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ABSTRACT.—Despite considerable evidence that juvenile shorebirds experience signifi-
cantly higher annual mortality rates than adults, identification and quantification of the
sources of mortality have received little attention. We found that the proportion of juvenile
Dunlins (Calidris alpina) in the kills of a Merlin (Falco columbarius) one winter at Bolinas
Lagoon, California was greater than the proportion of juveniles in the lagoon’s winter pop-
ulation. This is evidence that raptor predation may be one of the factors contributing to the
age differences in annual mortality rates of shorebirds. We suggest that the greater vulner-
ability of juveniles to predation by the Merlin may be caused by age-related differences in
Dunlin flocking behavior. Received 23 March 1983, accepted 6 September 1983.

STUDIES of the population dynamics of shore-
birds (Charadrii) indicate that, in general, ju-
veniles experience higher annual mortality
rates than adults (Goss-Custard 1980). This dif-
ferential mortality has been reported for a wide
range of European (Boyd 1962 and references
therein) and North American species (e.g.
Holmes 1966, Myers 1980, Page et al. 1983). Al-
though a difference in survivorship between
age-classes appears to be widespread among
shorebird populations, little attention has been
directed toward identifying and quantifying
specific sources of mortality and evaluating
their contribution to this pattern. Heavy mor-
tality among first-year birds is generally
thought to be the result of their relative inex-
perience in dealing with such selective pres-
sures as predation, feeding efficiency, and ex-
tremes in environmental conditions (see
references above); these hypotheses have not
been tested empirically in shorebirds, how-
ever.

Here, we report the results of a study in
which we attempted to determine the extent to
which predators are responsible for age-related
differences in the mortality rates of Dunlins
(Calidris alpina). Specifically, we compare the age
ratio of Dunlins in predator kills with the age
ratio of Dunlins in a population wintering at
Bolinas Lagoon, California in order to evaluate
whether or not the mortality rate due to pre-
dation is higher for juveniles than for adults.

Predation by raptors is one of the major caus-
es of winter mortality for Dunlins at Bolinas

Lagoon, reducing the population by as much
as 21% over a 5-month period (Page and Whit-
acre 1975). Northern Harriers (Circus cyaneus),
American Kestrels (Falco sparverius), Short-eared
Owls (Asio flammeus), Peregrine Falcons (Falco
peregrinus), and Merlins (Falco columbarius) are
among the more frequent predators of small
shorebirds at the lagoon, and attacks by Red-
tailed Hawks (Buteo jamaicensis), Cooper’s
Hawks (Accipiter cooperii), and Great Horned
Owls (Bubo virginianus) also occur occasionally.
We confined our analysis of the effect of pred-
ators on mortality rates to an examination of
Dunlins killed by a female Merlin present at
the lagoon during the fall and winter of 1979-
1980. Merlins are the most significant of the
Dunlins’ diurnal predators at Bolinas Lagoon;
during one winter (1972-1973) a single Merlin
was responsible for approximately half of the
observed predation on Dunlins by all raptors
(Page and Whitacre 1975). Unlike many other
shorebird predators at the lagoon, the Merlin
we studied was relatively predictable in her
hunting patterns. This enabled us regularly to
observe her hunting and eating sandpipers and
to collect the remains from a large portion of
her kills. We were therefore able to base our
examination of age-related mortality rates on
direct observation of the effect of a single,
known predator.

STUDY SITE AND METHODS

Study site.—Bolinas Lagoon is a shallow 570-ha es-
tuary on the central California coast, approximately
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24 km northeast of San Francisco. This study area and
its shorebird population have been described by Page
et al. (1979). It is a major over-wintering site for large
numbers of shorebirds that forage on the expansive
mudflats. Dunlins are present at the lagoon from late
September through early May. During 1979-1980,
Dunlin numbers increased to approximately 2,000 by
November and remained at this level until the onset
of migration in early April (Fig. 1).

Age-composition of the population.—We trapped Dun-
lins at approximately 2-week intervals throughout the
winter in order to determine the ratio of juveniles to
adults in the Bolinas Lagoon population. For each
period, our estimate of the proportion of juveniles in
the lagoon population is derived through direct ex-
trapolation from the age ratio of the corresponding
sample of trapped birds. We captured birds by two
methods and compared the results to evaluate the
possibility that our sampling technique, and there-
fore our population estimates, were biased toward a
particular age-class. Although it is difficult to deter-
mine the nature and extent of biases associated with
different trapping techniques, there is some evidence
(Pienkowski and Dick 1976, Goss-Custard et al. 1981)
that the composition of catches made by mist-nets,
which we used extensively, may be biased in favor
of juveniles. In November and December, we caught
four samples with mist-nets and four with noose-
mats. The mist-nets were positioned at dusk over
channels that the Dunlins followed as they flew into
the salt marsh to roost for the night. The noose-mats
were hidden beneath the sand during the day in areas
where large flocks of Dunlins were feeding or roost-
ing. Noose-mat traps have the advantage of elimi-
nating any age-related differences in flying expertise,
which has been suggested as a reason for the poten-
tial bias associated with the use of mist-nets (Pien-
kowski and Dick 1976). We regressed the proportion
of juveniles in each trapped sample against date for
each method, compared the resultant lines, and found
no statistical differences in either the slopes (P = 0.29)
or the Y-intercepts (P = 0.18). While this evidence
suggests that our estimates of the age structure of the
population were not differentially biased by the two
methods, it does not refute the possibility that both
trapping techniques might be similarly biased to-
ward catching juveniles. However, any bias that re-
sulted in our overestimating the proportion of juve-
niles in the population would only make the
experiment a conservative test of our hypothesis by
making a selective preference by Merlins for juve-
niles more difficult to detect.

Each bird was banded with a unique color combi-
nation for individual recognition and was aged by
plumage characteristics. Birds were considered to be
immature if they had buffy edges on their innermost
tertials or inner middle-wing coverts and adult if
these feathers were white- or grey-tipped. Age can
also be determined by the shape of the outermost
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Fig. 1. Number of Dunlins at Bolinas Lagoon, Oc-

tober 1979-May 1980.

primary, the juvenile feather being more pointed,
worn, and narrower than the more bluntly tipped
feather of the adult. Because this characteristic is more
variable than the first, we tested the reliability of the
primary-shape method by determining the age of
each bird we captured independently by both criteria
and comparing the results. We found that we were
able to age birds by primary feather characteristics
alone with 97% accuracy. Although it was not nec-
essary for aging live birds, we relied heavily on the
feather-shape technique for aging prey from feather
remains, which often did not include the key coverts
(see below).

Age composition of Merlin kills. —A female Merlin
was observed hunting sandpipers at Bolinas Lagoon
between 12 October 1979 and 14 March 1980. The
Merlin generally spent the entire day on the lagoon,
resting or hunting birds on the mudflats by launch-
ing attacks from low perches in the adjacent salt marsh.
Following a successful hunt, she returned to one of
these perches where she ate the entire prey except
for the body feathers and parts of the wings, which
were discarded at the base of the perch. We checked
the Merlin’s perches regularly and collected the
feather remains of any kills we found. We aged all
Dunlin kills in the manner described above, except
for seven for which there were insufficient remains.

Statistical analyses.—We used a multiple linear
regression model to quantify the proportion of ju-
veniles in the population and in the Merlin’s kills
(dependent variables) as a function of period during
the winter season (independent variable). Because our
samples of trapped birds were larger in size than our
samples of prey remains, we used a weighted least
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Fig. 2. Proportion of juvenile Dunlins in the population and in the Merlin’s diet at Bolinas Lagoon in

winter, 1979-1980.

squares analysis (Dixon 1981) to compare the slopes
and Y-intercepts of the two lines. This technique
weights each point in the regression according to its
associated sample size and thus corrects for any in-
equalities in error variance that might exist between
cases. All significance levels presented are for two-
tailed tests.

RESULTS

We caught a total of 218 Dunlins during sev-
en sampling periods spanning the winter sea-
son. During these and four additional periods,
we collected 146 of the Merlin’s prey remains,
73 of which were Dunlins. Of the Dunlin re-
mains, 40% (n = 29) were collected after actual
observation of the Merlin eating the bird. Of
the 73 Dunlin kills, 9% (n =7) were excluded
from our analysis because not enough material
was present to determine age.

We believe that our sample of prey remains
was a good indicator of the Merlin’s diet on
the lagoon throughout the winter. For the win-
ter of 1972-1973, Page and Whitacre (1975) es-
timated that the Merlin at Bolinas Lagoon ate
an average of 2.2 prey per day. Based on this
estimate, our sample of prey remains repre-
sents 43% of the Merlin’s prey for the 155 days
she was known to be on the lagoon.

Figure 2 illustrates the proportion of imma-
ture Dunlins in the total population (Y =
75.19 — 3.26x) and in the Merlin’s diet (Y =
86.67 — 2.08x) at different periods throughout
the winter. As has been previously reported by
Page (1974), juveniles arrive earlier than adults
at Bolinas Lagoon, which accounts for the ini-
tial predominance of immature birds in the
population. The subsequent arrival of adult
Dunlins causes the proportion of young birds
in the population to decrease. The age ratio sta-
bilizes by midwinter, although in Fig. 2 it ap-
pears to continue to decline because of the lin-
ear function used to describe the data.

The relative decline in availability of imma-
ture Dunlins during the winter is reflected in
the Merlin’s diet; yet, a comparison of the two
regression lines reveals that young birds con-
sistently incurred a higher rate of predation
than did adults (comparison of Y-intercepts,
P =0.012; comparison of slopes, P = 0.44). In-
spection of the data for each sampling period
in Fig. 2 shows that during the 28 October-6
November period, the Merlin’s diet included a
substantially lower proportion of juvenile
Dunlins relative to their occurrence in the pop-
ulation than during any other period of the
winter. We are unable to explain this in either
a methodological or biological context and on
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these bases have no reason to exclude the ob-
servation from the data presented here. Statis-
tically, however, it can be demonstrated that
this particular point does not fall within the
confidence interval of the regression line cal-
culated when the point is excluded (P = 0.02;
Snedecor and Cochran 1967: 157). Comparison
of this second line (Y = 103.17 — 3.47x) with
that representing the population composition
shows that they differ significantly (P = 0.006)
in their Y-intercepts.

DISCUSSION

The results of this study indicate that Dunlin
mortality due to predation is age related, ju-
veniles experiencing a higher rate of predation
than adults. Although we examined the diet of
only one predator, we suspect that these results
may apply to other predators as well. An anal-
ysis of kills made by Short-eared Owls during
the study at Bolinas Lagoon also showed a pre-
ponderance of juveniles among the Dunlin re-
mains (73% juveniles, n = 18). More complete
information concerning the hunting methods
and diets of specific predators will be required
before the generality of our results can be as-
certained.

The composition of the Merlin’s diet at var-
ious stages of the winter appears to be deter-
mined, in part, by the relative availability of
adult and juvenile Dunlins on the lagoon, as
evidenced by the nearly parallel decline in the
two regression lines in Fig. 2. Dunlins are
clearly not selected at random from the popu-
lation, however.

Several aspects of the distribution and be-
havior of Dunlins on the lagoon may contrib-
ute to this age difference in vulnerability (Kus
1980, in prep.). Dunlins associate in highly co-
hesive flocks, both on the ground and in the
air. Flocking in Dunlins appears to facilitate
early detection of approaching predators and is
particularly important in thwarting attacks by
the Merlin, whose success in hunting is deter-
mined, in large part, by its ability to surprise
flocks on the ground (Page and Whitacre 1975,
Kus 1980). Additionally, the synchronous ma-
neuvers of airborne flocks appear to hinder the
Merlin’s ability to single out a particular indi-
vidual for attack. Moreover, individual vulner-
ability is inversely related to flock size and is
increased with greater proximity to the flock
periphery (Kus in prep.). Differences between
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age-classes with respect to these determinants
of risk could explain, in part, the high level of
juvenile mortality that we observed in the
present study (Kus unpubl. data). Additionally,
juvenile vulnerability may be enhanced by a
general inexperience in avoiding attacks by
predators. Young birds may fail to respond ap-
propriately to flock alarm calls or may be less
coordinated in maintaining synchrony with the
rest of the flock during an attack, thereby in-
creasing their vulnerability even further.
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