current reproductive data
predict a decline in the AINS breeding population. The actual breeding population
declined from 25 pairs in 1988 to 14 in 1990. At present, it appears the AINS

population is declining. Although local extinction may be postponed by immigration

5 Prindiville Gaines and Ryan (1988) used the equation: 2 = 2(1 - S.)/S; where Z is the mean number
of young produced / female to maintain a stable population, S, is the annual adult survival, and Sjis
the juvenile survival.
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from other sites, unless recruitment increases, AINS will lose its piping plover
population or function as a population sink (Pulliam 1988, Pulliam and Danielson

1991).
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SUMMARY

We observed color-banded piping plovers returning to AINS for three years and
estimated annual survival. Annual adult survival estimates were 67% (complete
color-band combinations), 71% (complete plus incomplete color-band combinations),
and 72% (complete plus incomplete color-band combinations plus assumed deaths).
We believe the estimate corrected for incomplete color-band combinations most
closely approximates the actual annual adult survival, First year survival was
consistently 41%.

We report 1.41 (1.4-1.6 range) chicks fledged/breeding pair as necessary levels
of reproduction to maintain population stability. Predicted population trends on AINS
suggest a declining population, although immigration from surrounding sites may

postpone local extirpation.
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CONCLUSIONS

Factors Limiting Productivity

Brood Rearing Habitat

Our observations in this study support the hypothesis that decreased availability
of high-quality brood rearing habitat limits reproductive rates. On Assateague Island
National Seashore, chicks reared in bay beach and isiand interior habitats have
significantly higher survival rates than chicks raised on the ocean beach. Chicks on
the bay beach and island interior also had higher foraging rates, spent a greater
proportion of their time foraging, and weighed more than chicks on the ocean beach.
Terrestrial invertebrate prey (mostly insects) also were more abundant on the bay
beach and island interior than on the ocean beach. Disturbance from natural and
human sources, however, did not differ among brood-rearing habitats.

Chicks, however, do not always have access to these bay beach and island
interior brood-rearing habitats. Vegetation-free strips to the bay side of the island
serve as paths for the young chicks. Storm generated waves scour paths to the bay
side; however, in the absence of storm activity, these strips revegetate and become

a barrier to chick movements. Previous human activity can also restrict chick

CONCLUSIONS 11



movements. For example, the creation of dunes from dredge spoil can block access
to the bay side or encourage vegetation to proliferate and serve as a barrier.

If access paths to the bay side are maintained, island interior habitats also will
be maintained. Each island interior habitat that was used by a brood was an
overwash beginning to revegetate. Frequent disturbance of overwash areas
maintains both access to the bay beach and desirable isiand interior habitats.
However, if overwashing is infrequent, interior habitat can degenerate. As an
overwash revegetates, succession leads to dense cover or woody vegetation, which
plover broods do not use.

It is desirable to maintain access to both bay beach and island interior habitats
in light of the variable nature of insect abundances among years and habitats. Bay
beaches appeared to have consistently high terrestrial arthropod abundances. Island
interior habitats also had moderate arthropod abundances, but were quite variable.
By maintaining both brood-rearing habitats, the opportunity for successful
reproduction is greater, even in years with low arthropod abundance.

Nesting Habitat

Nest predation limited plover productivity in the egg stage. Red foxes were
responsible for 77% of nest predations and were the sole predator in 1989-1990.
Nests not protected by predator exclosures seldom survived. We extensively used
predator exclosures in 1989 and 1990, but they were not always effective. Once red

foxes learned how to get inside an exclosure, losses of exclosed nests increased.
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The Importance of Natural Storm Events

The AINS piping plover population appears to respond to major storm events.
In the fall of 1985 and 1986, hurricane-generated waves extensively overwashed the
northern 8 km of the island. Subsequently, peak numbers of nesting plovers were
recorded in 1987 and 1988. Since 1988, the number of breeding plovers has declined.
Reproductive success (chicks fledged/breeding pair) aiso peaked in years following
these storm events. Only in 1986 and 1987 were rates above 1.0 chicks
fledged/breeding pair. Access to the high quality brood-rearing habitats (e.g. bay
beach), however, has been reduced since 1987. As overwash paths revegetate,
largely because of a lack of severe winter storms, these high quality habitats become
unavailable, as in 1990. Chick survival was reduced and the overall reproductive rate
dropped. Our evidence suggests that the availability of overwash paths that provide
chicks with access to high quality brood rearing habitat (bay beach, island interior)
influences successful reproduction and is a function of the storm regime (and

resulting overwash) on AINS.
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MANAGEMENT RECOMMENDATIONS

Reproductive success on AINS was below a level needed for a stationary
population. Future productivity could be enhanced by 1) providing chicks access to

high quality brood-rearing habitats and 2) protecting plover nests from predation.

Maintain Overwash Paths

To boost recruitment into the AINS piping plover population, it is essential for
chicks to have access to bay beach habitats. In years following large storm events,
such as occurred in 1985 and 1986, there were numerous paths to the bay beach. In
the following years, however, access paths began to revegetate and productivity
declined.

Activities that reduce natural overwash need to be restricted or mitigated.
Dredge spoil deposition sites should be carefully planned. Historical human
“improvements” to the island, such as dune building, have altered the habitat.
Shoaling off the northern end of AINS, as a result of the stabilization of Ocean City
Inlet, currently may be reducing the wave energy that reaches the island (Allen, pers.

commun.). Dredge spoil deposition to control the erosion of the northern 8 km also
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may reduce the natural overwashing and should be mitigated. Steps should be taken
to reverse previous human alterations of the island which have increased
encroachment of woody vegetation and have cut off access to bay beach habitats.
Options to mimic natural processes include physical vegetation disturbance or
removal, or pumping seawater across the island to mimic natural overwashing, but
this needs further testing.

Island interior habitats also are created by overwashing, maintaining access

paths to the bay beach should provide access to both habitats.

Monitor Human Activity

Bay beach and mudfiat habitats must be preserved and protected from
destruction, alteration, or excessive disturbance. Human activities in the adjacent
bay, such as boat traffic, and recreational visits to the island need to be monitored for
adverse effects. Currently, human disturbance to foraging broods usually is low to
moderate. Recent proposais for additional mainland marinas, however, could be
particularly threatening to AINS piping plovers. The sizes, placement, and
restrictions on customers of these marinas are of utmost concern. Increasing easy
access to summer residents could be harmful as this may increase human
disturbance to unacceptable levels. Recreational pressures on coastal ecosystems
in the past 40 years has greatly increased (Sidle 1985, Leatherman 1982) and seem

to be accelerating around AINS (pers. obs.).
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Recreational opportunities are currently available on more than 24 km of beach
on AINS developed primarily for human recreation. Only one pair of piping plovers
nest on this 24 km. Further recreational pressures on the northern 8 km of AINS
could negatively impact the piping plover population, although the levels that would
be harmful are difficult to predict. Management strategies shifting increasing human
demand from the northern 8 km to other areas on the island established primarily for
human recreation need to be developed and considered. To provide access to
boaters, a bay side boat landing adjacent to a developed beach may relieve some

pressure from the northern 8 km.

Reduce Nest Predation

Red foxes are limiting plover productivity in the egg stage. Potential
management options to reduce fox predation on piping plover nests include fox
removal, fox reproductive inhibition, conditioned taste aversion, or improved
exclosure design. Red fox eradication may be difficult to fully accomplish on AINS;
however, selective trapping and nightlighting prior to and during the plover breeding
season could temporarily and substantially reduce predation pressures on the
northern 8 km of AINS. Because the plover breeding area contains only two fox
territories (Bashore pers. commun.), the elimination of a breeding pair or the
disruption of the breeding cycle would reduce the number of foraging foxes and lower

the predation pressure. Refugia for denning foxes and pups, such as the dense
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vegetation on the northern 1 km of the island, should be removed to discourage fox
use. If a new iniet forms ~3-4 km south of the Ocean City inlet, as has been predicted
(Kumer pers. commun.), an opportunity will exist to create a fox-free island for
shorebird nesting. Eradication of the exotic (Churcher 1959) red fox from this future
island should be a high priority. Inhibition of successful reproduction through
hormonal or immunological fertility control (Turner and Kirkpatrick 1991) or male
sterilization may reduce predation pressures while maintaining territories and
discouraging immigration, although little research has been done on this. Reducing
the number of foraging foxes (by reducing the number of pups) and lowering the
energy requirements of breeding adults may decrease predation. Pups on AINS are
born earlier than on the mainland (Bashore pers. commun.) and begin to leave the
den in early June, contributing to the predation pressure. Unfortunately, non-lethal
fox management may be difficult to implement as foxes have been difficult to trap on

Assateague Island in the past (Cross 1989, Bashore pers. commun.).

Predator Exclosures as a Management Tool

Reproductive failure is one of the chief factors limiting piping plover populations
(Dyer et al. 1988). As shown in 1989, when used properly, predator exclosures can
substantially increase nesting success (Table 20). It is crucial, therefore, to develop
management strategies to keep the individual foxes that have learned to circumvent

predator exclosures separated from piping plovers. Problem foxes must be relocated
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or eliminated. Improvements on exclosure design (such as extending a lip or flange
horizontally on the top edge) may reduce predation, although early attempts on AINS
in 1990 were not successful (Maclvor pers. commun.). Conditioned taste aversion to
dummy exclosed nests set up prior to the breeding season needs further testing as

a non-lethal alternative.
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Table 1. Definitions of terms used.

Bay Beach

Berm

Crest of the Berm

High Energy Beach

Ocean Tidal Zone

Overwash Gap

Swash Zone

Beach Characteristics
The beach along Sinepuxent Bay, adjacent to mud- and sand-flats.

The area of nonvegetated, horizontal beach extending from the crest of
the berm (see below) bayward to the base of a dune or to nearly
continuous vegetation if a dune is not present.

A small crest of sand marking the highest extent of the spring tides.
The crest marks the boundary between the Ocean Tidal Zone and the
Berm.

The portion of the beach experiencing wave action from the Atlantic
Ocean. Also called the Ocean Tidal Zone.

See high energy beach.

A break in the continuous dune line, usually the result of storms. These
are found only in the ORV section of the island.

The area of the ocean tidal zone from the point where waves are
breaking to where the waves run up the beach forming a thin film of
water temporarily covering the beach. The portion of the ocean tidal
zone that is inundated with nearly every wave.

Vegetation Margin/Sparse Vegetation The area on the island between the berm and

Wrack line

Running peck
Stationary peck

Glean
Aerial Snap
Foot trembling

continuous vegetation, typically characterized by sparse vegetation
(American Three square, Scirpus americanus).

Debris that accumulates on or above the previous high tide line. Wrack
is composed of debris including aquatic vegetation, dead and decaying
plants and animals, etc.

Foraging Attempts
Ground strike at a prey item immediately following a run.

Ground strike at a prey item from a stationary position, not preceded
by a run.

Taking prey off vegetation.
Attempting to take flying invertebrates in mid-air.

A foraging attempt immediately preceded by the plover standing on one
foot and vibrating the other on the ground surface. Presumably this is
an attempt to stimulate surface- or near surface-living small
crustaceans or other prey, making them more visible. Pienkowski
{1983) observed ringed plovers (Charadrius hiaticula) using this
technique and described it in detail.

continued.
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Table 1. Definitions of terms used (continued).

Behavior

Foraging Engaged in foraging behavior. Usually having made a foraging attempt
at a prey item (as described above) within the last 10 seconds.

Locomotion Running, walking or flying not associated with attempts to take prey
items.

Preening Actively preening feathers.

Alert Standing with head up, usually scanning the surroundings.

Resting Brooding young, sitting down, or standing with one leg tucked into the
breast feathers. We seldom observed birds tucking their bills into their
feathers.

Location of Substrate Invertebrate Samples

In all cases we attempted to sample areas where plovers would
typically be observed foraging.

Bay Beach Along the bayside beach near the water’s edge or upon a mud flat if
present.

Island Interior lmmediately adjacent to the continuous vegetation, or within the sparse
vegetation.

Ocean Tidal Zone

Saturated Sand Located low on the beach, subject to frequent swash with nearly
every breaking wave.

Wet Sand Located on the beach adjacent and above the saturated zone. It
receives infrequent, but regular, wave action {(on the order of a
wave every 1 to 2 minutes).

Miscellaneous

Nest Scrape A small, shallow divot in the sand made in the beginning stages of nest
initiation. Typically, a pair will make more than one nest scrape and
select one in which to lay the eggs.
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Table 2. Habitat type codes used ih location identification on Assateague Island National
Seashore, Maryland, 1888-1990.

Habitat Type:

1| I O T T A

Mud flat
Wet sand flat
Ocean tidal zone

Berm (includes area between high tide line and dune and the entire
width of the island in places on north end where there is no dune line)

Dune

Overwash gaps (breaks in the dune line found in ORV section)
Interdune (area bayward of an unbroken dune line)

Levels (e.g Big levels)

Lake shore

Iniet tidal zone

Bayside overwash

Bayside beach

Spoil pile

Vegetation margin/Sparse vegetation
Spoil dune

Ephemeral rainwater pool

The beaches for analysis were composed of:

Bay Beach

Island Interior

Ocean Beach

Mudflats, Wet sandflat, Levels,
the Inlet tidal zone, and the Bayside beach.

Pond shores, Bayside overwash, Spoil piles,
Vegetation margins/Sparse vegetation, and
an Ephemeral rainwater pool.

Ocean tidal zone, Berm, Dunes, Overwash gaps,
Interdune, and Spoil dunes.
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Table 3. Climatological data for April - August on Assateague Island National Seashore,
Maryland, 1988-1990.

Temperature Precipitation
Avg. Avg. Days w/ Days w/  Days w/
Max. Min. Avg. Total >0.25 (cm) >1.27 (cm) >2.54 (cm)

1988

March - - - -

April 18.0 6.3 12.1 8.3 5 3 1
May 21.9 11.0 16.4 7.3 6 2 0
June 27.4 15.3 21.3 2.7 4 1 0
July 28.3 17.3 22.8 12.1 9 3 2
August - - - -

1989

March - - - -

April 14.8 6.4 10.6 11.7 8 4 2
May 22.4 13.4 17.9 6.8 ] 1 1
June 29.4 18.8 24.2 74 8 2 0
July 30.3 19.6 25.0 16.9 4 2 2
August 28.5 19.2 23.9 22,6 8 4 3
1990

March 13.6 2.3 7.9 9.1 ] 4 0
April 15.8 6.1 10.9 8.6 8 4 0
May 20.6 11.8 16.2 14.6 6 2 1
June 249 16.1 20.6 3.7 2 2 0
July 27.2 20.2 23.7 57 4 1 0
August . - - - -

Source: Maryland/Delaware Climatological data. U.S. Department of Commerce, Weather
Bureau. National Climatic Data Center.

Location: Assateague Island National Seashore Ranger Station.
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Table 4. Piping plovers observed on mud flats, bay beaches, the ocean tidal zone and the
berm during foraging habitat surveys on Assateague Island National Seashore, Maryland,
1980. Analysis follows Neu et al. (1974).

Proportion  Confidence interval

Available Proportion' Number Expected? observed on proportion of
linear  of beach of number of in each occurrence {p;)?
beach distance plovers plovers habitat {95% family
Location distance (Pi,) observed observed {p:) confidence coefficient)
Mud flats 2704 0.117 43 12.0 0.417 0.284< py <0.551
Bay beach 4650 0.200 33 20.6 0.320 0.194< p, <0.446
Berm 7920 0.3 13 35.2 0.126 0.037< p, <0.216
Ocean TZ* 7920 0.341 14 35.2 0.136 0.043< p, <0.228
Total 23,194 103

' Proportion of total beach distance represents expected plover observations if plovers used
each habitat in exact proportion to availability.
% Calculated by multiplying p,, x n.
® p; represents theoretical proportion of occurrence and is compared to corresponding p;, to
determine if hypothesis of proportional use is accepted or rejected, i.e. Pi=pi,
Ocean tidal zone

F
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Table 5. Observer effort and piping plovers observed, by survey blocks, during foraging habitat surveys on Assateague Island
National Seashore, Maryland, 1990.

observer effort birds/km available® birds/km of
shoreline in block (min)? birds observed of shoreline available
Habitat blocks n length (m)! X SE X SE shoreline' length (m) shoreline
Bay side
1 9 520 0.22 0.22 0.42 500 04
2 9 580 17.8 1.14 0.33 0.24 0.57 572 0.6
3 9 720 1.56 0.53 2.2 1248 1.3
4 9 660 259 3.95 0.66 0.33 10 600 11
5 9 680 0 0 0 480 0
6 9 660 18.7 0.47 0 0 0 712 0
7 9 600 0.89 0.31 1.5 680 1.3
8 9 740 270 2.68 1.78 0.49 2.4 580 3.1
9 9 1180 0.66 0.33 0.6 444 1.5
10 9 1130 18.1 1.54 0 0 0 60 0
1 9 1540 0.11 0.11 0.1 280 0.4
12 9 760 30.0 3.23 1.33 0.55 18 640 21
13 9 700 0.22 0.22 0.3 480 0.5
14 9 650 20.0 1.66 0 0 0 158 0]
15 9 880 0 0 0 0 0
16 9 1080 14.2 0.68 0 0 0 0 0
Bay side Total g 13080 171.6 7.20 8.44 1.78 0.65 7354 1.1

continued

! Does not include mudflat perimeters, as available habitat does.

2 Observer effort (time in each block) was recorded for consecutive blocks (1-2, 3-4, 5-6, . . ., 15-16) on the bay side and for each
section (Northern or Southern) for the ocean side.

* Available foraging habitat.

* Each ocean side block was 500 m long except Habitat Block 1 (450 m) and Habitat Block 16 {470 m).
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Table 5. continued

observer effort birds/km available® birds/km of
shoreline in block {(min)? birds observed of shoreline available
Habitat blocks n length (m)! X SE X SE shoreline' length (m) shoreline
Ocean side*
1 9 450 0.11 0.11 0.2 450 0.2
2 9 500 0 0 0 500 0
3 9 500 0.22 0.22 04 500 04
4 g 500 0.22 0.22 0.4 500 04
5 9 500 0.67 0.47 1.3 500 13
6 9 500 0 0 0 500 0
7 9 500 0.1 0.11 0.2 500 0.2
8 g 500 0.22 0.15 04 500 04
9 9 500 0 0 0 500 ¢]
10 9 500 0.11 0.11 0.2 500 0.2
1 9 500 0.33 0.24 0.7 500 0.7
12 9 500 0.1 0.11 0.2 500 0.2
13 9 500 0.56 0.38 1.1 500 11
14 9 500 0.22 0.22 0.4 500 0.4
15 9 500 0 0 0 500 0
16 9 470 0 0 4] 470 0
Northern
Sect. 9 3950 70.4 3.63 1.55 0.60 0.39 3950 0.39
Southern
Sect. 9 3970 67.2 3.40 1.44 0.56 0.36 3970 0.36
Ocean side Total 9 7920 137.7 2.14 3.00 0.53 0.38 7920 0.38

Does not include mud flat perimeters, as available habitat does.

Observer effort {time in each block) was recorded for consecutive blocks (1-2, 3-4, 5-6, . . ., 15-16) on the bay side and for each
section {Northern or Southern) for the ocean side.

? Available foraging habitat.

* Each ocean side block was 500 m long except Habitat Block 1 (450 m) and Habitat Block 16 (470 m).



Table 6. Number of piping plovers observed during foraging habitat surveys on the northern

8 km of Assateague Island National Seashore, Maryland, 1990.

n X SE range
Number of plovers observed
bay side
High tide 6 117 A 0.48 0-3
Mid-tide 6 567 B 0.80 4-8
Low tide 6 583 B 1.38 2-10
Significance’ P=0.005
Ocean side
High tide 6 20 A 0.97 0-5
Mid-tide 6 133 A 0.62 0-4
Low tide 6 117 A 0.48 0-3
Significance’ P=0.926
Plovers observed/kilometer?
bay side
High tide 6 032 A 0.10 0-0.6
Mid-tide 6 176 B 0.29 0.8-2.9
Low tide 6 164 B 0.26 0.8-2.4
Significance’ P=0.003
Ocean side
High tide 6 051 A 0.24 0-1.3
Mid-tide 6 034 A 0.16 0-1.0
Low tide 6 029 A 0.12 0-0.8
Significance’ P=0.924

' Kruskal-Wallis test (chi-square approximation).

? Plovers / kilometer of available foraging habitat.

Means with the same letter on the bay side or on the Ocean side are not different (P> 0.05,
pairwise Wiicoxon Rank Sum).

Comparison of bay side vs. Ocean side - Wilcoxon Rank Sum test results
(normal approximation w/ continuity correction)

n Number of plovers observed Plovers observed/kilometer
High tide 6 Z2=0.25 P=0.803 Z=00 P=0.999
Mid-tide 6 Z2=2.62 P=0.009 Z2=12.66 P=0.008
Low tide 6 Z2=258 P=0.010 Z2=2.81 P=0.005
Overall 18 2=278 P=0.006 Z2=3.2 P=0.001
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Table 7. Number of piping plovers observed during foraging habitat surveys in the morning
(0630-0930), mid-day (1030-1330), and evening (1430-1730) on the northern 8 km of Assateague
istand National Seashore, Maryland, 1990.

n X SE range
Number of plovers
Morning (0800 centered) 12 2.58 0.53 0-6
Mid-day {1200 centered) 12 2.92 0.94 0-10
Evening (1600 centered) 12 3.08 0.98 0-10
Significance’ ¥ =0.12, 2 df, P=0.944
Plovers observed/kilometer?
Morning (0800 centered) 12 0.77 0.22 0-2.9
Mid-day (1200 centered) 12 0.82 0.25 0-2.4
Evening (1600 centered) 12 0.84 0.24 0-1.9
Significance’ x?=0.07, 2 df, P=0.964

' Kruskal-Wallis test results (Chi-square approximation)
? Plovers / kilometer of available foraging habitat.
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Table 8. Piping plovers observed at mid-tide rising and mid-tide falling during foraging habitat
surveys on the northern 8 km of Assateague Island National Seashore, Maryland, 1990.

n X SE range
Number of plovers observed
Mid-tide Rising 8 3.63 0.93 0-8
Mid-tide Falling 4 3.25 1.80 0-8
Significance’ 2=0.26 P=0.794
Plovers observed/kilometer?
Mid-tide Rising 8 1.11 0.34 0-2.9
Mid-tide Falling 4 0.93 0.47 0-1.9
Significance’ Z2=0.17 P=0.864

' Wilcoxon Rank Sum (normal approximation w/ continuity correction).
2 Plovers / kilometer of available foraging habitat.
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Table 9. Distances (m) at which piping plovers were detected and reacted to an observer’s
approach during foraging habitat surveys of the northern 8 km on Assateague Island National
Seashore, Maryland, 1990.

n median X SE range
Detection Distance®
Bay side 7 70 62.14 8.99 30-100
Ocean side 6 147.5 148.33 42.63 30-280
Significance? Z=1.21 P=0.223
Reaction Distance?
Bay side 7 30 30.71 2.54 20-40
Ocean side 6 40 83.33 35.02 30-245
Significance? Z2=1.25 P=0.211
Difference*
Bay side 6 42.5 35.83 10.68 0-70
Ocean side 6 5 65.00 40.89 0-230
Significance? Z=0.41 P=0.683

'Distance at which | detected plovers.

2Wilcoxon Rank Sum test results.

*Distance at which plovers reacted to my presence.

“‘Difference between the detection and reaction distances (reaction distance-detection
distance).

Results of the Moses Rank-Like Test for equal dispersion (Hollander and Wolfe 1973),
comparing bay side vs. ocean side distances.

Detection distance W=15 P>0.5
Reaction distance W=125 P>0.5
Difference W=10 P>0.5
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Table 10. General statistics for piping plovers on Assateague Island National Seashore,

Maryland, 1872-1991.

Breeding Population® Total Nests Chicks fledged/breeding pair

19722 85

1980° 50

19854 18-20

1986° 17 23 1.06

1987% 23 33 1.17

1988 25 34 0.52

1989 20 27 0.90

1990 14 20 0.78

1991° 17 20 0.41

Breeding pairs (except the 1972 estimate).

Scott and Cutler (1972), population estimate is 85 birds, not pairs.
Cairns and McLaren (1980).

Hoffman (1985).

Patterson (1988).

Maclvor (pers. commun.).

> A W N
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Table 11. Observer effort while se'arching for piping plover nests on Assateague Island

National Seashore, Maryland, 1988-1990.

linear
X observers beach
n {min) SE range distance
1989
Northern section 51 208.8 36.3 175-354 2 4 km
Southern section 4! 121.75 14.3 85-145 2 4 km
Total 4 336.5 45.0 260-467 2 8 km
ORYV section 2 278.0 6.0 272-284 1-3 20 km
1990
Northern section 15 189.0 10.8 131-244 2 4 km
Southern section 14 112.6 8.4 75-189 2 4 km
Total 14 297.7 13.5 212-382 2 8 km
ORYV section 3 360.7 21.9 323-399 1 20 km

' Small sample sizes in 1989 do not reflect survey frequency. Only a few surveys were timed.
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Table 12. Distances at which piping plovers flushed from their nest as an observer
approached on Assateague Island National Seashore, Maryland, 1988-1990.

n median X SE range

(nests) {meters) {meters) (meters)
1988 21 63.3 652 A 3.1 45.0-101
1989 12 65.5 671 A 8.3 20.0-119
1990 10 120.0 119.2 B 10.0 76.5-174

Kruskal-Wallis, x*=18.0, P=0.0001

TOTAL 43 73.75 78.3 49 20.0-174.0

Means with the same letters are not different (pairwise Wilcoxon Rank Sum, P> 0.05).
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Table 13. Fate of 81 piping plover nests on Assateague Island National Seashore, Maryland, 1988-1990.

Predated
Hatched Abandoned’ Flooded Red Fox Other Unknown? Total
n % n % n % n % n % n % n Y%
1988
Northern 8 km 1 3I7% 3 10% 2 7% 6 20% 6° 20% 2 7% 30 37%
ORV Zone 2 50% 1 25% 0 0] 1* 25% 0 4 5%
Total 13 38% 4 12% 2 6% 6 18% 7 21% 2 6% 34 42%
1989
Northern 8 km 10 38% 1 4% 0 8 31% 0 7 27% 26 32%
ORYV Zone 1 100% 0 0 0 0 o 1 1%
Total 1M1 41% 1 4% 0 8 30% 0] 7 26% 27 33%
1990
Northern 8 km 7 37% 1€ 5% 1 5% 9 47% 0 17 5% 19 23%
ORV Zone 1 100% 0 0 0 0 0 1 1%
Total 8 40% 1 5% 1 5% 9 45% 0 1 5% 20 25%
1988-1990
Northern 8 km 28 37% 5 7% 3 4% 23 31% 6 8% 10 13% 75 93%
ORV Zone 4 67% 1 17% 0 0 1 17% 0 6 7%
Total 32 40% 6 7% 3 4% 23 28% 7 9% 10 12% 81 100%
' Nests with all eggs abandoned.
2 Wind or rain erased all evidence of the source of loss.
* Includes 1 nest lost to gulls and 5 nests lost to unidentified avian predators.
* Unidentified avian predator.
5

Includes 4 nests lost while | returned to Virginia Tech to pick up equipment and a summer technician. It stormed the night of my
return.

Abandoned because of human disturbance.
| suspect the adults disposed of the 3 eggs as they appeared to be addled. One egg was cracked and oozing.
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Table 14. Fate of 284 eggs from 81 piping plover nests on Aésateague Island National Seashore, Maryland, 1988-1990.

Disappearing Known
Hatched at hatch Abandoned® Loss Unknown Total
n % n % n % n Yo n % n %
1988
Northern 8km 33 31% 3 3% 12 1% 49 47% 82 8% 105 37%
ORV Zone 4 36% 3 27% 1 9% 3 27% 0 1 4%
Total 37 32% 6 5% 13 11% 52 45% 8 7% 116 41%
1989
Northern 8km 32 36% 2 2% 7 8% 30 34% 17 19% 88 31%
ORYV Zone 4 100% 0 0 0 o 4 1%
Total 36 39% 2 2% 7 8% 30 33% 17 18% 92 32%
1990
Northern 8km 21 29% 1 1% 8 1% 425 58% 0 72 25%
ORYV Zone 4 100% 0 0 0 0 4 1%
Total 25 33% 1 1% 8 1% 42 55% 0 76 27%
1988-1990
Northern 8km 86 32% 6 2% 27 10% 121 46% 25 9% 265 93%
ORV Zone 12 63% 3 16% 1 5% 3 16% 0 198 7%
Total 98 35% 9 3% 28 10% 124 44% 25 9% 284 100%

! Includes those abandoned on the nest at hatching time.

2 Includes 1 egg that disappeared during incubation.

® Three chicks suspected loss to fox. Fox(es) were digging around the exclosure during hatch.
* Four eggs abandoned because of human disturbance.

® | suspect the adults disposed of 3 eggs as they appeared to be addied. One egg was cracked and oozing.
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Table 15. Cause of loss for 124 piping plover eggs with identifiable causes on Assateague Island National Seashore, Maryland,
1988-1990.

Unidentified
Red Fox Avian Gull Flooding Plover! Trapping Total
n % n % n % n % n % n % n %
1988
Northern 8 km 21 43% 18 37% 4 8% 5 10% 0 1 2% 43 40%
ORV Zone 0 3 100% 0 0 0 0 3 2%
Total 21 40% 21 40% 4 8% 5 10% 0 1 2% 52 42%
1989
Northern 8 km 28 93% 0 0 0 0 2 7% 30 24%
ORV Zone 0] 0 0 o 0 0 4]
Total 28 93% 0 0 4] 0 2 7% 30 24%
1990
Northern 8 km 35 83% 0 0 4 10% 3 7% 0 42 34%
ORV Zone 0 0 0 0 0 0 0
Total 35 83% 0] 0 4 10% 3 7% 0 42 34%
1988-1990
Northern 8 km 84 69% 18 15% 4 3% 9 7% 3 2% 3 2% 121 98%
ORV Zone 0 3 100% 0 0 0 0] 3 2%
Total 84 68% 21 17% 4 3% 9 7% 3 2% 3 2% 124 100%

' I suspect the adults disposed of 3 eggs as they appeared to be addled. One egg was cracked and oozing.



Table 16. Clutch size of 68 completé1 piping plover clutches on Assateague Isiand National
Seashore, Maryland, 1988-1890.

n X SE range

1988

Northern 8 km 27 3.70 0.0895 3-4

ORV Zone 2 3.50 0.5 3-4

Total 29 3.69 0.0874 3-4
1989

Northern 8 km 19 3.84 0.0859 3-4

ORV Zone 1 4.0

Total 20 3.85 0.0819 3-4
1990

Northern 8 km 18 3.89 0.0762 3-4

ORV Zone 1 40

Total 19 3.89 0.0723 3-4
1988-1390

Northern 8 km 64 3.80 0.0507 3-4

ORV Zone 4 3.75 0.25 3-4

Total 68 3.79 0.0491 3-4

* A complete clutch consisted of a nest with 4 eggs or 3 eggs for 3 consecutive days. | did
not observe any clutches with <3 eggs for 3 consecutive days.
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Table 17. Qualitative characteristics of piping plover nest sites on Assateague Island National
Seashore, Maryland 1988-1990.

1988 1989 1990 Total
n n n n %

Shell Fragments'

Present as a scrape lining 15 20 17 52 84%

Absent as a scrape lining 1 7 2 10  16%
Shells, cobble and/or debris in substrate

None 4 5 0 9 15%

Light (< 10/ m?) 2 4 3 g 15%

Moderate {10-60 / m?) 1 10 6 17 28%

Heavy (> 60/ m? 8 8 10 26 43%
Vegetation? at nest site?

None 7 20 19 46 81%

Center of small goldenrod clump 0 4 0 4 7%

Sparse vegetation (grasses, sedges) 2 2 0 4 7%

Center of dead goldenrod or bayberry 2 1 0] 3 5%
Topography

Flat 6 14 17 37  70%

Small shallow dunes (<0.75m high) 3 5 1 ] 17%

Near base of small dune(< 1m high) 0 1 0] 1 2%

Gently sloping dune 0 4 0 4 8%

Top of spoil dune 0 1 0 1 2%

Overwash ridge (<0.3 m high) 0 0 1 1 2%
Method used to find the nest

Tracking 1 14 8 23  50%

Sit and wait 0 12 9 21 46%

Resource Management staff 0 0 1 1 2%

Other researchers 0 0 1 1 2%

' Bits of weathered shells (not egg shells).
2 See Appendix G for scientific names.
3 1-m? centered on nest.
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Table 18. Daily survival rates of piping plover nests on Assateague Island National Seashore,
Maryland, 1988-1990.

Daily Interval’
n Survival SE Survival Significance

Overall 79 0.96243 0.000599  0.26729

No access to the bayside 41 0.96569 0.00107 0.29643
P=0.5035

Access to bayside 38 0.95848 0.00135 0.22653

Nest initiated on/before 21 May 49 0.96442 0.000927  0.28434
P=0.6260

Nest initiated on/after 22 May 30 0.95892 0.00168 0.22772

No Shell fragments as a 10 0.93277 0.00726 0.06196
nest scrape lining P=0.0766

Shell fragments present 52 0.97440 0.000701 0.40779

Nest < 75 m from STL? 50 0.96144 0.000960  0.25531
P=0.8079

Nest > 75 m from STL? 29 0.96410 0.00159 0.27575

0-10 shells/m? in substrate 18 0.97083 0.00226 0.34547
P=0.9689

11+ sheils/m? in substrate 43 0.87038 0.000928  0.35183

No vegetation near nest 46 0.97169 0.000858 0.36911
P=0.4993

Some vegetation near nest 11 0.96122 0.00433 0.22791

Flat Topography 37 0.97139 0.00104 0.36388
P=0.6576

Any relief 16 0.86537 0.00301 0.27540

Found by sit & wait 21 0.96519 0.00207 0.28360
P=0.8340

Found by tracking 23 0.96226 0.00214 0.25313

' The probability that a nest initiated will survive to hatching. Interval survival rates are bias
adjusted (Heisey and Fuller 1985).
2 8TL = spring tide line
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Table 19. Daily survival rates of piping plover nests with and without predator exclosures on

Assateague Island National Seashore, Maryland, 1988-1890.

Nests lost in 1988 and 1989

before clutch completion or before we could band the adults have been excluded from this

analysis.
Daily Interval’
n Survival SE Survival Significance?
1088
Not Exclosed 16 0.97460 0.00222 0.39766
P=0.7996
Exclosed 11 0.97087 0.00353 0.33614
1989
Not Exclosed 8 0.92500 0.0104 0.03046
P=0.0109
Exclosed 9 1.00000 0 1.00000
1890
Not Exclosed 1 0.77778 0.19598 0
P=0.3227
Exclosed 18 0.97176 0.00198 0.36176
1988-1990
Not Exclosed 25 0.96245 0.00190 0.25730
P=0.1242
Exclosed 38 0.97900 0.000818 0.47874
Interval survival rates are bias adjusted (Heisey and Fuller 1985).
' Probability of an initiated nest hatching.
2 Wilcoxon Rank Sum.
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Table 20. Predator exclosure construction and return times (minutes) for adults resuming
incubation at piping plover nests on Assateague Island National Seashore, Maryland,
1988-1890. Times are for construction by 2 persons.

Construction Time

Resume Iincubation Time

n X SE range n X SE range comments
1988 7 9.9 0.67 8-12 6 4.8 1.2 2-10 w/o tops
4 17.8 1.1 15-20 2 5.0 3.0 2-8 w/ tops
1 17.0 !
1989 9 171 0.59 15-20 2 8.0 3.0 5-11 w/ tops
4 15.8 5.9 5-27 '
1890 17 18.1 0.8 11-25 11 7.1 3.2 1-34 w/ tops
Total 7 8.9 0.7 8-12 6 4.8 1.25 2-10 w/o tops
30 17.7 0.5 11-25 16 6.6 2.24 1-34 w/ tops
5 16.0 4.60 5-27 !
' Adults were trapped and banded prior to exclosure construction.
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Table 21. Daily survival rates of piping plover chicks on Assateague Island National Seashore,
Maryland, 1988-1990.

Daily interval
n Survival SE Survival Significance
Overall 98 0.95756 0.000561 0.33476
Chicks < 10 days old 98 0.92331 0.00106 0.44763
P <0.0001
Chicks = 11 days old 49 0.98971 0.000553 0.85497
No access to the bay side 50 0.92824 0.00163 0.14823
P=0.0002
Access to bay side 48 0.97554 0.000780  0.53353
Nest initiated on/before 21 May 60 0.95696 0.000932  0.32722
P=0.8944
Nest initiated on/after 22 May 38 0.95846 0.00141 0.33767
Bay beach 16 0.96893 A 0.00012 0.45429
Isiand interior 39 0.98583 A 0.00002 0.69992 below
Ocean beach 43 0.87048 B 0.00039 0.03119

Comparisons were made using Henslers’s (1885) techniques.

The interval survival is for the first 25 days of life.
Interval survival rates are bias adjusted (Heisey and Fuller 1985).

Means with the same letters are not different (pairwise Z-test, P> 0.05).

Pairwise comparisons

Bay side vs. Island interior P = 0.146
Bay side vs. Ocean side P = 0.00001
Island interior vs. Ocean side P < 0.00001
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Table 22. Mass (grams) of piping plover chicks 4-5 days old reared in different habitats on
Assateague Island National Seashore, Maryland, 1988-1990.

n median X SE range
Bay beach 5 8.5 76 AB 0.8 5.5-9.5
Island interior 17 8.0 85 B 0.4 6.5-12.0
Ocean beach ] 6.75 66 A 0.2 55-7.0

Kruskal-Wailis, y2=8.08, 2 df, P=0.0178

Means with the same letters are not different (pairwise Wilcoxon Rank Sum, P>0.01).

TABLES 156



Table 23. Morphometric measurements of piping plovers chicks 4-5 days old surviving to
fledging and those that did not on Assateague Island National Seashore, Maryland, 1988-1990.

n X SE range Significance’
Mass {g)
Fledged 82 8.6 0.4 7.5-10.0
P=0.0076
Didn’t Fledge g 6.9 0.3 5.5-8.5
Culmen length (mm)
Fledged 8 7.8 0.3 6.0-9.0
P=0.0387
Didn’t Fledge 8 7.1 0.2 6.5-8.0
Tarsus length (mm)
Fledged 8 18.1 0.6 16.0-20.0
P=0.2648
Didn’t Fledge 8 17.1 0.4 16.0-19.0
Mid-toe length (mm)
Fledged 8 15.0 0.6 12.5-17.0
P=0.1264
Didn’t Fledge 8 13.9 0.3 12.5-15.5

' Wilcoxon Rank Sum.
? Contained five 4-day-old and three 5-day-old chicks.
% Contained five 4-day-old and four 5-day-old chicks.
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type as the area in which the brood was located most frequently during the first 10 days of life.
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Table 24. Chick survival in different brood-rearing habitats on Assateague Island National Seashore, 1988-1990.

| defined the habitat

1986* 1987! 1988 1989 1990 1988-1990
%o % % Y% % %
(F/H)? (F/H) (F/H) (F/H) (F/H) (F/H)
Bay Beach 70% 77% 67% 67% none 67%
(14/20) (20/26) (6/9) (2/3) (8/12)
Istand Interior 0% 100% 60% 85% 67% 71%
(0/4) (3/3) (6/10) (11/13) (8/12) (25/35)
Ocean Beach 25% 21% 7% 25% 25% 19%
(3/12) (3/14) {1/15) (5/20) (3/12) (9/47)
Miscellaneous?® 33% 33% 0% 0% 0%
(1/3) (1/3) {(0/3) {0/1) (0/4)
Total 47% 59% 35% 50% 44% 43%
(18/38) (27/46) (13/37) (18/36) (11/25) (42/98)
Significance*
2 776 118.9 18.2 84.7
degrees of freedom 2 2 1 2
P-value P < 0.0001 P <0.0001 P <0.001 P <0.0001

! from Patterson (1988).
2 (# fledged / # hatched).
% Chicks did not fit well into any habitat category.

* Chi-square goodness of fit, testing if bay beach, island interior, and ocean beach fledging success(%) are the same.
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Table 25. Piping plover behaviors used in the analysis.

Behavioral categories
used in the analysis

Behaviors or behavioral sequences
recorded in the field

Foraging

Resting
Locomotion
Alert

Preening

Run/peck, Stand/peck, Gleen, Aerial Snap, Foot tremble,
Foraging run', Foraging walk', and Foraging stand'.

Sit, and Brood.
Run, Walk, Fly, and Hop.
Standing

Preening

' A run, walk, or stand between foraging attempts.
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Table 26. Distance from the nest (m) that piping plover broods moved following hatching on
Assateague Island National Seashore, Maryland, 1988-1390.

n X SE range
0-5 days old
Bay beach 10 195 51 0-500
Istand interior 36 141 33 0-700
Ocean beach 41 131 26 0-600
Significance' x*= 3.0 P=0.2253
6-10 days old
Bay beach 10 111 19 0-150
island interior 32 151 37 0-500
Ocean beach 21 170 31 20-500
Significance’ = 4.0 P=0.1384
11-20 days old
Bay beach 8 119 20 25-150
Island interior 37 216 48 0-850
Ocean beach 56 154 23 0-600
Significance' x?= 0.4 P=0.8012
21+ days old .
Bay beach 1 850
Island interior 10 464 130 0-1000 +
Ocean beach 69 187 29 0-850
Significance' x?= 7.6 P=0.0227

' Kruskal-Wallis test
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Table 27. Foraging rates (attempts/minute) of piping plover chicks and adults on Assateague Island National Seashore, Maryland
1988-1990. To preserve independence, values were pooled by habitat unit. 1988-90 samples sizes are less than the sum of the 3

years because some habitat units were used in more than one year.

191

3-10 days old 11-20 days old 21+ days old Tending Adults Lone Adults
X SE n X SE n X SE n X SE n X SE n
1988
Bay Beach 138 26 (2) 16.9 3.0 (3) 104 18 (3) 98 35 (5 16.0 09 (4)
Island Interior 10.8 38 (4) 98 35 (3) 26.8 . (1) 21 17 (6)
Ocean Beach 52 14 (8) 21 12 (5 121 41 (6) 29 10 (14) 103 16 (9)
Significance’ P=0.1833 P=0.0159 P=0.4412 P=0.1469 P=0.0308
1989
Bay Beach 140 14 (5 26.9 . 1) 1.8 56 (5) 219 49 (4
Island Interior 127 31 (4) 186 09 (6) 154 69 (3) 08 04 (7) 9.0 90 (2
Ocean Beach 6.7 29 (8 108 2.8 (13) 150 49 (7) 11 05 (18)
Significance’ P=0.0508 P=0.0193 P=0.9999 P=0.1685 P=0.2472
1990
Bay Beach 111 38 (2 9.6 . &) 66 25 (3)
Isiand Interior 116 23 (5 173 09 (4 15 10 (7)
Ocean Beach 56 1.7 (6) 129 21 (1) 127 32 (1) 49 14 (14) 6.7 48 (3)
Significance’ P=0.1353 P=0.1483 P=0.1815
1988-90
Bay Beach 133 A (99 174 A 32 (5 105 A 18 (3 100 A 3.0 (10 190 A 25 (8)

1.1
Island Interior 108 A 16 (11) 156 A 1.7 (10)
Ocean Beach 59 B 13 (21) 107 B
Significance! P =0.0007

183 A 57 (4)
17 (26) 135 A 23 (23)
P=0.0186 P=0.6280

09 B 04 (16) 90 AB 90 (2)
29 B 06 (42 94 B 16 (12)
P =0.0056 P=0.0286

' Wilcoxon 2-sample Rank Sum test [for 2 samples] or Kruskal-Wallis test (Chi-square approximation) [for 3 samples].

Means with different letters are significantly different (Pairwise Wilcoxon Rank Sum, P<0.01).



Table 28. Different foraging attempts used by piping plovers to capture prey on Assateague
Island National Seashore, Maryland, 1988-1990. Reported are the proportion (%) of use in
each category. See Table 1 for definitions of foraging movements.

Aerial
n Run/Peck Stand/Peck Snap Glean Foot Tremble
% % % % %
3-10 days old
Bay beach g 65 32 1.8 1.4 §]
Island interior 11 66 31 0.5 1.6 0.010
Ocean beach 21 77 22 3.3 0 0
Significance® P=0.063 P=0.217 P=0.035 P=0.053 P=0.256
11-20 days old
Bay beach 5 69 28 0.2 2.3 0
Island interior 10 61 37 1.3 0.5 0
Ocean beach 24 70 28 1.2 1.1 0.07
Significance! P=0.132 P=0.119 P=0.564 P=0.177 P=0.732
21+ days old
Bay beach 3 70 30 0 0 0.5
Island interior 4 68 31 0 0 0]
Ocean beach 21 66 33 0.7 0 0.006
Significance’ P=0.781 P=0.800 P=0.232 P=0.999 P=0.153
All chicks
Bay beach 17 67 30 1.0 1.4 0.09
Island interior 25 65 34 0.7 0.9 0.005
Ocean beach 66 71 28 0.8 04 0.03
Significance’ P=0.057 P=0.098 P=0.778 P=0.0094 P=0.855
Tending adult
Bay beach 9 77 22 0.01 0.1 0
Isiand interior g 75 22 2.7 0 0
Ocean beach 28 81 15 0.2 3.6 0
Significance! P=0.316 P=0.190 P=0.605 P=0.116 P=0.999
Lone adult
Bay beach 8 67 33 0.04 0 0.08
Island interior 1 67 33 0 0 0
Ocean beach 11 66 25 0 0] 9.1
Significance' P=0.738 P=0.513 P=0472 P=0.999 P=0.934

' Kruskal-Wallis (Chi-square approximation).
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Table 29. Mean time (%) spent in various behavioral categories in different habitats by piping
plovers on Assateague Island National Seashore, Maryland 1988-1990. Samples sizes are not
uniform because some behaviors were not recorded in 1988. Disturbance data were collected
independently of other behavior data. For this reason, time spent disturbed is not additive
with the other categories.

Behavior Bay beach Island interior Ocean beach Significance’
X SE n X SE n X SE n
3-10 days old
Foraging 76 7 (7) 80 6 (8) 37 8 (149 P =0.0039
Locomotion 9 4 (7) 7 2 (8) 22 5 (14 P=0.1261
Preening 0 0 (9 03 0.2 (1) 1 1 (21) P =0.4409
Alert 7 4 (7) 8 2 (8) 22 6 (14) P=0.1623
Resting 3 2 (9) 10 7 (11 15 6 (21) P=0.8271
Disturbed 10 6 (9) 1 04 (1) 11 4 (21) P=0.5424
11-20 days old
Foraging 82 8 (2) 88 3 (8) 56 6 (24) P=0.0065
Locomotion 10 8 (2) 4 1 (8) 17 3 (24) P=0.0188
Preening 1 1 (9 0.2 02 (10) 7 3 (26) P=0.1243
Alert 6 1 (2) 7 3 (8) 15 3 (29) P=0.1961
Resting 02 0.2 (5 0 0 (10) 7 3 (26) P=0.0351
Disturbed 2 2 (9 9 6 (10) 6 2 (26) P =0.9051
21+ days oid
Foraging (0) 76 19 (3) 58 8§ (18) P=0.3920
Locomotion (0 12 8 (3) 12 3 (18) P=0.9193
Preening 4 4 (3) 0 0 (4 3 2 (23) P =0.4964
Alert (0) 13 13 (3) 14 5 (18) P =0.4424
Resting 1 1 (3) 0 0 ) 8 5 (23) P=0.4523
Disturbed 1 04 (3) 0 0 4 6§ 2 (23) P=0.1195
Tending Adults
Foraging 50 13 (8) 6 3 (12) 18 5 (31) P=0.0184
Locomotion 12 4 (8) 10 2 (12 16 3 (31) P=0.7622
Preening 3 1 (10) 4 2 (16) 3 1 (42) P=0.1591
Alert 28 10 (8) 46 8 (12) 38 4 (31) P=0.2489
Resting 1 1 (10) 30 10 (16) 24 5 (42) P=0.1302
Disturbed 4 2 (10) 10 4 (186) 6 2 (42 P=0.4776
Lone Adults
Foraging 95 3 (4 33 33 (2 61 30 (3) P=0.1241
Locomotion 5 3 (4) 50 17 (2) 6 4 (3) P=0.1138
Preening 0] 0 (8 8 8 (2 3 3 (12 P=0.1812
Alert 0 0 (4 8 8 (2) 10 5 (3) P=0.0723
Resting 0 0 (8) 0 0 (2) 3 3 (1?) P=0.6592
Disturbed 3 2 (8) 0] 0 (2 1 1 (12) P=0.5416

' Kruskal-Wallis test (Chi-square approximation)[3 samples] and Wilcoxon Rank Sum (Normal
approximation)[2 samples].
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Table 30. Total foraging rates (attempts/minute) of disturbed and undisturbed piping plover

chicks and aduits on Assateague Island National Seashore, Maryland 1988-1990.

Undisturbed Disturbed Significance!
X SE n X SE n
3-10 days old
Bay beach 133 A 1.1 (5 133 A 24 (4 P=0.9999
Island interior 104 A 22 (7 11.5 AB 24 (4) P=0.7768
Ocean beach 49 B 20 (12) 71 B 13 (9 P =0.0485
P=0.0120 P=0.0909
11-20 days old
Bay beach 16.4 AB 35 (3) 189 A 79 (2) P=0.7728
Island interior 171 A 05 (6) 134 A 42 (4 P=0.9151
Ocean beach 1068 B 25 (16) 109 A 21 (10 P=0.5799
P=0.0336 P=0.5351
21+ days old
Bay beach 105 A 1.8 (3)
Island interior 183 A 57 (4
Ocean beach 148 A 41 (10) 124 A 26 (13) P=0.8768
P=0.5241 P=0.8999
Tending Adults
Bay beach 02 A 02 (2) 124 A 3.1 (8) P=0.0502
Island interior 03 A 02 (8 1.5 B 07 (8) P=0.1706
Ocean beach 27 A 08 (25 33 B 10 (17 P=0.3339
P=0.3564 P=0.0025
Lone Adults
Bay beach 158 A 22 (5) 243 A 46 (3) P=0.1360
Island interior 90 A 9.0 (2
Ocean beach 96 A 19 (9 87 A 37 (3 P=0.7115
P=0.1733 P=0.1904

' Wilcoxon 2-sample Rank Sum test [for 2 samples] or Kruskal-Wallis test (Chi-square

approximation) [for 3 samples].

Means with the same letter are not different (pairwise Wilcoxon Rank Sum, P> 0.05).
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Table 31. Mean time (%) spent engaged in different behaviors of disturbed and undisturbed
piping plovers in different habitat types on Assateague Island National Seashore, Maryland
1988-1990.

Behavior Bay beach Island interior Ocean beach Significance’
X SE (n) X SE (n) X SE (n)

3-10 days old
Undisturbed Foraging 90 2 (4) 80 6 (4 26 15 (6) P=0.0877
Disturbed Foraging 56 5 (3) 69 7 (4) 45 8 (8) P=0.1869
Undisturbed Locomotion 3 2 (4 5 3 (4 21 11 (6) P=0.4195
Disturbed Locomotion 17 8 (3) 9 2 () 24 6 (8) P=0.3637
Undisturbed Preening 0 0 (5 0 0 (7 1 1 (12) P=0.6065
Disturbed Preening 0 0 (4 1 06 (4 1 1 (9 P =0.2048
Undisturbed Alert 2 1 (4 5 4 (4) 19 10 (6) P=0.6754
Disturbed Alert 14 8 (3) 11 2 (4) 23 7 (8) P=0.4373
Undisturbed Resting 3 2 (5 11 11 (8) 23 9 (12) P=0.3002
Disturbed Resting 4 4 (4) 8 5 (4 3 2 (9) P=0.2947

11-20 days old
Undisturbed Foraging 7 .M 87 5 () 54 9 (15 P=0.0777
Disturbed Foraging 89 . (1) 93 01 (2) 59 8 (9) P=0.0419
Undisturbed Locomotion 17 . 1) 4 1 (6) 18 4 (15) P=0.1986
Disturbed Locomotion 4 . (1) 4 2 (2 16 3 (9) P=0.0439
Undisturbed Preening 0 0 (3 0.4 0.2 (6) 7 5 (16) P=0.4252
Disturbed Preening 4 4 (2) cC 0 (4 8 4 (10) P=0.1088
Undisturbed Alert 7 (1) 8§ 3 (6) 19 4 (15) P=0.2971
Disturbed Alert 5 (1) 2 1 (2 g 2 (9 P=0.1481
Undisturbed Resting 0.3 0.3 (3) 0 0 (8) 7 4 (16) P=0.3924
Disturbed Resting 0 0 (2 0 0 (4 6 4 (10) P=0.0426

21+ days old
Undisturbed Foraging 76 19 (3) 55 18 (7) P=0.4875
Disturbed Foraging 62 10 (11)
Undisturbed Locomotion 12 7 (3) 9 5 (7) P=0.8079
Disturbed Locomotion 14 2 (11)
Undisturbed Preening 0 0 (4 3 2 (10) P=0.4167
Disturbed Preening 4 4 (3) 4 2 (13) P=0.9999
Undisturbed Alert 13 13 (3) 9 6 (7)) P=0.6381
Disturbed Alert 18 7 (1)
Undisturbed Resting 0 0 (4 16 10 (10) P=0.2791
Disturbed Resting 1 1 (8 3 1 (13) P=0.8701

continued.
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Table 31. Continued.
Behavior Bay beach Island interior Ocean beach Significance’

X SE (n) X SE (n) X SE (n)

Tending Adults

Undisturbed Foraging 3 . 2 1 (6) 19 7 (18) P=0.5274
Disturbed Foraging 57 13 (7) 9 5 (6) 16 7 (13) P=0.0435
Undisturbed Locomotion 13 . (1) 7 2 (6) 15 5 (18) P=0.5588
Disturbed Locomotion 12 5 (7) 13 3 (6) 19 4 (13) P=0.3898
Undisturbed Preening 5 5 (2 3 2 (8) *4 2 (25 P=0.2965
Disturbed Preening 3 1 (8) 5 3 (8) *3 1 (17) P=0.8246
Undisturbed Alert 73 1) 52 16 (6) 35 6 (18) P=0.4579
Disturbed Alert 22 8 (7) 41 10 (6) 41 6 (13) P=0.0951
Undisturbed Resting 0 0 (2 39 18 (8) 26 7 (25 P=0.4011
Disturbed Resting 2 1 (8 22 10 (8) 21 7 (17) P=0.2250
Lone Adults
Undisturbed Foraging 100 0 (2) 33 33 (2) o . (1) P=0.1738
Disturbed Foraging 91 3 (2) g1 3 (2 P=0.9998
Undisturbed Locomotion 0 0 (2 50 17 (2) 13 N P=0.1504
Disturbed Locomotion 10 4 (2) 3 (2) P=0.2453
Undisturbed Preening 0 0 (5 8 8 (2 4 4 (9) P=0.2609
Disturbed Preening 0 0 (3) 1 1 (3) P=0.5050
Undisturbed Alert 0 0 (2 8§ 8 (2 20 . (1) P=02231
Disturbed Alert 0 0 (2 5 1 (2 P=0.2207
Undisturbed Resting 0 0 (95 0 0 (2) 3 3 (9 P=0.6778
Disturbed Resting 0 0 (3) 0 0 (3 P=0.9899

' Wilcoxon Rank Sum (normal approximation) [for 2 samples] and Kruskai-Wallis (Chi-square
approximation) [for 3 samples].

* Means of undisturbed/disturbed observations are significantly different (Wilcoxon Rank
Sum, P<0.05).

TABLES 166



Table 32. Total foraging rates (attempts/minute) of human disturbed and undisturbed piping

plovers on Assateague Island National Seashore, Maryland 1988-1990.

_Undisturbed

Human Disturbed

Significance'’

X SE n X SE n
3-10 days old
Bay beach 133 11 (5 119 45 (2 P=0.8465
Island interior 104 22 (7)
Ocean beach 49 20 (12 81 48 (2) P=0.2348
P=0.0120 P=0.6985
11-20 days old
Bay beach 164 35 (3)
Island interior 171 05 (6) 63 04 (2 P=0.0668
Ocean beach 10.6 2.5 (16) 100 54 (2 P=0.9440
P=0.0336 P=0.9999
21+ days old
Bay beach
Island interior 183 57 (4
Ocean beach 148 4.1 (10) 129 6.8 (4) P=0.9436
P=0.5241
Tending Adults
Bay beach 02 062 (2 71 54 (2 P =0.2453
Island interior 03 02 (8) 1.2 09 (4 P=0.1866
Ocean beach 27 08 (25 42 36 (3 P=0.4210
P=0.3564 P=0.2333
Lone Adults
Bay beach 15.8 (5)

Istand interior
Ocean beach

' Wilcoxon 2-sample Rank Sum test [for 2 samples] or Kruskal-Wallis test (Chi-square
approximation) [for 3 samples].
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Table 33. Mean time (%) engaged in different behaviors of undisturbed and human disturbed
piping plovers in different habitat types on Assateague Island National Seashore, Maryland
1988-1990.

Behavior Bay beach Island interior Ocean beach Significance’
X SE (n) X SE (n) X SE (n)

3-10 days old
Undisturbed Foraging 90 2 (4) 90 6 (4) 26 15 (6) P=0.0877
Disturbed Foraging 5 . M 42 .
Undisturbed Locomaotion 3 2 (4 5 3 (4) 21 11 (6) P=0.4195
Disturbed Locomotion 28 . (1) 43 . 1)
Undisturbed Preening 0 0 (5 0o 0 (7 1 1 (12) P=0.6065
Disturbed Preening 0 0 (2 0 0 (2 P=0.9999
Undisturbed Alert 2 1 (4 5 4 (4 19 10 (6) P=0.6754
Disturbed Alert 17 . (1) 12 . (1)
Undisturbed Resting 3 2 (5 11 11 (8) 23 9 (12) P=0.3002
Disturbed Resting 0.2 0.2 (2) 0 0 (2 P=0.6171

11-20 days old

Undisturbed Foraging 7 . ) 87 5 (6) 54 9 (15) P=0.0777
Disturbed Foraging 81 . (1)
Undisturbed Locomotion 177 . ) 4 1 (6) 18 4 (15) P=0.1986
Disturbed Locomotion 10 . (1)
Undisturbed Preening 0 0 (3 0.4 0.2 (B) 7 5 (16) P=0.4252
Disturbed Preening 0 0 (2 03 03 (2) P=0.6171
Undisturbed Alert 7 .M 8 3 (6) 19 4 (15) P=0.2971
Disturbed Alert 5 . (1)
Undisturbed Resting 0.3 03 (3) 0 0 (6) 7 4 (16) P=0.3924
Disturbed Resting 0 0 (2 2 2 (2 P=0.6171
21+ days old
Undisturbed Foraging 76 19 (3) 55 18 (7) P=0.4875
Disturbed Foraging 56 26 (3)
Undisturbed Locomotion 12 7 (3) 9 5 (7)) P=0.8079
Disturbed Locomotion 12 2 (3)
Undisturbed Preening 0 0 (4 3 2 (10) P=0.4167
Disturbed Preening 7 7 (4
Undisturbed Alert 13 13 (3) 9 6 (7)) P=0.6381
Disturbed Alert 24 24 (3)
Undisturbed Resting 0 0 (4 16 10 (10) P=0.2791
Disturbed Resting 5 3 (4
continued
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Table 33. Continued.

Behavior Bay beach Island interior Ocean beach Significance®

Tending Adults

Undisturbed Foraging 3 .M 2 1 (6) 19 7 (18) P=0.5274
Disturbed Foraging 41 25 (2) 2 1 (3) 15 15 (3) P=0.2326
Undisturbed Locomotion 13 . (1) 7 2 (B) 15 5 (18) P=0.5588
Disturbed Locomotion 5 1 (2 15 4 (3) 19 8 (3) P=0.2359
Undisturbed Preening 5 5 (2 3 2 (8) 4 2 (25) P=0.2965
Disturbed Preening 4 2 (2 6 6 (4 5 4 (3) P=0.6688
Undisturbed Alert 7 . 52 16 (6) 35 6 (18) P=0.4579
Disturbed Alert 44 30 (2) 54 14 (3) 35 11 (3) P=0.3889
Undisturbed Resting 0 0 (2 39 18 (8) 26 7 (25 P=0.4011
Disturbed Resting 11 (2 12 7 (4) 19 18 (3) P=0.8368
Lone Adults

Undisturbed Foraging 100 0 (2) 33 33 (2) 0 . (1) P=0.1738
Disturbed Foraging 81 3 (2)

Undisturbed Locomotion 6 0 (2 50 17 (2) 13 . (1) P=0.1504
Disturbed Locomotion 10 4 (2)

Undisturbed Preening 0 0 (5 8 8 (2 4 4 (99 P=0.2608
Disturbed Preening 0 0 (3)

Undisturbed Alert 0 0 (2 8 8 (2 20 . (1) P=0.2231
Disturbed Alert 0 0 (2

Undisturbed Resting 0 0 (5 0 0 (2) 3 3 (99 P=0.6778
Disturbed Resting 0 0 (3

' Wilcoxon Rank Sum (normal approximation) [for 2 samples] and Kruskal-Wallis (Chi-square
approximation) [for 3 sampies].

Disturbed and undisturbed categories did not differ (P> 0.05).
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Table 34. Mean time (%) disturbed during behavioral observations of piping plovers on
Assateague Island National Seashore, Maryland, 1988-1390. Only the disturbance sources that

differed among years are listed.

n X SE range Significance!
Avian disturbance
Bay Beach
1988 78 1.8% 1.3 0-100%
1989 24 7.9% 2.8 0-48% P =0.0044
1990 11 3.8% 2.5 0-28%
Island Interior
1988 39 0.7% 0.3 0-10%
1989 56 1.7% 0.9 0-33% P=0.3260
1990 38 4.6% 2.7 0-100%
Ocean Beach
1988 76 0.86% 0.3 0-13%
1989 69 1.6% 0.8 0-47% P =0.0001
1990 81 6.4% 1.6 0-90%
Human disturbance
Bay Beach
1088 78 0.19% 0.15 0-11%
1989 24 0% 0 P =0.0001
1990 11 53% 2.5 0-23%
Island Interior
1988 39 8.2% 4.1 0-100%
1989 56 0.2% 0.2 0-12% P=0.1079
1990 38 0.2% 0.2 0-7%
Ocean Beach
1988 76 0.61% 0.35 0-23%
1989 69 0.05% 0.05 0-3.3% P=0.0146
1990 81 4.7% 1.8 0-100%
Overall disturbance
Bay Beach
1988 78 2.4% 1.3 0-100%
1989 24 8.5% 2.8 0-48% P=0.0040
1990 11 8.1% 4.2 0-40%
Island Interior
1988 39 9.1% 4.1 0-100%
1989 56 2.5% 1.0 0-33% P=0.4209
1990 38 6.5% 2.9 0-100%
Ocean Beach
1988 76 2.7% 0.7 0-31%
1989 69 4.1% 1.4 0-57% P =0.0001
1990 81 15.2% 2.6 0-100%

' Comparisons among years using Kruskal-Wallis.
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Table 35. Sources of disturbance during behavioral observations of piping plovers on
Assateague Island National Seashore, Maryland 1988-1990. Reported are the number of
5-minute observations in which a disturbance occurred and the number of instantaneous
samples in which a disturbance event occurred. The total number of observations containing
disturbance is less than the addition of all sources because some observations experienced
disturbance from more than one source. Scientific names are listed in Appendix G.

# of # of
Source of Disturbance observations % instantaneous samples %
Avian Sources
Piping Plover/territorial encounters 25 3.8% 99 0.55%
Boat-tailed Grackle 19 2.9% 99 0.55%
Ring-billed Gull 11 1.7% 40 0.22%
Sanderling 10 1.5% 23 0.13%
Willet 10 1.5% 44 0.25%
Herring Gull 8 1.2% 48 0.27%
Laughing Gull 8 1.2% 33 0.18%
Red-winged Blackbird 8 1.2% 26 0.15%
Crow sp. 5 0.8% 25 0.14%
Gull sp. 5 0.8% 11 0.06%
Ruddy Turnstone 5 0.8% 10 0.56%
Tern sp. 5 0.8% 12 0.067%
Black-backed Gull : 4 0.6% 36 0.22%
Least Tern 2 0.3% 15 0.08%
sparrow sp. 2 0.3% 2 0.011%
Barn Swailow 1 0.2% 1 0.0056%
Gull-billed Tern 1 0.2% 9 0.05%
Osprey 1 0.2% 8 0.045%
Song Sparrow 1 0.2% 4 0.022%
Unidentified Avian 9 1.4% 14 0.078%
Total Avian 98 15.0% 559 3.13%
Mammalian Sources
Ponies 4 0.6% 15 0.084%
Ghost Crab 7 1.1% 14 0.078%
Snake 1 0.2% 4 0.022%
Turtie sp. 1 0.2% 2 0.011%
Weather 1 0.2% 14 0.078%
Anthropogenic Sources
Human 29 4.4% 208 1.17%
Airplane 3 0.5% 16 0.09%
Unknown 11 1.7% 60 0.34%
Total Disturbance 161 24.6% 892 5.0%
Total observation periods 654
Total instantaneous samples 17,848
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Table 36. Proportion of time (%) piping plovers were disturbed by various sources during behavioral observations on Assateague
Island National Seashore, Maryland 1988-1990.

Overall

Avian

Plover

Human Mammalian Other Unknown
n X SE X SE X SE X SE X SE X SE X SE
Bay Beach 37 59 20 48 19 04 04 06 05 002 0.02 0.03 0.03 0.03 0.03
Island Interior 46 58 20 19 11 03 0.2 34 17 01 01 0.03 0.03 0.1 01
Ocean Beach 132 63 10 29 07 12 05 11 04 02 0.2 02 01 05 0.2
X’ 1.53 7.61 2.77 0.68 0.24 0.23 1.63
Significance! P =0.4661 P=0.0222 P =0.2504 P=0.7110 P=0.8873 P=0.8902 P =0.4437

' Kruskal-Wallis test resuits.



Table 37. Arthropod abundance indices on Assateague Island National Seashore, Maryland
1988-1990. Values represent total counts from 2 sticky paint stirrers (30-minute sampling
period).

Brood-rearing territories Random Points Significance'’
X SE n X SE n
1988
Bay beach 263 8.7 (7) 348 237 (5)
Island interior 1.0 . (1)
Ocean beach 05 03 (8 0.7 03 (6)
Significance? P=0.0034 P=0.0074
1989
Bay beach 83 1.8 (7) 32 09 (6)
Island interior 51 23 (1) 39 15 (10)
Ocean beach 1.5 0.7 (16) 45 21 (11)
Significance? P =0.0029 P=0.7535
1990
Bay beach 64 16 (5 16.6 8.4 (7)
island interior 123 6.9 (16) 59 26 (19
Ocean beach 14 04 (16) 19 11 (14)
Significance? P=0.0029 P=0.0085
1988-1990
Bay beach 144 A 41 (19) 172 A 7.5 (18) P=0.6514
Island interior g1 B 4.0 (28) 51 B 1.6 (25 P=0.1526
Ocean beach 13 C 03 (40 26 C 09 (31) P=0.3790
Significance? P =0.0001 P=0.0002

' Wilcoxon signed-rank on the differences between samples (brood-rearing territories -

random sites) paired each week of collection.
2 Wilcoxon Rank Sum test [two samples] or Kruskal-Wallis test (Chi-square approximation)
[three samples]

Means with different letters are significantly different (pairwise Wilcoxon Rank Sum, P<0.02).
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Table 38. Composition of terrestrial arthropod samples taken on Assateague Island National Seashore, Maryland, 1988-1990. Listed

are insect orders.

n' Diptera Hemiptera Hymenoptera Coleoptera Homoptera insect larvae Other?

Bay beach 36 97% 1% 0.1% 1% 0.5% <0.1% 0.2%
Island interior 45 83% 0.3% 10% 0.6% 0 0.1% 6%
Ocean beach 40 93% 0 3% 0 0 0] 4%

Significance® 0.0029 0.0819 0.0009 0.1896 0.0925 0.5981 0.5086
Total 121 91% 0.4% 5% 0.5% 0.1% <01% 3%

! Sampling periods when > 1 arthropod was caught.
? Other samples include: beach fleas (C. Crustacea, O. Amphipoda) and small spiders (C
* Kruskal-Wallis [Chi-Square approximation]

. Arachnida, O. Araneae).



Table 39. Sweep net insect counts on Assateague Island National Seashore, Maryland 1990.

Brood-rearing territories Random Points Significance!
X SE n X SE n
Bay beach 10 AB . (1) 13 A 13 (3) P=0.9999
Island interior 77 B 2.1 (6) 170 A 109 (B) P=0.2812
Ocean beach 05 A 03 (6) 05 A 03 (6) P=0.9999
Significance? P=0.0193 P=0.1025

' Wilcoxon signed-rank on the differences between samples (brood-rearing territories -
random sites) paired each week of coliection.
' Wilcoxon Rank Sum test [two samples] or Kruskal-Wallis test [three sampies]

Means with the same letters are not different (pairwise Wilcoxon Rank Sum, P>0.05).
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Table 40. Substrate invertebrates on Assateague Island National Seashore, Maryland

1988-1980. Presented are numbers per 0.0081 m? piot.

Brood-rearing territories Random Points Significance!
X SE n X SE n
1988-90
Total Invertebrates
Bay beach 258 A 8.3 (17) 15.0A 6.9 (15) P=0.3750
Island interior 53 B 2.1 (29) 0.3B 0.1 (21) P =0.0001
Ocean beach 2845 C  86.9 (33) 110.3C 50.4 (30) P =0.0006
Significance? P =0.0001 P =0.0001
Amphipods
Bay beach 0.4 0.2 (17) 0.7 0.5 (15) P=0.9583
Island interior 0.1 0.1 (24) 0 0 (21) P=0.3730
Ocean beach 286.3 86.4 (33) 103.9 50.3 (30) P=0.0036
Significance? P =0.0001 P =0.0001
“Digger” Amphipods
Bay beach 0.5 0.5 (17) 0 0 (19) P=0.3806
Island interior 0 0 (24) 0 0 (21) P=0.9999
Ocean beach 3.6 0.8 (33) 2.4 0.8 (30) P=0.2540
Significance? P=0.0001 P =0.0001
Bivalves
Bay beach 3.6 2.7 (17) 2.5 2.1 (15) P=0.2433
island interior 0 0 (24) 0 0 (21) P=0.9999
Ocean beach 1.5 0.4 (33) 1.8 0.9 (30) P=0.0119
Significance? P =0.0001 P=0.0008
Polychaetes
Bay beach 195 4.6 (17) 11.5 5.7 (15) P=0.1005
Island interior 1.1 0.5 (24) 0.05 0.05(21) P=0.0559
Ocean beach 1.8 1.7 (33) 0.6 0.4 (30) P=0.3852
Significance? P =0.0001 P =0.0001
Mole Crabs
Bay beach 0 0 (17 0 0 (15) P=0.9999
Island interior 0 0 (24) 0 0 (21) P=0.8998
Ocean beach 1.4 0.4 (33) 1.7 0.5 (30) P=0.5464
Significance? P=0.0001 P=0.0001
Insects & Larvae
Bay beach 1.9 1.2 (17) 0.4 0.3 (15) P=0.4214
Island interior 4.3 1.9 (24) 0.3 0.1 (21) P=0.0042
Ocean beach 0.06 0.03(33) 0.02 0.02(30) P=0.2063
Significance? P =0.0001 P=0.0339

continued.

' Wilcoxon signed-rank on the differences between samples (brood-rearing territories -
random sites) paired each week of collection for the 1988-1990 Total Inverebrates.
Wilcoxon 2-sample Rank Sum test - Random points vs. Brood-rearing territories for all
other comparisons.

Kruskal-Wallis test (Chi-square approximation)
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Table 40. Continued.

Brood-rearing territories Random Points Significance®
X SE n X SE n
1988
Total Invertebrates
Bay beach 37.0 11.4 (8) 55.8 23.3 (3) P=0.6098
Ocean beach 71.6 18.8 (9) 26.3 56 (7) P=0.0199
Significance? P=0.0541 P=0.3619
Amphipods
Bay beach 0.2 0.1 (8) 8] 0 3 P=0.4468
Ocean beach 66.8 18.7 (9) 20.1 48 (7) P=0.0081
Significance? P =0.0005 P=0.0210
“Digger” Amphipods
Bay beach 0 C (8) 0 0 (3 P=0.9999
Ocean beach 2.9 0.9 (9) 1.3 0.3 (7) P=0.2023
Significance? P=0.0003 P=0.0449
Bivalves
Bay beach 7.5 5.6 (8) 125 9.7 {3) P=0.5308
Ocean beach 0.8 0.3 (9) 0.8 04 (7) P=0.8724
Significance? P=0.6257 P=0.3560
Polychaetes
Bay beach 27.7 6.8 (8) 43.3 21.4 (3) P=0.6098
Ocean beach 0.2 0.2 (9) 2.5 1.7 (7) P=0.0474
Significance? P =0.0004 P=0.0396
Mole Crabs
Bay beach 0 0 (8 0 0 (3 P=0.9999
Ocean beach 0.7 0.3 (9) 1.6 0.8 (7) P=0.3918
Significance? P=0.0081 P =0.0202
Insects & Larvae
Bay beach 1.5 0.9 (8) 0] 0 (3 P=0.2890
Ocean beach 0.1 0.1 (9) 0] 0 (7) P=0.2306
Significance? P=0.3390 P=0.9999

continued.

'Wilcoxon 2-sample Rank Sum test - Random points vs. Brood-rearing territories.
*Kruskal-Wallis test (Chi-square approximation)
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Tabie 40. Continued.

Brood-rearing territories Random Points Significance’
X SE n X SE n
1989
Total Invertebrates
Bay beach 24.8 8.0 (4) 6.8 2.9 (5) P =0.0491
Island interior 6.4 2.0 (8) 0.5 0.2 (B) P =0.0065
Ocean beach 381.9 122.7 (9) 52.8 16.9 (8) P=0.0750
Significance? P=0.0227 P=0.0027
Amphipods .
Bay beach 0 0 (4) 20 1.5 (5) P=0.1073
Island interior 0] c (8 0] c (6) P=0.9999
Ocean beach 375.6 120.6 (9) 47.3 14.2 (8) P =0.0606
Significance? P =0.0001 P =0.0008
“Digger” Amphipods
Bay beach 0 c (4 0] 0 (5 P=0.9999
Island interior 0 0 (8) 0 o (6) P=0.9999
Ocean beach 2.6 16 (9) 2.6 1.0 (8) P=0.5253
Significance? P=0.0058 P=0.0043
Bivalves
Bay beach 0.3 0.3 (4) 0 0 (5 P=0.3711
Island interior 0 0 (8) 0 0 (6) P=0.9999
Ocean beach 3.1 1.1 (9) 2.6 2.6 (8) P=0.0193
Significance? P=0.0015 P=0.5028
Polychaetes
Bay beach 19.5 10.0 (4) 3.6 1.9 (5) P=0.2109
Island interior 1.6 1.0 (8) 0 0 (6) P=0.1260
Ocean beach 0 0 (9 0 0 (8) P=0.9999
Significance? P=0.0099 P=0.0092
Mole Crabs
Bay beach 0 0 (4 0 0 (5 P=0.9999
Island interior 8] 0 (8 0] 0 (B) P=0.9999
Ocean beach 0.6 0.3 (9) 0.3 0.1 (8) P=0.7929
Significance? P =0.0453 P =0.0382
Insects & Larvae
Bay beach 50 50 (4) 1.2 1.0 (5) P=0.9899
Island interior 4.5 1.6 (8) 0.5 0.2 {6) P=0.0103
Ocean beach 0.1 0.07(9) 0.06 0.06 (8) P=0.6625
Significance? P =0.0026 P=0.2278

continued.

'Wilcoxon 2-sample Rank Sum test - Random points vs. Brood-rearing territories.
*Kruskal-Wallis test (Chi-square approximation)
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Table 40. Continued.

Brood-rearing territories Random Points Significance’
X SE n X SE n
1990
Total Invertebrates
Bay beach 8.8 4.3 (5) 3.4 21 (7) P=0.2058
Island interior 4.8 3.0 (16) 0.3 0.1 (15) P=0.0110
Ocean beach 375.7 1726 (15) 180.2 98.6 (15) P=0.1198
Significance? 0.0001 P =0.0001
Amphipods
Bay beach 1.0 0.8 (5) 0 0 (7) P=0.1046
Island interior 0.2 0.2 (16) 0 0 (19 P=0.3662
Ocean beach 364.5 172.1 (15) 173.2 88.6 (15) P=0.1247
Significance? P=0.0001 P=0.0001
"Digger” Amphipods
Bay beach 1.6 1.8 (5) 0 0o P=033105
Island interior 0 0 (16) 0 0 (15 P=0.9999
Ocean beach 4.6 1.5 (15) 2.8 1.5 (15) P=0.1620
Significance? P =0.0001 P =0.0001
Bivalves
Bay beach 0 0 (5) 0 0 (7 P=0.9999
Istand interior : 0 0 (16) 0 0 (15) P=0.9999
Ocean beach 1.0 0.4 (15) 1.8 1.1 (19) P=0.2375
Significance? P =0.0001 P =0.0008
Polychaetes
Bay beach 6.2 4.6 (5) 34 214 (7) P=0.6641
Island interior 0.9 0.5 (16) 0.1 0.1 (15) P=0.2930
Ocean beach 3.7 3.7 (15) 0 0 (15) P =0.3506
Significance? P=0.0492 P=0.0080
Mole Crabs
Bay beach 0 0 (5 0 0 (7 P=0.9999
{sland interior 0 0 (16) 0 0 (15) P=0.9999
Ocean beach 2.3 0.9 (15) 2.4 0.9 (15) P=0.7048
Significance? P =0.0001 P =0.0001
Insects & Larvae
Bay beach 0 0 (5 0 0 (7 P=0.9939
Istand interior 4.1 2.8 (16) 0.2 0.1 (15) P=0.0901
Ocean beach 0 0 (19 0 0 (15 P=0.9999
Significance? P =0.0055 P=0.0974

*Wilcoxon 2-sample Rank Sum test - Random points vs. Brood-rearing territories.

2Kruskal-Wallis test (Chi-square approximation)
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Table 41. Ocean beach substrate invertebrates taken from the wet and saturated intertidal
zone on Assateague Istand National Seashore, Maryland 1989-1990. Presented are # / 0.0081
m?2.

Brood-rearing territories Random Points
X SE n X SE n

Total Invertebrates

Wet samples 14 4 (50) 7 2 (44)

Saturated samples 413 118 (50) 160 70  (44)

Pooled samples’ 294 87 (33) 110 50 (30)
Amphipods

Wet samples 11 4 (50) 2 0.7 (44)

Saturated samples 406 118 (50) 152 69 (44)

Pooled samples' 286 86 (33) 103 50 (30)
“Digger” Amphipods

Wet samples 20 0.5 (50 1.3 0.4 (44)

Saturated samples 49 1.0 (50) 29 1.0 (44)

Pooled samples'’ 36 0.8 (33 24 0.8 (30)
Bivalves

Wet samples 0.2 0.1 (50) 0.7 03 (44)

Saturated samples 23 0.5 (50) 22 1.2 (44)

Pooled samples'’ 1.5 0.4 (33) 1.8 0.9 (30)

Polychaetes

Wet samples 0 0 (50) 21 1.7 (44)

Saturated samples 36 3.3 (50) 0.2 0.1 (44)

Pooled samples' 1.8 1.7 (33) 06 04 (30)
Mole Crabs

Wet samples 20 0.5 (50 0.7 03 (49

Saturated samples 16 0.6 (50) 26 1.0 (44)

Pooled samples’ 1.4 0.4 (33) 1.7 0.5 (30)
Insects & Larvae

Wet samples 0.06 0.06(50) 0.02 0.02(44)

Saturated samplies G.1  0.06(50) 0 0 (44)

Pooled samples'’ 0.06 0.03(33) 0.02 0.02(30)

! Pooled sample values were used in all analyses.
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Table 42. Animal trails (number/linear 100 m) from random and brood-rearing territory transects on Assateague Island National
Seashore, Maryland 1988-1990. See Appendix G for the scientific names of the animals mentioned.

B-tailed
Ghost crab* grackle Gulls Egret sp. Red fox Raccoon Dog
n X SE X SE X SE X SE X SE X SE X SE
Bay beach 27 12 11 18 08 111 49 12 07 19 07 21 10 0.02 0.02
Istand interior 45 04 01 63 16 0 0] 0 0 88 22 0.08 0.05 0 0
Ocean beach 70 52 07 14 04 44 11 0.02 0.02 51 08 02 0.2 0.07 0.05
Significance P=0.0005
American
Wild pony Sika deer Fiddler crab' Oystercatcher Willet Turtle Duck sp.
n X SE X SE X SE X SE X SE X SE X SE
Bay beach 27 215 6.0 53 13 14 08 0 0 46 27 0.08 0.06 10 10
Island interior 45 253 45 87 1.4 0 0 0 0 03 03 0.07 0.04 0 0]
Ocean beach 70 97 15 08 04 0 0 06 02 05 02 0.05 0.03 0 0
Significance P =0.0005 =0.0001
Predators? Nonpredators? Humans ATV Miscellaneous Trash Total trails
n X SE X SE X SE X SE X SE X SE X SE
Bay beach 27 229 76 381 84 110 46 0.1 01 0 0 0 c 721 134
Island interior 45 167 29 343 50 23 06 0.06 0.06 0 0] 0.02 0.02 533 8.0
Ocean beach 70 322 35 118 17 52 10 0.2 0.06 01 004 02 007 493 3.8
Significance P=0.0019 P =0.0001 P=0.0102 P=0.8079

! Ghost crab and fiddler crab values are expressed as burrows/100 m?.
2 Total predators (ghost crab burrows, boat

Total nonpredators (ponies, deer, fiddle
* Wilcoxon Rank Sum test [for 2 samples] o

-tailed grackles, gulls, egrets, red foxes, raccoons, and dogs) and

r crab burrows, American oystercatchers, willets, turtles, and ducks).
r Kruskal-Wallis test (Chi-square approximation) [for 3 samples].



Table 43. Animal trail counts (number/linear 100 m) differing between random and
brood-rearing territory transects on Assateague Isiand National Seashore, Maryland
1988-1990. See Appendix G for the scientific names of the animals mentioned.

Wild pony Humans Nonpredators Total Trails
n X SE X SE X SE X SE
Island Interior
Brood territories 27 309 59 35 10 423 6.6 589 8.0
Random Plots 18 169 6.5 05 0.2 224 70 49 90
Significance'’ P=0.0339 P =0.0095 P=0.0025 P=0.0129
Bay Beach No differences were observed between random plots

and brood-rearing territories.

Ocean Beach No differences were observed between random plots
and brood-rearing territories.

' Wilcoxon signed-rank on the differences between samples (brood-rearing territories -
random sites) paired each week of collection.
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Table 44, Number of piping plovers banded on Assateague Island National Seashore,
Maryland, 1987-1989 and resighted the following year. This includes 1 adult and 3 first-year
birds observed elsewhere and not on AINS. Shown also are hypothetical estimates of the
return rates, given estimated corrections for incomplete color-band combinations and
band-related deaths.

Year in which Number of birds resighted each year
adults and chicks after being banded
were banded 1987 1988 1989 1990
Complete color-band combinations
Adults
1987 9’ 72 4 2
1988 35° 28° 17
1989 g 4
Chicks
1988 121 5 1
1989 17! 7

Complete plus incomplete color-band combinations

Adults
1987 gt 7 6 3
1988 35 32 18
1989 g 4

Complete plus incomplete color-band combinations plus estimated deaths

Adults
1987 gt 7 6 3
1988 35° 35 18
1989 9! 4

' The number of piping plovers banded in the given year.
% Includes 1 bird not observed but known to be alive because it was sighted the following year,
* Includes 3 birds not observed but known to be alive because they were sighted the following

year.
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Table 45. Input variables and values used for population modeling of plovers on Assateague
Istand National Seashore. The population was modeled with POPULATION DYNAMICS 4.5
software. Also shown are the values used when determining population stability.

Input Variable

Values used

Age at which plovers first
begin to breed

Estimated % of aduit females that
produce young each year

Average annual number of young
produced per successful female

Estimated first year mortality

Estimated annual mortality rate
for older plovers

Duration of simulation

Starting number of male and
female young of the year

Starting number of male and
female adults

1 year

Mean value observed on AINS
during 1986-1990 was 43.4%.

100% was used when determining the
reproductive rate needed for population
stability since this is usually expressed
as chicks fledged/BREEDING pair.

Mean value observed on AINS during
1986-1990 was 2.023.

This variable was varied (while holding
all others constant) to achieve a stable

population at different survival estimates.

59% (41% survival) was used in all cases
based on our observed survival rates.

33%, 29%, and 28% (67%, 71%, and 72% survival)
were used based on our observed survival rates.

I ran simulations of 100 years.

Mean number of chicks fledged on AINS
during 1986-1990 was 8.7,8.7.

Mean number of breeding adults on
AINS during 1986-1990 was 19.8, 19.8.
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Nt+1
Nt
Seashore, Maryland, 1987-1990. Also shown are estimated survival corrections based on
incomplete band combinations and assumed deaths from band-related injuries.

Table 46, Survival estimates ( ) for piping plovers banded on Assateague Island National

Estimate based on: Survival Estimate  95% Confidence !ntervai'

Complete color-band combinations

Adults
Survival 1 year to next 67% (62/92) 56.5% - 76.4%
Survival 1 year to 3rd year 46% (23/50) 31.8% - 80.7%
Chicks
First year survival 41% (12/29) 24.0% - 59.2%

Complete plus incomplete color-band combinations

Adults
Survival 1 year to next 71% (70/98) 61.0% - 79.7%
Survival 1 year to 3rd year 53% (27/51) 38.6% - 67.1%

Complete plus incomplete color-band combinations plus assumed deaths
Adults
Survival 1 year to next 72% (73/101) 62.2% - 80.5%

' Calculated using the Binomial Distribution.
Corrected survival estimates could not be calculated for first year survival because we could

not identify returning chicks without a complete color-band combination and no chicks were
observed with band-related injuries.
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Table 47. Piping plovers color-banded on Assateague Island National Seashore, Maryland,
1987-1989 and sighted elsewhere. For band combinations, see Appendix E.

Date Date(s)

USFWS# Banded Sighted Location
800190338 5/24/88 12/17/88 Ohio Key, Florida *

3/20/89 Chincoteague National Wildlife Refuge, VA?

10/15/89 Bahai Honda State Park, Florida ?

4/04/90 Chincoteague National Wildlife Refuge, VA?
800190317 1987 5/24-6/30 N.J* ¢
800180347 4/30/88 June 1988 NJ ¢
800190357 6/14/88 3/20/89 Chincoteague National Wildlife Refuge, VA?
800180360 6/17/88 3/26/89 Cape Lookout National Seashore, NC ©
800180325 1987 3/27/89 Chincoteague National Wildlife Refuge, VA?
139112622 * 7/18/88° 4/20/89 Cape Hatteras National Seashore, NC7
139112620 * 7/10/88 4/25/89 Cape Hatteras National Seashore, NC’
800190502¢ 6/13-7/89 Chincoteague National Wildlife Refuge, VA?

8/13-8/20/89 Cape Lookout National Seashore, NC ®

800190334 5/19/88 7/6/89 Chincoteague National Wildlife Refuge, VA?
800190369 5/31/89 7/27/89 Chincoteague National Wildlife Refuge, VA?
139112617 * 7/8/88 8/17/89 Cape Lookout National Seashore, NC ¢
800190333 * 5/15/88 3/23/90 Chincoteague National Wildlife Refuge, VA?
800190374 6/01/89 6/6/90 Chincoteague National Wildlife Refuge, VA?
800190335 5/19/88 7/7/90 Chincoteague National Wildlife Refuge, VA?

»

Birds that were sighted during migration and NOT sighted on AINS that year.

Marge Brown, pers. commun. P.O. Box 239, Summerland Key, FL 33042.
Robert Cross, pers. commun.

Susan Haig, pers. commun.

Observed by Ted C. Nichols, N.J. Department of Environmental Protection.
Observed by Jack Conner, 89 Powhatan Trail, Mediand Lakes, NJ 08055
Jay McConnaughey, pers. commun.

Suzanne Coutu, pers. commun.

Banded on Chincoteague NWR, VA. Breeder on AINS, MD.

Banded on Patterson (1988) in Virginia (excluded from analysis).

o o N O O A W N
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Table 48. Reproductive success necessary to maintain stationary piping plover populations
on Assateague Island National Seashore, Maryland.

Estimate Adult 1st year Chicks fledged/ Range!
based on Survival Survival Breeding pair
Complete color-band resightings 67% 41% 1.610 0.80-3.63

{minimum known alive)

Complete color-band resightings plus 71% 41% 1.415 0.68-3.26
corrections for incomplete combinations

Complete color-band resightings plus 72% 41% 1.366 0.66-3.15
corrections for incompliete combinations

plus corrections assuming the banded population

was negatively biased by band-related death

' Caiculated from the upper and lower 95% Confidence Interval for aduit and first-year

survival.
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Table 49. Annual piping plover survival estimates based on the re-sightings and recaptures.

L = USFWS leg bands only Adults Chicks
C = color leg bands Sighted Sighted
Y% (n) % (n)
Griffin (pers. commun.) c 73% 43%
Loegering (1992) C 67% (92)? 41% (29)
- this study
Prindiville Gaines
and Ryan (1988) C 63.4%
Cross (1989) C 56.6% (30)°
Whyte (1985) C 42.8% (14)° 8.3% (12)*
Cairns (1977) C 15% (67)°
Wilcox (1959)2 L 25.2% (1504)

' Resighted bird-years (a bird sighted in 3 years = 3 bird years).

2 Wilcox (1959) only reported the number of band returns regardless of the number of years
observed; therefore, this is not a survival rate. Wilcox also reported recaptures, NOT
resightings. This is pooled for chicks and adults.

¥ One year of observations.
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Table 50. Color band combinations of piping plovers sighted on Assateague Island National
Seashore, Maryland, 1988-1990, but not banded by the author or Patterson (1988). Color bands
have been sorted by band combination. See the key below for band colors and locations.

Inclusive
Left Left RightRight Dates

A bird it

was observed

Top Bot Top Bot Sex Observed Activity? With® Location® Result

ALU RED RF WHI @ 4/4-6/2/89 N 5/19-6/2/89 800190354 32069 Hatch-chicks lost¢
6/7-7/20/80 N 6/14-7/28/90 800180354 32069 Hatch-chicks lost

BWBW ALU BLK GRE @ 5/18-7/23/90 N 6/13-6/20/90 800190340 03043 Loss-fox

BWBW ALU WHI GRE & 7/16/90 32039

BWBW ALU YEL BLK 6/22/89 03042

RF BLU ORA ALU 5/13-7/6/88 N 5/13-7/3/88 800190320 07045 Fledge 1 chick*!

3/16-4/14/89
YEL ALU BF YEL 4/3/90

05043 Identification
questionable

* N = Nested.
b USFWS 4.
¢ See key below for locations.

¢ USFWS # 8001-90502. Banded on Chincoteague National Wildlife Refuge in 19887 Both top

bands were loose enough to slip up over heel.

* USFWS # 851-53724. Banded on Assateague Island National Seashore as a chick in 1979.
' Bird captured with ALU band present. Color bands added in 1988.

COLORS LOCATIONS
ALU = USFWS Aluminum band MD = Marvland (Loegering’s study area)
BF = Black Flag (Massachusetts) VA = Virginia
BLK = Black HOOK = Toms Cove Hook, VA
BLU = Blue WB = Wild Beach, VA
BWBW = Black / White narrow stripe band WF = Wash Flats, VA
GRE = Green
ORA = Orange Five digit numbers located in MD,
RED = Red description in text under
RF = Red Flag Location Assignment.
WHI = White
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Table 51. Morphometric measurements of adult piping plovers on Assateague Island National
Seashore, Maryland, 1988-1990. The first row represents all birds captured. The second and
third rows represent birds that we could reliably determine sex.

n X SE range Significance’
Mass (g) 70 53.6 0.3 46.5-62.0
Females 26 52.6 0.5 46.5-56.0 P=0.0288
Males 32 54.5 0.4 50.5-62.0
Culmen length (mm) 70 13.4 0.1 12.0-18.0
Females 26 13.3 0.2 12.0-180 P=0.0230
Maies 32 13.5 0.1 12.0-15.0
Culmen width {(mm) 69 5.3 0.04 4.5-6.5
Females 26 5.2 0.07 5.0-8.5 P=0.0482
Males 31 5.4 0.06 4.5-6.0
Culmen depth (mm) 69 59 0.03 5.0-6.5
Females 26 5.8 0.6 5.5-6.5 P=0.0189
Males 31 6.0 0.05 5.0-6.5
Tarsus iength {(mm) 70 21.8 0.2 18.0-24.5
Females 26 21.8 0.3 18.0-240 P=0.8197
Males 32 22.0 0.3 19.0-24.5
Mid-toe length (mm) 70 15.3 0.2 11.0-18.0
Females 26 15.3 0.3 11.0-17.5 P=0.1938
Males 32 15.9 0.2 13.0-18.0
Wing chord (mm) 68 117.8 0.3 110.0-122.0
Females 26 1171 0.6 110.0-122.0 P=0.0615
Males 31 118.5 0.3 115.0-121.0
Tail length (mm) 70 53.1 0.3 47.0-60.0
Females 26 53.2 0.6 48.0-600 P=0.7177
Males 32 53.3 0.3 50.0-57.0
Breast-band gap (mm) 67 14.3 0.9 0-38.5
Females 25 15.3 1.5 0-31.0 P=0.2834
Males 31 13.3 1.5 0-39.5
Forehead band length (mm) 70 15.7 0.2 10.0-19.5
Females 26 14.7 0.3 10.0-17.5 P=0.0001
Males 32 16.8 0.2 14.0-19.5
Forehead band width (mm) 70 4.7 0.1 2.0-7.0
Females 26 4.0 0.2 2.5-5.5 P=0.0001
Males 32 5.4 0.1 4.0-7.0

! Wilcoxon Rank Sum test on each measurement, testing males vs. females.
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Table 52. Categorical data collected while banding adult piping plovers on Assateague Island
National Seashore, Maryland, 1988-1989.

Females Males Total’
n % n % n %
Brood Patch
Bare 8 36% 10 38% 20 38%
Downy around the edges 2 9% 4 15% 6 11%
Downy midline only 1 5% 4 15% 5 9%
Downy 11 50% 8 31% 22 42%
22 26 53
Parasite Load
None 14 64% 17 74% 36 68%
Few present in axilary 8 36% 6 26% 17 32%
/crown regions
22 23 53

' Contains males, females, and birds that the sex could not be reliably determined.
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Table 53. Morphometric measurements of piping plovers chicks 4-5 days old on Assateague
Island National Seashore, Maryland, 1988-1930.

n median X SE range
Mass (g) 37 7.5 7.8 0.3 4.5-12.0
Culmen length (mm) 31 7.0 7.3 0.1 6.0-9.0
Tarsus length (mm) 31 17.0 17.4 0.2 15.0-20.0
Mid-toe length (mm) 31 15.0 14.6 0.2 12.5-17.0
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Table 54. Injured piping plovers observed on Assateague Isiand National Seashore, Maryland,
1988-1990. Birds with apparent leg injuries usually limped, or held their leg up, and/or hopped
when they moved. Bands have been sorted by band combination. See key below for band
colors.

Left Left Right Right Dates
Top Bot Top Bot Observed Injury / Information

RF  ALU  4/11-7/16/90  Left foot missing. Nested successfully. 2

ALU . RF . 5/2-5/18/89 Both feet missing.
Bird (?) observed copulating.
ALU BLU RF ORA 8/1/89 Right leg appeared injured.
ALU ORA RF BLK 7/17/90 Limping, leg appeared injured.
ALU ORA RF YEL 5/13/89 Right leg appeared injured. ?
ALU WHI . . 7/13/88 Right leg appeared injured, foot appeared black.
ALU YEL RF A 7/31/89 Both feet missing.
'GRE . . . 4/14-5/3/89 Right foot missing. Rebanded as GRE ALU . .

{8001-80385) in 1988. Banded by Patterson in 1987.
Nested in 1989, predated 3 times.

'GRE ALU . . 4/7-7/21/90  Right foot missing.

GRE ALU RF RED 6/23/88 Right leg appeared injured.

GRE ALU RF S 5/3-6/15/89  Right foot missing.

ORA ALU RF . 5/8/89 Right foot missing.
ORA BLU RF R 7/13/88 Right foot missing. Right foot and ALU band lost.
ORA GRE RF 5 7/15/88 Right foot missing. Good use of stump.

Right foot amputated at or above tarsus joint.
Looks like 1987 bands.
"WHI WHI . . 7/16/88 Right leg appeared injured.
'WHI WHI RF  ALU 6/28/88 Right leg appeared injured,
Bird was holding leg up and hopping.
YEL ALU RF BLU 4/7-7/9/89 Left leg broken.
Removed lower leg, bird recovered.

' | suspect this is the same bird.

2 Probably USFWS # 8001-90366.

® Removed RF YEL and the bird fully recovered (USFWS # 8001-80360).

* Probably ALU YEL RF BLK because this is the only possible combination.

° Probably GRE ALU RF WHI because this is the only possible combination.

® Probably USFWS # 8001-90329, RED GRE RF ALU because this is the only possible
combination. The 1987 bands were NOT stable in ultraviolet light and faded to the colors
observed (this was confirmed by trapping birds with known color-band combinations).

" This is the same bird.

COLORS
ALU = USFWS Aluminum band ORA = Orange
BLK = Black RED = Red
BLU = Blue RF = Red Flag
GRE = Green WHI = White
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Figure 1. Piping plover nesting areas and types of recreational access on Assateague Island

(from Patterson et al. 1991).
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Figure 2. Northern 8 km of Assateague Island National Seashore. Habitat patterns were
digitized from aerial photographs taken in 1988. Scale 1:60,000.
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Figure 13. Fradicted piping plover breeding populalion Irends on Assateaque {sland Malicnal Seashoro based an 3 estrrnales of adult
survival. The same reproductive rale {1986-1950 x =2.023 chicks fledged/breeding pair) and first year survival (4195) Inam AINS were
used in all the models. Adull survival for the first eshmale {67%) is based on known color-band sightings.  Adult survival lor e
second estimate (71%]) is based on known and incomplele tolor-hand sighlings. Adult survival for the third estimate {F2%] is based
on known and incomplele color-band combinations and assumed mortality in the banded population. See Chapler 4 for detzils,



Appendix A. Methods for Location Assignment

Because of the difficulty in locating and relocating sites on AINS, [ developed a
method of recording locations that would allow us to accurately record the positions
of plovers, nests, broods, etc. The nartharn B km of the island was divided into 18
habitat blocks. Each block was 500 meters north to south and extended over the
width of the island. Each block was further divided into five 100-m strips (Figure 3).
Locations in each paraliel band were identified further by the habitat type of aach
lacation {Ocean tidal zone, berm, mud flat, ete]. | uzed a five digit location code to
represent these areas: XXYYZ, where XX=the habitat block, ¥¥ =the habital type
code (Table 2}, and Z =the habitat strip. For exampie, a location in habitat block 3,
on the barm (code 04), in the second 100-m strip would be 03042,

f divided the ORV zone, located south of the NP5 developed zone, in a similar
manner. | used the dune crossings (1-13) to delineate the habitat blocks and further
divided the blocks inte 160-m strips [(0.1-mile}. To avoid duplication of habitat block
numbers, | assigned QRV zone blocks values of 20 + the dune crossing number. For
example, a bird cbserved 110 meters south of dune crassing 13 on tha ocean tidal
zone (code 03) wouid have a location code of 33031,

| clustered habitat blocks into 3 groups: the northern section (blocks 1-8), the

southarn section {blocks 9-16) and the ORV section (blocks 21-33). This was
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nacessary because only one section could be practically surveyed during a given day
for some surveys,

To the extent possible, these units were discrete segments of kabitat, easily
identified and mapped, and stablé from one year to the next. | made units as small
a5 practical. | mapped these units on aerial phete ovarlays and transferred them to
a G|5 database (ARC/INFO) as & permanent recard. The length of shoreline in each

hahitat block was estimated.
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Appendix B. Long vs. short behavioral

observations.
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Appendix B, Test results between short and long behavioral observations of piping plovers
an Assateague Island Mational Seashare. Maryland 19388-1990. Short observation periods are
delined as those ending before 3 minutes. Long observations were between 3 and 5 minutes.
Feportad are P-values for each test {Wilcoxon Rank Sumj,

Variable Bay Beach Island Intenor Ccean Beach
3-10 days old
Faraging rate 08472 08412 0.3138
%% time spent foraging 0.1405 01719 0.4320
@ time spent locomoting 02770 0343 0. 4658
%4 time spent preening 0.99345 0.4161 0.5184
% time spent resting 0.6914 0 2688 0.4569
% lime spenl disturbed .4588 0.1020 01562
11-20 days old
Foraging Rate 0.1 05859 0.3757
%% time spent foraging (.8832 0.3066
% tirme spent Iocomoling 08409 00995
%, time spent preening 0.5604 0.4129 0.5637
% time spent resting 0.8501 D 9993 0.3244
%4 time spent disturbed 0.57E8 0.0202 0.5205
21+ days old
Foraging Rate 08277 01052 0.1487
% time spent foraging 0.3539 0.2075
%0 time spent locomating 0.5509 00192
%% tlme gspent presning 0.5587 0.0959 83172
%% time spent resting 0.74E8 0.3476 0.5251
% time spent disturbed 0.42491 0.8559 0.2737
Tending adult
Foraging Rate 0, 8004 02181 0. 993F
% time spent laraging 06499 04275 0.7BB6
% time spent locometing 00,7689 CEGT8 00305
% time spent presning 0.3681 5455 00583
% hme spent resting 0.1344 01330 00243
% time spent disturbed G278y G042 0.8374
Lona adult
Foraging Rate 0.3840 04475
% time spent foraging 0.2765
% time spent locomaoting 0.2765
%% time spent preening 0.8999 0a448
% tima spent resting 0.8599 {.9944
% time spen! dislurbed 0.7038 00688

b of 78 {5.4%) comparisons differ at 2 =005,
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Appendix C. Behavioral observation biases

I addressed the possible biasg related to the time of day observations were
completed. Behavioral abzervations occurred batween 0722 and 1717 hours,
Tending aduits were observed earlier in the day on the acean beach than in cther
habitats. Mean time of observation for tending adults was 1258, 1214, and 1120 hours
far the bay beach, island interior, and ocean beach respectively. The time of day of
cbservations diflered among habitats only for the tending adult age class
{Kruskal-Wallis [Chi-square approximation} ¥* =78, df=2, P=0.020).

Observations of tending adults were completed earlier in tha day on the gcean
beach than in other habitats. A possible explanation for this sampling bias may stem
fram our desire to collact as many data as possible. The first task every morning was
ta check all nests to determine their status. To do this, we drove the length of the
study araa and observed each nest, Typicaily, if broeds were encounterad during
nest checks, we would stop and complete a behavioral observation before moving
past and disturbing the brood. Since the ocean beach served as our ‘road,’ only
ocean beach broods were encounterad.

Mean tidal levels during behavioral cbservations (stated in hours past the last
high tide [0-12.25 range]) for the bay beach, island interior, and ocean beach wers 6.5,

5.6, and 5.7 respectively. No difference among the different habitat types was
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detected in any age class {P>0.05). Median tides of 6.3, 5.5, and 5.2 respectively
suggest falling tides were slightly hiased. The absolute tidal tavel (stated in hours
past or until high tide [(-8 range)} also did nat differ (P> 0.05). Mean absoclute tides
were 3.1, 2.8, and 3.7 for the bay beach, island interior, and ocean beach.

The distribution {variance) of tidal level and absolute tidal level were compared
visually and did not appear different among habitats. All pairwise F-tests between
habitat types for each age class were non-significant (P> 0.05).

Therefore, although we did not structure the observation schadule to sample
during a variety of tides, wa apparently did not bias our sampling relative Lo the
habitats we are comparing. Neither the height of the tide in a full cycle nor its relative
or absolute level diferad. This iz impontant as tidal level has been identified as a
factor influencing shorebird foraging habitat use {Burger et al. 1977, Robert et al.

1989;.

Appandin C. Buhavioral obeervaiion biasss 213



Appendix D. Effects of disturbance source on

behavioral observations
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Appendix D. Foraging rale (attemptsiminute} and the proporiion of time spenl (%) in vanous behavioral calegories, by dislurbance
sources, of piping plovers on Assaleague Island Nalonal Seashore. Maryland 1388-1990. Observalions conlaining no disturbance
and those conlaining one or more incidence of disturbance (rom the idenlified source are shown. Sample izes (n) also are shown.

Undisturbed Overall Dislurbance Avian Dishirbance Pigvar Dislurbance Huitan Dislurbance
X x P-value % P-value X P-value ® P-value
3-10 days old, Bay Beach
Foraging rale 11.3 {5) 113 {4 099319 133 (4)  0.9999 11942 0O.B465
&% Foraping P03 (4 5.4 {1 00518 5643 00318 5001} 02488
2% Locomolion 3.5 (4) o 03768 170 {3} 03768 27.4 {1y 02888
%, Preening 0 (5 0 {3y 09999 0 {4 095999 0 {2} D0.0999
% Aler 224 1443 Q4755 14.443) 04755 1731y 0.2888
o4, Resling 7.7(5) 401(4) 08933 40(4) 0.8933 02(2) 09398
% Disiurbed a {5 233 (4] 00108 233(4) 00108 160({2) 00207
3-10 days old, Island Interior
Foraging rale 0.4 (7 11.5{4t 07768 12.1{3 Q&605 161 {1 03827
% Foraging 0.0 {4) 69.5 {4) 01102 B9.4{2) 0.1002 B7.5 (1) 09993
2% Locomalicn A6 [4) a6 4y 03094 83127 04811 IRy 0999
% Preeping Qg in 0.91{d) 00685 07 12) 05088 23{1) 00233
% Aleri 5.4 {4) 1054 03054 100(2) 04841 57 {1 D0.7168
% Resling 11.0{7 91{4) 01548 92 (2] 05476 04 {1 0251
25 Dislurbed (L 2.4 (40 000 0.7(3) 00092 2511 00233
3-10 days old, Ocean Beach
Foraging rate 4591012} 7.1(9 00465 FE( & Q047 BE (1) 02248 BE1(2) Q248
% Foraging 25,8 | 6 4524 8y 0 A0GG A57 (7)) 01116 433 (1) 04531 41 7 (1) 044533
%, Locomolion 205 ([ B) 2354 8) 043 207{F 05572 2.7 (1) D.8026 433 (1 04533
%% Preaning 1401124 ar L9 09444 044{ 8 0&323 B7{1) 00559 0 {21 0831
% Adart 191 ( B 234 (8 03324 25117 03524 ?83{1) DA&aODE 11.7 {1) D800
v Resting 233 (12} 33(9 02073 388 02718 D 1} O.46EY 0 (2} 0 2G5S
%%, Disturbed 0 (12) 247(9% 0000} 943 ({ 8}  0.0001 50.0 (1) 00015 219 (2)  DOCUS
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Appandix D. Conlinued.

Undisiurbed Tolal Disturhani::e

Avian Disturbance

Plr\wgr Disturbance

Human Dislurhance

x ® P-value X P-value X P-valyc X P-valuz
21+ days old, island Interior
Foraging rate 18.3 (4]
%% Faraging 758 (3
a5, Locamotion 11.7 (3)
%% Preening 0 (4)
% Alert 125 (3
%a Resting 0 4
% Disturbed 0 @
21+ days old, Ocesan Beach
Foraging rate 148{10) 12.4{13) 08768 1765 05812 5414y 03574 129 (4} 0.9436
% Foraging 55.0(7 B20{11} 09999 84.1 (5) 0.7440 368 (2) 0.BAZE 5R.2 (4) 09945
% Lecomotion 83(7 141{11} 02356 8.1(5 0.7381 238(2) 01688 12513} 04805
% Preening 2.8 (10} 1911y 06588 1.0(5) 0.9302 11.1 (4)  0.2496 74 {4y 07679
% Alert 83{7  176{{1} 04923 48 (5 0.9999 283 (2) D.1858 2441(3) D9UGY
% Resting 15.8 {10} 26{13) 09393 0 (5 02203 D914 08594 51{4) 06803
% Dislurbed 0 (10F 11.0¢13) 00001 7.7(5 D003 28 (4) 0.DOCK 16.5 (4) 0 0DO6
Tending adults, Bay Beach
Foraging raia 200 {3 12.4 (8) 0.0502 1348 (7) 00570 12.5 (1} 10,5403 711(2) 02453
%% Foraging 334 56.7 (7) D.3827 63.4 (8] 0.4533 EE.7 (1) 41.342) 05403
% Lacomolion 1131y 11.7(7) 03799 130 (6) 10.4492 6.7 {1} 53{2) 05403
2 Freening 5.0 (2} 27(8) 0.8548 22(7] OBEIG 1.3{1) 09933 3.71({2) 0.9999
% Aler 733 {1} 2M8(7) 03799 1314 (6) 02072 13.3 {1 43.7 {3 09999
% Resling Q0 (7 15(8) 0.3032 21(7) 0.2697 29{1] 04795 151[2) 06171
%4 Disturbed 0 (2 51(8 00488 53{7) 00560 1.9{1) 04745 261{3) 02207
Tending adulls, 1sland Inlericr
Foraging rate 0.3 {B) 1.5(8) 0.1706 1946} 01903 1.4(2 02100 1.2 {4) D.1866
% Foraging 1.8 () 9.2 (6) 0.2666 $11.11{5] 01510 146 {2) (.5BEB 16 {3 06714
%, Locomotion 6.9 (6) 132 {6) 01275 14.3 15} 0.0824 92({? 0.6150 150 {3) 0.15349
% Preening 3.4 () 5.3 (8) 0.8262 6.4 {6} 05900 3.2{2) 0.EB52 59{4) 0.9994
Yo Alen 520 (G 406 (6) DAY 11.81{5) 03102 60.3 (21 0 &66A 54 1{3) OQEHT
¥ Resling AR5 (8) 2248} 09569 27.2 {6} 0.8423 143 {2 0.6822 12.0{4; 0.9994
% Disturbed a (8 19.8 18)  0.0004 16.0{F) 00008 91 (2 UDOUL2 .54 00017
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Appendix D. Conlinued,

UndisEurhed Tﬂta_l Dislurbance Avian D'i-ét_u_r_banca Plcw_a_} Disturtlancé ’ Ht}mﬂn Disturtrance

*® X P-valuo " F-yvalua x P-value X P-value

T —

Tending adults, Ocean Beach

Faraplng rate 2.7 {25) 23 (17 02119 S3{m 00428 14 {7} 09254 45 04M0
% Foraging 19.0 {18} 160(13) 05525 2077y 04144 1.315 04340 1540 0DBGT2
%% Locomotion 14.7 {18) 18813} 01317 19817 02226 256 (h) 00782 193 011172
% Preening 3.5(25) 30017y 00405 43{3) oOomzry 04917y 04012 4.7 13 01567
% Alert 35.3 (18) 4249113 05085 J64{7y D9Z7E 51415 01915 352 (3} 09559
2., Resling 260(25 20817 09785 9.7(8) 05536 21.3(7)  0.9999 16.8 (3} 09376
% Disiurbed 0 (2%) 147 1t7y 00001 153 {9 0004 17317 0.0001 20413y D0OH
Loné adults, Bay Beach
Foraging rale 15.7 {5 24301 01360 285 (M  0.0814 198 {1+ 09939
% Foraging 100 {24 80.F7{2) 02207 Jo.7 12y  n0.2207
% Locomaotion 0 {2) 1032 02207 103 (2) 02207
% Preening 0 {5 a (3 099589 O {3 09999 0 {1 .5%309
%o Alert o3 0 [?2) 09559 0 {3 09999
%% Resling 1 (h) o (5 05999 0 {2} 09959 D {1] 0§&999
% Disturbed a (5) 7313 00168 43(2) 0.0297 133 (1] 00736
Lohe adults, Island Interbor
Foraging rals 8.0 (2}
% Foraging 313 {2
% Locomolion 500 {2
% Preening 8.3 {3}
% Alen B3 ({2}
% Resting a
% Disturbed a {2
Lone adults, O¢ean Baach
Foraging rate 9.6 (9) B.71{3) 07115 514(2) 0.1949
% Foraging o m 808 {2} 05403 893.1 (1)
%% Locomoticn 13301 25{? 05403 0 M
% Preening 4.1 (9) 0.8 {3} 05697 0 (23 08137
% Alerl 20011} 5.4{2} 05403 B7(N)
% Resling 13 (9) 0 {3} 07003 0 () 08137
% Dislurbed o (8} 51(3 000K B.5 (2} 0000
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Appendix . Continuved.

LlndislurbedMamnjalian Disturbance Other Disturbance

Unknown Dislurbance

% % P-value X P-value X P-vatluc

3-10 days old. Bay Beach

Foraging rale 13.3 (5)

% Foraging B0 .3 {4}

&% Locomotion 3.5 (4

%% Freening 0 (5

% Aled 2.2 (4

% Restlng 30 (5

% Disturbed 0 5
310 days oid, Island Interior

Foraging rate 1040hH 56(1) 03827

%¢ Foraginp 900 {4) S14(1 02763

%4 Locomotion 46 |4) 122 {1)  D.276%

% Preening oI 0 {1 0.9999

%, Alert 5.4 {4) 16.4{1) 0.7168

%% Resting "n.o{n 1781y D251

% Disturbed [ I 4.4 {1y 00233
3-10 days cld, Otsan Beach

Foraging rate 4.8 112 TA{1 03489 128 {1) 02285

% Foraging 258 ( 6 669 (1) 04533

% annnjnllc-n 20.5 [ §) 24.4{1) 08028

% Presning 14 {17) g (1) 0949349 o (11 093909

% Alert 1911 §) 56(1) 09399

% Resiing 23.3 {12) Q0 (1) 04669 0 (1) 0.4669

%% Disturbed a (17 211 (1) 00015 154 (1) 00015
11-20 days old, Bay Beach

Foraging rate 16.4 (3)

% Foraging T6.7 (1)

% Locomalion 16.7 (1)

% Preening 0 (3

%o Aler 67 (1)

% Resling 0.3 (3)

% Disturbed o @3
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Appendix D. Conlinued.

LlndislurhedMamrEalian Disturbance Olher Disturbance

Llnlc.nn_wn Disturbance

W i P-value X P-value P P-value

11-20 days old, Island Interior

Feraging rale 17.1 {E)

% Foraging 872 (B}

% Locomolion 4.1 ()

% Preaning 0.4 (E)

% Aler 8.3 (E)

% Resting 0 (&

% Disturbed a (8)
11-20 days ¢ld, Ocean Baach

Foraging rate 10.6 (1%) 7011y 09959 1324 035949

% Foraging 8d.8 (15) 45911 QG639 E¥.5 {4 oC.5820

% Locomotion 160 {13) 167 (1) 08399 14.5{4) 09999

% Preening 6.6 (16} 167 {1} 01174 4844 02T

% Alart 18.5 {15} 15.0{1) 05999 434 03158

% Rersting 6.6 (16} EF{1) 02544 29{4) 02023

% Dislurbed a {16} 1741y Q02 17.4{4) 0.0001
21+ days old, Bay Beach

Foraging rale

% Foraging

% Locomolion

% Preening

ba Alert

% Reasling

% Dislurbed
21+ days oid, Island Interior

Faraging rale 18.3 {4)

%% Foraging LR R

% Locomotion 1.7 {3

% Preening 0 {4

% Alert 125 {3)

% Resting 0 {4

%o Dnsturbed o (4]
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Appendix O. Conlinued.

UndisturbedMammalian Disturbance her Disturbance Unknown aislurbance
F X P-valun X Fvalue x Fvalue

21+ days old, Ocean Beach

Foraging rate 148 {10y 281 04281 18413 05306

Y Faraging 5500 1921 05999 E3.3{2) 08326

%% Locomation 831N 20211 Q3524 19.4{2) 04448

% Praening 2.8 (15) 1705 03147 J {2} O0E203

% Alert 43{ N 400 {1y 03799 MO0 07674

% Rasling 15.8 (10} 10.0¢1r 03599 520 0798z

%, Disturbed 0 (1} 275{1) 00044 154 {2} 0.0017
Tending adulls, Bay Baach

Foraging rate 200 {2 25101 05403 125401 05403

% Foraging 33 BB.7 {%)

% Locomation 133 (1) 67 (1)

% Preening 502 1.9{1) 08599 1341 09399

e Alert 330N 133 {1)

%% Resling 0 {3 491} 04795 29{1) 04795

% Dislurbed 0 {2) 1.9{1) 0.4795 19{1) 0.4795
Tending adulls, Isiand Interior

Foraging rate 0.3 (8) 271 01376 37{(1) 01378

% Foraging 1.8 (5 292 (1) 0676 331y D407y

% Locamation 6.9 (6) 1449 (1) 04492 21.7 11} 02072

% Preening 3.4 (8) 541 05422 0 {1y 05224

% Alert 520 (6) 46.3 {1y 08008 283 (1) 08008

% Resting 385 [8) 12.04{1} 0.EB3IGE M1{1) DAIGB

%% Disturbad 0 (8 E0{1 00133 24.4{1) 00133
Tending adults, Qcean Baach

Foraging rale a.7 1258) 114 (1) 0. t656

% Foraging 19.0 {18) 46.2 (1) 0.2711

% Locomation 14,7 {18} 2711(1) 0.3106

% Preening 3.5 {25) 0.7 {1 02063

% Aler 35.1 {18) 21141 05223

% Resiing 26.0 {25) 201 049999

% Disturbed 0 (25) 408 {1} 0000}
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Appendix D. Conlinued.
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Undisturbed Mammalian Qisturbance Other Gisturbance Unknown Disturbance
X K P-value ¥ Pvalue X P-value
Lone adulls, Bay Baach
Foraging rate 15.7 (5)
% Foraging 1000 ()
%% Locomaotion a2
% Preaning 0 (5
% Alert a (2)
2% Reating Q i3
% Disturbed a0 [5)
Loha adults, Island Interlor
Foraging rate 9.0 12}
% Faraging 331
%% Locomotion 50.0 (2}
% Preening B3 12}
%4 Alert B3 (2}
% Resting o {3
% Dlalurbed o {3
Lone adults, Qcean Beach
Foraging rale 9.6 {9) 16.0{1) 02963
% Foraging o {1 a8.3 {1}
% Locomodion 113 {1} 50{1
% Preening 4119 25{1] 01360
% Alerl 20.0 (1) 4.2 {1)
% Rasiing 13(9 0 (1] 09999
%o Disturbed a {9 251 00077

Tesls of signilicance using Wilcoxon Rank Sum.
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Appendix £, Color-band combinations of piping plovers banded on Assateague Isiand
National Seashore, Maryland, 1587-1988. Bands have been sorted by color combination, Sea
key below for band colars and lgealions. Some irds banded by Patterson {1988) were banded
in Yirginia.

Left Left Right Right Age at Date of Banding
USFWS5s Tap Bodom Top BotHom  ZSex  Capture®  Caplure Location Comments

80190387 . . BwW AL 3 days 06:02/89 D743
87162506 ALY BLK RF BLK AHY 1987 HOOK,
139112606 ALU BLK RF GRE 4 days 06/14/88 MO
139112603 ALU BLK RF CORA 4 days OE/12/88 MD

BOO190359  ALU BLK RF YEL femaie  AHY 064788 rMD
8001805354 ALU BLU RF EBLK mate AHY O6/11/88 MD
139112608 ALU BLU RF GRE 4 days 06/ 788 MO
BOC190338 ALU BLU RF ORA male AHY 06/15/88 MO
BOG190353 ALU GRE RF BLK femaie  AHY DB/ 1/84 WD
139112605 ALl GRE BW GRE male 4 days DE6/14588 MD e
BO01890333 ALU GRE RF ORA female  AHY 05/15/88 kD
BOO1B0338  ALU ORA RF BLK  female?? AHY 05/24/88 MD

139112607 ALU ORA RF GRE 4 days 06/ 14/88 MD
800180338 ALLI ORA RF  ORA AHY 05/20/88 MO
80090360 ALU ORA . . malsa &HY 06/17/88 MDD d
1281126010 ALU RED RF  BLK 5 days 06/04./88 MD
B7182507  ALL RED RF GRE AHY 1987 WE
129112604 AL RED RF  ORA 4 days 06/ 12/88 MD
139112802 ALU WHI RF BLK 5 days 06/04/88 MD
139112612 ALU WHI RF GRE 3 days 06/23./88 MD
BOOMBO3ST  ALU WHI B/W ORA femate  AHY 06/14/88 MD =
800180352 ALU YEL RF BLK male??  AHY 06/01/88 MD

8004150361 ALU YEL RF GRE male AHY 06/17/88 MD
800180356 ALU YEL RF ORA female  ARY DB/ 12788 MO

139112609 BLK ALU RF BLU 5 days GE/23/86 MD
139112618 BLK ALy RF GRE 4 days 0741088 MD
135112622 BLX ALU RF ORA B days 07/18/88 MD
BDO180347 BLK ALU RF WHI AHY 05/30/88 MD

800150363 BLK ALU RF YEL male AHY g7/01/88 MO

continuad
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Appendix E. Continued.

Left Lef Right Right Age at Date of Banding
LSFWS4* Tup Bottom Top Beollam  Sex  Capture®* Capture lecation Comments

BOG190305 BLK BLK RF  ALU AHY 1887 WF
800180313 BLK BLU RF ALY AHY 1887 MO
800180325 BLK GRE RF ALU l[emale  AHY 1987 MD
BOG1B0317 BLK ORA RF ALU AHY 1987 WF
BDO1R03268 BLX RED RF ALU AHY 1887 HOOK
BHMB0345 BLY ALU RF  WHI AHY 05/30.,88 MO
80050341 BLU ALU RF BLU male AHY 0527784 MD
139112614 BLU ALU RF GRE S days DE/28./84 MD
139112620 BLU ALU RF ORA d days 0710/98 MDD
00150340 BLU ALU RF RED mala AHY (08/2E/88 MO
HOO015033F BLU ALU RF YEL AHY 05/24/89 MD

400180338 BLUY ALU B YEL male ARHY 05/24/83 KD ¢
800180345 BLU ALU B/W  YWH! female  AHY 03/30/88 MO c

800130378 BLU BLK A ALl male? & days Q612789 13044
anie030y BLU BLU RF ALL AHY 1087 WE
ADH90374 BLUY BLU B:wW  aLb mate aHY 06/01 /8D DEO4Y
ammMae0310 BLU GRE RF &Ll AHY 1987 HOOH
AOMG9037E  BLLY GRE BW AL 7 days 0EAD2/8 03123
00190328 BLU ORA RF ALl AHY 1987 W
adg1803vy BLU ORA B alu male? B days 0E/12/88 13044
800150308 BLU RED RFf aLlU AHY 14887 WF
800490375 BLLU RED B ALl 7 days DE/03/89 03123
300190311 BLU WH) RF alu AHY 1987 MWD
BDO19037¥3 BLU WHI B all female AHY D6/01.583 06043
goQ1a0316 BLU YEL RF ALY AHY 1987 WF
8001830279 BLU YEL Brw ALl male AHY DE/14/88 13043
139112610 GRE ALU RF BLU 10 days DG/ 2R88 MO
139112616 GRE ALLU RF GRE 4 days O7A03/88 MD
800180331 GRE ALLS RF RED AHY 05/14/88 MD
BOO1O0342 GRE ALU RF  WHI AHY D5/28/88 MD

BOD130362 GRE ALV RF YEL female  AHY 0E/28/88 MO
00180383 GRE ALU 5TU STu female  AHY pEs22rEa 01042

800190393 GRE BLK B/ ALU 4 days 07/01/89 06035
00190320 GRE BLU RF ALU fernale  AHY 1687 MD
800190381 GRE BLU B ALU 7 days 0&/30/28 11042
BOO150306 GRE GRE RF ALU ARY 1987 wB
BD0120392 GRE CRA B ALL T days 06/30/89 1042
8001920318 GRE RED RF aALU AHY 1987 HOOK
800180390 GRE WHI BAY ALU 7 days 0G/30/88 11042
B0CG190306 GRE YEL RF  ALU AHY 14987 WF
continued

Appendix E. Piping plavars banded an AINS 225



Appendix E. Conlinued.

Left Lefl Right Righl Age at Date of Eanding
USFWSH  Top Bottam Top Boliom  Sex  Capture®  Capture Location Comments
A0H90333  CORA ALL RF BLU ARy 05/31/88 G
138112617 GRA ALEL RF GRE 9 days OFids a8 hACH
800180332 CGRA ALY 80 WHI male AHY 05715788 WD <
ad7162480 OCORA ORA RF ALU AHY 1987 WF
BOO 903457 ©RA RED BAW  ALU 27 days Q72089 12041
800190394 GRA WHI B ALU 4 days 07/1/89 06035
800190315 OR& YEL RF  ALL AHY 1987 WF
139112611 RED ALLU RF BLU 5 days 06/ 28788 MO
1391412615 RED ALLU RF GRE 4 days Q7/03:88 MO
139112621 RED ALU RF ORA 5 days 071388 MD
BDOM80350 RED ALU RF RED femaie? AHY 05/31/88 MG
B0G180351 RED ALU RF  WHI male ANY 06/01/88 MD
00130330 RED ALLU RF YEL AHY 05/12/66 MDD
BOO19038% RED BLK BW ALU male? 19 days  0B/26/85 MO
BDO190382 RED BLU B ALD 12 days GE19/88 08045
BOO190329 RED GRE RF ALU AHY 1087 hD
400180386 RED GRE B/W AL female 2% days OB/23589 8042
800180307 RED ©ORA RF ALl AHY 1987 WEB
800180388 RED ORA B ALL 5 days O6/26/89 07145
800190301 RED RED RF  ALU AHY 1987 WF
800100383 RED RED BW ALU 2] days 06/24788  DBOSY
AD0130312 RED WHI RF ALU fermale  ARY 1987 M
8080380 RED WHI B/wW  ALU femaie AMY QE/14/89 01154 .
an1o0331 RED WHI B/W ALL 12 days DE/19/88 G045 *
goi50304 RED YEL RF ALU AHY 1887 HOOK
800150334 RED YEL B ALD female AHY 06/21/89 Q7045
B51653724 RF BLU CRA ALU male AHY 05/28588 D '
AJ1%0366 STU S5TU RF ALU male AHY 05/15/88 08042 L]
aD0190348  WHI ALU RF EBLD male AHY 05/31/E8 MO
135142813 WHI ALU RF GRE 5 days 065/238/88 Mo
139112619 WHI AEL RF CRA 4 days 07/10/88 MO
BO0M190355  WHI ALU RF RED male AHY D6/ 2588 MD
aDHME0345  WHI ALU BAY  WHI female  AHY 05/29/88 MD g
0080334 WHI  ALLU BAW YEL male AHY 05/19/88 MD &
800430369 WH| BLX BW ALU 4 days 059/31/88 14115
BOG180367 WHL BLU B/ ALU mala AHY 05M16/88 14045
800190370 WHI GRE BW ALU 4 days N5/31/80 14115
BOMHMO0321 WHI ORA By ALU femals AHY 19487 MO e
8004150374 WHI ORA BV ALU 4 days 05/34/89 14115 .
800180324 WHI RED RF ALU AHY 1987 MD
800190368 WHI RED BW ALU mala AHY 05/29/89 11041
continued
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Appandlx E, Continved,

Left  Leh Right Right Age at Date of Banding
LUSFWSH# Top Bottom Top Bollem Sex Capluret  Capture Location Comments

800180314 WHI WHI RF  ALL female  AHY 1987 MD
800100365 WHI WHI B ALU female  AHY 05/15/89 D804S
800130327 WHI YEL RF ALU AHY 1087 HOOK

BOC1E0372  WHI  YEL BW ALU male AHY DE/Q%H83 08045

BOO150343 YEL ALU RF BLU male AHY 05/28/88 MD y
BOC190344 YEL ALU Bw RED male AHY 05/29/98 MD e
800140333 YEL AlLU BiY¥  WHI lemale  AHY 05/19/84 MD e

800190322 YEL BLU RF AlLU aHY 1987 WF
an01a0323 YEL RED RF ALy AHY 1987 WF
800190318 YEL WHI RF ALY AHY 1987 WE
800190302 YEL YEL RF  ALU male AHY 1987 HOOK

" 00190301 — 0090325, 7162483, 7162505, B 87162507 banded by Patterson (1988) in 1047,

* AHY = After Halich Year

¢ Banded previcusly, RF replaced with B/W in 1984,

* Originally banded as ALU ORA RF YEL. Bands removed in 1989 because of apparent leg injury.
Right leg recoversd fully.

* Birds accidentally banded with tha same color combination,

'Bird captured with ALU banrd present. Color bands added in 1953,

' Bird formerly banded as 800190343, Rebanded because of leg injury.
LeRt leg amputated below mid-tarsus.

" Bird rebanded as 80190366 in 1989 because of leg amputation,

Bang combination now — — RF ALLL
COLORS LOCATIONS
ALU = USFWS Aluminum band MD = Maryland (Loegering's study area)
B/W = Black / White broad stripe band VA = Virginia
BLK = Black HOOK = Toms Cove Hook, VA
BLU = Blue WE = Wild Beach, YA
GRE = Green WF = Wash Flals, VA
ORA = Crange Key o five digit numbers is in the
RED = Red text under Location Assignment.
RF = Red Flag
STU = Stump - bird s missing its foat
WHI = White
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Appendix F, Breeding history and sightings of banded piping plovers on Assateague lsland
National Seashore, Maryland. 1987-1990. Band combinalions are in the pravicus appendix.

Dates
USFWS %7 Observed Artivity? With Location® Rasult
BE153724  5/13-7/6/88 N 5/13-7/3/88 800140320 07045 Fledge 1 chick
3716-4714789 rD
7182489 10487 VA
7162506 1947 WA
5389 MDD
4/12/30 HOOK!
87162507 14987 VA
139112801 1988 MO Didn'y ledge
139112602 1988 MO Qidn’t fledga
138112603 1888 hD Didn’L fledye
139112604 1988 ] ] Fledged
4125589 MDD
139113605 1988 MD Fledged
E/13-8/1/80 N 6/13-6/18/89 800150380 01154 LOSS-Un KIowT
f6-7.523/80 t 5/20-6/2./90 BO0190346 o042 Loss-fox
M Bf10-7711/90 B 80386 01042 Loss-fox
135112606 1944 MD Fledged
139112807 1984 MD Flegged
139112608 1984 MD Cidn't Nedge
133112608 1988 MO Didn‘t fledge
1381126810 1988 MD Fledged
139112611 1988 MD Fledged
139112612 1988 MO Cidn't Nedge
139112643 14988 MD Didn’t Nedge
139112614 1988 WD Fledged
139112615 1988 MO Didnt Nedga
139112616 1988 D Cidn't Nledge
138112617 1984 MDD Fledged
#1784 Migrating CLNSH
139112618 1948 MDD Fledged
113112619 1988 MD Fladged
133112620 1943 MDD Fledged
4/25/89 Migrating CHNS»
TI3N1M2621 4808 MD Didn't fledge
138112622 1828 MD Fledged
4/20/88 Migrating CHiG"
409030 1987 VA
3427/90 HOOK!
A00H90302 1987 VA
5:13-7/13/88 W 5713-5/23788 800190347 02042 Hatch-chicks lost
3r28-7/6789 M 3/8-5/15/84 HOBA' 2043 Lios s-lax
4/8-7/30/90 N 5/8-5/28/90 NOBA 02045 Loss-Tox
N B6/13-8/20/50 NOBA 03041 Loss-Tox
S 6/28/90 03042
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Appendix F. Continusd.

Dales
USFWE & Observed ACtivity® With Locatian® Result
0180303 1887 Vi
32390 We!
BDO130304 19487 VA
BOD130305 1947 WA
BOO180306 1947 v
E00190307 1987 WA
803190308 1987 VA
6/15/88 MO
800190309 1987 VA
46700 Wwa!
a00190319 1987 VA
800190311 19487 MD
00180342 1087 MD
S/10-7718/EB M 5/10-5/16/88 A00180348 13045 Loss-fox
M 5/27-7/18/88 4001590348 13045 Fledge 2 chicks
3r28-T/7I89 M 5/11.7r2789 A00190366 0anaz Fledge I chicks
4/9-5/24;80 M 5/2-5/23:30 MOBA 08043 Loss-fiooded
00130313 1987 MO
h/B-RF23/848 N 5/8-5/22/R8 A00190334 g4041 Loss-Unkmgs
800180314 1387 mMD
R/2B-T/18/88 M 5/28-T/7/BE A00+90358 02644 Hatch-chicks lost
AOCHA0IE 1987 VA
300190318 14987 VA
800140317 13&87 VA
5:-7/88 N 5/24-6/30/88 ? MJ Fiedge 1 chicks *
A0C190316 1987 VA
03190313 1987 WA
800190320 1587 M
5/13-7/6Fa% W A/13-7F3/88 B5153724 07045 Fledge 1 chick
3/16-6/0/80 MD
BOD190321 14987 MO
5/11-7/29/8R MW 5/11-5/16/88 HOBA 09045 Loss-Tox
M 6/15-7/4/88 AG0190361 Qo045 Loss-fox
3/30-871784 MW 5/9-5713/89 A00190361 04045 Loss-fox
W B/7-6f16/89 200190378 13043 Loss-unknown
Af7-TIEAFR0 N 5/19-5/8590 BOOTA0IA1 07045 Loss-abandoned
BOO120322 1987 VA
BOO130323 1937 Y
BOO180324 1987 £
800180325 1547 MO
SM11-7f13/88 M 5/11-5/25/88 800180338 04042 Loss-Linknown
3/28-522589 M 4/25/84 ¥ 05043 Loss-unknown
BOOM Q0326 1987 YA
TrAT0 CHWR
BOC190327 1987 VA
5r14-5/30/88 N 5/14-5/25/88 NOBA 09043 Loss-avian
BO0M19328 1987 YA
AO0130328 1587 MD
AD0180330  S/2-Tr978R M 5/2-5/17/88 MOBA 16048 Loss-abandoned
BOO190331  4/27-5/23/88 W 4/27-6/22/88 8001803358 01041 Hatch-chicks lost
5/3-5/25/80 S 5/35/90 03042
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Appendix F. Continued.

Dales
USFWS #+ Observed ACtivity® With Localions Result
ADQ190322  5S8-7r15/88 M 5/B-5/31/88 300190333 L2041 Loss-fox
M E/1%-FF13/88 800190333 01043 Halch-chicks lost
1/22-6/27/89 M 42585 EDQ190385 D102 Loss-unknawn
N 5/TH-5531/89 BOO190385 01042 Loss-unknown
W 6/19-6/27r89 A00190385 01042 Loss-fox
4/B-T/23/90 M 4/25-6/3:90 800180385 01042 Hatch-chicks lost
B00180333  5/e-7/16/BA W B/H-5/31/88 2090332 02041 Loss-Tax
M B/14-7/13/38 200190333 01043 Hatch-chicks lost
3523190 HOOK!
A0x11903534 fB-Ti13/88 M Hi8-5/22/8R 800190313 04041 Loss-Unknown
3/22-6/14/89 M 4/25/89 05043 Loss-unknown
M 5/28-5/9/80 ? 06043 Loass-abandoned
BOQ190335  4/27-7/29/88 M 4/27-6722/88 a00190331 09041 Hatch-chicks lost
4/5-7r31769 S 41789 04044
N 5/9-5514/85 AN190319 (REIEE ] Loss-Tfox
N 5/28-6/24/89 SOH190335 04045 Hatch-chichs lost
A/6-5724/80 M 4/231-5/24,/90 200190240 L33 Loss-fox
Tr7an HOQR!
8001890336 4/25-7/13/848 N 42557288 BEDO180341 32069 Loss-avian
N 5/14-E/18/88 BOO190341 J3061 Hatch-chicks losi
5IB-5712/8% MO
80080337 5412-5/25588 MW 5f2-5/35/80 A00190338 1004 ¢ Loss-avian
dr22/88 L[]
AO0190338  5/12-7729/88 N 5f13.5/25/88 800190337 10041 Loss-avian
S30-7/6/89 D
4:4/90 Wwge!
THTAR MD
800180339 6s21-7F13/BB N 5/11-5/25/R8 800190325 04042 Loss-unknown
3/22-6/24/89 M 5/9-5r14/89 A00190325 04044 Loss-fox
M 5/28-6/24/89 A00190335 04045 Hatch-chicks lost
4/B-7F3/90 M 5/8-5/28:90 ADD190362 0dia1 Loss-fox
N B/13-6/15/90 A0190362 04043 Loss-fox
BO0190340  5/24-7/20/8R M 5/24-7713788 A190342 03043 Fledga 1 chick
3/28-8/3/84 M 4725/80 HOBA 03043 Loss-inknown
S 6/12/89 D
4/6-77 20780 N 4723-5/24/90 00190335 0303 Loss-fox
M &/13-8/20/90 ™ J3043 Loss-iox
S 7114490 0043
BDO190341  4/25-67/18/88 M 4/75/88 E001890335 J2069 Loss-avian
N S/14-6/18534 E0G1890338 330E1 Hatch-chicks lost
5/6-6/23/89 M 6/15-6/23/8% £00190384 07045 Loss-fax
451-6/29/00 N 5/19-6/8/90 ann190321 07045 Loss-abandoned
S 6/13/90 07545
BO0180342 hr24-7/10/88 M 5/24-7/11/58 00120340 03043 Fledge 1 chick
512-6/25/89 N 5/27.5/29/89 7 01041 Lose-fox *
BO0490343 5/23-7/24/88 N 5/23-6/18/88 500190345 apas Loss-LUnknown
4/7-B/27/89 amputated L leg, rebanded as 8004 303656
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Appendix F. Continued.

Dates
USFWS 5+ Chserved Altivily® With Lotations Result
a00150344  5/26-7/26/83 N 5/2E-T/G/ 38 BEO0130346 13044 Fledge 4 chicks
&' 7724789 5 4718788 BO01 80346 13044
S 472188 13044
M B/2-6/29/88 A00180 246 13043 Fledge 2 chicks
A 7-FI23590 N ASIR-6/1790 800180345 13045 Halch-chicks |ost
N 6/22-F/B/90 NOBA 13045 Loss-human disturb,
A00190345  5/23-7/57°88 N 5/23-6/18/88 BO0190343 09043 Loss-tnknown
4/13-7/24/849 M 5r28-718/89 400190368 1101 Fledge 4 chigks
4/ F-4/3090 M 4/28-6/1/90 800190344 13045 Hatch-chicks lost
N 6/ 18-8/3790 S00190 366 11042 Fledge 1 chick
A0C190346  5/26-7/16/88 M 57267 6788 800180344 13044 Fledge 4 chicks
a4/ 18-6/29/ 849 S 4/18/89 800180344 13044
M 520-6/29/88 800180344 13043 Fledge 2 chicks
00190347 SM3-E/23/08 M 5/13-6/21/88 406190302 02042 Halch-chicks |ost
300190348 5/10-7/25788 M 5F10-5/16/88 8001903192 43045 Loss-fox
W 527-7/18/88 BDO180312 13045 Fledge 2 chicks
AN0190349  5/23-T/7r88 N 5/23-5/4788 BOO130351 Danas Loss-Nooded
H22°89 MO
80090350  5/23-7/18/88 M 5/23-6/2/88 gO0180352 Danadq Loss-gull
BOO1903519  5/23-6/21/08 M 5/23-6/4/88 BO01490349 08045 Loss-llooded
3/22-6/23:89 W 559-5/23/89 BOC190365 Datas Fiedge 3 chicks
4/6=7¢30590 M 47/27-6/19/90 BOQ180365 081 Fledge 1 chick
800190352  5/23-6/12/88 N 5/23-0/12/88 BO0190350 Cana1 Loss-gull
7/31/88 MG "
A00190353 &/ T7-B/26538 M B/7-6/26/B8 001490354 25068 Hatch-chicks lost
800190354  E/7-6r26/28 M 6/7-6/26/88 800190353 25069 Match-chicks losl
d/4-6/2589 W 5/18-6/2/89 EDQ190502 32068 Hatch-chicks lost
5/4-F 30730 MW 6/14-F/ 2890 800190502 J2063 Hatch-chicks iost
800490355 £/20-7/28/BB MW 5/28-7/24/88 800190356 14045 Fiedge 1 chick
SN0190356 5r29-7/24/88 M 5/20-7r24/88 BO0TA0355 14045 Fledpe 1 chick
4/7-6/24788 M B/11-5/21/8% ap0190367 14045 Fledge 2 chicks
N 4/27-8/21/88 00190367 14045 Fledge 2 chicks
BOO1S0357  B/13-B/GEB M 6/13-8/6/88 00190363 04045 Fledge 1 chick
4/14-871/88 M 4/25/89 NOBA Q7042 Loss-unkngwn
M 5/28-7/16/89 200490372 06045 Fledge 2 chicks
4/2-7124/80 N 5:/4-5/25590 2800990380 12044 Fledge 3 chicks
EDO190358 BAZB-7/19/BE M 528717788 ED0130314 02044 Hatch-chicks |ost
3/28-8711R9 MW 4725-6/24/88 ROC190362 03042 Fledge 2 chicks
BOO140359  Br15-7/31/88 N 6/15-7/31/84 BOO180360 18042 Fledge 3 chicks
3071889 M 5/13-8/5/89 800130350 12043 Hatch-chicks lost
B/3030 MD
BOQ19036D  B/15-8/10/BR N 6/15-7/31/88 800190359 12042 Fledge 3 chicks
3/30-7/18/88 N 5/13-6/5/89 BO0180359 12043 Hatch-chicks 1os1
3/26/89 Migrating CLNS
4/ 7-T123/50 N 5/4-5/258/90 500180357 12044 Fledge 3 chicks
BOO190G361 B/15-T/4/88 N 6/15-7/4/88 800130321 00035 Loas-Tox
B/30-7/25/90 MD
805190362 E/18-7/21/88 M §/18-7r2/88 HOBA 01045 Lovss-Tox
3f22-7r2di g9 N 4/2%-6/21/589 500190353 03042 Fledge 2 chicks
4/G-T/25/80 H 5/8-3/28/90 820490338 04041 Lexss-fox
M B/13-6715/80 800130338 04043 Logs-lox
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Appardix F. Continued.

Dates
USFWS £ Observed Artivity? With Lecation® Result
ADMG0363  B/3-B/B/68 M 6/13-4/6:88 BOO140357 D405 Fledge 1 chick
3/18-5/18/89 N 5/8-5/1389 BOO190324 D445 Loss-fox
800100365  5/9-6:23589 W 5/9-6/23/89 BOC180354 08045 Fledge 3 chicks
4/B=-6/15/90 M 4527-6/19/9%) BOO180:351 GEDLS Fledge 1 chick
8001903668 5/11-7/21/88 M 5r14-7/2589 800150312 00042 Fledge I chicks
d/11-83/90 M 6/18-8/3/30 800190345 11042 Fledne 1 chick
00190367 5/M11-7/18/89 M 5/11-6/21/80 ADOMA035E 14045 Fledge 2 ¢chocks
4/7-7/23:80 M 4/27-6/21/80 S0OCH 90056 14045 Fledge 2 chrcks
80190368 5/2B-7/24/89 M S/28-7710/89 200190345 11041 Fledge 4 chicks
A00190360 10489 MDD Fledged
BOO1E03T0 1989 MD Fiedgad
800190371 1989 MO Cidn't fledge
800190372  5/28-7/16/89 N 5/28-7/1B/89 00490357 06045 Fledge 2 chicks
200190373 5:28-7r04789 M 5/20-7/3/88 800190374 08043 Hatch-chicks lost
S/R-F/23490 MD
BO0150374 5/29-7/6/89 N 5/29-7/3/89 B00190373 0e0d3 Hatch-chicks lost
4/ 3907/ 23740 MO
6/6./90 HOGK!
80000375 1929 o) Fledged
A00HM90376 1988 D Fledged
aD0190377 1089 X ]n] Fledged
B7-T/22000 5 ES29/80 OB043
800190378 1059 MD Fledged
5/2-713/90) 5 5/15/80 03043
S 73590 03043
BO0190379  B/7-7/24589 W GS7-6/16/88 800190321 13043 Loss-unknown
BDO120380 6/43-7r31/88 M B/13-6/18/85 133112805 01154 LOS5-LUmKAawWn
BOOTSO3E1 1949 MO Fledgsd
! Ef4-7/23590 M 5/4-5/8180 NOBA 09042 Loss-fox
' M BS25-7424/90 NOBA DBO4S Fledge 4 chicks
400130382 1989 MD Fledged
800190383 1989 MO Flecged
51890 MO
8001890384 6/15-6/27/80 N B/15-6/23/89 A00190341 0745 Loss-fox
BO0180385 4/25-7/18/83 N 4/25-5/1/88 AD0180332 01042 Loss-unknown
N 5/18-5/31/89 B00120332 01042 Loss-unknown
N §/19-6/27/89 BDO180332 01042 Loss-fox
Af7-74215090 N 4/25-8,9/90 800430332 01042 Hatched-chicks lost
BOO190386 1989 MD Fledged
4/27-TF11/90 N 5/20-8/2/90 138112605 02042 Loss-fox
H B/10-7/11/90 139112605 01042 Logs-fox
800150387 1988 D Fledged
4127-7F 24490 MD
B00180388 19488 MD Fledged
BOO130389 19849 MO Flgdged
55772380 MD
800190080 1989 MDD Fledged
4/27-5/28/90 S 4527790 Q3044
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Appendiz F. Continued.

Dates

LUSFWE & Qbserved Artivity® With Location® Result
ED0190351 10489 MDD Fledged
BOG190392 1989 MO Fledged
BOO180393 1944 KD Didn’t Nedge
800100392 1943 MD Didrn't lledge
800180395 1984 WD Fledged
80090502  4/4-B/2/89 W 5/18-B/2/89 BOC180354 32059 Hatch-chicks Inst

8/13-8/20/89 Migrating CLMSe

6/7-7/ 2090 N 6/14-7/28/80 800180354 32069 Hatch-chicks lost

T - momoroFow

600180301 — 800 BO32Y, 71624849, 87162006, & BY162507 banded by Fatterson (1988) in 1987.

N = MNested, 5 = Crealing nest scrapes, caurting.

See description below for locations.

Cape Lookout National Seashore, NC. MeConnaughey {1390},

Cape Hatleras National Seashore. NC. Suzanne b. Couty (pers. comm,)

NOBA = No Bands - an unbanded Bird,

Observed by Ted C. Michols, N.J. Department of Environmental Protection, near Avalon,
M.

CObhservalions based on sightings of birds with incompiete band combinations. However,
this is the anly possible combination.

Formerly banded as 8001-30343, Rebanded because of leg injury.

These entries are for 80CH90380 or 800190381,

Bandad by Patterson in 1987. Rebanded because of band and foot loss. Former band
nurber ngt known, however, the old color bands were those used by Pallerson {1988).

Busan Haig, pers. comm.

Linarrow BLK/AWHI/B/W over ALU  RL: BLK over GRE,

LOCATIGNS
MO = Maryland {Loegering’s siudy area)
HJ = Mew Jersey
VA = Virginia
HOOK = Tom's Cove Hook, VA
W8 = Wiid Beach, VA

WF = Wash Flats, VA
Key 10 lve digt numbers is in the
text under Location Assignment.
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Appendix G. Sciantific names of species mentioned in the fext

Commoan name

Scientific name

Flants
American Beach Grass
Salt Meadow Cord Grass
American Three Sguare
Morthern Bayherry
Southern Bayberry
Goldenrod spp.
Seaside goldenrcd

Invertabrates
=host Crab
Fiddler Crah

Reptlles
Narthern Diamondback Terrapin (Turtla)

Mammals
Red Fox
Raceoon
Striped Skunk
Domestic Oog
Wild Pony
Sika Deer

Birds
Egret 5p.
Great-blue Hereon
Chuck sp.
American Oystercatcher
Fiping Plover
Willet
Ruddy Turpstone
Sanderling
Sull sp.
Laughing Gull
Ring-bilied Gull
Herring Gult
Great Black-backed Gull
Temn sp.
Gull-billed Tern
Least Tern
Ospray
Barn Swallow
Crow sp.
American Crow
Fish Crow
Song Sparrow
Red-winged Blackbird
Boat-tailed Grackle

Ammaophila breviliguiate
Sparlina palens

Seirpus americants
Myneca pensylvanica
Myrica cerifera
Solidago spp.

Solidage sempervirens

Ocypode quadrata
Vca species

Malaciemys tarrapin terrapin

Yulpes vulpes
Procyon fatar
Mephitis maphilis
Canis familiaris
Equus cabalfug
Cervus aippon

Egreita spp. of Casmerogdius albus
Ardea herodias

Anas p., probably Anas rubripes
Haeamatopus palliatus
Charadrius melodus
Catopirophorus samipalmatus
Arenaria inlerpres

Calidris alba

Larus app.

Larug atricilia

Larus defawarensis

Larus argenialus

Larus marinus

Sterng spp.

Sterna milotica

Sterns antillarum

Fandion haliaetus

Hirunda rustica

Corvus sp.

Corvus brachyrhynchas
Corvus ossifragus

Melospiza melodia

Agelaius phoaniceus
Quiscalus major
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Appendix H. Piping Plover Morphometrics

METHODS

We banded piping plover adults and chicks in 1888 and 1889, We caplured
adults on nests using a 44 x 50 x 32 cm drop trap (Mills and Ryder 1979, Cairns 1982).
The trap frame was constructad of &mm (1/4 in} iron rods, painted tan, and was
covered wlth mist net. This provided good camouflage and trap success (72 captures
in B7 trapping attempts (83%)).

To reduce the probability of nest abandonmant, we did not trap adults until
tncubation had begun. We avoided trapping in extremely hot or inclement waather.
All trappings took place in the morning, when the sand was cool to the touch,
generally before 1000 hours,

We banded all birds with a 1.5, Fish and Wildiife Service [USFWS3) aluminum leg
band and 2 plastic color bands. In 1988, we placed an international flag (Myers et al.
1983) on all birds capiured but discontinued this practice in 1989 following concerns
about band-related injuries,

We banded chicks at 4 days of age whenaver possibla, ¥ they were not banded
at 4 days of age, we banded tham as soon thereafter as possible, but not earlier,
Banding ages wgre determined after talking with experienced banders (Strauss pears.
sommui.). More recently, Mactvor {1990) suggested that birds this young may have

trouble carrying the bands; however, we observed no problems with the chicks
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carrying the bands, Banding parties consisted of 2 or more people. One or mare
person(s) closely watched lhrough a spolting scope or binoculars as a researcher
approached to retrieve the chicks by hand. They directed the retriever to the
locations of the crouched, cryptically-calored chicks. Banding proceeded only if all
chicks could be captured within 10 minutes. We released chicks as a group to
prevent the adults from departing with part of the broog, When consistent with chick
safety, we weighed and measured Individuals during banding.

We used USFWS aluminum bands, size 1A, on all adults. In 1888, we banded
chicks with USFWS aluminum bands, size 18. Strauss (pers. commun.) reported that
some plovers fited with the USFWS prescribed band sizes [1A (3.18mm inside
diameterj and 18 {2.78mm in=side diameter]] experienced chafing and swalling of tha
tarsi. In the event that the smaller bands encouraged chaffing, we switched to size
1A bands for chicks in 1989, The larger inside diameter was desirable since it
reduced the chance of restricting blood flow as the chick grew, and wa obsarved no
lasses of the larger bands.

in 1988, we uged Darvic color bands (size 1FB) made by A C. Hughes* because
they are color stable in yltra-viclet tight. We trimmed the bands te 5mm high and
20-mm long with a 70% overlap, sc that final band size was similar to USFWS band
size 1A. These bands were sized in the field. We glued the overlapping sectlon with

super glue and used PYC cament to smocth the cutside jaint.

V¥ AL Hughes % High Streat. Hampton Hill, Middlesex TW12 184, England.
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We observed piping plovers that we banded in 1988 later that summer with
apparant leg injury. In 1989, we observed birds returning with leg injuries. Because
we feared that these injuries were the result o banding, we moedified our techniques.
In 1888, we used colored Darvic butt-end bands (size XB] and discontinued the use
of flags. We trimmed these butt-end bands to achieve a 3.1 mm inside diameter and
sealed them using a heated dissecting probe to melt the ends of the band tagether,

During banding we weighad birds using a Pescla spring scale and measured the
length of the exposed culmen, angd culmen width and depth at the nostrils using
tachniques of Baldwin et al. {1931). We also measured forecrown band length and
width, the gap in the breastband, the tarsus and middle toe length, an unflarnenad
wing chord, and the dorsal length of the central retrix, from the cil gland to the tip.

We determined the sex of the plovers using breast and farecrown plumage and
bill characteristics. Males typically had darker (black) breast and forecrown bands
compared to females (brownish). The length and width of the forecrown band was
usually greater in males, compared to females. Additionally, the demarkation
between the orange and black on the bill was distinct in the male hirds and smudged
in the females. These characteristics have been used by others to sex breeding
piping plovers {Haig and Oring 1988b, Maclvor 1990}, and copulatory position often
supports these classifications; however, little work has been done to unequivocaily
confirm the validity of using these characteristics (e.g. examine the gonads). We

recognize this as a petential pitfall to our analysis and proceed assuming these
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classilications are reliable. We determined the sex of most pairs with bath birds in

the hand, when comparisons werg most reliable.

RESULTS

We color-marked 88 piping plovers in 1988-1989, 44 adults and 42 chicks
{Appendix E}. We compiled a breeding history for each birgd as unique color-band
combinations allowed us to identify individuals (Appendix F}. Qccasionally on AINS,
we observed birds that were banded at other study areas {Table 30).

We compared meorphometric data for known males and females (Table 51).
Malas were heavier, had greater culmen length, width and depth, and had lenger and
wider forecrown bands. Male and female brood patch and parasite load conditions
appeared similar, though were not tested statistically {(Table 52).

We also measured chicks {Table 53). | focused on chicks 4 and 5 days old in the
analysis to reduce age-related variation, These cbservations made up 61% of all
chicks captured.

We also trapped 17 birds that previously had been banded. We inspeacted the
bands for positive identification and to determine their integrity. We repilaced
damaged bands if the correct comblnation was known. We alse inspected the birds’
legs for chafing or possibie lnjury. When an injury was deatectad, we remaved zll

color bands from the injured leg {cccurred once).
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DISCUSSION

Morphometric data fer piping plovers confirm there is little sexual dimorphism.
tales were found fo be heavier; however, this may not accurateiy reflect year-round
relative male/female plover weights., We trapped plovers soon after clulch
completion. Females may have been lighter because of substantial energy
investment into the eggs and the associated “normal” weight loss (Ricklefs 1874),
We found an average clutch weight to be about 73% of the mean female body weight
{n=7 clutches, X =38.2g/4-egg-clutch), Mevertheless, maies may be slightly larger i
culmen dimensions reflect body size. Wilcox (1953}, an the other hand, found females
to be heavier on Long Island, New York. Palmer {1967 also reported that the male’s
Lill appeared heaviar during the breeding season.

Forecrown band lengths and widths were greater for males. These
characteristics often have been used to separate the sexes (Palmer 1967, Johnsgard
18B1, Haig and Oring 1988b, Maclvor 19501, Male forecrown and breast bands also
tend ta be more black compared with the brownish-black bands of the females. Graul
{1973) addresses possible functions of forecrown and breast bands as disruptive
camauflage or as social signals. Body welghts, wing chord, culmen length, and tail
length are within the range reported for adult piping plovers [Wilcox 1959, Palmer
1967, Graul 1873, Sidle 1985).

Chick measuremants showed chick legs are nearly adult size. Considering

piping plover natural histary, this is not surprising. There is little parental care other
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than the aduits serving as guardians. Chicks, therefore, must feed themselves and

be highty mobile soon after hatching to move to foed and avoid predators.,
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Appendix 1. Piping Plover Leg Injuries

We pbserved 4 {10%:), 8 (21%], and 3 [{13%) colar-banded birds in 1988, 1989,
and 1990 with apparent leg injuries {Table 34). In all cases, the birds were limping
or holding a leg up, just off the ground. A bird that we suspect was handed in 1987
was missing the lower leg from mid-tarsus. The remaining birds were banded in 1988,
We were able to determing the year that a plover was banded hecause differant
types of color-bands were used in 1987, 1088, and 1933

| suspect one bird obsarved in 1983 was the same individual as obhserved in
1988, The same foot was injurad, it returned to nest within 25 m of the previous
year's nest, it was the same sex, and the partial hand combination matched the hird
injured the previous year. For the same reasons, | believe a bird observed in 1980
was first observed injured in 1983, althaugh it hested ~300 m from the previous
year's nest.

All injured birds cbserved carried lsg bands, and all were initially banded with
red flags. No unbanded piping plovers were observed with leg injuries, In 1989, we
ugsed a blackfwhite broad striped band [n place of the red flag and observed no
injuries uging these bands.

In 2 instances, we trapped birds with leg injuries. The first bird suffered a

fractured tarsys above the leg bands. The leg and foot below the bands were grossly
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swollen and necrotic. We were unable to determineg if the leg bands were
responsibia lor the fracture or only for restricting the swelling following the fracture.
We amputated the swollen, necrotic foot since it was dangling by skin enly. We
observed the bird 10 days later running across the beach, although it was limping.
This bird returned to near the same site and bred successfully the following year,
The second instance was a limping bird (USFWS# BO01-80380). YWa examined
the injured leg upon capture and found the color-bands to be compacted with sang
and sloughed skin. We removed the 2 color bands from that leg and the bird
recovered fully {we left the color-band and USFWS aluminum band on the bird’s othar
leq). This second instance suggested gur 1988 banding technigue, using
wrap-around bands, may not ba appropriate for piping plovers. We switched to a
trimmed butt-end band and abservad ng injured birds with this type of band. We
banded 26 birds [17 chicks, 9 adults) in 1289 with these bands and saw no injuries in

1983 or 1990, although we only observed 11 {42%) of the birds in 1990,

DISCUSSION

Piping plovars with leg bands had a higher incidence of leg injury than
unbanded plovers (Sidle, unpublished data). We suspect that the bands themselvas
or compaction of sand or sloughad skin between the leg and band may restrict or haft
narmal blood circulation. Our observations of foot and leg loss support this

hypothesis as do the 2 instances in which we trapped birds that were Injured.
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Although we observed no injured birds when we switched to the trimmed
butt-end bands in 1288, this technique may not be the selution to the banding
problems. Maclvor (pers. commun.) and Cross (pers. commun.) used similar
methods and observed injured birds following banding.

The causs of these injurigs is unknown. Qur observed injuries were from birds
banded in 1987 and 1988, when we placed red flags on all birds. The majority of the
injuries were to the right leg (Takle 34), which was the leg an which we placed the
flag. Maclvar (1988) suggested that flags were linked to piping plover leg injuries, if
not the direct cause itself. In 2 more detailed survey of piping plover banders,
howeaver, Sidle {1989) found ey injuries were cbserved on legs with all combinations
of flags, color-bands, and USFWS aluminum bands, and he could not identify a singls
cause of band relaled leg injuries. Piping plavers may be sensitive to leg bands of
all kinds. Bimilar problems have been observed In snowy plovers (Charadrius
atexandrinus, Sidle pers. commun.). A carefui evatuation of future banding projects

is warrantad.
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Appendix J. Migration and Winter Sightings

We received incidental reports of birds color-banded by us from various persons
in the field (Table 47). Most birds were observed during migration. Two birds wera
sighted art Cape Harteras National Seashore and 1 at Cape Lookout National
Seashore. We observed the Cape Lookout bird 4 days later on AINS, approximately
490 km {305 miies) from where it was seen on Cape Lookout.

Cne individual was observed wintering in two consecutive years on adjacent
Florida Keys (Table 47}, These sightings tock place in October and December.
Additional observations of red-flagged birds were reparted from the same site, but
the colar-band combinations of these birds were not reported.

Qne bird nested in New Jarsey in 1988 after belng banded by Patterson (1988)
in 1387. Because this plover was banded (n Virginia, it was not included in any

analysig,

DISCUSSION

During migration, piping plevers were observed in relatively large numbers at
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specific sites” in North Carolina (Coutu et al. 1990, McConnaughey &t al. 1990},
Northbound birds appeared to move through guickly and were not sighted on more
than one day. However, these sightings indicate that plovers do not always fly
non-stop from winter to breeding areas as suggested by Haig (1987). Southward
migration appeared to proceed more slowly, and birds were abserved an multiple
days in August. | suspect these sites in North Carolina are of few remaining
undisturbed areas used by plovers. The protection of these stop-over sites is
imperative to migrating plovers, as well ag other shorebirds.

Additionally, wintering sites also are In need of protection. A site an Ohlo Key
{(Sunshine Key), Florida has been used regularly by wintering plovers {and other
shorehirds) (Brown 1990, pers. commun.). Plovers from Minnssota, Mordh Dakota,
Virginia, and Maryland have been obssrved to winter there. Unfartunately, planning

is underway to develop this wetland (into a trailer park).

T Sites on Cape Matierax National Ssashore: Caps Point and Hatteras inlst.  Sitss on Cape Lookout
Naticnal Seashors; Ocracoke Inlet and Hew Grum Inlet,
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