The Auk 111(3):579-587, 1994

NOCTURNAL FORAGING BEHAVIOR OF BREEDING PIPING
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ABSTRACT.—The nocturnal foraging behavior of breeding Piping Plovers (Charadrius mel-
odus) was studied in New Jersey using a focal-animal approach in 1989 and 1990. More than
30% of the variation in the number of plovers foraging at night was explained by stage of
the breeding cycle, tidal stage, and year. The greatest numbers of adult plovers fed in the
intertidal zone during the prenesting and fledgling stages of the breeding cycle. Piping
Plovers were more likely to be observed feeding during late ebb and early flood tides, than
other times. Time devoted to feeding per 2-min sample was similar at each study site but
differed significantly during the tidal stages. Pecking rate was higher during late ebb and
early flood tides than late flood and early ebb tides. Time devoted to being alert varied
depending on stage of the breeding cycle. Prenesting plovers and individuals with fledglings
fed longer and were alert less per 2-min sample than plovers engaged in incubation or brood
rearing. The nocturnal peck rate of Piping Plovers was considerably lower than daytime
levels. Plovers foraging at night had significantly lower peck rates when disturbed. Abun-
dance of intertidal polychaetes varied according to tidal stage and, where present, they
constituted the main food of the plovers. We suggest that nocturnal foraging is a natural
behavior pattern in Piping Plovers although it may vary in intensity. Future management
should include the assessment of nighttime recreational use of beaches where Piping Plovers

breed. Received 31 July 1992, accepted 25 November 1992.

ALTHOUGH SOME BIRDS, such as many species
of owls, are nocturnal, most are diurnal and
perform all their activities during the day. Re-
cently, several researchers have examined the
behavior of shorebirds both during the day and
at night. Night feeding has been documented
in six plover species, including Grey Plovers
(Pluvialis squatarola; Dugan 1981, Pienkowski
1982), Ringed Plovers (Charadrius hiaticula; Pien-
kowski 1982), Piping Plovers (C. melodus; Bur-
ger 1984), Dotterels (C. morinellus; Kalas 1986),
Wilson’s Plovers (C. wilsonia; Robert and McNeil
1989), and Semipalmated Plovers (C. semipal-
matus; Robert and McNeil 1989), as well as sev-
eral other shorebird species (Burger 1984, Goss-
Custard 1984, Robert et al. 1989). However, these
data, with the exception of those in Kalas (1986),
were obtained either during migration or on
the wintering grounds, and there are no quan-
titative studies during the breeding season of
nocturnal behavior of shorebirds. Furthermore,
Cairns (1977) stated that, as darkness falls dur-
ing the breeding season, adult Piping Plovers
(C. melodus) escort chicks to cover or to their
former nesting territories.

Feeding occurs at night during both migra-
tion and winter because energy requirements
are high due to long-distance travel and adverse
weather conditions, and because it is assumed

that shorebirds cannot obtain enough calories
during the short days at these times (Goss-Cus-
tard 1969, 1976, Heppleston 1971, Pienkowski
1981, 1982, Myers and McCaffery 1984, Puttick
1984, Johnson and Baldassarre 1988). This sug-
gests that the long and warm days of spring and
summer afford shorebirds ample time to attend
to all energy needs without feeding at night.
Robert and McNeil (1989), however, showed
that some shorebirds species wintering, or re-
siding year-round in tropical environments,
which are warmer and therefore less energy
demanding environments, fed at night as well.
They suggested that the lack of data on night
foraging in shorebirds was likely due to tech-
nological difficulties associated with night ob-
servation and that night feeding may occur all
year. They suggested, as did Dugan (1981),
Pienkowski (1982) and Townshend et al. (1984),
that increased availability of invertebrate prey
at night may make it advantageous for shore-
birds to forage then. Feeding activity of several
shorebird species is partly a function of tidal
stage (Burger 1984, Burger et al. 1977, Goss-Cus-
tard 1984). The diurnal feeding-activity rhythms
of Piping Plovers during the breeding season
have been linked to tidal factors and human
disturbance (Burger unpubl. data).

Piping Plovers breed in the interior of North
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America, in the Great Lakes region, and along
the Atlantic Coast (AOU 1983, Haig 1985, U.S.
Fish and Wildlife Service 1988). Piping Plovers
typically nest on sparsely vegetated beaches or
inland lake shores (Wilcox 1959, Cairns 1982,
Haig and Oring 1985). Piping Plovers are listed
as threatened and endangered both in the Unit-
ed States and Canada (Sidle 1985, Haig 1985).

Major reasons for the decline of the Atlantic
Coast Piping Plover populations include loss of
habitat, increased predation, and human dis-
turbance (U.S. Fish and Wildlife Service 1988).
Of these factors, the effect of human distur-
bance has received the greatest attention (Flem-
ming et al. 1988, Burger and Gochfeld 1991,
Burger unpubl. data, Goldin pers. comm., Grif-
fin and Melvin pers. comm.). However, all of
these studies were conducted during the day
and focused primarily on adult and chick for-
aging behavior. Since no one has previously
studied Piping Plovers at night, the lack of
nighttime human disturbance data on the birds
is not surprising. Recreationists do not congre-
gate en masse on beaches at night, but they are
nonetheless present. Their activities range from
fishing and camping, to walking, jogging, and
driving off-road vehicles (Strauss 1990).

We report on nighttime observations of Pip-
ing Plovers in New Jersey during the 1989 and
1990 breeding seasons. Our main objectives were
to determine: (1) foraging behavior of Piping
Plovers; (2) effect of tide, study site, and breed-
ing stage on foraging behavior; (3) effect of
nighttime human disturbance on foraging be-
havior; and (4) day and night prey availability.

METHODS

We studied Piping Plovers from 1 April to 15 Au-
gust in 1989 and 1990 at three New Jersey locations:
Brigantine Beach (39°22'30"N, 72°24'30"W), North
Corson’s (39°12'30”N, 74°38'30"W), and Whale Beach
(39°10'30”N, 74°40'W). A fourth study site, Mantolo-
king (40°03'N, 72°40'W), was examined in 1990 only.
All sites were located on barrier beach islands.

Brigantine Beach is 1.0 km north of the center of
Atlantic City. The amount of artificial light emitted
from Atlantic City and the surrounding residences
creates an almost perpetual full-moon effect on the
beach. The major nesting area is on the southernmost
2 km of outer beach (i.e. beach facing ocean), and 1
km of inlet beach (i.e. perpendicular to oceanfront
and facing inlet waters). The width of the beach be-
tween the dunes and the waterline varies between 35
and 120 m depending on the tidal stage. The area
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receives heavy recreational use throughout the sum-
mer. The southernmost 300 m of outer beach is used
by off-road vehicles during the day and night. In 1989
there were 13 nesting pairs of Piping Plovers. In 1990
there were 12 pairs.

North Corson’s is a state park located at the south-
ern tip of Ocean City. The nesting area (the south-
ernmost 2 km of outer beach and 750 m of inlet beach)
receives only minimal artificial light because it is lo-
cated more than 1.5 km from the nearest residential
lighting and over 5.5 km away from concentrated
light sources. The width of the beach between the
dunes and waterline varies between 20 and 200 m
depending on tidal stage. The area receives similar
levels of recreational use as Brigantine Beach, but
much less vehicular use (only park rangers and staff
during the day). In 1989 there were seven nesting
pairs and in 1990 there were six.

Whale Beach is approximately 1.6 km south of North
Corson’s. The nesting area is located entirely on the
outer beach as there is no inlet. The width of the
beach, depending on tidal stage, varies between 30
and 100 m. It receives much less light from artificial
sources than either Brigantine or North Corson’s and
recreational use is also lower. There is no vehicular
use. In 1989 there were 12 nesting pairs and in 1990
there were 9.

The three beaches mentioned above have similar
sloping intertidal zones and similar vegetation. Fur-
ther descriptions can be found in Burger (1991).

Mantoloking is a beach on New Jersey’s northern-
most barrier island. The nesting area is comprised of
2.4 km of outer beach. It receives minimal artificial
light and recreational use. There are no vehicles per-
mitted except those of the beach patrol. The width of
the beach, 10 to 50 m depending on tidal stage, is
much less than any other study site. The slope of the
intertidal zone is greater than 20° which is markedly
different from the other three study sites. There were
seven nesting pairs in 1990.

Each study site was divided into five oceanfront
transects (250 m x 50 m). These transects were estab-
lished prior to the nesting season. Piping Plovers were
observed between 2000 and 0500 EST, three to four
nights a week using a Lenzar light-image intensifier.

The night scope allowed us to observe individual
Piping Plovers from 100 to 120 m away depending
on the amount of artificial and natural light (moon-
light) present. All behaviors normally observed in
full daylight (e.g. feeding, preening, brooding, dis-
traction displays) could be detected and distinguished
from each other. The night scope also made it possible
to distinguish individual Piping Plovers from other
shorebirds of similar shape and size (e.g. Semipal-
mated Plovers C. semipalmatus; Sanderlings, Calidris
alba) from over 100 m.

During each night of observation we gathered two
types of data: (1) abundance and activity; and (2) for-
aging behavior. Abundance and activity data were



July 1994]

used to determine the number of individuals in-
volved in a particular activity over the course of a
night (equivalent to 3 h of observations). We spent 1
h censusing a single transect and three transects were
censused each night. Over the duration of the study
276 h (92 nights) of censuses were conducted.

We also collected data on foraging behavior using
a focal-animal approach (Altmann 1974, Burger un-
publ. data). Once a plover was spotted feeding, its
behavior during a 2-min time trial was recorded onto
aminicassette audio tape. Behaviors recorded for each
2-min trial included: the time spent feeding, alert,
running or flying undisturbed, running or flying with
people or vehicles within 50 m, engaged in conspe-
cific aggression, or engaged in other activities (e.g.
maintenance, loafing); and the number of pecks made
at the substrate. Prior to each sample we recorded the
date, time, temperature, percent cloud cover, moon-
phase, age (adult or chick), and stage of the breeding
cycle.

All data were transcribed onto data sheets. During
the study, 622 2-min foraging trials were conducted
on at least 66 individual Piping Plovers. We distin-
guished four tidal stages: (1) =arly flood tide (the 3 h
following slack low tide); (2) late flood tide (the 3 h
before slack high tide); (3) early ebb tide (the 3 h after
slack high tide); (4) late ebb tide (the 3 h before slack
low tide).

The general temporal stages of the breeding cycle
of Piping Plovers in New Jersey are as follows: pre-
nesting (late March and April); incubation (late April
to early June); with chicks and brood rearing (late
May to early July); with fledgling and postfledgling
(early July to the middle of August; (Wilcox 1959,
U.S. Fish and Wildlife Service 1988). This chronology
does not take renests into account.

Determinations of the stage of the breeding cycle
were made by knowing the approximate locations of
the territories of the pairs in each transect. All nests
were monitored daily or weekly. Thus, we knew the
total number of nests, adults, chicks, and fledglings
over the course of each season at each study site. We
assumed that plovers’ nesting territories were contin-
uous (Cairns 1977, Whyte 1985). We also assumed that
territory size remained unchanged at night, an as-
sumption supported by a study of wintering birds in
arelated species, the Grey Plover (Wood 1986). Piping
Plovers in our study were not banded for two reasons.
First, because they are designated federally as endan-
gered, a banding moratorium is in effect until further
notice. Second, the light-image intensifier was not
sensitive enough, at the distances it was used, to dis-
tinguish band-color combinations.

Prey abundance was determined using 4.0-cm-deep
and 12.5-cm-wide core samples. All samples were ob-
tained from wet or recently wetted intertidal sand.
Cores were taken during May, June, and July of 1990.
On each sampling day, a single tidal stage was sam-
pled from one study site during the day and at night
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(e.g. early ebb tide at Brigantine Beach was sampled
at 1100 and again at 2200). Once all four tidal stages
were sampled from each study site a second set of
core samples were obtained in the same manner. This
resulted in 16 cores from each study site, one-half of
which were taken during the day and half at night.
Furthermore, during each sampling day, one of the
two samples obtained was random and the other was
taken in a nonrandom manner (i.e. from sand directly
beneath where a Piping Plover had been feeding only
moments before). Sampling points were randomized
with respect to study site and transect location.

All samples were sieved through 2.0-mm and later
through 0.6-mm meshes. Invertebrates were counted,
grouped into phyla, and preserved in 70% formal-
dehyde. Organisms were identified to family or order
using a dissecting microscope and field guides (Gos-
ner 1971, 1978).

We calculated means and standard errors for all
variables. Significant differences were determined us-
ing chi-square tests at the 0.05 probability level. Krus-
kal-Wallis tests (yielding an H-value; Sokal and Rohlf
1981) were used to determine significant differences
between groups (e.g. tidal stages, study sites). A mul-
tiple-regression analysis (GLM; SAS Institute 1985)
was performed. All independent variables (e.g.
moonphase, percent cloud cover, tidal stage) were run
singly and as combinations in our attempt to deter-
mine the best model explaining variation in the num-
ber of plovers foraging on a given night. The depen-
dent variable was the number of Piping Plovers
actively foraging during each night.

RESULTS

Abundance and activity censuses.—Overall, 31%
of the variability in the number of plovers feed-
ing on a given night was explained by tidal
stage, stage of the breeding cycle, and year (Ta-
ble 1). These variables in combination also ex-
plain the most variation when each study site
is examined separately (Table 1). At Mantolo-
king, however, the number of plovers feeding
at night is associated with breeding stage and
not with tidal stage. On the remaining sites
during both years, there was a greater proba-
bility of observing foraging plovers during early
flood and late ebb tides than during late flood
and early ebb tides (Fig. 1). Although feeding
on the intertidal zone did occur during late flood
and early ebb tides, most of the plovers ob-
served during these tidal stages were engaged
in maintenance activities (preening).

We also examined the number of adult plov-
ers feeding per night as a function of stage of
the breeding cycle. In each year and over the
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TABLE 1.
site and over entire study.
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Factors contributing to variation in number of adult Piping Plovers feeding at night at each study

Brigantine Mantoloking North Corson’s ~ Whale Beach All Sites
Model
F 21.30*** 7.80* 15.80*** 23.90*** 29.10***
R? 0.38 0.08 0.16 0.31 0.31
Variables entered

Year ns —b ns 6.7* 8.1*
Breeding stage 14.5*** 6.1%** 10.2*** 17.6*** 57.7***
Tidal stage 27.1*** ns 9.9** 26.7*** 26.7%**

“ns, P > 0.05; %, P < 0.05 ** P> 0.01;***, P < 0.001.
* Not applicable. Data only collected for one year.

course of the study, more plovers were observed
feeding during the early (prenesting) and late
(with fledglings) stages of the breeding cycle
(Table 2).

We found 66 breeding pairs over the course
of this study (32 in 1989 and 34 in 1990) that
had feeding territories extending into the tran-
sect areas. We recorded 2-min foraging trials
for at least one member of every pair during
each season.

Feeding behavior.—Piping Plover foraging tri-
als during the 2-min focal observations were
divided into two categories: foraging trials free
of human-related disturbances; and trials when
birds were disturbed.

At the four study sites for both years com-
bined, adult plovers foraging without distur-
bance spent almost identical amounts of the
2-min trials feeding. Although the proportion
of time spent feeding was not significantly dif-
ferent across the study sites, the peck rate was
different (H = 17.5, P < 0.0006). Plovers on
Brigantine and Whale Beach had pecking rates

W BRIGANTINE Bl NORTHOORSONS
B MANTOLOKNG 1 WHALEBEACH
100
804 =
g = L
N £ = £
E 604 = = =
3 = H = =
) = H = =
= = H = =
o “1 = = = =
& = = = =
o = = E =
»{ 5 = = =
EARLYFLOOD  LATEROOD  EARLYEBB LATE EBB
TIDAL STAGE
Fig. 1. Probability of observing at least one adult

Piping Plover feeding per hour at night as function
of tidal stage.

approximately 22% and 33% higher than plov-
ers on North Corson’s and Mantoloking. No
other behaviors differed significantly between
study sites.

Piping Plovers devoted significantly differ-
ent proportions of time to foraging depending
on tidal stage (H = 24.0, P < 0.0001; Table 3).
The number of pecks per 2-min trial was also
significantly different during these times (H =
61.5, P < 0.0001). Plovers made 31% more pecks
during early flood and late ebb tides than dur-
ing early ebb and late flood tides. No other
behaviors differed significantly during tidal
stages.

Plovers also exhibited variation in their for-
aging behavior over the course of the breeding
cycle (Table 4). Plovers fed for significantly
greater proportions of the 2-min trials during
the prenesting and fledgling stages of the cycle
than during incubation or brood rearing (H =
9.8 P < 0.02). Peck rates also were significantly
greater during the prenesting and fledgling
stages (Table 4). Plovers were significantly more
alert during the incubation and brood rearing
stages than during the prenesting or fledgling
stages. No other behaviors were significantly
different over the course of the breeding cycle.

Feeding cycle and human disturbance.—For both
years combined, foraging behavior per 2-min
trial was significantly different for disturbed
plovers than for those not disturbed (Table 5).
Overall, plovers fed longer (H = 89.6, P < 0.001)
and made more pecks (H = 26.5, P < 0.0001)
per 2-min trial when foraging undisturbed.
Plovers disturbed while foraging spent signif-
icantly less time in conspecific aggression than
when foraging undisturbed (H = 4.1, P < 0.04).
Disturbed plovers also spent 25% of the 2-min
foraging trial running or flying from human
related disturbance. This represents a 30-fold
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TABLE 2. Average number of adult Piping Plovers (+SE with n in parentheses) in intertidal zone as function

of stage of breeding cycle.

Breeding stage 1989

1990 Total

Prenesting 3.40 + 0.31 (18)
Incubation 1.85 + 0.33 (18)
Brood rearing 213 + 0.16 (48)
Fledgling 5.00 = 0.33 (48)

3.10 + 0.32 (24)
1.73 + 0.20 (24)
2.37 + 0.09 (48)
4.10 + 0.22 (48)

3.22 + 0.22 (42)
1.78 + 0.18 (42)
2.25 + 0.08 (96)
4.55 + 0.24 (96)

increase from undisturbed plovers that were
not forced to run or fly from disturbances at all
(Table 5).

Prey abundance.—Most of the prey species col-
lected and identified from core samples were
from a single family of bivalve (Donacidae),
polychaete (Spionidae), or crustacean (Hippi-
dae). Several families of gammarid amphipods
also were represented. Although the abundance
of these organisms varied with respect to tide,
and there were some differences between day-
time and nighttime samples, the only regular
pattern of variation occurred in the polychaetes
(Table 6). Their abundance was higher during
early flood and late ebb tides compared to the
other tidal stages, both during the day and at
night. Also, nonrandom samples contained sig-
nificantly greater numbers of polychaetes than
did the random samples regardless of tidal stage
(i.e. there were more polychaetes where plovers
were foraging than where they were not).

DISCUSSION

Since breeding stage and tidal stage were im-
portant in statistically explaining variations in
both abundance and frequency of night for-
aging, we discuss each factor separately. Each
breeding stage is discussed within the context
of the breeding cycle as a whole.

Breeding cycle.—The number of Piping Plov-
ers observed and the behavior of Piping Plovers
foraging at night were strongly associated with
particular stages of the breeding cycle. Foraging
Piping Plovers were more numerous at night
on the intertidal zone during the prenesting
and fledgling stages of their breeding cycle than
during either of the other two stages (incuba-
tion and brood rearing). Also, the proportion
of each 2-min trial devoted to feeding, and the
peck rate were significantly greater during these
stages while the time spent alert was signifi-
cantly less (Table 4). This general pattern was
observed on all study sites except Mantoloking.
Walters (1984) found similar results, with re-
spect to time feeding during the day through-
out the breeding season, in four species of lap-
wings (Vanellus). This seasonal pattern appears
to be driven by parental constraints imposed by
certain stages of the breeding cycle (Walters
1984, this study).

During the prenesting stage Piping Plovers,
and shorebirds in general, devote time to es-
tablishing territories and mating. Consequent-
ly, individuals do not spend long hours at the
nest site and are free to spend more time feed-
ing and less time being alert. Furthermore, dur-
ing the prenesting phase, females must obtain
enough energy reserves to produce a clutch of
four eggs (Welty and Baptista 1988). Although

TaBLE 3. Comparison of nocturnally foraging adult Piping Plovers during each tidal stage. Each sample was

2-min focal observation (¥ + SE).

Tidal stage

Early flood Late flood Early ebb Late ebb H:
No. samples 139 62 114 220
Time spent (s)
Feeding 90.5 = 215 80.3 + 3.82 78.2 + 2.86 92.5 + 0.83 24.0%**
Alert 71 £ 131 7.8 £ 1.65 10.7 + 1.59 59 + 0.89 ns
No. pecks 20.1 = 096 13.2 = 1.07 14.7 + 0.85 20.6 + 9.03 61.5%**

*ns, P > 0.05; ***, P < 0.001. Kruskal-Wallis H-test for differences in proportion of time.
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TABLE 4. Comparison of nocturnally foraging adult Piping Plovers during each stage of breeding cycle (x

* SE).
Stage of breeding cycle
Prenesting Incubation Brood rearing Fledgling H:

No. samples 45 130 141 100
Time spent (s)

Feeding 91.6 + 2.60 83.8 + 2.59 82.8 + 2.48 92.7 = 3.01 9.8*%

Alert 5.0 + 1.56 9.9 + 1.33 135+ 175 23 + 1.08 311
No. pecks 18.7 = 1.03 16.5 + 0.86 159 £ 0.74 21.2 + 093 51.5%**

°*, P < 0.05; ***, P < 0.001. Kruskal-Wallis H-test for differences in proportion of time.

not verified, this increased requirement for food
may have resulted in an increased number of
females foraging at night.

The onset of egg laying brings increased pa-
rental care in the form of incubation duties, and
it appears to decrease the abundance of Piping
Plovers feeding nocturnally in the intertidal
zone. This follows, since only one bird per pair
is free to be foraging at any one time, since the
other is incubating. We found a 46% decline in
the number of plovers feeding at night during
the incubation stage compared to the prenest-
ing stage of the cycle. With respect to the plov-
ers’ foraging behavior during the incubation
stage, individuals on average spent 9% less time
feeding and 50% more time being alert than in
the prenesting stage.

After the hatching of young, the time plovers
spent being alert during each 2-min foraging
trial increased by 33% over that exhibited dur-
ing incubation. Since we perceived no increase
in either the number of humans or predators
during this stage of the breeding cycle com-
pared to the other stages, we assumed that the
nonbrooding member of a pair is contributing

to the parental care effort from a distance. Bur-
ger (1991) suggested that, during the day, Pip-
ing Plover pairs exhibit a pattern of alertness
and vigilance during their breeding cycle. Both
members of a pair monitor each other’s behav-
ior, even though they seemingly are incubating
or feeding (Walter 1984, Burger 1991, this study).
Being more alert at certain times during the
cycle, especially during incubation and brood-
ing, may allow for a quicker response when
mates need assistance.

During the final stage, when pairs have fledg-
lings and postfledglings, the number of adult
plovers feeding at night more than doubled from
that of the preceding two stages and reached a
level slightly above that observed during the
prenesting stage. Furthermore, time spent feed-
ing per 2-min trial increased by 11% and the
time alert decreased by 60% over that observed
during the brood rearing stage. We link this
change in behavior to the reduction of parental
care that is associated with the fledgling and
postfledgling stages of the breeding cycle, as
well as to staging-up for the coming migration.

Tidal factors and prey abundance.—Many abi-

TaBLE5. Comparison of nocturnally foraging adult Piping Plovers when foraging undisturbed, and disturbed

by human-related activities (¥ + SE).

Undisturbed Disturbed H:
No. samples 534 88
Time spent (s)
Feeding 88.1 = 1.19 56.3 + 1.04 89.6%**
Alert 7.5+ 0.08 9.4 + 047 ns
Running undisturbed 13.1 = 0.24 16.5 + 0.88 ns
Running disturbed 0.0 %00 30.1 £ 2.16 —°
Conspecific aggression 6.3 = 0.17 32+ 074 4.1%
Other activities 3.8+ 012 3.6 + 0.31 ns
No. pecks 18.6 + 1.47 13.5 +£ 0.96 26.5%**

*ns, P > 0.05;*, P < 0.05; ***, P < 0.001. Kruskal-Wallis H-test for differences in proportion of time.

* Not applicable. Zero data cannot be used for statistical comparison.
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TABLE 6. Comparison of invertebrate abundance (individuals per core sample) during each tidal stage (¥ &

SE).
Tidal stage
Early flood Late flood Early ebb Late ebb

Night
Bivalves 13.1 + 109 44.0 + 35.2 10.0 + 8.25 344 + 277
Polychaetes 223 + 134 45 + 6.6 34 +52 44.6 + 32.8
Amphipods and mole crabs 494 = 9.6 326 + 11.0 51.3 + 304 498 + 21.6

Day
Bivalves 26.6 = 13.9 16.4 = 10.4 170+ 78 21.8 £ 16.5
Polychaetes 333 + 221 28 + 35 65+ 7.1 426 + 299
Amphipods and mole crabs 66.1 + 38.4 358 + 12.1 53.1 + 289 48.6 + 22.7

otic factors affect shorebird nocturnal behavior
including shortened daylength (Goss-Custard
1969, Heppleston 1971, Pienkowski 1981, Put-
tick 1984), moonphase (Ralph 1956, Hale 1980,
Milsom 1984), bioluminescence (Robert et al.
1989), tidal cycle (Dugan 1981, Robert et al. 1989),
and human disturbance (Burger and Gochfeld
1991). These factors have emerged from studies
of migrating or wintering shorebirds and only
Robert et al. (1989), Burger and Gochfeld (1991),
and Morrier and McNeil (1991) used night-
vision equipment to observe and quantify
shorebird behavior.

Our results suggest that during the breeding
season the behavior of Piping Plovers, and pos-
sibly many other shorebirds, is strongly influ-
enced by tide, regardless of the time of day.
Furthermore, in light of this study and others
(Burger 1984, Johnson and Baldassarre 1988) it
is becoming increasingly apparent that the be-
havior of Piping Plovers is strongly influenced
by tidal factors during all stages of their annual
cycle. We observed that adult plovers spent sig-
nificantly different proportions of each 2-min
trial feeding depending on tidal stage. They
spent the longest proportions of time feeding
and exhibited the highest peck rates during ear-
ly flood and late ebb tides (Table 3). This peck
rate pattern is similar to the pattern of success
rate observed in the Common Redshank (Tringa
totanus); Goss-Custard 1976). The pattern of
abundance (Fig. 1) was similar to that observed
by Burger et al. (1977) for migrating shorebirds
feeding on mudflats, but not on outer beaches.
This habitat difference may be in response to
many factors including temporal factors, prey
abundance, prey preference, or prey availabil-
ity at different times of the annual cycle.

The majority of information about the prey

items of Piping Plovers is observational. In gen-
eral Piping Plovers eat marine worms (poly-
chaetes), insects, crustaceans, and mollusks (Bent
1929, Palmer 1967, Cairns 1977, Whyte 1985).
What Piping Plovers actually eat or prefer to
eat, however, has not been determined and un-
doubtedly depends upon where the bird is
feeding (locally throughout its range). The prey
sampling results from our 1990 season indicate
that the prey base of Piping Plovers is limited
to members of a few marine invertebrate fam-
ilies (Table 6). Furthermore, there were no sig-
nificant differences in overall prey abundance
as a function of day or night. These results con-
tradict reports that many shorebirds feed at night
because of greater prey abundance or greater
biomass of certain invertebrates, especially
polychaetes (Dugan 1981). However, in our
study we did not determine the biomass of in-
vertebrates.

" Polychaetes were the only prey to exhibit a
distinct pattern with respect to their abundance
and stage of the tidal cycle. Polychaete abun-
dance was highest in samples taken during ear-
ly flood and late ebb tides compared to the other
tidal stages (Table 6). Moreover, polychaete
abundance from the nonrandom samples was
higher than that obtained from the random ones,
regardless of tidal stage. This indicates that
polychaete abundance is highest where plovers
are feeding. These results suggest that, during
the breeding season on outer beaches where
intertidal polychaetes are present, polychaetes
are the plovers’ major food source. We make
this suggestion because polychaetes are not
ubiquitous (Gosner 1971, 1978). This was ap-
parent from sampling the intertidal at Manto-
loking where we collected only 12 individual
polychaetes from 16 core samples. Bivalve
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abundance was similarly low. Gammarid am-
phipod and mole crab (Emerita talpoida) indi-
viduals dominated these samples and, thus, seem
to be the major food item at that site.

Comparisons to a daytime foraging study.—We
compared the results of this foraging study with
those of a daytime study conducted on Piping
Plovers at the same sites (Burger unpubl. data).
In general, plovers spent equivalent propor-
tions of time feeding per 2-min trial (day, 71%;
night, 73%). However, as expected for a species
foraging visually, the peck rate dropped con-
siderably at night (Pienkowski 1982). Indeed, it
was almost halved (day, 34.1 pecks/2 min; night
18.6 pecks/2 min). There was a similar pattern
at night (this study) and during the day (Burger
unpubl. data) in the time plovers devoted to
feeding as a function of stage of the breeding
cycle. In both studies plovers spent more time
per 2-min trial feeding during the prenesting
and fledgling stages than during incubation and
brood rearing periods of the cycle.

Human disturbance.—The effect of human dis-
turbance on foraging behavior has been the fo-
cus of several recent Piping Plover studies
(Flemming et al. 1988, Maclvor et al. 1990, Bur-
ger and Gochfeld 1991, Griffin and Melvin pers.
comm.). Data from our study shows that the
foraging behavior of Piping Plovers when dis-
turbed was significantly different than when
foraging undisturbed at night (Table 5).

People on the beach pose both direct and
indirect threats to breeding Piping Plovers (U.S.
Fish and Wildlife Service 1988). The distur-
bances observed in this study were indirect (i.e.
walking, jogging). There was a 36% decrease in
the time devoted to feeding and a greater than
27% decline in the peck rate as a result of these
human activities. Such a decline over the course
of the breeding season could be a negative fac-
tor affecting individual health and subsequent
success of plover pairs and their offspring. Hu-
man activities on many beaches during the day
impose strong negative impacts on Piping Plov-
ers foraging behavior (Burger 1991, Goldin pers.
comm.). Because beaches and, therefore, for-
aging areas preferred by plovers (intertidal zone,
wrackline) often receive heavy recreational use
during the day, feeding at night may be a fea-
sible alternative for plovers to exploit these pre-
ferred habitats.

Although undisturbed plovers in this study
showed almost a 45% reduction in their peck
rate from that observed during the day, it is
possible that this is better-quality foraging time.
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That is, in the absence of large numbers of
beachgoers at night, foraging plovers may en-
gage in very long bouts of uninterrupted feed-
ing. However, disturbance at night reduces the
peck rate by more than 61% of the daytime level.
In this regard, any disturbance at night may be
too much.

Conclusions.—Piping Plovers foraged noctur-
nally at all four study sites suggesting that it is
a usual occurrence. The data also support sug-
gestions by Robert and McNeil (1989) and Mozr-
rier and McNeil (1991) that nocturnal foraging
in shorebirds is a natural habit. We suggest that
nocturnal foraging in Piping Plovers is an in-
tegral part of their foraging strategy. Future
management of this species should include the
assessment of nighttime recreational use on
beaches where it breeds.
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