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ABSTRACT 

PIPING PLOVER 
HABITAT SELECTION, HOME RANGE, AND REPRODUCTIVE SUCCESS AT 

CAPE COD NATIONAL SEASHORE, MASSACHUSETTS 

FEBRUARY 1997 

L. KYLE JONES, A.A.S., HOCKING TECHNICAL COLLEGE 

B.A., COLLEGE OF THE ATLANTIC 

M.S., UNIVERSITY OF MASSACHUSETTS AMHERST 

Directed by: Professor Scott M. Melvin 

We examined Piping Plover nesting habitat selection, the relationships between 

brood home range characteristics and habitat, and the relationships between nest and 

fledging success and the availability of foraging habitat. This study was conducted at 

Cape Cod National Seashore, Massachusetts in 1994 and 1995. No nests were located 

within 100 m of major pedestrian access points (> 50 car parking lots), and only 23 of 

197 nests (12%) were within 500 m, fewer than expected based on the distribution of 

random points (67of305, 22%) (p = 0.003). Sixty-three of 197 nests (32%) were located 

on beaches used by recreational off-road vehicles, compared to 70 of 305 random points 

(23%) (p = 0.025). Seventy-three of 197 nests (37%) were on beaches with access to 

bayside feeding habitats, compared to 29of305 random points (10%) (p < 0.001) . 

However, 124of197 (63%) nests occurred on beaches without access to bayside feeding 

habitat. Most nests (94%) were placed< 0.5 m from some vegetation, debris, or cobble 

(p < 0.001). Nests were located from 14 to> 1000 m from other active nests (for 175 
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nests that were located< 1000 m from another active nest, mean= 201.4 m, SD= 206.2). 

Beach slope at nests averaged 5.6% (range= 0-35%) and was less than mean slope at 

random points (mean= 8.3%, range= 0-30%) (p < 0.001). 

Two logistic regression models were developed to assist in identifying suitable 

nesting habitat. One model, based on the presence or absence of nesting Piping Plovers 

within 1 km beach segments, indicated that presence of sparse vegetation (1 - 90% cover) 

and proximity to pedestrian access points were the most important indicators of the 

suitability of beaches to support nesting plovers. A second model compared nests with 

random points and was based on the width of sparse vegetation and unvegetated beach, 

the absence of pedestrian access points within 500 m, and the presence of bay access. 

Sparse vegetation, a parameter selected by both models, may simply be an indicator of a 

relatively wide, gently sloping upper beach and not biologically important by itself. 

We characterized home range areas and maximum lengths using the minimum 

convex polygon method (Mohr 194 7) for unfledged plover broods in 10-day age groups 

(0-9 d, n = 66; 10-19 d, n = 44; 20 d-fledge, n = 29) and for the entire pre-fledge period (0 

d-fledge, n = 34). Additionally, we measured the distance unfledged broods were 

observed from the nest each day. We found no age group differences for home range area 

or maximum length, nor did we find that the distance of the brood from the nest varied 

with age (p < 0.001). Broods frequently used ocean beaches without access to bayside 

feeding habitat. Mean home range length was less for broods on beaches with access to 

both ocean and bayside foraging habitats than for broods with access only to ocean-front 

foraging (p < 0.001), but home range area did not differ between the two groups. Mean 

v 

• 

• ' 
• 

• 

• 

•· 
• 

• 

• 

• • 
• 



I 

• • 

' 

• 

• 

·• 
• 

• 

• 

• • 
• 

home range length was also shorter and home range area was less in more dense nesting 

areas, which in our study area included most areas with access to bayside foraging 

habitats (p = 0.004 and 0.010, respectively). Proximity to pedestrian access did not 

appear to influence home range area or length. Based on the observations in this study, 

off-road vehicle closures would need to be 500 m from nests to protect 95% of the broods 

at the locations where we observed them . 

We examined nest and fledging success of a rapidly increasing Piping Plover 

population on beaches with and without access to bayside foraging habitat. Nest success 

was significantly greater on beaches without bay access than on beaches with bay access 

(p = 0.016). Fledging success did not differ significantly with availability of bay access. 

Nest flooding was not significantly different between the two types of beaches; however, 

nest predation was higher on beaches with bay access, primarily due to predation by 

foxes and crows at one site (p = 0.030). 

We believe that managers should be cautious in concluding that ocean-front 

beaches are unsuitable or of poor quality for breeding Piping Plovers, unless results from 

investigations at specific sites indicate otherwise and data indicate that all suitable habitat 

types have been occupied. Beach managers should take into consideration Piping 

Plovers' tendency to forage on ocean-front as well as bayside beaches and flats, and 

should temporarily restrict use of off-road vehicles on sections of beach where plover 

broods have access to both ocean-front and bayside habitats. Investigations into Piping 

Plover habitat use and movements in this and other studies have been made at population 
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levels that are likely below carrying capacity. Habitat use and home range characteristics 

may change if population density increases. 
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CHAPTER 1 

. INTRODUCTION 

Piping Plovers (Charadrius melodus) are small, stocky shorebirds that weigh 42-

63 gm and reach lengths up to 17 .8 cm (Palmer 1967). They nest exclusively on sandy 

beaches, river bars, alkali flats, and lake shores in North America in three distinct 

populations: the northern Great Plains, Great Lakes, and Atlantic Coast (USFWS 1996, 

Haig 1992). Piping Plovers winter on the Atlantic and Gulf coasts of the United States, 

Mexico, and the Caribbean Islands (Haig and Plissner 1993) . 

Historically, Piping Plovers have experienced extreme population fluctuations. 

Low numbers at the end of the 19th century were attributed to human exploitation (Bent 

1929). Hunting was prohibited under the Migratory Bird Treaty Act in 1918, and the 

population grew until the 1940s, when habitat loss and degradation, predation, and 

disturbance and direct mortality by humans, off-road vehicles (ORVs), and domestic 

animals caused another protracted decline in population size (USFWS 1988, 1996). This 

threat of extinction prompted the U.S. Fish & Wildlife Service to list the U.S. Great 

Lakes population as endangered and the remaining U.S. populations as threatened. The 

Canadian Committee on the Status of Endangered Wildlife in Canada has listed all 

Canadian populations as endangered (USFWS 1996) . 

Piping Plovers nest in a variety of habitats on the Atlantic Coast of North 

America. The ability to describe and identify suitable nesting habitat is a basic but 

important need of biologists and managers involved in recovery efforts for this species . 
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Several studies have used a variety of methods to characterize nest habitat. Detailed 

information on nest site characteristics and selection is needed to 1) predict habitat areas 

that are likely to be used for nesting and may need protection from human activities, 

especially as the plover population expands, 2) site ORV travel corridors and use areas, 

and 3) design beach nourishment or dune-building projects in ways that either improve or 

reduce adverse effects to nesting habitat. 

State and federal guidelines for ORV management recommend 100 m closures to 

prevent the accidental crushing of chicks by vehicles (MDFW 1993, USFWS 1994, 

1996). However, unfledged broods may travel several hundred meters in a few minutes 

and more than 1000 m prior to fledging. Quantitative data to more accurately 

characterize brood movements on which to base management guidelines are needed. 

Studies on Long Island (New York) and Assateague Island (Maryland - Virginia) 

concluded that relatively narrow, ocean-front beaches lacking access to ephemeral pools 

or bayside tidal flats were less likely to be selected by Piping Plovers for nesting and 

were less productive for plovers than beaches with access to these feeding habitats 

(Patterson et al. 1991, Elias-Gerken 1994, Loegering and Fraser 1995). Understanding 

reproductive success in a variety of sites is necessary to aid in making management 

recommendations for beach habitats. Examination of hatching and fledging success on 

beaches with and without bay access may give additional insight into the relative quality 

of these two types of Piping Plover habitats on outer Cape Cod. 
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The objectives of this study were: 

1. Characterize habitat variables at Piping Plover nest sites and compare with 

those at random sites. 

2 . Develop a habitat selection model for nesting Piping Plovers on outer 

Cape Cod. 

3. Characterize Piping Plover brood home range area and length . 

4. Examine the relationships between brood home range characteristics and 

beach morphology, nesting density, brood age, and proximity to beach 

access points . 

5. Compare Piping Plover abundance, nest success, and fledging success on 

outer Cape Cod on beaches with and without access to bayside foraging 

habitats. 

This thesis consists of three separate manuscripts (Chapters 2 - 4) written in a 

style and format suitable for submission to professional journals. I use the personal 

pronoun "we" throughout this thesis to include my advisors Drs. P. A. Buckley, Scott M. 

Melvin, and Curtice R. Griffin, who contributed a great deal to this study. In addition, 

this format will simplify conversion from thesis to manuscripts for professional journals. 
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CHAPTER2 

PIPING PLOVER HABITAT SELECTION AT 

CAPE COD NATIONAL SEASHORE, MASSACHUSETTS 

Abstract 

The ability to describe and identify suitable nesting habitat for Piping Plovers on 

Atlantic Coast beaches is a basic but important need of biologists involved in recovery 

efforts for this species. We examined nest habitat selection by Piping Plovers on outer 

Cape Cod, Massachusetts in 1994 and 1995. We also examined the relative importance 

of ocean versus bayside beaches as nesting habitat for Piping Plovers. No nests were 

located within 100 m of major pedestrian access points (> 50 car parking lots), and only 

23of197 nests (12%) were within 500 m, fewer than expected based on the distribution 

of random points (67of305, 22%) (p = 0.003). Sixty-three of 197 nests (32%) were 

located on beaches used by recreational off-road vehicles (ORVs), compared to 70 of305 

random points (23%) (p = 0.025). Seventy-three of 197 nests (37%) were on beaches 

with access to bayside feeding habitats, compared to 29of305 random points (10%) 

(p < 0.001). However, 124of197 (63%) nests occurred on beaches without access to 

bayside feeding habitat. Habitat variables that may affect nest site selection were also 

examined. Most nests (94%) were placed< 0.5 m from some vegetation, debris, or 

cobble (p < 0.001). Nests were located from 14 to> 1000 m from other active nests (for 

175 nests that were located< 1000 m from another active nest, mean= 201.4 m, 
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SD= 206.2). Beach slope at nests averaged 5.6% (range= 0-35%) and was less than 

mean slope at random points (mean= 8.3%, range= 0-30%) (p < 0.001). 

Two logistic regression models were developed to assist in identifying suitable 

nesting habitat. One model, based on the presence or absence of nesting Piping Plovers 

within 1 km beach segments, indicated that presence of sparse vegetation (1 - 90% cover) 

and proximity to pedestrian access points were the most important indicators of the 

suitability of beaches to support nesting plovers. Only 62% of random points measured 

in 1995 were correctly classified as occurring within nesting or non-nesting segments, 

and only 61 % of random points measured in 1994 were correctly classified with the 

model developed using 1995 data. A second model was developed comparing nests with 

stratified random points and was based on the width of sparse vegetation and unvegetated 

beach, the absence of pedestrian access points within 500 m, and the presence of bay 

access. This model correctly classified 70% of the nests and points measured in 1995, 

and 78% of the 1994 observations were correctly classified with the model developed 

using 1995 data. Sparse vegetation, a parameter selected by both models, may simply be. 

an indicator of a relatively wide, gently sloping upper beach and not biologically 

important by itself. 

In this study, results indicate that beach managers should be aware that the 

placement of pedestrian access points may influence distribution of nesting Piping 

Plovers. Beach-cleaning operations that remove wrack, debris, vegetation, or cobble 

from beaches may be degrading habitat, since plovers often place their nests near some 

vegetation or object. Projects that entail beach nourishment, dune enhancement and 
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dredge deposits should be designed with slopes .:S 10% to be considered suitable for 

Piping Plover nesting. We believe that the use of sand fencing or discarded Christmas 

trees to trap sand will degrade Piping Plover nesting habitat if these installations create 

dune slopes > 10% . 

Investigations into Piping Plover habitat use in these and other studies have been 

made at population levels that are likely below carrying capacity. These results indicate 

that extrapolating from one Piping Plover population to another is unwise, and site

specific research should be conducted on habitat use before making management 

decisions that could impact Piping Plover recovery . 

Introduction 

Piping Plovers nest in a variety of habitats on the Atlantic Coast of North 

America. Detailed information on nest site characteristics and selection is needed to 

1) predict habitat areas that are likely to be used for nesting and may need protection from 

human activities, especially as the plover population expands, 2) site ORV travel 

corridors and use areas, and 3) design beach nourishment or dune-building projects in 

ways that either improve or minimize adverse effects to nesting habitat. 

Several studies have used a variety of methods to characterize nest habitat. 

Burger (1987) compared habitat variables at Piping Plover nests and random points at 

four beaches in New Jersey. Results varied between sites and years, but nests were 

generally closer to dunes and vegetation and farther from water than random points . 
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Burger suggested that plovers responded to mammalian predation by nesting farther from 

dunes, and responded to human activity and disturbance by nesting farther from the 

waterline in areas where human activity was reduced. 

In New Brunswick and Nova Scotia, Flemming et al. (1992) compared nest sites 

with random points in three study areas. Nest site selection in this study also varied 

between sites, although the availability of potential habitat characteristics did not differ 

between sites. Plover nest sites varied in the number of American Beach Grass 

(Ammophila breviligulata) stems, pebbles, stones, and shells in the vicinity of nests. The 

authors concluded that habitat manipulation should be based on habitat selection data for 

each local population. 

Habitat features on 15 outer Cape Cod beaches were evaluated by Macivor 

(1990). At one site, plovers were not found in berm and overwash habitats until changes 

in configuration prevented ORV use. 

On Long Island, New York, Elias-Gerken (1994) compared measurements of 

microhabitat, site characteristics, habitat width, and distance to other habitat features 

between nest sites and random points. A logistic regression model predicted the 

probability that plovers would use a given 1 km segment of beach for nesting. The model 

separated one study site, Jones Beach, from the other two sites. Plover use appeared to be 

inversely related to pedestrian track counts on high-pedestrian use Jones Beach. On other 

Long Island sites, if ephemeral pools and bay beaches were not available for broods to 

use, the width of beach vegetation (1-90% cover) perpendicular to the long axis of the 

beach was the single most important factor in beach selection by nesting plovers. 
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Beach slope at Piping Plover nest sites has rarely been quantified, but is an 

important consideration when designing dune building or beach nourishment projects. 

Only Strauss (1990) has reported slope for plover nesting beaches. At Sandy Neck on 

Cape Cod, beach profiles were steeper and terminated with a higher foredune along 

random transects than at nests. 

Our objectives for this study were to: 1) characterize habitat variables at Piping 

Plover nest sites on Cape Cod National Seashore, Massachusetts, and compare with those 

at random sites; and 2) develop a habitat selection model and compare its results to 

models developed on Long Island, New York. 

Study Area and Methods 

Our study area included the sand spits and ocean beaches of Cape Cod National 

Seashore (CCNS). This included 53 km of beaches and sand spits along the eastern shore 

from Coast Guard Beach in Eastham north to Long Point in Provincetown, and 9 km of 

shoreline on the western shore of Cape Cod at Great Island and Jeremy Point in Wellfleet. 

We estimated that 72 nesting pairs of Piping Plovers were present in 1994 and 83 

in 1995 (Chapter 4). The nesting population in our study area has increased annually 

from a low of 13 pairs in 1988. Since 1988, the distribution of nests has also expanded to 

include previously unoccupied habitat on Race Point north and south beaches and at 

Wood End. The highest nesting concentrations were found on Coast Guard, Marconi, 

High Head, Race Point north and south, Wood End, and Jeremy Point beaches . 
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Piping Plovers are intensively managed by the National Park Service (NPS) at 

CCNS because of their threatened status under the U.S. Endangered Species Act and their 

vulnerability to beach recreational activities (USFWS 1996). Wire mesh predator 

exclosures 3 m in diameter were constructed around nearly all nests with completed 

clutches to reduce the possibility of nest predation (Melvin et al. 1992). Most exclosures 

were topped with cotton twine at 10-15 cm spacing to deter avian predators. All nests 

were protected with symbolic fencing to prevent accidental crushing of eggs or 

disturbance to incubating birds by pedestrians or vehicles, and sections of beach were 

closed to ORVs whenever unfledged plover chicks were present. Coast Guard Beach, 

Marconi Beach, Great Island and Jeremy Point were also closed to pets and kite-flying 

during the nesting and brood-rearing season (approximately May 1 - August 15) to help 

protect eggs and chicks from predation and disturbance. 

In 1994 and 1995, we collected habitat data at nests and stratified random points 

from mid-May through the end of June. Nests were located as part of the long-term NPS 

Piping Plover management and protection program at CCNS. Stratified random points 

were located by dividing the study area into 63 segments 1 km long and using a random 

numbers table to select the distance to sampling points from the southern borders of the 1 

km segments. We measured these random distances from the edges of each 1 km 

segment by pacing, paced a transect perpendicular to the long axis of the beach to 

determine the beach width at that point, and then chose another random number to 

determine where along this transect a sampling point would be located. We used 

numerous landmarks plotted on U.S. Geological Survey 1 :25,000 topographic 
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quadrangles to locate the boundaries of the 1 km segments. When comparisons were 

made to evaluate the accuracy of pacing, pacing generally gave better results than vehicle 

odometers. 

As nests or random points were located, habitat data were collected for evaluating 

nest habitat use (Appendix A). Transects were run perpendicular to the long axis of the 

beach, bisecting the nest scrape or random point. Transects began at the high tide line 

and extended to the foredune where the slope exceeded 20%, or to the bayside high tide 

line on sand spits. Previously, we had observed that slopes greater than 20% were rarely 

used for nesting by plovers, and we chose this slope as the landward end of the transect. 

At the nest or random point, we collected nominal data on bay access (present or absent), 

and habitat type (berm, foredune, overwash I blowout, or interdune ). Continuous data 

were measured for additional habitat variables (Appendix A). We measured nest cover 

and substrate by centering a 0.5 by 0.5 m square (0.25 m2
) over the nest and counting the 

total number of Ammophila stems and estimating the percent cover of other habitat 

variables (other vegetation, debris, clay, sand, gravel, cobble). To minimize the potential 

bias from vegetative cover increasing with time during the growing season, all random 

points and most nests were evaluated prior to 30 June of each year. We calculated slope 

at the nest or point by measuring change in elevation per 1 m of horizontal distance, using 

a line level and meter stick centered on the nest or point and measured along the 

maximum slope. We measured intertidal slope by placing a vertical stake on the berm 

crest near the high tide line, pacing 15 m seaward, and aiming a hand-held clinometer at a 

height on the stake equal to the observer's eye height above ground . 
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Habitat widths were measured along the transects by pacing and converting paces 

to meters. Habitats measured included berm, foredune, washover and blowout 

(indistinguishable from each other at some sites), and interdune. Within each habitat, 

vegetative cover was classified as none (0% ), open (1 - 20% ), moderate (21 - 90%) or 

dense(> 90%). Open and moderate vegetative cover was subsequently lumped into 

sparse (1 - 90%) cover for consistency with other habitat models. We measured distances 

of nests and random points from nearest vegetation, recent ocean high tide line, recent 

bay high tide line (if applicable), nearest nest, and major pedestrian access points (> 50 

car parking lots). Distances greater than 1,000 m were not measured. In an attempt to 

quantify available wrack foraging habitat and to evaluate human disturbance, as we paced 

each transect we recorded the number of footsteps that fell on wrack, pedestrian tracks, or 

vehicle tracks. We measured 1 random point within each segment in 1994, and used 

these data to test a logistic regression model that was developed using data from 4 

random points per segment in 1995. 

Statistical Analyses 

We used STA TIS TIX software (Seigal 1992) for univariate statistical analyses. 

Due to a high incidence of variables being absent from nest and random point locations, 

we recoded many variables as present or absent. We used Chi-square to test for 

differences in presence or absence of categorized variables at nests versus random points. 

We used a two-tailed, two-sample t test to test for differences in means of normally 

distributed habitat variables between nests and random points, and a two-tailed Mann

Whitney rank sum test for non-parametric data. 
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To be consistent with models developed for Long Island, New York beaches 

(Elias-Gerken 1994), we combined macro-habitat variables into five categories based on 

vegetative cover: berm with no vegetation, all habitats with sparse (I - 90% cover) 

vegetation, washover, interdune, and total beach width. Continuous macro-habitat 

variables occurred in a low proportion of the random point transects. Therefore, we 

recoded them as present or absent if< 40% of the transects had values> 0, because we 

felt that statistical analysis as continuous variables was improper. For example, sparse 

vegetation was present at 60 of243 random points (25%), and so was recoded as present 

or absent. Variables that were encountered in fewer than I 0% of the observations were 

removed from further analysis. 

We used logistic regression (Hosmer and Lemeshow 1989) to develop two macro

habitat selection models. Similar independent variables were used for both models, but 

we used the dependent outcome variable of presence or absence of nests in 1 km 

segments of beach for one model, and nest versus random point for the other model. We 

also used these dependent variables as the categorical identifiers in univariate tests to 

further screen variables prior to multivariate analysis . 

We developed contingency tables for each variable to examine the data for zero 

cells. Data with zero cells are unsuitable for logistic regression models (Hosmer and 

Lemeshow 1989:82-86). Habitat data collected at nests and random points in 1995 were 

used to develop logistic regression models using BMDP statistical software (Dixon et al. 

1990). We then tested the models using 1994 data and Stata statistical software (Stata 

Corporation 1993), and determined what proportion of I km blocks or nests and random 
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points were correctly classified by the models. We initially used p = 0.10 to retain 

variables in the models and avoid accidentally rejecting a variable that might be an 

important indicator of outcome when associated with other variables (Hosmer and 

Lemeshow 1989). We used the Hosmer-Lemeshow statistic to examine the model's fit 

(Engelman 1990). 

Results 

Habitat variables were measured at a total of 197 Piping Plover nests and 305 

stratified random points in 1994 and 1995 combined. Plover nests were not evenly 

distributed within the study area. Sixty-three percent of nests were located in areas 

without access to bayside intertidal areas. However, a greater proportion of nests 

occurred on beaches with bay access (37%), than did random points (10%) (p < 0.001) 

(Table 2.1). Most nests occurred in berm (56%) or overwash I blowout (24%) habitat. 

Nests were distributed differently among habitat types (berm, foredune, overwash I 

blowout, interdune) than were random points (p = 0. 001 ), with greater than expected 

percentages of nests occurring in overwash I blowout and interdune habitats (Table 2.1 ). 

Only 23of197 nests (12%) were located within 500 m of pedestrian access (Table 2.1), 

and no nests were< 100 m from pedestrian access. Sixty-three of 197 nests (32%) were 

located on beaches with ORV corridors, compared to 70 of305 random points (23%) 

(p = 0.025) (Table 2.1). 
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Nests were nearer to continuous vegetation (> 10 m dia. patch size) than were 

random points (mean= 28.0 m, SD= 102.0 versus mean= 217.6 m, SD= 324.5, 

respectively, p < 0.001) (Table 2.2). Nests were farther from the high tide line 

(mean= 34.3 m, SD= 29.2) than were random points (mean= 15.9 m, SD= 16.5) 

(p < 0.001) (Table 2.2). Nests were found on beaches as narrow as 7 m and as wide as 

268 m (Figure 2.1 ) . 

Nearest neighbor distances were recorded for 196 nests. One hundred and 

seventy-five nests (89%) were located within 1000 m of another nest active concurrently. 

The mean distance between nests was 201.4 m (range= 14 - 983 m, SD= 206.2) . 

Twenty-one nests (11 %) were> 1000 m from another active nest. These were either 

early season nests that were lost before other pairs nested nearby, or nests on portions of 

beaches where only 1 pair was present. Seventy-five nests (38%) were:::; 100 m of other 

active nests, 35 nests (18%) were:::; 50 m, and 4 nests (2%) were 14 m apart (Figure 2.2). 

Beach slope was more gradual at nests than at random points (mean= 5.6%, 

SD= 6.0 versus mean= 8.3, SD= 6.8, respectively, t = 456.4, p < 0.001) (Table 2.2). Of 

197 nests measured, 193 nests (98%) were:::; 20% slope, and 167 nests (85%) were:::; 10% 

slope (Figure 2.3). Intertidal slope was also less steep adjacent to nests than to random 

points (mean= 11.2%, SD= 4.5 versus mean= 12.8, SD= 4.2, respectively, t = 4.14, 

p < 0.001) (Table 2.2) . 

Frequency of occurrence of micro-habitat variables within 0.25 m2 quadrats often 

differed significantly between nests and random points. Ammophila stems were located 

more frequently at nests (64of197, 32%) than random points (23of305, 8%) (p < 0.001) 
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(Table 2.3). Other vegetation was found at 12% of nests and 2% ofrandom points 

(p < 0.001) (Table 2.3). The occurrence of clay and sand in the substrate did not differ 

significantly, as there was nearly always sand present on the beaches in the study area 

(99% of both nests and random points), and almost never clay (0% of nests and 1 % of 

random points) (Table 2.4). Gravel was frequently present at both nests and random 

points (35% and 29%, respectively) and did not differ significantly in occurrence 

(p = 0.124) (Table 2.4). However, cobble was found significantly more often at nests 

than at random points (36% versus 20%, respectively, p < 0.001) (Table 2.4). Debris, 

including wood, seaweed, invertebrate body parts, and human-generated debris, also 

occurred significantly more often at nests than at random points (59% versus 43%, 

respectively, p < 0.001) (Table 2.4). 

To test the observation that nests seemed to be placed near some type of cover, 

vegetation, cobble, and debris were merged into a "combined cover" class. One hundred 

and eighty-five of 197 nests (94%) had this combined cover within the 0.25 m2 quadrat 

(compared to 59% of the random points), resulting in a very highly significant difference 

between nests and random points (p < 0.001) (Table 2.4). 

Piping Plovers nested in 31of63 (49%) 1 km-long beach segments in 1994, and 

36 of 63 ( 57%) in 1995. Although many variables differed significantly between 1 km 

segments of beach with and without nests at the univariate level (Appendix B), only two 

variables were significant when subjected to multivariate screening. These were presence 

of sparse vegetation within the transect, and absence of pedestrian access points within 

500 m. Sparse vegetation had been reclassified from a continuous variable to present or 
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absent in the model-building due to its occurrence in·< 40% of the 1995 random point 

transects. The Hosmer-Lemeshow statistic failed to indicate poor fit (C = 0.514, 2 df, 

p = 0.774) (Table 2.5). We used this equation with the habitat data collected in 1994 to 

validate the model. Sixty-one percent of random points measured in 1995 were correctly 

classified as occurring within nesting segments (i.e. 1 km segments also contained at least 

one nest), and 57% of 1994 observations were correctly classified as occurring in nesting 

segments with the model developed using 1995 data (Appendix C). Sparse vegetation 

was more likely to occur on random transects located in nesting segments than non

nesting segments (Table 2.6). Pedestrian access within 500 m of random points was less 

likely to occur for points located in nesting segments compared to non-nesting segments 

(Table 2. 7). 

A logistic regression model was developed with the macro-habitat data using nest 

versus random point as the dependent outcome variable. Ten variables also differed 

significantly between nests and random points at the univariate level (Tables 2.1 - 2.4, 

Appendix D). The variables selected for use in the model included presence of bay 

access, width of beach with sparse vegetation and width of beach with no vegetation 

along the transect, and absence of pedestrian access points within 500 m. Sparse 

vegetation was retained as a continuous variable in this model due to its occurrence in 

> 40% of the 1995 transects. The Hosmer-Lemeshow statistic failed to indicate poor fit 

(C = 9.114, 8 df, p = 0.333) (Table 2.8). We used this equation with the habitat data 

collected in 1994 to validate the model. Seventy-five percent of Piping Plover nests 
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measured in 1995 were correctly classified, and 82% of 1994 nests were correctly 

classified with the model developed using 1995 data (Appendix E). Nests were more 

likely to occur in areas with bay access, relative to availability, than were random points 

(Table 2.1 ). Nests transects had more beach habitat with sparse vegetation and more 

habitat with no vegetation than did random points (Tables 2.9 - 2.10). Pedestrian access 

was less likely to occur within 500 m of nests than of random points (Table 2.1 ). 

Stepwise logistic regression yields the following model of habitat suitability, where 

coefficients for the variables are substituted into the equation: 

The term n(x) is the predicted value ~0 is the intercept, and ~1...p are the slope coefficients 

of the X1...p variables in the equation. 

Discussion 

Many variables differed significantly between nest sites and random points when 

addressed at the univariate level. Bay access appears to be an important feature in Piping 

Plover habitat selection, but is certainly not a prerequisite for nest site selection on outer 

Cape Cod. A greater proportion of nests occurred on beaches with bay access relative to 
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availability of that habitat; however, most nests (63%) occurred on beaches without bay 

access (Table 2.1 ). 

Habitat type was strongly correlated with beach type. Sand spits are primarily 

comprised of low elevation dune and overwash habitat. Because slopes are generally 

< 20%, habitat transects often ran across dunes between ocean and bay high tide lines, 

increasing the probability that random points would fall in interdune habitat. In contrast, 

ocean beaches without bay habitat were generally narrow and backed by relatively high, 

steep dunes or coastal banks (bluffs), with little interdune or overwash habitat, so nearly 

all nests and random points on these beaches occurred in either berm or foredune habitat. 

Eighty-nine percent of the nests and random points in overwash I blowout habitat and 

90% in interdune occurred on sand spits and overwash areas with bay access, and 94% of 

the nests and random points in berm habitat and 91% in foredune habitat occurred on 

ocean beaches. 

Plovers selected areas > 500 m from pedestrian access for nesting relative to 

availability (Table 2.1), and no nest was located within 100 m of pedestrian access during 

this study. Hoopes (1993) found that most disturbances to plovers at six study sites in 

southeastern Massachusetts were caused by pedestrians (87% in 1988 and 84% in 1989). 

Plovers responded to pedestrians at shorter distances than to other disturbances 

(mean= 23 m, versus 40, 46, and 85 m for ORVs, pets, and kites, respectively), although 

they also moved shorter distances in response to pedestrians than for pets or kites 

(mean= 29 m versus 53 and 70 m, respectively) and for shorter durations (mean= 25 m 

versus 57 and> 100 m, respectively). A similar trend was observed at Breezy Point, New 
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York, where the mean pedestrian flushing distance was slightly less than the flushing 

distance for joggers and ORVs (19 m vs. 20 m) (Goldin 1993). Human disturbance did 

not appear to affect plover productivity in southeastern Massachusetts or at Breezy Point, 

although disturbance was much greater than in other studies where lower productivity has 

been attributed to greater human disturbance (Cairns 1977, Flemming et al. 1988). This 

difference in response to human disturbance may be due to management (symbolic 

fencing) to protect plovers and nesting habitat on upper berm and dunes from pedestrians, 

as well as some level of habituation to humans at sites with heavy human use, or plovers 

may be forced to nest closer to pedestrians in other study areas, such as in Nova Scotia, 

where beaches tend to be smaller than Cape Cod beaches and most habitats are within 

500 m of parking lots (pers. obs). A continued expansion of the plover population on 

Cape Cod could force more plovers to nest in proximity to pedestrian access points and 

result in increased human disturbance and possibly lower productivity, similar to results 

from studies elsewhere in the species range (Cairns 1977, Flemming et al. 1988). 

Similarly, constructing new pedestrian access points could influence plover nesting 

distribution and reproductive success and degrade the quality of breeding habitat if 

plovers either move away from the access points or are subjected to greater human 

disturbance. 

Plover nests occurred more frequently than did random points on beaches with 

ORV corridors (Table 2.1), probably because both plover nests and ORV use tended to be 

associated with wider beaches at CCNS. The ORV corridor was placed on an accreting 

ocean beach with an average width considerably greater than non-ORV ocean beache's 
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(54.7 m versus 27.3 m, respectively), averaged for nests and random points combined . 

Many nests within the ORV corridor are established early in the season, when relatively 

few ORVs are present, or later in the season, after ORV corridors are closed to protect 

unfledged plover broods . 

At CCNS, nests were closer to vegetation and farther from the high tide line than 

were random points (Table 2.2). Plovers may prefer to nest farther from the water 

because there is less chance of overwash (Wilcox, 1959), more vegetative cover, or less 

disturbance from pedestrians (Goldin 1993) and ORVs (Maclvor 1990). However, nests 

occurred on beaches as little as 7 m wide in this study, and 18 of24 nests (75%) on 

beaches< 30 m wide successfully hatched. Of the 6 nests on beaches< 30 m wide that 

failed to hatch, 4 nests (67%) were depredated and 2 nests (33%) were flooded. On 

Assateague Island, Maryland and Virginia, plover nests at three sites were found at 

greater distances from continuous vegetation (means= 81, 75, and 99 m versus 28.0 min 

this study) and from the high tide line (means= 144, 82, 139 m versus 34.4 min this 

study) than nests in this study (Patterson 1988). Beach widths were also much greater at 

Assateague Island than in this study (means= 236, 157, 276 m versus 73 m, respectively) 

(Patterson 1988). In New Jersey, nests averaged 4 - 40 m from vegetation and 61 - 179 m 

from the high tide line at four sites, although pairs that experienced repeated nest 

predation moved further from the vegetation and closer to the high tide line to renest 

(Burger 1987). 

Nests were located nearer to other plover nests relative to other studies on the 

AtlantiC Coast. In our study, distances between active nests averaged 201.4 m, although 
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47 nests (24%) were< 60 m and 16 nests (8%) were< 30 m from other nests. Plovers 

have increased in abundance and colonized new nesting areas on outer Cape Cod since 

1988, and continue to increase in density (Chapter 4). At specific nesting sites, nest 

densities are among the highest found on the Atlantic Coast. For instance, at the Marconi 

Site portion of Marconi Beach in Wellfleet, the average nearest neighbor distance was 

59.6 m (SD= 29.40, n = 8). Cairns (1982) reported average distances between Piping 

Plover nests of 51 - 53 m on Cadden Beach, Nova Scotia, in one of the densest 

concentrations of Piping Plovers reported. In New Jersey, plover nests averaged 85 - 106 

m apart at two nesting sites (Burger 1987). Wilcox (1959) reported that nesting Piping 

Plovers on Long Island, New York, usually did not allow conspecifics to nest within 30 

m of their nest, and that nests were generally 60 m apart. Average and minimum 

distances between nests may decrease if the population of plovers nesting in CCNS 

continues to increase. 

Beach slope was less steep at nests than at random points (Table 2.2). Much of 

the ocean beach habitat at CCNS is backed by coastal banks with > 20% slope; however, 

these slopes are only rarely used for nesting. Slopes at nests averaged 5.6% and ranged 

from 0% (level) to 35% (approximately 21 m above mean sea level on an eroding coastal 

bank) (Table 2.2). Transects centered on nests and random points were terminated where 

slopes were > 20%, resulting in unsampled foredune and coastal bank habitat. However, 

only 4 of 197 nests (2%) were on> 20% slope. Of 197 nests, 193 (98%) were on :S 20% 

slope, 168 (85%) were on :S 10% slope, and 115 (58%) were on :S 5% slope (Figure 2.3). 

Nests on > 20% slope were often constructed in a small depression (i.e. human footprint), 
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which helped to keep eggs in the nest scrape. All 4 of the nests on slopes > 20% hatched; 

however, after hatching, these broods moved to portions of the beach with more moderate 

slope for the remainder of their pre-fledging period. These results suggest that although 

plovers may occasionally nest on extreme (> 20%) slopes, nests in these locations must 

have other foraging habitat available for the young to successfully fledge. 

The tendency of Piping Plovers to place nests near small clumps of grass and 

large objects such as stones and logs (Burger 1987, Flemming et al. 1992) may explain 

the greater presence of these habitat features within 0.25 m2 nest quadrats versus random 

point quadrats. Although vegetation occurred more frequently at nests than at random 

points, the majority of nests (120of197, 61 %) had no vegetation within the 0.25 m2 area 

sampled (Table 2.3). Nest quadrats also tended to include cobble (36%) or other debris 

(59%) more often than random point quadrats (Table 2.4). The presence or absence of 

cover was determined using a "combined cover" indicator, where the presence of 

vegetation, cobble, and/or debris was considered combined cover. Most nests (94%) had 

some cover present, either vegetation, cobble, or debris, compared to only 59% of 

random points (Table 2.4). Nest placement near objects may provide a disruptive effect 

to conceal incubating adults. In this study, 9of12 nests (75%) without any cover in the 

0.25 m2 quadrat failed to hatch, compared to 56 of 185 nests (30%) with some type of 

cover present (x2 = 10.20, n = 197, p = 0.001). However, Page et al. (1985) observed 

68% of 136 Snowy Plover (Charadrius alexandrinus) clutches in California were placed 

within 15 cm of an "object" and found nests beside objects had lower hatching success 
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(49%) than nests under objects (72% hatching success) or in the open (66% hatching 

success). 

Many variables differed significantly between nesting and non-nesting 1 km 

segments, and between nests and random points at the univariate level (Tables 2.1 - 2.4, 

Appendices Band D). Multivariate logistic regression was used to develop macro-habitat 

selection models for nesting versus non-nesting segments, and for nests versus random 

points. For the nesting versus non-nesting segments model, two variables were 

significant. These variables were presence of sparse vegetation within the transect, and 

absence of pedestrian access within 500 m (Table 2.5). We did not use total beach width 

in the analysis because it is strongly correlated with other habitat types (e.g. width of 

sparse vegetation, unvegetated, foredune, washover), and we believed that a model based 

on these other habitat types would be more meaningful than beach width alone. Our 

findings that plover nesting was positively correlated with the presence of sparse 

vegetation, and inversely correlated with proximity to pedestrian access, are similar to 

models developed at Long Island, New York. In the Long Island models, Piping Plover 

use was negatively related to pedestrian track counts at one site, and open vegetation 

width at two other sites (Elias-Gerken 1994). These results suggest that pedestrian use 

and presence of sparse vegetation on beaches may be important indicators of the 

suitability of beaches to be selected for nesting by Piping Plovers on the Atlantic Coast. 

Plovers not accustomed to dense pedestrian activity may avoid areas near large parking 

lots. Sparse vegetation may provide cover from sun or predators, or may simply be an 

indicator of an upper beach zone with a low probability of overwash. 
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At other Atlantic Coast plover nesting sites, and in other years on outer Cape Cod, 

plovers have nested within 100 m of pedestrian access points. These observations 

demonstrate that some plovers will use beaches with more pedestrians than we observed 

during this study. Disturbance of breeding plovers is probably closely correlated with 

overall density of pedestrians, which in turn is a function of the number of people and 

area of beach. In some situations, proximity of pedestrian access points to plover habitat 

may be less of an issue than amount or frequency of pedestrian use of that access point. 

For example, a plover nest located< 100 m from a path to a single family dwelling is 

probably less likely to be disturbed than a nest < 100 m from a path originating in a> 50 

car parking lot. Plovers may also be more likely to use beaches with more pedestrians as 

plover population density increases, or when management (e.g. use of symbolic fencing) 

protects nests, chicks, or potential habitat on the upper berm and foredune from 

pedestrian disturbance (Hoopes 1993). 

Our model was less accurate than the Long Island model at correctly classifying 

plover nesting beach segments. In this study, only 62% of the 1 km beach segments used 

to develop the model were correctly classified, and the equation successfully classified 

61 % of the segments used to test the model (Appendix C). The models developed on 

Long Island correctly classified 95% and 88% of the segments used to develop the 

models in one year, and 83% and 86% of the segments used to test the models in the 

following year (Elias-Gerken 1994). The greater accuracy of the Long Island models 

may be due in part to using nests as points for measuring nesting segment habitat, and 

averaging measurements within segments prior to analysis. In our study, we used a 
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different but complimentary approach. Nest data were not used to develop or test the 

model, but simply to identify 1 km segments as nesting or non-nesting. This technique 

was chosen to avoid biasing the model with actual nest site data, which we felt would 

likely not be available to managers that sought to assess the suitability of unoccupied 

habitat using our model in the future. We also used raw data in the regression, rather than 

averaging data points within each 1 km segment. As a result of these differences in the 

methods used to build the Long Island and Cape Cod habitat models, these models are 

not directly comparable. 

We developed a second macro-habitat selection model using logistic regression 

which did include data collected at nest sites. This model was based on the outcome 

variable of whether the observation was at a nest or a random point. Univariate analyses 

of these data were very highly significant (Tables 2.1 - 2.2, Appendix D). This model 

was also based on the significance of sparse vegetation and pedestrian access. In 

addition, the presence of bay access and amount of beach with no vegetation were 

significant (Appendix D). On Long Island, New York, the scale of the study was 

insufficient to model the effects of bay access on nest beach selection (only 1 segment 

had bay access), so bay access segments were eliminated from the model (Elias-Gerken 

1994). In this study, 10of63 segments (16%) had bay access, and a significantly greater 

proportion of nests were found on beaches with bay access relative to availability (Table 

2.1). The width of beach habitat without any vegetation was not a significant variable in 

Fire Island models or in the Cape Cod 1 km segment model. However, width of beach 

with no vegetation did average significantly greater for nests versus random points in this 
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model (Table 2.10). This model correctly classified 78% of the observations used to 

develop the model, and 60% of the observations used to test the model (Appendix E). 

This nest model is likely to be more accurate than the 1 km segment model due to the 

inclusion of data from nest sites and because 1 km segments may be too large an area to 

accurately describe with 4 sampling locations (Elias-Gerken 1994). 

The models developed for Piping Plover habitat use at CCNS have low predictive 

power compared with other habitat models developed on the Atlantic Coast. Reasons for 

this low power may be related to under-utilized habitat. Over the past 7 - 8 years at 

CCNS, new habitats were colonized as plover survival increased and recreational 

activities were managed to protect unfledged plover chicks. A population that has not 

fully saturated its habitat would be difficult to develop predictive models for, as large 

areas of suitable habitat may not be used. Models from Cape Cod and Long Island differ, 

even though the variables measured and used in the analyses were similar. These results 

indicate that extrapolating from one Piping Plover population to another is unwise, and 

site-specific research should be conducted on habitat use before making management 

decisions that could impact Piping Plover recovery. On the other hand, this study has 

quantified a tremendous range of habitat characteristics that plovers do use. Plovers may 

nest on beaches as little as 7 m wide and do not require access to bayside foraging habitat 

for nesting or brood-rearing. Plovers occasionally used steep(:::: 20%) slopes for nesting, 

but preferred to nest on more gently sloping beaches (:S 10%). Pedestrian access points 

were avoided, although in other years and at other sites plovers do nest adjacent to 

pedestrian access points. Our results indicate that beach managers should be aware that 
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the placement of pedestrian access points may influence distribution of nesting Piping 

Plovers. Beach-cleaning operations that remove wrack, debris, vegetation, or cobble 

from beaches may be degrading habitat, since plovers often place their nests near some 

vegetation or object. Projects that entail beach nourishment, dune enhancement and 

dredge deposits should be designed with slopes .::; 10% to be considered suitable for 

Piping Plover nesting. We believe that the use of sand fencing or discarded Christmas 

trees to trap sand will degrade Piping Plover nesting habitat if these installations create 

dune slopes > 10%. 
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Table 2.1. Comparisons of selected habitat characteristics at Piping Plover nest sites 
(n = 197) and stratified random points (n = 305) at Cape Cod National Seashore, 1994 
and 1995. 

Number(%) Test 
Nests Random points Statistic p 

Availability of bay access 
Bay access 73 (37) 29 (10) 
No bay access 124 (63) 276 (90) 56.lOa < 0.001 

Beach habitat type 
Berm 111 (56) 259 (85) 
Foredune 23 (12) 24 (8) 
Overwash I blowout 48 (24) 16 (5) 
Interdune 15 (8) 6 (2) 58.55b < 0.001 

Proximity to pedestrian access 
:::; 500 m 23 (12) 67 (22) 
>500m 174 (88) 238 (78) 8.62a 0.003 

Presence of ORV corridor 
Present 63 (32) 70 (23) 
Absent 134 (68) 235 (77) 5.0la 0.025 

a Pearson's Chi-square, 1 df 
b Pearson's Chi-square, 3 df 
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Table 2.2. Distance (m) to nearest vegetation (patch 2: 10 m dia.) and nearest high tide 
line, maximum beach slope (%) along 1 m line centered on nests and stratified random 
points, and intertidal slope (%) from the high tide line to 15 m seaward of transects 
bisecting Piping Plover nests (n ~ 197) and stratified random points (n = 305) at Cape 
Cod National Seashore, 1994 and 1995. 

Variable Mean (SD) 

Vegetation 
Nests 28.0 (102.0) 
Points 217.6 (324.5) 

High tide line 
Nests 34.3 (29.2) 
Points 15.9 (16.5) 

Beach slopeb 
Nests 5.6 (6.0) 
Points 8.3 (6.8) 

Intertidal slope 
Nests 11.2 (4.5) 
Points 12.8 (4.2) 

a Mann-Whitney rank sum test 

Range 

0-1200 
0-1563 

1-225 
1-100 

0-35 
0-30 

1-23 
1-29 

Test 
Statistic 

12500a 
47600 

468ooa 
13300 

4.75c 

4.14d 

p 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

b Transects terminated where foredune or coastal bank slopes were > 20%, unless nests 
were located on or behind slopes > 20%. Thus, random points did not sample the full 
range of slopes, especially in foredune and coastal bluff habitat. 

c Two-sample t test, unequal variances, 456 df 
d Two-sample t test, equal variances, 500 df 

32 

I 

• • 
I 

• 

• 

•· 
• 

• 

• 

• • 
• 



• 

• • 

• 

• 

• 

·• 
• 

• 

• 

• • 
• 

Table 2.3. Presence and absence of vegetation in 0.25 m2 quadrats centered on Piping 
Plover nests (n = 197) and stratified random points (n = 305) at Cape Cod National 
Seashore, 1994 and 1995. 

Number Quadrats (%} Test 
Variable Absent Present Statistica p 

Ammophila 
Nests 133 (68) 64 (32) 
Points 282 (92) 23 (8) 51.99 < 0.001 

Other vegetation 
Nests 174 (88) 23 (12) 
Points 300 (98) 5 (2) 22.89 < 0.001 

All vegetationb 
Nests 120 (61) 77 (39) 
Points 279 (91) 26 (9) 68.55 < 0.001 

a Pearson's Chi-square, 1 df 
b All vegetation is the presence of Ammophila and/or other vegetation . 
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Table 2.4. Presence and absence of substrate features in 0.25 m2 quadrats centered on 
Piping Plover nests (n = 197) and stratified random points (n = 305) at Cape Cod 
National Seashore, 1994 and 1995. 

Variable 

Clay 
Nests 
Points 

Sand 
Nests 
Points 

Gravel 
Nests 
Points 

Cobble 
Nests 
Points 

Debris 
Nests 
Points 

Combined cover" 
Nests 
Points 

Number quadrats (%) 
.A.bsent Present 

197 (100) 0 (0) 
302 (99) 3 (1) 

1 (1) 196 (99) 
3 (1) 302 (99) 

128 (65) 69 (35) 
218 (71) 87 (29) 

127 (64) 70 (36) 
244 (80) 61 (20) 

80 (41) 117 (59) 
173 (57) 132 (43) 

12 (6) 185 (94) 
126 (41) 179 (59) 

a Pearson's Chi-square, 1 df 

Test 
Statistica 

1.95 

0.34 

2.36 

14.97 

12.43 

74.49 

b Combined cover is the presence of vegetation, cobble, and/or debris. 
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Table 2.5. Logistic regression model for Piping Plover macro-habitat data with I km 
segment nesting status as the dependent outcome variable, Cape Cod National Seashore, 
1995. 

Variable w SE(p) PISE 

Sparse vegetation 1.6682 0.3739 4.462 
Pedestrian access 0.9976 0.3365 2.964 
Constant -0.9018 0.3096 

Log-likelihood= -150.4970 
(:b = 0.514, 2 df, p = 0.774 

a p = slope coefficient 

b C = Hosmer-Lemeshow goodness of fit statistic tests the null hypothesis that the 
predicted values fit the data. A failure to reject the null hypothesis (p > 0.05), suggests 
a good fit. 
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Table 2.6. Presence and absence of sparse vegetation (1 - 90% cover) within random 
point transects in 1 km beach segments used or not used by nesting Piping Plovers at 
Cape Cod National Seashore, 1994 (n = 62) and 1995 (n = 243). 

Beach segments 
Non-nesting Nesting 

1994 
Present 3 16 
Absent 28 15 

1995 
Present 11 49 
Absent 97 86 

a Pearson's Chi-square, ldf 
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Table 2.7. Presence and absence of pedestrian access(> 50 car parking lot) within 500 m 
of random points in 1 km beach segments used or not used by nesting Piping Plovers at 
Cape Cod National Seashore, 1994 (n = 62) and 1995 (n = 243). 

Beach segments Test 
Non-nesting Nesting Statistica p 

1994 
Present 10 3 
Absent 21 28 4.77 0.029 

1995 
Present 34 21 
Absent 74 114 8.69 0.003 

a Pearson's Chi-square, ldf 
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Table 2.8. Logistic regression model for Piping Plover macro-habitat data with nests 
versus random points as the dependent outcome variable, Cape Cod National Seashore, 
1995. 

Variable pa SE(p) PISE 

Bay access -0.8751 0.3878 -2.256 
Unvegetated 0.0208 0.0058 3.556 
Sparse vegetation 0.0361 0.0109 3.311 
Pedestrian access 1.5776 0.5163 3.056 
Constant -2.4901 0.6645 

Log-likelihood= -167.6984 
(:b = 9.114, 8 elf, p = 0.333 

a p = slope coefficient 

b C = Hosmer-Lemeshow goodness of fit statistic tests the null hypothesis that the 
predicted values fit the data. A failure to reject the null hypothesis (p > 0.05), suggests 
a good fit. 
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Table 2.9. Width (m) of beach habitat with sparse vegetation (1 - 90% cover) along 
transects bisecting Piping Plover nests and stratified random points at Cape Cod National 
Seashore, 1994 (n = 158) and 1995 (n = 344). 

Test 
Variable Mean (SD) Range Statistica p 

1994 
Nests 18.8 (23.6) 0-111 4496 
Points 5.4 (14.9) 0-88 1457 < 0.001 

1995 
Nests 15.9 (25.2) 0-132 18700 
Points 3.3 (11.2) 0-108 5808 < 0.001 

a Mann-Whitney rank sum test 
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Table 2.10 Width (m) of beach habitat with no vegetation along transects bisecting 
Piping Plover nests and stratified random points at Cape Cod National Seashore, 1994 
(n = 158) and 1995 (n = 344). 

Test 
Variable Mean (SD) Range Statistica p 

1994 
Nests 62.5 (51.9) 4-209 3804 
Points 39.3 (22.9) 5-143 2148 0.003 

1995 
Nests 46.2 (34.4) 0-166 17600 
Points 24.8 (20.4) 1-145 6971 <0.001 

a Mann-Whitney rank sum test 
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Figure 2.1. Distribution of beach width (m), measured from ocean high tide to bay high 
tide or to foredune or coastal bank slope> 20%, for Piping Plover nests (n = 197) at Cape 
Cod National Seashore, 1994 and 1995 . 
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Figure 2.2. Distribution of nearest neighbor distances (m) for Piping Plover nests 
(n = 175) at Cape Cod National Seashore, 1994 and 1995. Twenty-one nests with nearest 
neighbor distances > 1000 m are not presented here. 
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Figure 2.3. Distribution of slope (%) over one meter centered on Piping Plover nests 
(n = 197) at Cape Cod National Seashore, 1994 and 1995. Numbers in parentheses are 
number of observations. Ninety-five percent of all nests ( 187 of 197) were on slopes 
<20% . 
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CHAPTER3 

PIPING PLOVER BROOD HOME RANGE CHARACTERISTICS 

AT CAPE COD NATIONAL SEASHORE, MASSACHUSETTS 

Abstract 

During 1994 and 1995, we characterized home ranges of Piping Plover broods at 

Cape Cod National Seashore, Massachusetts. We determined home range areas and 

maximum lengths using the minimum convex polygon method (Mohr 194 7) for 

unfledged plover broods in 10-day age groups (0-9 d, n = 66; 10-19 d, n = 44; 20 d

fledge, n = 29) and for the entire pre-fledge period (0 d-fledge, n = 34). Additionally, we 

measured the distance unfledged broods were observed from the nest each day. We 

found no age group differences for home range area or maximum length, nor did we find 

that the distance of the brood from the nest varied with age (p < 0.001). Broods 

frequently used ocean beaches without access to bayside feeding habitat, likely because 

of abundant wrack that provided substrate for invertebrate prey. Mean home range length 

was less for broods on beaches with access to both ocean and bayside foraging habitats 

than for broods with access only to ocean-front foraging (p < 0.001), but home range area 

did not differ between the two groups. Mean home range length was also shorter and 

home range area was less in more dense nesting areas, which in our study area included 

most areas with access to bayside foraging habitats (p = 0.004 and 0.010, respectively). 

Proximity to pedestrian access did not appear to influence home range area or length . 

44 

t 

• • 
• 

• 

• 

•· 
• 

• 

• 

• • 
• 



• 

• • 

• 

• 

• 

·• 
• 

• 

• 

• • 
• 

Beach managers should take into consideration Piping Plovers' tendency to forage on 

ocean-front as well as bayside beaches and flats, and should temporarily restrict use of 

off-road vehicles (ORVs) on sections of beach where plover broods have access to both 

ocean-front and bayside habitats. We observed some broods moving> 200 min less than 

5 minutes, and some broods foraged > 1000 m from their nests. Based on the 

observations in this study, ORV closures would need to be 500 m from the nests to 

protect 95% of the broods at the locations where we observed them. We propose that 500 

m from the nest be used as a minimum ORV closure in the absence of natural physical 

barriers to brood movements. Investigations into Piping Plover habitat use and 

movements in this and other studies have been made at population levels that are likely 

below carrying capacity. Home range characteristics may change if population density 

mcreases. 

Introduction 

Little information is available on sizes, shapes, and temporal patterns of Piping 

Plover brood home ranges. Loegering (1992) measured linear distances moved by plover 

broods at Assateague Island, Maryland. There was some indication that brood 

movements differed on bay versus ocean-facing sides of barrier beaches (Loegering 

1992), but these movements were characterized at a limited number of sites. Broods were 

also more mobile at 2: 20 days of age (Loegering 1992). In addition to chick age, factors 
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such as nesting density and distance to pedestrian access points might influence home 

range size and shape. 

State and federal guidelines for ORV management recommend that sections of 

beach 100 m on either side of broods be temporarily closed to ORVs to prevent the 

accidental crushing of chicks by vehicles and the degradation of chick habitat (MDFW 

1993, USFWS 1996). However, quantitative data supporting these recommendations are 

limited (USFWS 1996), and additional data that more accurately characterize brood 

movements are needed on which to base management guidelines. Our objectives for this 

study were to: 1) characterize Piping Plover brood home range area and length; and 2) to 

examine whether home range area and length were affected by nesting density, proximity 

to pedestrian access, or availability ofbayside foraging habitat. 

Study Area and Methods 

Our study area included the sand spits and ocean beaches of Cape Cod National 

Seashore (CCNS), Massachusetts. This included 53 km of beaches and sand spits along 

the eastern shore from Coast Guard Beach in Eastham north to Long Point in 

Provincetown, and 9 km of shoreline on the western shore of Cape Cod at Great Island 

and Jeremy Point in Wellfleet. 

Piping Plovers are intensively managed by the National Park Service (NPS) 

because of their threatened status under the U.S. Endangered Species Act and their 

vulnerability to beach recreational activities (USFWS 1996). Wire mesh predator 
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exclosures 3 m in diameter were constructed around nearly all nests with completed 

clutches to deter predators (Melvin et al. 1992). Most exclosures were topped with cotton 

twine at 10-15 cm spacing to reduce the possibility of avian predation. All nests were 

posted with symbolic fencing to prevent accidental crushing by pedestrians or vehicles, 

and sections of the ORV corridor were closed to ORVs whenever unfledged plover chicks 

were present. Coast Guard Beach, Marconi Beach, Great Island and Jeremy Point were 

also closed to pets and kite-flying during the nesting and brood rearing season to help 

protect eggs and chicks from predation and disturbance. 

We mapped home ranges for plover broods by gridding sections of beaches 

adjacent to nests with numbered stakes every 50 or 100 m along the base of the foredune, 

edge of the vegetation, or running in parallel rows the length of sand spits. Beaches were 

gridded and home range data were collected at all nesting areas in 1994. In 1995, home 

range data were not collected from the Wood End I Long Point area because logistical 

considerations made it impossible to record brood location data every 1-2 d. Other 

beaches with unfledged broods were visited every 1-2 d and we plotted brood location, 

date, time, and tide stage. We identified individual broods by their location on the beach 

relative to other family groups, the number and relative age of young, and by unique 

plumage or bill markings on the adults, or (rarely) by bands. Mapping continued until all 

chicks in a brood had fledged or perished. Fledging was defined as all birds in a brood 

capable of flying distances 2: 15 m. Grids and nests were plotted on 10 squares to the 

inch graph paper at a scale of 1" = 50 m (1994) or 1" = 100 m (1995). We plotted home 

ranges for 10 d age intervals (0-9 d, 10-19 d, 20 d-fledge) if2: 5 days of mapped locations 
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were collected within the 10 d interval. Overall home ranges (0 d-fledge) were plotted if 

2: 15 d of mapped locations were collected for the brood. Using these maps, we 

calculated brood home range areas with the minimum convex polygon method (Mohr 

1947), and calculated maximum length for each home range by measuring the straight

line distance between the two points that were the farthest apart. To examine the 

possibility that there may have been a linear relationship between age and the distance 

that a brood moved, distance from the nest was measured for all brood locations. 

Because we visited beaches every 1-4 d throughout the nesting season, and NPS staff 

were experienced in locating territorial plovers, nests, and chicks, we believe we located 

all but 3 nests which subsequently hatched. 

We defined "dense" nesting as any situation where active nests were~ 200 m 

apart in the same year. We defined nests with close pedestrian access as nests~ 500 m 

. from beach access points adjacent to parking lots with spaces for> 50 vehicles. 

Statistical Analyses 

We used STATISTIX software (Seigal 1992) for all statistical analyses. We 

tested for between-year differences with two-sample t tests. One-way analysis of 

variance was used to test the home range data for differences between age groups. We 

used two-sample t tests to make comparisons of home range area and maximum length 

with bay access, nest density, and proximity to pedestrian access. Tests for equality of 

variances were used to examine the data when conducting t tests. If variances were 

determined to be unequal, the results for a t test with unequal variances was reported. All 

t tests were two-tailed unless stated otherwise. To test the hypothesis that broods move 
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farther from their nests as they get older, we used linear regression of age on distance 

from the nest. 

Results 

Area and length of home ranges of Piping Plover broods were highly variable . 

Mean home range area for 34 broods from hatching to fledging was 1.812 ha 

(range= 0.21to6.24 ha) (Table 3.1). The mean maximum length of home range from 

hatching to fledging was 485.8 m (range= 152 to 1210 m) (Table 3.2). Home range area 

was significantly larger in 1995 than in 1994 for all age groups (p < 0.05) (Table 3.3). 

Because of this difference between years for home range area, we examined this character 

separately for each year to test for differences between 10 d age groups. The mean 

overall home range area was significantly larger than any of the three 10 d age group 

home range means for 1994 or 1995 or for both years combined (p ,:'.S 0.01) (Table 3.4) . 

No differences were found between years for home range length for any age group 

(p > 0.20) (Table 3.5). Means of maximum home range length were progressively, but 

not significantly, larger for each 10 d age group (Table 3.6). The mean maximum length 

for the hatching to fledging age group was significantly larger than the 0-9 and 10-19 d 

age groups (p < 0.001) (Table 3.6). Because we found no significant differences between 

10 d age groups (Tables 3.4 and 3.6), we used the overall (i.e. hatching to fledging) home 

range for further analyses of home range area and length . 
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Mean home range area did not differ between broods with and without access to 

bayside feeding habitat (p = 0.218) (Table 3.7), but mean home range length was shorter 

for broods with bay access than those without (319 .4 and 5 5 5 .1 m, respectively, 

p < 0.001) (Table 3.7). The mean home range length was also shorter for broods that 

originally nested within 200 m of another plover nest versus broods from less dense 

nesting areas (379.9 and 707.3 m, respectively, p = 0.004) (Table 3.7) and area was also 

smaller (1.4078 and 2.6286 ha, respectively, p = 0.010) (Table 3.7). We did not detect 

significant differences in home range area or length between broods that nested within 

500 m of a major pedestrian access point (> 50 car parking lot) and broods that nested 

farther away (p > 0.30) (Table 3.7). 

Most home ranges on ocean beaches without bay access were linear (Figure 3.1), 

due to broods being restricted to movements along relatively narrow sections of beach 

between the ocean and the toe of the dune or coastal bank (bluff). Home ranges on 

beaches with bay access tended to be broader (Figure 3.2) because broods had access over 

a wide area without restriction from dunes or coastal banks. 

We recorded 1127 observations of the distance of 101 broods from their nests 

(Figure 3.3). Most broods left the nest within one day of hatching. There were two 

instances of broods > 1 d old found within 1 m of their nest scrape; one at 2 d and one at 

4 d. Most observations (88%) were of broods::; 300 m of their nest. Eighty-two broods 

(82%) were never observed> 500 m from their nest. The 19 broods (19%) which were 

observed> 500 m from their nest were all in areas with no bay access. We observed 2 

broods > 1000 m from their nests on 5 occasions. These broods were from 16 to 21 days 
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of age when these observations were made. The farthest that a brood was recorded from 

its nest was 1300 mat 20 d. There was a slight tendency for broods to move further from 

their nest as they grew older, but there was not a clear linear relationship between brood 

age and distance from the nest (r2 = 0.0556, p < 0.001). The mean and maximum 

distances that broods were located from their nests was consistently greater within each 

5 d age group for broods on ocean beaches without bay access than for broods on beaches 

with bay access (Table 3.8). We observed 12 broods using both bay and ocean beaches 

for foraging at Coast Guard Beach and Jeremy Point. Most broods at Coast Guard Beach 

selected either ocean or bay beaches for foraging, but single broods in 1994 and 1995 had 

a home range that encompassed foraging habitats on both ocean and bay sides of the spit. 

In contrast, most broods at Jeremy Point foraged on both the Cape Cod Bay (ocean) side 

of the spit and the Wellfleet Harbor (bay) side. The primary differences between the two 

sites are the heavier pedestrian use on the ocean side and availability of salt marsh 

vegetation as cover on the bay side of Coast Guard Beach. On one occasion, a brood on 

Coast Guard Beach moved > 200 m from ocean to bay within 5 minutes. In other seasons 

on outer Cape Cod, plover broods have been observed moving up to 1,600 m from their 

nest and back in one day, and have moved maximum distances > 4,000 m before fledging 

(unpubl. data) . 
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Discussion 

We are uncertain why home range areas were significantly greater in 1995 than in 

1994 for all age groups (Table 3.3). Area oflinear home ranges may be easily influenced 

by having additional observations that widen the home range. However, we do not 

believe the difference in mean number of observations per home range between years 

(18.9 in 1994 versus 19 .6 in 1995) was sufficient to account for the differences in area 

between years. There was also little difference between years for the mean number of 

observations per home range within beach types, or for the total number of home ranges 

calculated per beach type (1994 ocean beaches, mean= 19.0, n = 11; bay access beaches, 

mean= 18.6, n = 5; 1995 ocean beaches, mean= 20.0, n = 13; bay access, mean= 18.4, 

n = 5), which could potentially have had some influence on overall area. We also do not 

believe that the difference in mapping scale between 1994 (1" = 50 m) and 1995 (I"= 

100 m) introduced a calculation error. The difference in home range area between years 

might be explained by some untested biological phenomenon, small sample size, observer 

bias, or natural variability. From May 1 to August 1, 1994, 30.5 cm of rainfall was 

recorded, compared to 25.4 cm in 1995 (NPS unpubl. data). Atmospheric moisture 

regimes may influence wrack invertebrate populations and could therefore influence 

plover home ranges. If abundance of wrack invertebrates was reduced because of drier 

conditions in 1995, broods may have had to forage over larger areas. Other unidentified 

environmental factors may have been responsible for the differences in home ranges. 

Observer differences between years may also have been important. Although the 
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techniques and procedures used were the same each years, different field assistants 

collected substantial amounts of data in the 2 years. 

There were wide ranges of mean home range area and length observed (Tables 

3.1 - 3.2). All broods that met the criterion for calculating home range (2: 15 d 

observation) fledged 2: 1 young. This success rate suggests that plovers are productive 

under a wide range of conditions that may influence home range area and length. Plover 

brood home ranges increased in size on a cumulative basis with increasing age. The 

overall (0 d-fledge) home ranges were > 2x larger in area than those of any of the 10 d 

age groups (p < 0.05) (Table 3.4), and the overall maximum lengths were longer than 

those of the 0-9 d and 10-19 d age groups (p < 0'.05) (Table 3.6). These results indicate 

that plover broods were located in new areas during each of the 10 d age intervals. This 

in turn suggests that although broods may not use a greater amount of habitat as they 

grow older, they do use different areas, resulting in an increase in cumulative area used. 

Managers should expect brood movements into new areas at any time during the pre

fledging period. Thus, ORV management predicated on exactly predicting brood 

movement patterns after a certain age may be risky . 

As expected, most home ranges on ocean beaches were linear and parallel to the 

long axis of the beach. However, on beaches with bay access, there was a tendency for 

home range shape to be less linear because some broods moved across the beach to use 

both ocean and bay intertidal foraging habitats, and brood density was greater (Chapter 

2). Using both home range maximum lengths and distance from nest measurements, we 

determined that broods moved shorter distances overall in areas with access to bay 
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foraging habitats (Tables 3.7 - 3.8). Broods with bayside access averaged shorter 

distances from the nest in all age groups measured in this study (Table 3.8). These 

observations contrasted with observations from Assateague Island, where broods moved 

an average of 195 m from their nests on bay beaches (n = 10) and 131 m on ocean 

beaches (n = 41) in their first 5 dafter hatching, and after 21 d averaged 850 m from their 

nest on bay beaches (n = 1) and 187 m on ocean beaches (n = 69) (Loegering 1992). 

Greater beach width at Assateague Island may have had some influence on brood 

movements. Assateague Island beaches were 140- 380 m wide where the majority of 

nests were located (Loegering and Fraser 1995), compared to Cape Cod, where bay 

beaches averaged 104.6 m wide at nest sites and ocean beaches averaged 54.1 m wide at 

nest sites. 

Although we observed that broods on beaches with access to bayside foraging 

habitats moved shorter distances overall, and Hoopes (1993) observed that bayside 

mudflats were a preferred foraging habitat over ocean intertidal areas, we still observed 

broods moving between bay and ocean habitats when both were available. In dense 

nesting areas, such as Coast Guard Beach in Eastham, some broods adjacent to bay 

foraging habitats may have been excluded from them by the proximity of other plover 

home ranges. We do not believe that beach management should rely on any predicted 

tendency of plover broods to prefer bay habitats, since in our study we found that 

preference was not exclusive nor was it manifested in some plovers nesting in high 

densities. 
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It appeared that plovers with broods were territorial. Although we did not record 

behavioral observations between neighboring adult plovers, we observed little overlap in 

home ranges between broods, and brood home ranges that encompassed neighboring 

nests generally shifted away when the neighboring nest hatched. In addition to being 

found on ocean beaches without bay access, the longest and largest home ranges were 

from nests with either no neighbors or with neighboring nests on one side only. Although 

it appears that in this study plover brood movements were influenced by nest density and 

by foraging habitat availability (Table 3.7), it is likely that plovers have not reached 

maximum nesting densities at CCNS, and that smaller areas and lengths of brood home 

ranges could be observed in the future ifthe population of Piping Plovers continues to 

increase. Between 1988 and 1995, the nesting Piping Plover population in our study area 

increased from 13 to 83 pairs (Hoopes 1996). On Long Island, New York, young plovers 

were reported to remain within 120 - 150 m of the nest site until fledging, unless forced 

to run by a predator or some other disturbing factor (Wilcox 1959). We found broods to 

move much greater distances in this study, and believe that nesting density, habitat 

availability, and other site-specific differences should be taken into account when 

managing Piping Plovers. 

Home range area and length did not vary appreciably with the distance from 

pedestrian access points. Human disturbance to Piping Plovers has been examined in 

several studies (Flemming et al. 1988, Strauss 1990, Goldin 1993, Hoopes 1993, Elias

Gerken 1994 ). All of these studies found that plovers demonstrated some behavioral 

response to human disturbance, but several did not attribute disturbance to mortality or 

55 



reduced survival. However, Strauss (1990) reported that chick survival on Sandy Neck, 

Cape Cod, was lower if chicks were forced to move> 200 m < 5 d after hatching (0.88 

survival, n = 19 versus 0.40 survival, n = 10), and Flemming et al. (1988) reported 

reduced survival of chicks to 17 d at sites with moderate or high disturbance. Although 

plovers have occasionally nested on major recreational beaches within 100 m of 

pedestrian access in our· study area (unpubl. data), none were found this close to 

pedestrian access during this study, suggesting that plovers may avoid nesting on sections 

of beach that receive intense pedestrian use (Chapter 2). 

We believe that ORV management guidelines should take into account the 

extreme and unpredictable movements of plover broods. Massachusetts' plover 

management guidelines state that: 

"When unfledged plover chicks are present, vehicles should be prohibited 
from all dune, beach, and intertidal habitat within 100 yards of either side 
of ... the nest" (MDFW 1993). 

In addition, the federal guidelines state: 

"The vehicle free area should extend 1000 meters on each side of ... the 
nest site ... OR ... The size and location of the protected area should be 
adjusted in response to the observed mobility of the brood, but in no case 
should it be reduced to less that 100 meters on each side of the brood" 
(USFWS 1996). 

A buffer of 100 yards for nests is not adequate to protect many broods. The average 

home range lengths in this study were> 200 m for all age groups (Table 3.2). Based· on 

the observations in this study, ORV closures would need to be 500 m from the nests to 

protect 95% of the broods at the locations where we observed them (Figure 3.3). Our 

observations of broods were only meant to characterize brood movements, and in no way 
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establish maximum distances moved by any brood. Therefore, these distance 

measurements should be regarded as conservative estimates of brood movement patterns. 

Based on our observations, we do not believe that brood mobility is predictable from day 

to day, hour to hour, or year to year. We observed some broods moving> 200 min less 

than 5 minutes, and some broods foraged > 1000 m from their nests. On Long Island, 

New York, a single downy young was observed running 25 min 12 seconds and a 10 d 

old chick ran 55 min 26 seconds (Wilcox 1959). We propose that 500 m from the nest 

be used as a minimum ORV closure in the absence of natural physical barriers to brood 

movements. Broods should be monitored daily when they are adjacent to ORV corridors, 

and adjustments in the closures should be made as needed to protect the broods from 

potential ORV-caused mortality. 

· Finally, we caution that characterizations of Piping Plover home range and habitat 

use should be made with the understanding that much of the Atlantic Coast population 

may still be well below carrying capacity (USFWS 1996). Inferences about habitat use or 

suitability based on studies at these population levels might prove to be different at 

greater or lesser population densities, as we have observed differences in nesting density 

to correlate with differences in home range area and length. 
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• 
Table 3.1. Piping Plover home range area (ha) at Cape Cod National Seashore, 1994 and • 1995. • 
Age group (days) n Mean SD Min. Max. 

0-9 66 0.6419 0.5298 0.063 2.550 • 
10-19 44 0.7621 0.9289 0.035 5.320 
20-fledge 29 0.7886 0.7365 0.018 2.360 
0-fledge 34 1.8120 1.4357 0.210 6.240 

• 

• 

•· 
• 

• 

• 

• • 60 

• 



• 

• Table 3.2. Piping Plover home range maximum length (m) at Cape Cod National 
Seashore, 1994 and 1995 . • 
Age group (days) n Mean SD Min. Max. 

• 0-9 66 263.9 180.5 60 930 
10-19 44 318.6 196.0 75 1070 
20-fledge 29 355.9 231.5 120 1000 
0-fledge 34 485.8 268.2 152 1210 
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• Table 3.2. Piping Plover home range maximum length (m) at Cape Cod National 
Seashore, 1994 and 1995. 

t 

Age group (days) n Mean SD Min. Max. 

t 
0-9 66 263.9 180.5 60 930 
10-19 44 318.6 196.0 75 1070 
20-fledge 29 355.9 231.5 120 1000 
0-fledge 34 485.8 268.2 152 1210 
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Table 3.3. Home range area (ha) for Piping Plover broods at Cape Cod National Seashore, 1994 and 1995. 

0-9 davs 10-19 davs 20 d-fledee 0 d-fledee 
Year n Mean SD n Mean SD n Mean SD n Mean SD 

1994 33 0.4925 0.5660 20 0.4582 0.4352 13 0.3458 0.2295 16 1.0122 0.9299 

1995 33 0.7912 0.4514 24 1.0153 1.1444 16 1.1485 0.8138 18 2.5229 1.4496 

Test statistica -2.37 -2.20 -3.77 -3.66 
df 64 31 18 29 
p 0.021 0.035 0.001 0.001 

0\ 
N 

a Two-sample t test 

• • • • • • • • • • • • • .. 
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• Table 3.4. Between-age group differences for Piping Plover home range area (ha) at 
Cape Cod National Seashore, 1994 and 1995 . • 

Test 
Age group (days) n Mean SD . Statistica df p 

• 
1994 

0-9 33 0.4925 Ab 0.5660 11.90 81 0.008 
10-19 20 0.4582 A 0.4352 

• 20-fledge 13 0.3458 A 0.2295 
0-fledge 16 1.0122 B 0.9299 

1995 
0-9 33 0.7912 A 0.4514 26.71 90 < 0.001 

• 10-19 24 . 1.0153 A 1.1444 
20-fledge 16 1.1485 A 0.8138 
0-fledge 18 2.5229 B 1.4496 

1994 and 1995 

••• 0-9 66 0.6419 A 0.5298 27.54 172 < 0.001 
10-19 44 0.7621 A 0.9289 
20-fledge 29 0.7886 A 0.7365 
0-fledge 34 1.8120 B 1.4357 

• a Kruskal-Wallis one-way analysis of variance 
b Pairwise comparison of means; groups with different letters are significantly different 

(p < 0.05) 
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Table 3.5. Home range length (m) for Piping Plover broods at Cape Cod National Seashore, 1994 and 1995. 

0-9 davs 10-19 davs 20 d-fledee 0 d-fledee 
Year n Mean SD n Mean SD n Mean SD n Mean SD 

1994 33 280.3 224.4 20 331.8 150.1 13 299.6 164.3 16 450.9 197.7 

1995 33 248.6 123.4 24 307.6 230.0 16 401.6 271.1 18 516.8 320.9 

Test statistic8 0.73 0.42 -1.25 -0.73 
df 50 40 25 29 
p 0.466 0.678 0.223 0.472 

0\ 
~ 

a Two-sample t test 
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Table 3.6. Between-age group differences for Piping Plover home range length (m) at 
Cape Cod National Seashore, 1994 and 1995 . 

Test 
Age group (days) n Mean SD Statistica df p 

1994 and 1995 
0-9 66 263.9 Ab 180.5 24.39 172 < 0.001 
10-19 44 318.6 A 196.0 
20-fledge 29 355.9 AB 231.5 
0-fledge 34 485.8 B 268.2 

a Kruskal-Wallis one-way analysis of variance 
b Pairwise comparison of means; groups with different letters are significantly different 

(p < 0.05) 
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Table 3.7. Comparisons of Piping Plover home range area (ha) and maximum length (m) 
with selected habitat variables at Cape Cod National Seashore, 1994 and 1995. 

T:iJ2e A T~~eB 
Variable n Mean SD n Mean SD 

Bay accessh 
Area 10 1.5095 0.9717 24 1.9380 1.5912 
Length 10 319.4 108.1 24 555.1 285.6 

Densityc 
Area 22 1.4078 0.8903 11 2.6286 2.0111 
Length 22 379.9 161.7 11 707.3 320.5 

Pedestrian accessd 
Area 5 1.5110 1.3273 29 1.8639 1.4693 
Length 5 481.6 208.7 29 486.5 280.3 

a One-tailed, two-sample t test 
b Type A = bay side access, type B = no bay side access 
c Type A = dense (nearest nest ::::; 200 m), type B = not dense 
d Type A = near (pedestrian access ::::; 500 m), type B = far 
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Test 
Statistica df 

-0.79 32 
-3.49 32 

-1.92 12 
-3.19 13 

-0.50 32 
-0.04 32 

p 

0.218 
< 0.001 

0.010 
0.004 

0.310 
0.485 
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• 

• Table 3.8. Distance from the nest (m) that Piping Plover broods moved at Cape Cod 
National Seashore, 1994 and 1995 . • 
Age (days) n Mean SD Range 

• 0-5 
Bay access 18 84 65.9 0-245 
No bay access 80 95 111.5 0-700 

• 6-10 
Bay access 17 124 65.9 13-280 
No bay access 74 134 131.7 5-850 

11-15 

• Bay access 19 136 92.0 15-452 
No bay access 62 149 161.2 5-885 

16-20 
Bay access 17 134 80.9 21-320 

·• No bay access 65 204 227.7 5-1300 

21-fledge 
Bay access 17 121 87.2 10-338 
No bay access 61 225 227.3 4-1050 

• 

• 
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Figure 3.1. Example of a linear Piping Plover brood home range (shaded area) on a 
relatively narrow, ocean-front beach without access to bayside foraging habitat, Cape Cod 
National Seashore. 
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Figure 3.2. Example of a broad Piping Plover brood home range (shaded area) on a 
sandspit with access to both ocean-front and bayside foraging habitat, Cape Cod National 
Seashore . 
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Figure 3.3. Distribution of Piping Plover brood distance from nest (m) at Cape Cod 
National Seashore, 1994 and 1995. Numbers in parentheses are number of observations. 
Ninety-five percent of all brood observations (1066 of 1127) were < 500 m from the nest. 
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CHAPTER4 

PIPING PLOVER REPRODUCTIVE SUCCESS AT 

CAPE COD NATIONAL SEASHORE, MASSACHUSETTS 

Abstract 

Studies in Maryland and New York have reported that Piping Plovers have a 

greater preference for, and higher reproductive success on, beaches with access to bayside 

foraging habitat than on beaches without this habitat. In this study, we examined nest and 

fledging success of a rapidly increasing Piping Plover population on beaches with and 

without access to bayside foraging at Cape Cod National Seashore, Massachusetts. Nest 

success was significantly greater on beaches without bay access than on beaches with bay 

access (p = 0.016). Fledging success did not differ significantly with availability of bay 

access. Nest flooding was not significantly different between the two types of beaches; 

however, nest predation was higher on beaches with bay access, primarily due to 

predation by foxes and crows at one site (p = 0.030). We believe that managers should be 

cautious in concluding that ocean-front beaches are unsuitable or of poor quality for 

breeding Piping Plovers, unless results from investigations at specific sites indicate 

otherwise and data indicate that all suitable habitat types have been occupied . 
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Introduction 

Piping Plover reproductive success varies between sites and between habitats. On 

Long Island (New York) and Assateague Island (Maryland and Virginia), Piping Plovers 

fledged relatively fewer chicks on narrow, ocean-front beaches lacking access to 

ephemeral pools or bayside tidal flats than beaches with access to these feeding habitats 

(Patterson et al. 1991, Elias-Gerken 1994, Loegering and Fraser 1995). In contrast, most 

plovers at Cape Cod National Seashore (CCNS) nest along narrow, ocean-front beaches 

with no access to ephemeral pools or bayside tidal flats (Chapter 2). Our objective for 

this study was to compare the hatching and fledging success of Piping Plovers on beaches 

with and without bayside foraging habitat. This may give additional insight into factors 

affecting Piping Plover reproductive success in these habitats on outer Cape Cod. 

Study Area and Methods 

Our study area included the sand spits and ocean beaches of CCNS, 

Massachusetts. This included 53 km of beaches and sand spits along the eastern shore 

from Coast Guard Beach in Eastham north to Long Point in Provincetown, and 9 km of 

shoreline on the western shore of Cape Cod at Great Island and Jeremy Point in Wellfleet. 

Piping Plovers are intensively managed by the National Park Service (NPS) at 

CCNS because of their threatened status under the U.S. Endangered Species Act and their 

vulnerability to beach recreational activities (USFWS 1996). Wire mesh predator 
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exclosures 3 m in diameter were constructed around nearly all nests with completed 

clutches to deter predators (Melvin et al. 1992). Most exclosures were topped with cotton 

twine at 10-15 cm spacing to reduce the possibility of avian predation. All nests were 

posted with symbolic fencing to prevent accidental crushing by pedestrians or vehicles, 

and sections of the off-road vehicle (ORV) corridor were closed to ORVs whenever 

unfledged plover chicks were present. Coast Guard Beach, Marconi Beach, Great Island 

and Jeremy Point were also closed to pets and kite-flying during the nesting and brood 

rearing season to help protect eggs and chicks from predation and disturbance. 

We recorded number of eggs laid and hatched, number of chicks fledged, and 

causes of egg and chick mortality, when known, as part of long-term NPS plover 

management on CCNS. Nest loss was attributed to predation only if enough tracks or 

other predator signs were observed at the nest scrape to positively identify the predator. 

Many nest losses recorded as unknown were very likely predation events since other 

causes of nest mortality, such as abandonment and adult mortality, leave the nest and 

eggs intact or in the case of flooding, completely destroy the nest scrape along with the 

eggs . 

We defined nest success as the proportion of nests that hatched at least one egg, 

and fledging success as the proportion of chicks that survived to 25 d of age or were 

observed in flight 2: 15 m. We used ST A TISTIX software (Seigal 1992) for all statistical 

analyses. To test for differences in hatching and fledging success by beach type and by 

year, we used a Chi-square test . 
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Because we visited beaches every 1-4 d throughout the nesting season, and NPS 

staff were experienced in locating territorial plovers, nests, and chicks, we believe we 

located all but 3 nests which subsequently hatched. Some nests were likely depredated or 

flooded without ever being found, but we believe that most nests were located and that 

the data presented accurately describe the conditions existing in the study area in 1994 

and 1995. 

Results 

We observed 72 pairs of Piping Plovers with 104 nests in 1994 and 83 pairs with 

114 nests in 1995. Nest success was 0.63 in 1994, 0.62 in 1995, and 0.63 for both years 

combined (Table 4.1). Between-year differences in nest success were not significant 

(p = 0.857) (Table 4.2); however, fledging success was significantly different between 

years (p < 0.001) (Table 4.2). Due to differences in fledging success between years, 

subsequent statistical comparisons of fledging success were conducted for each year 

independently as well as with both years combined. 

Nest success was significantly lower on beaches with bay access compared to 

beaches without bay access (p = 0.016) (Table 4.3). Fledging success did not differ 

between broods with and without bayside access for either year (p > 0.25) (Table 4.4). 

Flooding was responsible for the loss of 32 out of218 nests (15%), 27 nests (12%) were 

depredated, 12 nests (6%) were lost to miscellaneous causes (abandonment, adult 

mortality, infertile eggs), and 10 nests (5%) were lost to unknown causes (Table 4.5) . 
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Flooding destroyed 16 of 80 nests (20%) on beaches with bayside access, compared to 16 

of 138 nests (12%) on beaches without bay access, although this difference was not quite 

significant (x2= 2.86, n = 218, p = 0.091, 1 df). Predation was responsible for 15 of 80 

nests (19%) lost on beaches with bay access and 12of138 nests (9%) on beaches without 

bay access. This difference was significant (x2 = 4.72, n = 218, p = 0.030, 1 df). Of the 

27 nests depredated in 1994 and 1995, 16 nests (67%) were taken by crows (Corvus spp.) 

and 7 nests (33%) were taken by Red Fox (Vulpes vulpes) (Table 4.5). 

Discussion 

Our observations demonstrate that Piping Plovers can, and do, nest successfully 

on ocean beaches with no access to bayside foraging habitats. In this study, more nests 

occurred on ocean beaches than on beaches with bay access, although nest density was 

significantly greater on beaches with bay access (Chapter 2). Since 1988, we have 

observed a rapid colonization of 43 km of ocean beaches without bay access from 

Marconi Beach, Wellfleet to Long Point, Provincetown (3 pairs in 1988, approximately 

55 pairs in 1995) (unpubl. data). 

Patterns of nest predation in this study differed from those in a study conducted 

on outer Cape Cod in 1985-88. In that study, 69of168 nests (41%) were depredated by 

Red Fox (Macivor 1990), compared to 7 of218 nests (3%) in this study (Table 4.5). 

Macivor (1990) observed crow predation at 5 nests (3%), and in this study we observed 

crow predation at 16 nests (7%) (Table 4.5). We believe that predator exclosures were 

75 



important in reducing the overall number of nests depredated ( 51 % versus 12% ), as well 

as greatly reducing the percentage of nests depredated by Red Fox (41% versus 3%). A 

similar shift in nest predation was observed at Assateague Island after predator exclosures 

were employed on a large scale (Bottitta et al. 1993). Predator exclosures have generally 

provided effective nest protection in areas that might otherwise be unproductive for 

nesting plovers. However, incidences of Red Fox keying in to predator exclosures have 

been observed at some sites on CCNS and elsewhere on Cape Cod (Genaris 1995, 

unpubl. data). 

Our observations of greater nest predation on beaches with bay access may 

possibly be attributed to increased predator activity in response to greater concentrations 

of plovers and other prey. Most predation at beaches with bay access occurred at Coast 

Guard Beach (15of17, 88%). In addition to nesting plovers, Coast Guard Beach had a 

small colony(< 20 nesting pairs) of Least Terns (Sterna antillarum) in 1995, and was 

connected at low tide to a nesting colony of approximately 2000 pairs of terns (Sterna 

spp.) and 90 pairs of Laughing Gulls (Larus atricilla). This tern and gull nesting colony 

was subjected to adult mortality by unknown predators, and carcass caching by Red Fox 

in 1995. Tern and gull egg predation was evident, but not monitored in the colony. 

Piping Plover nests on ocean beaches were depredated at a much lower rate (12of138; 

9% ); however, there were fewer nests adjacent to tern colonies on ocean beaches. 

Predation of artificial clutches placed in Snowy Plover nesting areas was influenced by 

clutch density (Page et al. 1983), offering further evidence that predation rates may 

increase when densities of ground-nesting waterbirds increase. 
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In this study we found no differences in brood or chick fledging success according 

to whether or not broods had access to bay habitats (Tables 4.4 and 4.6). This contrasts 

with a study on Long Island, New York, where survival was greater for broods with 

access to ephemeral pools than broods without this access, but was similar for broods 

with or without access to bayside mudflats (Table 4.6) (Elias-Gerken 1994). At 

Assateague Island National Seashore, Maryland, chick survival was higher on bay 

beaches and island interiors than on ocean beaches (Table 4.6) (Loegering and Fraser 

1995). In another study at Assateague Island National Seashore (Maryland and Virginia), 

survival was greater for broods feeding primarily on bayside flats versus ocean-front 

habitats (Table 4.6) (Patterson et al. 1991). On Breezy Point, Long Island, chick survival 

on beaches with no bay access was lower than chick survival on Cape Cod beaches with 

or without bay access, and intermediate between Assateague Island chick survival on 

beaches with and without bay access (Table 4.6) (Goldin 1993). These differences in 

patterns of chick survival between outer Cape Cod and sites further south may be due to 

differences in habitat quality or predation. Predator species differ somewhat between 

Cape Cod and other Atlantic Coast plover nesting sites. For example, ghost crabs 

(Ocypode spp.) are found on beaches from Long Island south, and have been implicated 

in egg and chick predation (USFWS 1996). However, based on our observations in 

Massachusetts, and while Atlantic Coast populations remain at relatively low levels, we 

believe managers should be cautious in concluding that ocean-front beaches are 

unsuitable for breeding Piping Plovers, unless site-specific data indicate otherwise . 
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The presence of wrack as a foraging habitat may be the primary reason that Piping 

Plovers are able to nest successfully on ocean-front beaches without bay access at CCNS. 

Wrack is a preferred foraging habitat for Piping Plovers in Massachusetts due to its 

abundance of associated invertebrate fauna. Hoopes (1993) found the highest numbers of 

surface-flying insects in wrack (mean= 423 individuals per sample compared to 169 in 

berm and overwash and 49 in dune), and also found that wrack was the most preferred 

foraging habitat for broods at 5 of 6 beaches in southeastern Massachusetts. Foraging 

rates of plovers in wrack and mudflat were higher than in berm, intertidal, dune, and 

overwash habitats most likely due to the high number of invertebrates in wrack and 

mudflat habitats (Hoopes 1993). At Breezy Point, Long Island, plover chicks spent more 

time in wrack (66%) than other habitats in 1989, when ORVs were not present on the 

beach, but less time (21%)in1988, when ORVs were present (Goldin 1993). South of 

New England, observers have noted smaller quantities of wrack on ocean beaches than is 

reported in New England. A more comprehensive investigation of foraging habitat 

quality along the Atlantic Coast that includes standardized measurements of the amount 

of wrack and associated invertebrates on ocean beaches would be useful in making 

further decisions regarding appropriate management of those habitats for Piping Plovers. 

Piping Plovers readily used beaches with and without access to bay habitats in 

1994 and 1995. We found nest predation to be greater on beaches with access to bay 

habitats, due primarily to predation at one site. Fledging success was lower overall in 

1995 than in 1994, but was not different between beach types for either year or with both 

years combined. In 1996, predator exclosures were ineffective at several sites at CCNS · 
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due to predators apparently keying in on the exclosures (unpubl. data); however, 

exclosures continue to be instrumental in reducing nest predation at most nest sites. 
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Table 4.1. Nwnber of Piping Plover nests initiated, hatched, and nest success; and 
nwnber of chicks hatched, fledged, and fledging success, by year, at Cape Cod National 
Seashore, 1994 and 1995. 

Number of nests Nest Number of chicks Fledging 
Initiated Hatched a Successb Hatched Fledgedc Successd 

1994 
Bay access 41 22 0.54 79 58 0.73 
No bay access 63 44 0.70 151 120 0.79 

Total 104 66 0.63 230 178 0.77 

1995 
Bay access 39 20 0.51 69 38 0.55 
No bay access 75 51 0.68 174 108 0.62 

Total 114 71 0.62 243 146 0.60 

1994 and 1995 
Bay access 80 42 0.53 148 96 0.65 
No bay access 138 95 0.69 325 228 0.70 

Total 218 137 0.63 473 324 0.68 

a Hatched = 2'.: eggs from the nest hatched 
b Nest success = nwnber of nests hatched I number initiated 
c Fledged = 2'.: 25 d of age or capable of sustained flight 2'.: 15 m 
d Chick fledging success = nwnber of chicks fledged I number hatched 
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Table 4.2. Piping Plover between-year nest and fledging success at Cape Cod National 
Seashore, 1994 and 1995. 

Number of nests Test Number of chicks 
Failed Hatched a Statisticb p Perished Fledgedc 

1994 38 66 0.03 0.857 
1995 43 71 

a Hatched = one or more eggs from a nest hatched 
b Pearson's Chi-square, 1 df 

52 
97 

c Fledged = ?:. 25 d of age or capable of sustained flight ?:. 15 m 

82 

178 
146 

Test 
Statisticb p 

16.41 < 0.001 
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Table 4.3. Success of Piping Plover nests versus availability of bay access at Cape Cod 
National Seashore, 1994 and 1995 . 

Number of nests 
Failed Hatcheda 

1994 and 1995 
Bay access 
No bay access 

38 
43 

a Hatched = one or more eggs from a nest hatched 
b Pearson's Chi-square, 1 df 

83 

42 
95 

Test 
Statistich 

5.79 

p 

0.016 



Table 4.4. Fledging success of Piping Plover chicks, by year, versus availability of bay 
access at Cape Cod National Seashore, 1994 and 1995. 

Number of chicks 
Perished Fledgeda 

1994 
Bay access 21 58 
No bay access 31 120 

1995 
Bay access 31 38 
No bay access 66 108 

a Fledged = 2: 25 d of age or capable of sustained flight 2: 15 m 
b Pearson's Chi-square, 1 df 

84 

Test 
Statisticb p 

1.09 0.297 

1.01 0.315 
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• Table 4.5. Known causes and numbers of Piping Plover nest losses at Cape Cod 
National Seashore, 1994 and 1995. 

I 

Number of nests 
Cause 1994 1995 1994 and 1995 

I 

Flooding 20 12 32 

Predation 10 17 27 

I Red Fox 3 4 7 
Striped Skunk 1 1 2 
Crow 5 11 16 
Other birdsa 1 1 2 

I Miscellaneous 6 6 12 
Abandonment 5 4 9 
Adult mortality 0 1 1 
Infertile eggs 1 1 2 

·• Unknown 2 8 10 

Total 38 43 81 

• a 1994 = grackle, 1995 = gull 
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Table 4.6. Piping Plover brood and chick survival, based on foraging habitat availability, • 
from Atlantic Coast studies. 

n Survival a 

Assateague Islandb 
Bay 
Ocean beach 

Assateague Islandc 
Bay access 
No bay access 

Long Island (Breezy Point)d 
No bay access 

Central Long Islande 
Bay access 
Ephemeral pool 
No bay or pool access 

Cape Codr 
Bay access 
No bay access 

CapeCodg 
Bay access 
No bay access 

20 0.69 
12 0.19 

48 0.53 
50 0.15 

153 0.42 

51 0.63 
58 0.79 

8 0.50 

148 0.65 
325 0.70 

42 0.83 
95 0.91 

a Survival = number of broods fledging 2::. 1 chick I number of broods, or number of 
chicks fledged I number of chicks 

b Brood survival, 1986 and 1987 (Patterson et al. 1991) 
c Chick survival, 1988 - 1990 (Loegering and Fraser 1992) 
d Chick survival, 1988 - 1991(Goldin1993) 
e Brood survival, 1992 and 1993 (Elias-Gerken 1994) 
r Chick survival, 1994 and 1995 (this study) 
g Brood survival, 1994 and 1995 (this study) presented to allow comparison with other 

studies 
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APPENDIX A 

HABITAT VARIABLES MEASURED IN THIS STUDY 

The following variables are data identification variables: 

Record nwnber. A unique nwnber for each record. 

Identification. Segment nwnber for random points, pair name for nests. 

Year of observation. (1994, 1995). 

Type of record. (O=random point, 1 =nest). 

Segment nwnber. The nwnber of the 1 km segment that the nest or random point 
occurred in. 

The following variables are categorical data: 

Nesting segment. Denotes the nesting status of the 1 km segment (O=non-nesting, 
1 =nesting). 

Availability. The availability of access to bayside foraging habitat (O=bay access, l=no 
bay access). 

Habitat. The type of habitat the nest or point is situated in (1 =berm, 2=foredune, 
3=washover/blowout, 4=interdune ) . 

ORV. The presence or absence of a public ORV corridor adjacent to the nest or random 
point. 

The following variables are continuous data measured within a 0.5 x 0.5 m 
square centered on each nest or random point: 

Stems. The nwnber of Ammophila stems. 

Other vegetation. Percent cover of non-Ammophila vegetation . 

Debris. Percent cover of debris (wrack, shells, logs, garbage, etc.). 

Sand. Percent cover of sand . 

Gravel. Percent cover of gravel. 
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Cobble. Percent cover of cobble. 

Clay. Percent cover of clay. 

Cover. A cover value derived by adding together the values for stems, other vegetation, 
debris, and cobble (a relative value, not all data are%). 

Nest slope. Percent slope over a 1 m span centered on the nest or point and running 
parallel to the maximum slope at the nest or point. 

Intertidal slope. Percent slope of the intertidal zone from the high tide line 15 m seaward. 

The following variables are continuous data measured by pacing 
along a transect that bisects the nest or point and runs perpendicular 
to the long axis of the beach, beginning at the high tide line and 
extending to the landward limit of the beach, whether it is an estuary, 
coastal bank, or dune with a slope greater than 20°/o: 

Beach width. Total of all habitat widths. 

Berm. Width of the berm with no vegetation (0% cover) along the transect. 

Foredune with no vegetation. Width of the foredune with no vegetation (0% cover) along 
the transect. 

Washover (interdune) with no vegetation. Width of the interdune with no vegetation (0% 
cover) along the transect. 

Sparse vegetation. Width of sparse vegetation (I - 90% cover) along the transect. 

Dense vegetation. Width of dense vegetation(> 90% cover) along the transect. 

Steep. Width of habitat with slope> 20% along the transect. Since random point 
transects stopped at habitat > 20% slope, only nest transects contain this variable. 

The following variables are continuous data measured by pacing the distance 
from the nest or point to the habitat feature mentioned: 

Vegetation. Distance of the nest or point from nearest patch of vegetation 2: I 0 m dia. 

Ocean. Distance of the nest or point from the ocean high tide line. 

Bay. Distance of the nest or point from the bay high tide line. 
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Water. The distance of the nest or point from the nearest water (ocean or bay). 

Nearest neighbor. Distance of the nest or point from the nearest plover nest. For nests, 
only other nests that were active (contained eggs) at the same time were considered 
potential nearest neighbors. For points, all nests found in the same field season were 
considered potential nearest neighbors. 

The following variables are continuous data counted while walking 
the habitat transects. The number of footsteps that fall directly on 
each variable of interest are recorded: 

Wrack. The number of footsteps that fell directly on wrack (seaweed or other dead 
marine or estuarine vegetation). 

Pedestrians. The number of footsteps that fell directly on other pedestrian tracks. 

Vehicles. The number of footsteps that fell directly on vehicle tracks . 

The following variables are continuous data measured by pacing the distance 
from the nest or point to the habitat feature mentioned: 

Access. The distance of the nest or random point from the nearest major pedestrian 
access point (> 50 car parking area), but not more than I 000 m . 
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Variablea 

Constant 
Bay access 
Intertidal (1 )e 
Intertidal (2) 
Intertidal (3) 
Unvegetated (l)e 
Unvegetated (2) 
Unvegetated (3) 
Sparse vegetation 
Pedestrian access 

APPENDIXB 

UNIV ARIA TE LOGISTIC REGRESSION MODELS WITH 
DEPENDENT OUTCOME VARIABLE 1 KM SEGMENT NESTING STATUS 

~b SE(~) lflc 95% C.I. (lfl) Log-likelihood 

0.2231 0.129 -166.932 
-0.8686 0.538 0.420 (0.145,1.21) -165.491 
-0.6286 0.368 0.533 (0.258,1.10) -165.324 
-0.2451 0.391 0.783 (0.362, 1.69) 
-0.2054 0.372 0.814 (0.391, 1.69) 
0.0351 0.362 1.04 (0.508,2.11) -158.975 
0.2978 0.365 1.35 (0.657 ,2. 76) 
1.354 0.399 3.87 (1.76,8.50) 
1.614 0.365 5.02 (2.45, 10.3) -155.100 
0.9140 0.315 2.49 (1.34,4.64) -162.596 

Test 
Statisticd 

2.881 
3.215 

15.914 

23.664 
8.672 

p 

0.090 
0.360 

0.001 

0.000 
0.003 

a Variables considered after collapsing, recoding, or eliminating variables based on frequency of occurrence in observations. 

h ~ = slope coefficient 

c 1f1 = odds ratio 
d Log-likelihood test statistic 
e "Intertidal" and "Unvegetated" are categorical variables created by dividing the original continuous data into quartiles . 
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APPENDIXC 

LOGISTIC REGRESSION EQUATION PREDICTIONS WITH 
DEPENDENT OUTCOME VARIABLE 1 KM SEGMENT NESTING STATUS 

Logistic regression equation predictions of whether 1 km beach segments were used for 
nesting by Piping Plovers at Cape Cod National .Seashore in 1995, based on presence of 
vegetation and proximity of pedestrian access. 

Observed 

n 

Nesting 201 

Non-nesting 42 

Total 243 

Correct 
n % 

122 61 

29 69 

151 62 

Predicted 
Incorrect 
n % 

79 39 

13 31 

92 38 

Logistic regression equation predictions of whether 1 km beach segments were used for 
nesting by Piping Plovers at Cape Cod National Seashore in 1994, based on presence of 
vegetation and proximity of pedestrian access. The predictions are based on an equation 
developed from 243 habitat transects sampled in the study area in 1995. 

Observed Predicted 
Correct Incorrect 

n n % n % 

Nesting 51 29 57 22 43 

Non-nesting 11 9 82 2 18 

Total 62 38 61 24 39 
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Variablea 

Constant 
Bay access 
Vegetation 
Debris 
Slope 
Berm 
Foredune 
Washover 
Unvegetated 
Sparse vegetation 
Water 
ORV corridor 
Pedestrian access 

APPENDIXD 

UNIV ARIA TE LOGISTIC REGRESSION MODELS WITH 
DEPENDENT OUTCOME VARIABLE NEST VERSUS RANDOM POINTS 

~b SE(~) lfrc 95% C.I. ( lfr) Log-likelihood 

-0.8779 0.118 -208.240 
-1.833 0.318 0.160 (0.086,0.299) -190.563 
1.978 0.320 7.23 (3.85,13.6) -187.579 

-0.0044 -0.0105 0.996 (0.975, 1.02) -208.148 
-0.0723 -0.0200 0.930 (0.894,0.967) -200.690 
0.0190 0.0065 1.02 (1.01,1.03) -203.973 
0.4063 0.238 1.50 (0.939,2.40) -206.788 
1.865 0.363 6.46 (3.16,13.2) -193.941 
0.0309 0.0054 1.03 (1.02,1.04) -186.480 
0.0490 0.0102 1.05 (1.03,1.07) -189.701 
0.0534 0.0085 1.05 (1.04,1.07) -179.413 
0.6149 0.258 1.85 (1.11,3.07) -205.442 
0.9792 0.367 2.66 (1.29,5.48) -204.075 

Test 
Statisticd p 

35.353 0.000 
41.322 0.000 

0.183 0.669 
15.099 0.000 
8.533 0.003 
2.903 0.088 

28.598 0.000 
43.518 0.000 
37.078 0.000 
57.654 0.000 

5.596 0.018 
8.330 0.004 

a Variables considered after collapsing, recoding, or eliminating variables based on frequency of occurrence in observations. 

b ~ = slope coefficient 

c 1fr = odds ratio 
d Log-likelihood test statistic 
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APPENDIXE 

LOGISTIC REGRESSION EQUATION PREDICTIONS WITH 
DEPENDENT OUTCOME VARIABLE NESTS VERSUS RANDOM POINTS 

Logistic regression equation predictions of whether areas sampled were Piping Plover 
nests or random points at Cape Cod National Seashore in 1995, based on a model 
developed for macro-habitat selection. 

Observed 

n 

Nests 51 

Random points 293 

Total 344 

Correct 
n % 

38 75 

230 78 

268 78 

Predicted 
Incorrect 
n % 

13 25 

63 22 

76 22 

Logistic regression equation predictions of whether areas sampled were Piping Plover 
nests or random points at Cape Cod National Seashore in 1994, based on a model 
developed for macro-habitat selection. The predictions are based on an equation 
developed from 344 habitat transects sampled in the study area in 1995. 

Observed Predicted 
Correct Incorrect 

n n % n % 

Nests 51 42 82 9 18 

Random points 107 53 50 54 50 

Total 158 95 60 63 40 
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As the nations's principal conservation agency, the Department of the Interior 
has responsibility for most of our nationally owned public lands and natural and 
cultural resources. This includes fostering wise use of our land and water 
resources, protecting our fish and wildlife, preserving the environmental and 
cultural values of our national parks and historical places, and providing for 
enjoyment of life through outdoor recreation. The department assesses our 
energy and mineral resources and works to ensure that their development is in 
the best interests of all our people. The department also promotes the goals of 
the Take Pride in America campaign by encouraging stewardship and citizen 
responsibility of the public lands and promoting citizen participation in their 
care. The department also has a major responsibility for American Indian 
reservation communities and for people who live in island territories under U.S. 
administration. 

NPS D-143 


