SPACING OUT AT MONO LAKE: BREEDING
SUCCESS, NEST DENSITY, AND PREDATION
IN THE SNOWY PLOVER

GARY W. PacGe,! LYNNE E. STeNzEL,! DAvID W. WINKLER,” AND
CHRISTOPHER W. SWARTH?

'Point Reyes Bird Observatory, 4990 Shoreline Highway, Stinson Beach, California 94970 USA,
*Museum of Vertebrate Zoology and Department of Zoology, University of California,
Berkeley, California 94720 USA, and *Department of Biological Sciences,

California State University, Hayward, Hayward, California 94541 USA

ABsTrRACT.—Snowy Plovers (Charadrius alexandrinus) nesting on the exposed lake bed
surrounding Mono Lake, California lose up to 40% of their clutches. Most are destroyed by
predators, predominantly California Gulls (Larus californicus). In 1978 Snowy Plover repro-
duction was estimated at 0.49-0.70 fledged young per female. Population stability was es-
timated to require 0.80 fledged young per female. A series of experiments with artificial
clutches placed at different densities in the nesting area demonstrates that the predators can
have an effect on the plovers’ nesting success that is dependent upon their nest density.
The maintenance of low nesting density is an important antipredator adaptation. We con-
sider predation on clutches and broods to be the major limiting factor on the Snowy Plover
population at Mono Lake. Received 18 January 1982, accepted 27 May 1982.

Many workers have hypothesized that
shorebird mating systems, territorial behavior
and nest-dispersion patterns evolving together
have increased the species’ ability to exploit
food resources or thwart predators, thereby en-
hancing the chances of successful breeding (e.g.
Holmes 1966, 1972; Oring and Knudson 1972;
Graul 1973; Pitelka et al. 1974; Safriel 1975). The
effect of food resources and predators on
shorebird breeding success has largely gone
unmeasured. In fact, few workers have mea-
sured breeding success, because shorebirds’
precocial young are almost impossible to re-
locate after they leave the nest.

Tinbergen et al. (1967) conducted the first ex-
periments demonstrating that the dispersion of
birds’ nests may affect their survival. They
found that the rate at which Carrion Crows
(Corvus corone) took camouflaged, scattered
chicken eggs increased with increasing egg
density. Goransson et al. (1975) exposed cam-
ouflaged dwarf hen eggs to Carrion Crows and
Herring Gulls (Larus argentatus) and obtained
similar results, except when the eggs were in
an area defended by Lapwings (Vanellus va-
nellus), which drove the predators from the area.
Gottfried’s (1978) experiments with imitation
landbird nests in old-field habitat showed no
relationship between the rate of nest loss and
nest density. He suspected that the differences

between his and the previously mentioned ex-
periments may have been related to the types
of predators. Snakes were responsible for most
losses at his study site. The results of these and
other experiments (Andersson and Wiklund
1978) indicate that a wide dispersion of nests
may be the best strategy for birds unable to
defend their nests against visually cued avian
predators.

We have measured breeding success of the
Snowy Plover (Charadrius alexandrinus nivosus)
at several localities in California as part of a
larger study of the species’ breeding status in
the state. Noting a particularly wide spacing of
nests and a high level of nest loss to predators
at Mono Lake, we undertook experiments with
artificial nests to determine the value this wide
spacing might have in reducing the predators’
effects on nesting success.

This paper describes how we estimated
breeding success, how the estimated success
relates to the level of production needed for
maintenance of population size, and how
predators limit nesting success and possibly
regulate the size of the breeding population.

STUDY AREA AND METHODS

Study area.—The study was conducted at Mono
Lake, Mono County, California. This nearly ellipti-
cal, 15-km by 20-km, alkaline lake lies in a closed
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Map of the Mono Lake study site showing the area of experimental plots. HR is High Ridge, UDR

is Upper Drift Ridge, DR is Drift Ridge, and LS is Lake Shore. Numbers above HR are of our reference

stakes.

basin about 1,940 m above sea level at the eastern
base of the Sierra Nevada. The climate is typified by
cold, predominantly dry winters and hot, dry sum-
mers with occasional thunderstorms and high winds.

Our study area is a 6.5- X 1.5-km section of the
northeast shore of the lake (Fig. 1). The terrain con-
sists of old beach ridges and alkaline flats. The three
most prominent ridges, High Ridge (HR), Upper Drift
Ridge (UDR), and Drift Ridge (DR), ran parallel to
the shore 1,400 m, 1,100 m, and 750 m, respectively,
from the water’s edge in 1978. The distances increase
by 30-100 m per year as Mono Lake’s level declines
due to municipal diversions of fresh water from trib-
utary streams. Above UDR the substrate consists of
coarse sand sprinkled with dark-colored basalt peb-
ble. Below UDR it consists of alkali-encrusted sand
overlaid in places by loose drifted sand. The study
area is barren except for an accumulation of drift-
wood along DR and UDR and patchy vegetation con-
sisting of a few scattered greasewood bushes (Sar-
cobatus vermiculatus) and a sparse cover of salt grass
(Distichlis spicata) on a small portion of the gravel
ridges. Rows of 0.3-m-high stakes placed 100 m apart
along the lake shore (LS) and the three prominent
ridges (DR, UDR, HR) provided references for the
locations of birds and nests.

Shallow puddles of brine up to 150 m wide form
along about 2.5 km of the south edge of DR where
water seeps onto the lake bed. Two small springs ap-
proximately 0.5 ha in size occur within 200 m of DR
in the southeastern 1 km of the study area (Fig. 1).

Feeding plovers often congregate at these areas and
at the lake shore.

Few birds and mammals occur in the study area.
Other than the Snowy Plover, the only nesting birds
were a few Horned Larks (Eremophila alpestris) and
an occasional American Avocet (Recurvirostra amer-
icana). A colony of about 40,000 California Gulls (La-
rus californicus) nests on islands in Mono Lake ap-
proximately 7 km southwest of the study plot (Fig.
1). The gulls, a few Common Ravens (Corvus corax)
and coyotes (Canis latrans) often forage in the area.

The study area was almost devoid of human dis-
turbance except for our activities. Two to 6 people
conducted the study from 3 April to 23 September
1978, 2 people from 11 May to 16 August 1979, 1 to
3 people from 30 May to 24 August 1980, and 1 to 4
people from 20 May to 15 August 1981.

Determination of productivity.—Before finding any
nests in 1978, we trapped 22 adult plovers, snaring
them by the feet on strips of noose-covered hardware
mesh placed in feeding areas. Using these mats we
trapped additional adults at their nests: 44 in 1978,
70 in 1980, and 15 in 1981. We gave each bird a unique
combination of two bicolored bands in 1978 and four
unicolored bands in later years. Birds were released
within 5 min of capture.

In 1978, two to four observers each spent at least
5 h almost every day searching for all nests from 0.5
to 3.5 km east of the western boundary of the study
area. From 1979 to 1981 one or two observers located
a sample of nests within this area (hereafter referred
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to as the area of intensive nest search). In 1981 this
area was extended by 1.2 km to the west. In all years
we also located a sample of nests throughout the rest
of the area. In 1978 we marked nests with 0.3-m-high
stakes placed 10 m to the south. Afterwards we
marked nest locations by a variety of naturally oc-
curring objects placed in various directions from 1
to 10 m from the nest. In all years we described each
nest by its distance and direction from the nearest
reference stake, substrate type, and distance to ob-
jects and vegetation.

Most nests with incomplete clutches were checked
daily to determine the laying date of the last egg.
Hatching dates were predicted for these nests based
on the date the last egg was laid and the average 27-
day incubation period (Warriner et al. unpubl.). For
nests found after clutch completion, hatching dates
were estimated using the egg flotation method (Hays
and LeCroy 1971) with data from a coastal Snowy
Plover population. This method was accurate to
within + 3 days.

We checked most clutches at least once every 5
days until about 4 days before the predicted hatching
date, when we normally began checking them one
or two times daily. Nests were considered destroyed
when eggs disappeared well before the projected
hatching date or when remains or predator tracks
were found at the nest site. Destruction dates for
clutches were considered to lie midway between the
date the nest was last known to be active and when
it was first found destroyed, except in a few instances
when the date could be more accurately approxi-
mated by evidence at the nest.

We estimated the number of nests initiated in ear-
ly and late parts of the nesting season using a mod-
ification of Mayfield’s (1961) method. We modified
his technique to take into account the seasonal vari-
ation in clutch hatching rate at Mono Lake (see Re-
sults). The goal of our modification was to estimate
the risk to predation experienced by cohorts of
clutches inititated during each 7-day period
throughout the nesting season. For each 7-day cohort
we considered the block of time from its first date to
its latest potential hatching date. The best estimate
of predation risk is gained by computing the total
number of clutch exposure days (N} and clutches de-
stroyed (D) in this block of time, regardless of the
cohorts to which these clutches belong. Once these
values are computed, calculation of the number of
nesting attempts is straightforward using Mayfield’s
equation: X = Y/(1 — r)*, where X is the number of
nesting attempts, Y is the number of clutches ob-
served to hatch, and r (the quotient D/N) is the daily
per clutch probability of a clutch being destroyed.
The exposure period (egg-laying plus incubation pe-
riods) used in the equation is 31 days. An estimate
of r for the early and late parts of the nesting seasons
is ZD/EN.

We attempted to band all chicks from each nest in

Snowy Plover Breeding Success 15

1978 but not in later years. In 1978 each brood re-
ceived a unique color combination, but we used only
one color combination for all broods in later years.
In all years chicks received a single bicolored band.
In 1978 we expended considerable effort searching
for banded chicks and fledged juveniles. In all years
we searched feeding areas for color-banded adults.

In this paper, clutch-hatching rate is the propor-
tion of clutches hatching at least one chick, and brood-
fledging rate is the proportion of broods fledging at
least one juvenile.

Nest density experiments.—In 1979 we experi-
mented with imitation clutches to study the effect of
predators on the survival of eggs grouped at different
densities. Imitation clutches consisted of three eggs
of the Japanese Quail (Coturnix coturnix) set in shal-
low scrapes. Quail eggs closely resemble those of
Snowy Plovers in size, shape, and color. Clutches
were set out in a grid at coordinate points chosen
from a table of random numbers and were checked
after 5 days. When a clutch was destroyed, we re-
placed it at a new, randomly chosen location in the
grid; if not, we left it for another 5 days. We scattered
groups of imitation clutches at densities of approx-
imately 1, 20, and 40 per 6 ha. One Snowy Plover
nest per 6 ha is the maximum density found at Mono
Lake in 1978, while about 20 nests per 6 ha is the
maximum density reported for any site in California
(Warriner et al. unpubl.). Imitation clutches were set
between the western boundary of the study site and
2.7 km east (Fig. 1), in an area that was being used
simultaneously by nesting plovers. We conducted
seven experiments, varying the spacing of clutches
and number of 5-day trials (see Fig. 4). For the first
two experiments we used 0.3-m-high wooden stakes
to mark the artificial clutches but later switched to
natural markers to avoid possibly assisting predators
in finding nests. In the first six experiments random
placement of clutches did not necessarily result in
the same number of clumped and dispersed clutches
being placed in the six nest-site types described in
the Results. In the final experiment, while grid points
for all clutches were randomly chosen, equal num-
bers of dispersed and clumped clutches were placed
in each of the six nest-site types in each trial to elim-
inate any bias that might arise due to differences in
success of clutches among different types of sites.

REesuLTs
BrEEDING Biorogy

Snowy Plovers do not winter at Mono Lake.
In 1978 we first saw them on 5 April, two days
after we began observations. Egg laying began
about 18 April and continued until 15 July. The
incubation period varied between 25 and 32
days (x = 26.9, n = 9). Earliest clutches hatched
on 21 May and latest on 16 August in 1978. We
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TasLe 1. Causes of nest loss for Snowy Plovers at
Mono Lake.

Year
Cause 1978 1979 1980 1981 Total

Unknown 35 21 4 11 71
Predation by

California Gull 15 3 9 1 28

Common Raven 3 2 1 — 6

Canine 3 1 3 — 7
Human 1 — — — 1
Wind 1 _ = - 1
Desertion 1 3 2 2 8

saw the first fledged chick (juvenile) at Mono
Lake on 6 July 1978 but did not determine
fledging dates of the last chicks.

QOver the 4 yr at Mono Lake, the observed
hatching rate of clutches varied in the inten-
sively searched area from 39.5 to 68.2%. Pred-
ators were responsible for most nest loss. Their
tracks were found at 41 of the 122 nests de-
stroyed during the study; they probably also
took the majority of nests lost to unknown
causes (Table 1). The only evidence predators
left at nests was tracks in the sand, and these
were often blown away before we checked the
nests. At many sites the substrate was too hard
to show any tracks.

At Mono Lake Snowy Plovers nest on rolling
sand-pebble ridges marking old shorelines and
on alkali-encrusted sand flat more recently ex-
posed by the dropping lake. Nests may be in
the open or beside or under an overhanging
object such as a tumbleweed, piece of tufa
(precipitate of calcium carbonate), or drift-
wood. By considering the two substrate types
and three nest positions in relation to an ob-
ject, we identified six nest-site types. A pre-
liminary analysis of data from work still in pro-
gress indicates that there may be differences in
nesting success of birds using different nest-
site types.

In 1978 the observed clutch-hatching rate
varied during the summer, with the highest
rates occurring for early and late nests (Fig. 2).
Observed clutch-hatching rates for nests out-
side the intensively searched area were consis-
tently lower than for those inside (Fig. 2). This
indicates that our activities did not increase
egg loss. With the exception of coyotes, which
were deterred, other predators were indifferent
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to our presence. We spent little time searching
the peripheral area where we probably found
the most conspicuous nests; these were prob-
ably the same ones that predators found most
easily. Thus, variation in our searching effort
may account for the observed differences in
hatching rates between the two areas.

Mayfield (1961) pointed out that observed
hatching rates are usually overestimates of the
true hatching rate, because clutches that are
destroyed and never found are excluded from
the calculations. Using Mayfield’s methods
(1961, 1975), we corrected our estimates of
hatching rates in the intensively searched por-
tion of the study area in 1978. Calculated
hatching rates show the same trend as ob-
served rates; clutches initiated in mid-breed-
ing season have lower hatching rates than those
initiated earlier and later (Fig. 2).

In 1978 the proportion of broods fledging
young was highest for those from clutches ini-
tiated mid-season (Fig. 3). A possible increase
(sample sizes are too small for certainty) in
brood-fledging rate from early to mid-season
parallels the increase in the clutch-hatching rate
of nests being incubated at about the same time
(Fig. 3). Because predators are responsible for
most egg loss, the parallel rates indicate that
they also may be responsible for considerable
brood loss. In 1981 Swarth saw a gull catch and
eat a chick. The distressed reactions and dis-
traction displays of male plovers when gulls
approach their broods are further evidence that
gull predation on chicks may occur regularly.
The possible decline in brood-fledging rate from
mid- to late season is not easily explained by
increased predator activity, because gulls are
migrating from the area at this time. We sus-
pect a waning of parental attentiveness may be
a factor in the late-season decline.

The estimated mean number of chicks fledged
per successful brood in 1978 was 1.64, a figure
derived from the mean number of chicks, 80-
90% adult size, in 22 broods. We assumed that
mortaility was negligible in the short time from
when the chicks reached this size until fledg-
ing.

PrRoDUCTIVITY AND POPULATION
MAINTENANCE

The data on hatching and fledging success
from the intensively searched area can be used
to calculate the productivity of the Snowy Plov-
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Observed and calculated hatching rates of clutches initiated over successive time intervals at

Mono Lake in 1978: calculated rates are plotted weekly, observed rates biweekly (see Table 2). Symbol in
parenthesis indicates a 4-week period grouped to increase sample size. Sample sizes for observed rates are
noted next to symbols. “In” refers to nests within and “out” to nests outside the area of intensive search.

er at Mono Lake in 1978 expressed as number
of young fledged per breeding female. We di-
vided the nesting period into two parts and
assumed, for ease of analysis, that all nests ini-
tiated on 3 June or earlier represented first at-
tempts and that all renesting attempts occurred
thereafter. (Eleven of 12 known renesting at-
tempts were initiated after 3 June.) Using our
modification of Mayfield’s methods and data
presented in Table 2, we estimate that the 46
early- and 65 late-nesting attempts were made
in the intensively searched area. We estimated
the numbers of females making first and sec-
ond nesting attempts in the intensively
searched area during the late period (Table 3).
Based on additional calculations, we estimate
that 0.49 young were produced per nesting fe-
male in 1978 (Table 3).

Using estimates of annual adult (5,) and ju-
venile (S;) survival rates, we can estimate the
mean number of fledged young (Z) that fe-
males should produce to maintain the breeding
population size. We derived S, from resight-
ings of individually marked plovers on Mon-
terey Bay from one breeding season to the next.
There and at Mono Lake, return rates to a spe-

cific breeding site were higher for males than
females (Table 4). The difference in detection
rates between the sexes is considerably less,
however, when birds not returning to their
former breeding sites are taken into account.
We have found some of the alternative sites
frequented by coastal but not by Mono Lake
females; thus, we must use the coastal data for
our calculations. We pooled data for the two
years and sexes, assuming no real difference
between them, and estimate S, to be 0.743 (Ta-
ble 4). This estimate is minimal, as some sur-
viving birds may have gone undetected. The
survival rate for juveniles is based on 14 birds
fledging in 1977 at Point Reyes, Marin County,
California and that (with one exception) win-
tered there in 1977-1978. Nine returned the fol-
lowing winter, so minimal annual survival rate,
S;, equals 0.643. Because juveniles disperse in
summer and fall and often disappear from the
natal area, we were fortunate to obtain any in-
formation on juvenile survival rate. From the
equation Z = 2(1 — §,)/S;, we calculated that
0.80 young per breeding female were required
annually for population maintenance. This
equation assumes that all birds breed every year
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from the summer following their fledging until
death. We know that many do, but whether or
not all do is not known. The more this as-
sumption is violated, the greater our calculated
necessary production level will be an under-
estimate. On the other hand, because resight-
ings of live birds give a minimum estimate of
survivorship, the calculated production level
for population maintenance may be an over-
estimate.

Assuming that our estimated maintenance
requirement level of 0.80 young per female is
reasonably accurate, it is apparent that the 1978
production of 0.49 young per female is not ad-
equate to maintain a stable local population.
This discrepancy may be overestimated, how-
ever, because some female Snowy Plovers
probably breed elsewhere either before or after
their attempt at Mono Lake. This commonly
occurs in females nesting on Monterey Bay. We
can avoid this problem by considering only fe-
males that made both early- and late-nesting
attempts at Mono Lake. From Table 3 we can
calculate that these 30 females produced 21
young [(0.28 X 30) + (0.42 X 30)] for a pro-
duction of 0.70 young per female. This is much
closer to the 0.80 required for population sta-
bility and suggests that second broods must be
produced commonly if this population is
maintaining itself.

DeNsITY-DEPENDENT EFFECTS OF
PREDATION

Imitation clutch experiments.—Factors that di-
minish breeding success of a species can effec-
tively limit breeding population size if the rate
at which success is diminished is sufficiently
high and is positively correlated with breeding
density. Experiments with imitation plover
clutches at Mono Lake in 1979 demonstrate that
predation causes an inverse relation between
clutch survival and nest density. The null hy-
pothesis in all the following experiments is that
there is no difference between survival rates of
nests at different densities. In none of the al-
terations of experimental design did we intro-
duce a bias toward rejection of this null hy-
pothesis. In the first experiment (Fig. 4), pooling
results of the two 5-day trials, we found no
difference between clutch survival rate in nests
dispersed at 1 per 6 ha and those clumped at
20 and 40 per 6 ha (P > 0.1, G-test). Suspecting
that predators were reacting as if there were
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Fig. 3. Seasonal change in brood fledging rate at
Mono Lake in 1978 for broods from clutches initiated
for 2-week intervals by the dates indicated. Calcu-
lated clutch-hatching rates for nests at risk at about
the same time (from Fig. 2) are superimposed and
connected by a broken line.

only one dense concentration of nests, we re-
moved two of the closely spaced groups for the
second experiment, and closely spaced nests
experienced lower survival (Fig. 4). In the third
experiment, with nests marked by natural ob-
jects and only one area of high nest density,
the survival rate was insignificantly higher for
dispersed than for closely spaced nests (P >
0.05, G-test) (Fig. 4). At this point we became
concerned that the high number of nests in the
area might have attracted more gulls than nor-
mally hunt there, reducing all survival rates and
obscuring differences between rates in dis-
persed and closely spaced nest groups. There-
fore, no clutches were placed at high densities
in the fourth experiment to restore the survival
rate throughout the study area to ““normal”
levels. In the last three experiments, closely
spaced and dispersed nests were separated by
300 m (Fig. 4), and survival rates of dispersed
nests were significantly greater than survival
rates of closely spaced nests. This difference is
significant despite a potential bias favoring
higher survivorship in clumped nests, because
these had been moved to an area where no
experiments had previously been conducted,
while dispersed nests remained in the same
area throughout the seven experiments. In each
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TasrLe 3. Calculation of reproductive success in Snowy Plovers at Mono Lake in 1978. We assume that all
early nests were attempted by different females and that we accounted for all nests that hatched.

Early nests Late nests

(before 4 June) (after 3 June)
Calculated nesting attempts (b,) 46 (by) 65
Calculated clutch-hatching rate () 039 0.51
Marked broods fledging one or more young d) 6 15
Broods marked (e) 14 30
Brood-fledging rate (d/e) £ 0.43 0.50
Young fledged per successful brood (g) 164 1.64
Young per nesting attempt (¢ X f X g) (h,) 0.28 (h,) 0.42
Females marked before 4 June i) 32
Marked females definitely renesting Gy 12
Additional marked females probably renesting 9
Renesting rate (j + k)i (0)] 0.66
Total females laying two clutches (b, X 1) (m) 30
Total females laying only an early clutch (b, — m) (n) 16
Total females laying only a late clutch (b, — m) (o) 35
Total females nesting in area (m + n + o) p) 81
Total young fledged (b, X h;) + (b, X hy) (@ 39.8
Young fledged per female (q/p) 0.49

of the four trials for experiment 7, when the
number of nests situated in each of the six nest
types was identical for closely spaced and dis-
persed nests, clutches in dispersed nests had a
higher survival rate than in closely spaced ones.
Survival rates of clutches in dispersed nests ap-
parently were reduced by the presence of as-
sociated groups of closely spaced nests: 58% of
the dispersed nests survived in experiment four
when no sets of closely spaced nests were pres-
ent, compared to only 25% of dispersed nests
in experiments two and three with associated
groups of closely spaced nests (G = 14.02, P <
0.001).

Annual variations in survival rates of plover

clutches provide further evidence that nest sur-
vival is density-dependent. In 1978, before the
experiments with imitation clutches, the ob-
served clutch-hatching rate within the area of
intensive search was 59.5% of 74 clutches,
compared to 39.5% of 43 clutches in 1979, the
year of the experiments. With no experimental
clutches present, the hatching rate of 42 clutch-
es in 1980 was 64.3%, and of 44 clutches in 1981
was 68.2%. The significantly reduced hatching
rate in 1979 (G = 8.60, P < 0.05) probably re-
sulted from increased predator activity due to
the presence of imitation clutches.

Predators’ behavior.—Tinbergen et al. (1967)

TaBLe 4. Minimum annual survival rates of Snowy Plovers. Numbers of marked birds potentially detectable

are in parentheses.

Return to breeding site
in consecutive years

Alive from one breeding
season to the next

Males Females Males Females
Mono Lake 1978-1979 0.778 (18) 0.449 (49)
Monterey Bay 1978-1979 0.750 (16) 0.529 (17) 0.895 (19) 0.727 (22)
Monterey Bay 1979-1980 0.522 (23) 0.292 (24) 0.679 (28) 0.719 (32)
Monterey Bay: both years
combined 0.615 (39) 0.390 (41) 0.766 (47) 0.722 (54)

Monterey Bay: both years
and sexes combined

0.743 (101)
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Fig. 4. Diagrams illustrating the arrangement of plots and results of the experiments with artificial clutch-
es. For all seven plot arrangements, the left-hand (western) edge of the plot of dispersed nests is at reference
stake 1 on our study site. The bar graph below each diagram gives the percentage of nests surviving for 5
days at different densities (see legend). Sample sizes are below each bar. The G-test was used to compare

results.

mention two mechanisms by which avian and (2) by returning repeatedly to the area of
predators can secure a higher proportion of an initial find. Both these mechanisms appear
clumped than scattered nests: (1) by reacting to be involved at Mono Lake, with the ravens
to the discovery of prey with an intensive effort relying on at least the former and the gulls on

around the first find and restricting their search  the latter tactic.

image to the type of prey already discovered; One incident typifies the ravens’ tactics. On
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27 June 1979, Page found, by checking beside
and under driftwood, an unusually high num-
ber of previously undiscovered nests along DR
and UDR. Three weeks later, in another part
of the study area, he encountered raven tracks
on DR. These tracks wove for 500 m between
pieces of wood and led to three destroyed
clutches under driftwood that we had not pre-
viously discovered. It appeared that the raven
had used the same technique that Page had
used successfully 3 weeks before to locate these
nests.

On the few occasions that we saw a gull dis-
cover an imitation clutch, the gull dropped to
the ground and swallowed every egg whole
within a few seconds. After eating the eggs,
the gull wandered about the area briefly, then
flew out of sight. Gulls regularly flew back and
forth over our entire study area, but, in one
location where we had set a dense concentra-
tion of nests early in the experimental period,
we frequently encountered one or two of them
circling. It was our impression that gulls fre-
quented this location more than the study area
as a whole during the time of the experiments.
As the gulls were not marked, we do not know
if the individuals involved had previously tak-
en eggs there. When one gull discovered an
imitation clutch, other gulls quickly landed by
it. This observation indicates a third response
that can lead to a density-dependent effect of
predators on their prey: predators aggregating
at a site where a prey item has been discov-
ered.

The behavior of the third predator, the coy-
ote, cannot be characterized by these three re-
sponses. We suspect that coyotes simply stum-
bled upon plover nests while walking along the
current lakeshore and old lakeshore ridges,
which were their favored routes across our
study site. Many nests were located on these
low ridges.

DiscussioN

Food supply, nest-site availability, and
predators are the environmental factors most
likely to affect the nest density of the Snowy
Plover. We found no evidence that lack of nest-
ing or feeding space was limiting the size of
the breeding plover population at Mono Lake.
The distribution of adequate food supplies un-
doubtedly plays a role in determining the gen-
eral distribution of nesting areas; most feed-
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ing, however, occurs outside the nesting
territory in undefended areas. Because plover
nests occur almost anywhere in open habitat
and nesting territories are frequently separate
from feeding areas, potential nesting territories
are practically unlimited. A few nonbreeding
marked birds are always present in the area,
but these are almost invariably found to be
preparing for or between nesting attempts.
Plovers are known to breed on Monterey Bay
at densities 20 times greater than those at Mono
Lake. Indeed, the nesting density of C. a. al-
exandrinus in western Europe can reach
hundreds of times that at Mono Lake (Ritting-
haus 1975). Thus, space appears to be avail-
able for increased nesting density, and non-
breeding birds are probably not prevented from
nesting at Mono Lake because of limited space.
Most feeding occurs along the shore of Mono
Lake or at seeps on the dry lake bed (Fig. 1),
locations that are up to 1.5 km away from some
nests. Despite the fact that some individuals
can frequently be found in the same feeding
areas, we found no evidence of feeding terri-
tories either at Mono Lake or on the coast
(Warriner et al. unpubl.). Marked individuals
with nests at Mono Lake feed at the seeps and
along the lake shore on the same day or on
consecutive days. They also feed at different
locations along the seeps or the lakeshore. Males
often feed together, and aggressive interac-
tions are infrequent unless males are accom-
panied by a female or a brood. If extremely
high densities of males accompanied by broods
or females occurred along water margins, the
remainder of the plover population might be
excluded from the insect food resource, but
densities were not nearly high enough for this
to happen. Considerable unoccupied feeding
habitat occurs along the seeps and the lake
shore, and plovers are often found roosting,
evidence that individuals are not pressured to
feed continuously.

Like all small shorebirds, the Snowy Plover
cannot defend itself or its nest from predators,
and it must rely on subterfuge rather than de-
fense. Antipredator adaptations include the
cryptic coloration of the adult, eggs, and young,
a skulking retreat from the nest at a predator’s
approach, and extreme mobility and elusive-
ness of the nidifugous young. The placement
of nests beneath objects may also be an anti-
predator adaptation: A preliminary analysis of
our nest site data suggests that nests under ob-
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jects are more likely to survive than exposed
nests. The results of the artificial clutch exper-
iments suggest that, under the conditions oc-
curring at Mono Lake, a plover nesting too close
to other birds will decrease the chances of suc-
cess of its own nest and of its neighbors’ nest.
Thus, one might expect low nesting density to
be maintained through territorial defense by
established pairs and through the avoidance of
high-density nesting by pairs initiating nests.

Social behavior away from feeding areas is
difficult to study at Mono Lake. Such behavior
is limited mainly to the crepuscular hours, per-
haps in response to mid-day heat and preda-
tors. Territorial defense in a coastal population
with a higher density and lower predator ac-
tivity can frequently be observed throughout
the day (Warriner et al. unpubl.). There is a
strong possibility that the low nesting density
at Mono Lake is not the direct result of social
interaction, but merely the consequence of re-
duced population size, the ghost of predators
past.

We have no way of evaluating mortality due
to competition or predation away from the
breeding grounds as a limiting factor, but it is
difficult to imagine that they exert a stronger
deleterious effect on plover numbers than does
the high level of egg and chick predation ob-
served on the breeding grounds. Although we
observed a significant difference in the rate of
nest predation between two levels of nest den-
sity (1 and 20 nests per 6 ha), the question might
be raised as to whether or not a density-de-
pendent relationship exists between smaller
density differences. There is evidence that it
may; when closely spaced nests were removed
in experiment 4 (Fig. 4), leaving only dispersed
nests, the rate of survival of dispersed nests
increased significantly, even though the overall
decrease in artificial nest density, when closely
spaced and dispersed nests are considered col-
lectively, was from about 3 to 1 nest per ha.
Thus, we feel that density-dependent preda-
tion of nests currently limits numbers of Snowy
Plovers at Mono Lake.

Predators affect plover nesting success widely
in western North America. Ravens destroyed
several coastal nests under observation in 1977
at Point Reyes, California (Page and Stenzel
unpubl.); Henderson (pers. comm.) saw a ra-
ven feeding on Snowy Plover and avocet eggs
at Owens Dry Lake, Inyo County, California;
and Wilson (1980) reports that Common Crows
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(Corvus brachyrhynchos) took substantial num-
bers of plover nests in coastal Oregon. In con-
trast to the corvids, gulls’ impact on nesting
plovers appears to be less widespread. They
have taken only 1 of 175 nests followed at Mon-
terey Bay and Point Reyes. During our obser-
vations of these nests, incubating plovers
showed no reaction to gulls overhead but ran
far from the nest as soon as a raven came into
view. This leads us to suspect that the high rate
of gull predation on plover nests at Mono Lake
may be an atypical phenomenon resulting from
the close proximity of a large gull colony.

Mammalian predators also affect nesting
plovers. Coyotes took some nests at Mono Lake
(Table 1) and skunks (Mephitis mephitis and/or
Spilogale putorius) were responsible for consid-
erable plover nest loss at Wilder Beach, Santa
Cruz County, California in 1980 (Bidstrup and
Frederiksen pers. comm.).

Predators are not active in all breeding sites
every year, and productivity levels may vary
annually. For example, in 1977 plovers fledged
about two young per female in a predator-free
environment at Monterey Bay (Warriner et al.
unpubl.). The following year production there
was down to the level reported for Mono Lake,
because many chicks were drowned when high
tides inundated restricted feeding areas. In 1979
production was again low: this time chicks
drowned or were preyed upon by Loggerhead
Shrikes (Lanius ludovicianus). Other factors that
affect plover nesting success on the coast are
accidental and deliberate destruction of nests
by humans and nest losses to strong winds and
high tides.

The impact of predators on the entire west-
ern North American breeding population of the
Snowy Plover is difficult to assess, because there
have been relatively few studies of breeding
success. Although the impact of predators is
dominant in some locations (e.g. the Oregon
coast and Mono Lake), in others (e.g. Monterey
Bay) it is not. Therefore, it appears that an ag-
gregate of factors, with intensities that vary an-
nually and geographically, limits the breeding
success and survivorship of the Snowy Plover
and ultimately the size of its breeding popu-
lation in the West.

ACKNOWLEDGMENTS

This study was funded by the U.S. Fish and Wild-
life Service, The Union Oil Company Foundation,
the Texaco Oil Company, and members of Point Reyes



24 PAGE ET AL.

Bird Observatory. Ralph Widrig, Steven Gellman,
Barbara Swarth, Susan Peaslee, Erica Buhrman, Don-
na Vaiano, Paul Neal, Sharon Goldwasser, Dennis
Parker, John Harris, David Shuford, Stuart Johnson,
John and Ricky Warriner, Stephanie Zeiler, Elliot
Burch, Brett Engstrom, Leslie Smith, Bernadette Al-
len, Greg Caillet, Tom Pogson, Tom Cassidy, Geoff
Geupel, Doug Burgess, Judy Wagner, Kim Sullivan,
Janet Kjelmyr, and Tad Theimer helped with the field
work and Philip Henderson, Carolyn Frederiksen,
and Frances Bidstrup provided valuable observa-
tions. John and Ricky Warriner generously shared
with us their knowledge of Snowy Plovers at Mon-
terey Bay, and Charles Simis provided weather data.
Jan Simis allowed us to camp on her land and ex-
tended to us very warm hospitality while we were
there. David Ainley, Peter Connors, David DeSante,
Marshall Howe, Harriet Huber, Frank Pitelka, and
Chris Ribic provided helpful comments on the
manuscript. We thank these organizations and peo-
ple for their generosity. This is Contribution No. 189
of Point Reyes Bird Observatory.

LiTERATURE CITED

ANDERssON, M., & C. G. WikLunp. 1978. Clump-
ing versus spacing out: experiments on nest pre-
dation in Fieldfares (Turdus pilaris). Anim. Be-
hav. 26: 1207-1212.

GoORANsSsoN, G., J. Karusson, S. G. NiLsson, & S.
Ulfstrand. 1975. Predation on birds’ nests in
relation to antipredator aggression and nest
density: an experimental study. Oikos 26: 117-
120.

GOTTFRIED, B. M. 1978. An experimental analysis
of the interrelationship between nest density and
predation in old field habitats. Wilson Bull. 90:
643—646.

Graur, W. D. 1973. Adaptive aspects of the Moun-

[Auk, Vol. 100

tain Plover social systems. Living Bird 12: 69—
94.

Hays, H., & M. LeCroy. 1971. Field criteria for
determining incubation stage of the Common
Tern. Wilson Bull. 83: 425429.

Houmes, R. T. 1966. Breeding ecology and annual
cycle adaptations of the Red-backed Sandpiper
(Calidris alpina) in northern Alaska. Condor 68:
3-46.

1972. Ecological factors influencing the
breeding season schedule of Western Sandpi-
pers (Calidris mauri) in subarctic Alaska. Amer.
Midl. Natur. 87: 472-491.

MavrieLp, H. F. 1961. Nesting success calculated
from exposure. Wilson Bull. 73: 255-261.

1975. Suggestions for calculating nest suc-
cess. Wilson Bull. 87: 456—466.

ORING, L. W., & M. L. KNuDsoN. 1972. Monogamy
and polyandry in the Spotted Sandpiper. Living
Bird 11: 59-72.

Piteika, F. A, R. T. Houmes, & S. F. MACLEAN.
1974. Ecology and evolution of social organi-
zation in arctic sandpipers. Amer. Zool. 14: 185—
204.

RittINGHAUS, H. 1975. Seeregenpfeifer, Charadrius
alexandrinus alexandrinus. Pp. 205246 in Hand-
buch der Vogel Mitteleuropas, vol. 6 (U. N. Glutz
von Blotzheim, Ed.). Wiesbaden, Akademische
Verlagsgesellschaft.

SarrieL, U. N. 1975. On the significance of clutch
size in nidifugous birds. Ecology 56: 703-708.

TiNBERGEN, N., M. IMPEKOVEN, & D. FrRanck. 1967.
An experiment on spacing-out as a defence
against predation. Behaviour 28: 307-321.

WiLsoN, R. A. 1980. Snowy Plover nesting ecology
on the Oregon coast. Unpublished M.S. thesis.
Corvallis, Oregon, Oregon State Univ.

The American Ornithologists’ Union offers several Marcia Brady Tucker Travel Awards to help defray
expenses of outstanding students wishing to present research papers at the society’s Centennial Meeting
in New York (26 September to 1 October, 1983). To apply, send the following materials to Douglas
Mock, Department of Zoology, University of Oklahoma, Norman, Oklahoma 73019 by 1 May 1983: (i) ex-
panded abstract of the paper (max. 3 pp, typed, double-spaced; to include methods, major results, and
scientific significance), (ii) curriculum vita, (iii) your anticipated budget of expenses, and (iv) a letter of
support from the academic advisor supervising your research (which should be mailed by itself). Please
note that you must provide seven (7) copies of everything, including the letter of support, because each
application is reviewed by the AOU Student Awards Committee’s seven members. Also, be advised
that applying for a MBT Travel Award does not guarantee a place on the Scientific Program—each
student must make arrangements for that as per the instructions given with the Call for Papers
announcement.



