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Abstract. In species of birds with biparental care, each sex may have its own energy requirements and/or
schedule for feeding, possibly leading the sexes to differ in foraging strategy. In estuaries, shorebirds such as the
Kentish Plover (Charadrius alexandrinus alexandrinus) may forage on intertidal mudflats and in adjacent su-
pratidal habitats during winter as well as during the breeding season. In this study, we analyzed the diet, use of
foraging habitat, food-intake rate (biomass ingested per unit time), and time allocated to foraging by male and
female Kentish Plovers at both seasons in an estuary near Cadiz, Spain, where intertidal mudflats and adjacent
salt works are the main habitats for foraging. The plovers’ main prey was the ragworm (Nereis diversicolor), an
intertidal polychaete that supplied more than 80% of the biomass consumed at each season. During the breeding
season, both sexes increased their intake rate and decreased their daylight foraging time. By increasing the diurnal
intake rate during the breeding season, the birds minimized their time spent foraging on the intertidal mudflats,
allowing them to maximize the time for activities associated with breeding in the adjacent salt works. Therefore,
the plovers solved the conflict between foraging on the mudflats and breeding in the salt works by shortening the
foraging time on the mudflats, minimizing time away from the nesting areas. The sexes differed in the daylight
time allocated to foraging, with females spending 2 hr less on foraging and concentrating their feeding activity
into the central hours of low tide.

Key words: Charadrius alexandrinus, foraging, habitat use, intake rate, saltworks, sex difference, Kentish
Plover, shorebirds.

Diferencias Estacionales Relacionadas con el Sexo en la Estrategia de Alimentacion
de Charadrius alexandrinus

Resumen. En especies de aves con cuidado biparental, cada sexo puede tener sus propios requerimientos de
energia y/o esquema de tiempo para la alimentacion, lo cual podria conducir a diferencias en las estrategias de
alimentacion entre ambos sexos. En los estuarios, las especies de playeros como Charadrius alexandrinus pueden
forrajear en fangos intermareales y en habitats supramareales adyacentes tanto durante el invierno asi como du-
rante la época reproductiva. Aqui, analizamos la dieta, el uso de habitat de forrajeo, la tasa de ingestion (biomasa
ingerida por unidad de tiempo) y el tiempo dedicado al forrajeo por el macho y la hembra de C. alexandrinus du-
rante ambas temporadas en una zona estuarina donde los fangos intermareales y las salinas adyacentes son las
principales areas de alimentacion. La principal presa para C. alexandrinus fue un poliqueto (Nereis diversicolor),
una presa intermareal que suplio mas del 80% de la biomasa consumida en cada estacion. Ambos sexos incremen-
taron sus tasas de alimentacion durante la época reproductiva, y disminuyeron sus tiempos diurnos de forrajeo. Por
el incremento de la tasa de ingestion durante la época reproductiva, las aves minimizaron el tiempo que pasaron
en los fangos intermareales, lo que les permitié maximizar el tiempo dedicado a las actividades de reproduccion
en las salinas adyacentes. Por lo tanto, el conflicto entre alimentarse en los fangos versus el desarrollo de las ac-
tividades de reproduccion (en las salinas), fue resuelto acortando el tiempo en los fangos, minimizando el tiempo
fuera de las zonas de nidada. Hubo diferencias relacionadas con el sexo en el tiempo diurno dedicado al forrajeo:
las hembras dedicaron dos horas menos a la alimentacion y concentraron su actividad de alimentacion en las horas
centrales de la marea baja.
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SEASONAL VARIATION IN THE KENTISH PLOVER’S FORAGING STRATEGY

INTRODUCTION

Different behaviors require time and/or energy and cannot be
carried out simultaneously. This conflict may lead to trade-
offs among different activities. For instance, feeding is not
compatible with any other energy-demanding activity (Cuthill
and Houston 1997). Such trade-offs are likely to be more ap-
parent during the breeding season, when resource allocation
can affect fecundity, survival, and time devoted to reproduc-
tion strongly (Sibly and Calow 1986, Williams 1996). In many
species of birds, successful breeding requires biparental care.
In these species, both parents spend a substantial fraction of
each day on the nest, reducing the time available for forag-
ing. During incubation, extended absences from the nest may
result in changes in egg temperatures that can affect embryo
development negatively (Webb 1987, Amat and Masero 2007)
as well as increase the time of exposure to predators (Tulp and
Schekkerman 2006). Therefore, the two sexes should not for-
age at the same time so that the nest can be almost continu-
ously attended by an adult.

Many migratory shorebirds (Charadrii) rely on intertidal
habitats for foraging during both the winter and the breeding
season. Owing to their small size and their high mass-specific
metabolic rates, shorebirds have a limited capacity to store en-
ergy before the onset of breeding and are therefore obliged to
feed during incubation (Tulp and Schekkerman 2006). The
intertidal habitat is available for only part of each day, and
during the breeding season males and females must alternate
leaving the nest for the intertidal areas to satisfy their require-
ments for both food and nest attendance. Nonetheless, sea-
sonal differences in shorebirds’ foraging behavior have been
studied only infrequently (Durrell 2001).

The Kentish/Snowy Plover (Charadrius alexandrinus)is a
migratory shorebird with biparental incubation, females incu-
bating by day, males by night (Warriner et al. 1986, Fraga and
Amat 1996). In estuaries, it can feed in intertidal mudflats as
well as in adjacent supratidal habitats (Piersma 1996, Masero
et al. 2000). In this study we compared the foraging strategies
of male and female Kentish Plovers in the winter and breeding
season in an estuary in which intertidal mudfiats and adjacent
saltworks (salinas or saltpans) are the main foraging grounds
(Masero et al. 2000, Castro 2001). Because the Kentish Plo-
ver can nest only in the supratidal habitat, we expected an in-
crease during the breeding season in the use of saltworks for
foraging as a result of, for example, territorial behavior. The
foraging behavior of typical plovers is highly stereotyped, and
short-billed species such as the Kentish Plover all forage visu-
ally in a run—stop—search manner (Masero et al. 2007). The en-
ergetic demands of breeding Kentish Plovers may differ by sex,
explaining differences in foraging patterns. However, Amat et
al. (2000) found no changes in body mass during incubation
and early chick rearing of either males or females, and neither
did they find sex-related differences in the energetic costs of in-
cubation. Nevertheless, different roles during reproduction may

625

still lead to differences between the sexes in patterns of forag-
ing. Because females incubate by day and males by night, we
expected sexual differences in patterns of habitat use, diet, in-
take rate (biomass ingested per unit time), and time allocated to
feeding during the breeding season.

In both Europe and the Americas Charadrius alexandri-
nus is suffering sharp population declines (Brown et al. 2000,
Delany and Scott 2006), and many initiatives to halt this de-
cline have involved habitat-restoration plans (Laferty et al.
2006). Because populations of migratory birds can be influ-
enced by events during winter, migration, or breeding (Sil-
let et al. 2000), effective shorebird conservation requires an
understanding of when and how populations are limited and
regulated (Skagen 2006). In this context, intake rate is used
by modelers to estimate energy budgets, predator—prey inter-
actions, the quality of feeding grounds, and other factors that
may affect fitness, such as the risk of being taken by a preda-
tor, and food-related reproductive success (Goss-Custard et
al. 2006). Accordingly, our results for seasonal variation in in-
take rate may bear significantly on the success of conservation
plans for C. alexandrinus.

METHODS

STUDY SITE

We chose an industrial saltworks of 400 ha in the north of
Cadiz Bay Natural Park (36° 23’ N, 6° 8" W), southwestern
Spain, as the study area, together with 20-30 ha of adjacent
intertidal mudflats at a distance of 50-800 m (Fig. 1). About
400 Kentish Plovers regularly winter in this saltworks, while
during breeding there are about 120 individuals (Masero et
al. 2000, this study). The intertidal mudfiats are exposed (i.e.,
available for shorebirds) for 7-9 hr daily (semidiurnal tides).
The study area (saltworks and adjacent intertidal mud-
flats) is surrounded by anthropogenic habitats unsuitable for
shorebirds, thus constituting an isolated wetland in the north
of Cadiz Bay (Fig. 1). Overall, the study area functions as a
closed system for overwintering shorebirds. Small shorebirds
such as the Kentish Plover rest at high tide in the saltworks
and forage in the adjacent intertidal mudflats at low tide, with
no apparent movements between this isolated wetland and the
rest of the bay throughout the winter (Hortas 1997, Masero
et.al. 2000, Masero et al. 2001). At Cadiz Bay, Kentish Plovers
have been banded since 1994 with both metal and color bands
(e.g., Pérez-Hurtado et al. 1994, Torija 2005). During our
study, 36% of the Kentish Plovers breeding in the study area
were color-banded (pers. obs.), and we noted that at least 44%
of these color-banded Kentish Plovers breeding in the salt-
works had wintered in the same area previously (pers. obs.).
Sex recognition was possible in most cases by plumage
dimorphism (males have a black bar on the front of their fore-
heads, females do not; see Hayman et al. 1995 for plumage de-
scriptions). We could distinguish the sexes ~86% of the time
even in winter when the plumage is more cryptic (Table 1).
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FIGURE 1.

Study area, showing intertidal mudfiats (intertidal channel) and adjacent saltworks (supratidal area). The study area consti-

tutes an isolated wetland in the north of Cadiz Bay, southwestern Spain.

USE OF FORAGING HABITAT

Our field observations extended from December 1996 to June
1997. The number of male and female Kentish Plovers for-
aging and resting (including preening) in the saltworks was
recorded once per week (except one week in winter in which
weather conditions made it impossible), at both high and low
tides, in December and January (winter) and in May and June
(breeding season). The maximum numbers of active nests
and adult birds recorded in the saltworks during this breed-
ing season were 57 and 113, respectively. During the observa-
tions of foraging in the saltworks at high tide, we noted that
all these Kentish Plovers were engaged in typical breeding
behaviors such as nest attendance, distraction displays, or

territorial fights (on average, >80% of the pairs were involved
in nest attendance and less than 10% were caring for chicks;
pers. obs.). Accordingly, we assumed that all adult Kentish
Plovers recorded during the foraging studies in the study area
in May and June were breeding birds (juveniles can be distin-
guished by the narrow buff fringes on their coverts and scapu-
lars; Hayman et al. 1995).

Diurnal activity. We assumed the count in the saltworks
at high tide to be the total number of Kentish Plovers in the
study area and the difference between the total counted in the
saltworks at high and low tides to be the part of the population
visiting the mudflats. We recorded activity of plovers on the
intertidal mudflats at low tide on the day after the census in the

TABLE 1. Numbers of male and female Kentish Plovers recorded in the saltworks (high
and low tide) and on the intertidal mudflats during winter and the breeding season. Mean
foraging activity (percentage of birds foraging + 1 SD) is given in parentheses.

Saltworks
High tide Low tide Intertidal mudflats
Wintering
Females 139(26.43 £ 10.41) 12 (100) 152 (95.61 £ 5.66)
Males 150 (10.35+ 5.29) 21 (100) 135 (96.82+ 8.63)
Sex unknown 45 (32.51£10.22) 4(100) 10 (9541 + 7.45)
Breeding
Females 48 (19.38+ 1.03) 28 (3.6 £2.42) 15 (52.3 *£36.19)
Males 65 (25.22+ 6.04) 38 (7.89 £3.64) 20 (74.76 £34.62)

Sex unknown

4(40.03+ 5.82)

4 (1522 £4.04)

1(100)
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saltworks and under similar conditions. Kentish Plovers feed-
ing and resting on the intertidal mudflats were counted every
hour during low tide (7-9 hr). Foraging activity on the mud-
flats, expressed as the percentage of Kentish Plovers foraging,
was calculated for each count, and the percentages were later
averaged for the entire low-tide period (Zwarts et al. 1990).

Nocturnal activity. During the breeding season, we used
a light intensifier (Canon; 6.5x magnification, light-intensi-
fying factor 70 000x) to record the birds’ number and activ-
ity at night, always at a distance of 10 to 50 m from the focal
individuals. Every 14 days we carried out nocturnal counts in
the same area as our diurnal counts but during the period be-
tween 2 hr before and 2 hr after low tide. Nocturnal foraging
activity on intertidal mudflats was calculated by comparing
the numbers of individuals feeding by night and by day at the
same site (Zwarts et al. 1990). Night censuses in the saltworks
were carried out in the same way as the daylight censuses.
Light from a nearby village facilitated identification of birds
and their foraging activity, although sexing individuals was
not possible. For winter, data on nocturnal activity were de-
rived from a study carried out at the same site the same year
(Masero et al. 2000).

Foraging-time allocation. The daily time spent foraging
was derived from the proportions of males and females forag-
ing in each habitat (intertidal mudfiats or saltworks) relative to
their total numbers, number of minutes that habitat was avail-
able, and proportion time the plovers spent foraging. For this
calculation, we considered the duration of the low-tide period
in the saltworks the same as the period during which the in-
tertidal mudflats were exposed; the rest, up to the completion
of the tidal cycle, was considered to be high tide (Masero and
Pérez-Hurtado 2001). We could not distinguish the plovers’
sex at night, so we assumed the sex ratio of birds foraging at
night was similar.

DIET AND INTAKE RATE

Prey identification and size. We randomly selected actively
foraging individuals, <30m from the observer, and observed
them for 1 min with a 20—60X zoom telescope. After 1 min,
a new focal individual at least 10 m from the previous indi-
vidual was chosen to avoid pseudoreplication (Hurlbert 1984).
In every sequence, we recorded the following data: bird’s sex,
feeding rate (successful pecks min!), type and size of prey
items captured, and time since low tide. In the saltworks, plo-
vers foraged on small prey items available at high densities
along the shore of the pans, and we assumed that a prey item
was ingested every time the bird pecked (pers. obs.; see simi-
lar procedure in Masero and Perez-Hurtado 2001).

Prey size was estimated in relation to average bill length.
At Cadiz Bay there were no significant differences between
males and females in bill length (¢,, = 0.37, P = 0.72; unpub-
lished data), so we used an average length of 16 mm (15.56
0.82 mm; n = 45 individuals, both sexes combined). Visual
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observations were contrasted with analyses of fecal samples
(32 feces in winter and 30 in the breeding period, collected in
roosting areas or when feeding birds were observed excret-
ing). Masero et al. (1999) and Castro (2001) provided infor-
mation about the species composition, size distribution, and
biomass of the prey available to shorebirds in the study area.
According to those studies, on the mudflats the plover’s po-
tential prey were the polychaete ragworm Nereis diversicolor,
the bivalves Cerstoderma edule and Scrobicularia plana, the
gastropod Hydrobia ulvae, and the isopod Cyathura cari-
nata, while in the saltworks they were the brine shrimp (4r-
temia spp.), adults and larvae of the coleopteran Ochthebius
spp., and larvae of the dipterans Chironomus salinarius and
Ephydra spp. All these potential prey leave recognizable hard
parts after passing through a plover’s digestive tract (Castro
2001).

Following the method of Zwarts and Blomert (1992), we
used the cumulative frequency distribution of prey sizes found
in feces to correct visual estimates of prey sizes.

Biomass ingested. We converted the length of each prey
item into biomass by the equations in Masero et al. (1999) and
Masero and Perez-Hurtado (2001). We were not able to esti-
mate accurately in the field the species and the length of poly-
chaete worms shorter than half a plover’s bill length (which
corresponded to 12 mm after correction of the visual es-
timates; see above). For this size class of prey, we assumed
as average biomass the average biomass of the polychaetes
smaller than 12 mm available in the intertidal mud (data from
Masero et al. 1999 and Castro 2001; see previous section).

Finally, we estimated intake rate (mg of ash-free dry mass
sec”!) by multiplying the number of each size class taken per
minute by the ash-free dry mass of that size class.

There are no published data on seasonal variation in the
condition of invertebrates in Cadiz Bay. Therefore, our esti-
mates of intake rates during the breeding season may be con-
sidered conservative given that warmer temperatures may
affect the availability and condition of invertebrates (Zwarts
and Wanink 1993). Likely, if there are seasonal or sex-related
differences in intake rate, they may be slightly higher than
those we report.

STATISTICAL ANALYSES

We used a covariance analysis (ANCOVA) to explore sex-
related differences in the percentage of individuals using the
mudflats and saltworks at each season. In this analysis, sex
(male/female), season (winter/breeding), and site (mudflats/
saltworks) were fixed factors. Since the number of foraging
individuals could be influenced by the total number of birds in
the area, we included the total number of individuals of each
sex as covariate. Seasonal changes in foraging activity (per-
centage of feeding birds), foraging time, and sex-related dif-
ferences in feeding rate and intake rate were evaluated also
by ANCOVA with sex, season, and site as fixed factors and
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density of birds as a covariate. Density of birds (ha™!) was in-
cluded as covariate because a study in the same intertidal zone
suggested that a high density of shorebirds influences the be-
havior of the invertebrate prey, possibly affecting the birds’
intake rate negatively (Masero and Pérez-Hurtado 2001).
We assessed differences in mean diurnal and nocturnal ac-
tivity with Student’s 7-test. The data were inspected for nor-
mality and homoskedasticity and were normalized by arcsine
transformation if needed. When analyses showed significant
differences, a post-hoc Tukey test was used. Unless stated
otherwise, mean values are presented with + SD, and the sig-
nificance level for all tests was set at o0 < 0.05. All statisti-
cal analyses were performed with Statistica 7.0 (StatSoft, Inc.,
2004).

RESULTS

FORAGING

The percentage of individuals moving to the intertidal zone at
low tide decreased from 88% in winter to 30% in the breed-
ing season (F, ,5 = 74.93, P < 0.05). Mean foraging activity
on intertidal mudflats decreased from winter to the breeding
season for both sexes (F, (2= 65.44, P < 0.05), particularly for
females (F1,24 = 25.20, P < 0.05; Table 1). This change was
because females shortened their time foraging on the mud-
flats, during the breeding season concentrating their foraging
mainly between 2 hr before and 1 hr after the maximum low
tide (Fig. 2).

The ratio of individuals foraging at night increased from
0.37 in winter to 0.51 in the breeding season (f,;= —7.02 P <
0.05). Throughout the study period there was no nocturnal
foraging in the saltworks at night.

During the breeding season females allocated less time
to foraging than did males (614.75 = 27.65 and 282.28 + 37.11
min day ! for females; 627.86 + 19.26 and 405 + 40.54 minutes
per day for males, during the winter and breeding season, re-
spectively; /) |, =11.64, P < 0.05).

DIET

Combining data from visual observations, feces collected in
each habitat, and the knowledge of available prey yielded a
reliable estimate of the plover’s prey and their sizes. On the
mudflats the main prey was the polychaete worm Nereis diver-
sicolor, which appeared in 100% of feces analyzed and 100%
of visual observations, supplying more than the 80% of the
biomass the plovers consumed at both seasons (Fig. 3). The
aquatic beetle Ochthebius sp. appeared in most feces (>70%)
at both seasons, but it supplied less than 10% of the biomass
the plovers ingested (Fig. 3). The remaining prey items ap-
peared in <30% of feces and supplied less than 10% and 20%
of the ingested biomass in winter and the breeding season, re-
spectively (Fig. 3).

At both seasons Kentish Plovers ingested predominantly
polychaetes ~10 cm long (Fig. 4). We could not assess the
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FIGURE 2. Mean hourly foraging activity of male and female
Kentish Plovers during daylight on intertidal mudflats in relation to
tides during the winter (a) and breeding season (b).

length of the Ochthebius beetles ingested, but the length of
those available in the saltworks ranged from 1 to 3 mm at both
seasons (Castro 2001). To calculate intake rate, we collected a
random sample of 60 individuals of this beetle from the pans
to calculate the average biomass per individual (mean biomass
per individual: 6.67 1073 g ash-free dry mass).

INTAKE RATE

Although feeding rates were significantly higher in the saltworks
than on the mudflats (F’ 164 = 42.99, P < 0.05, Table 2), intake
rates were significantly higher (around 10X higher) on the mud-
flats than in the saltworks (', , ., = 70.95, P < 0.05; Table 2). The

1,164
plovers increased their intake rate from winter to the breeding

season significantly on the mudflats (', |, = 4.45, P <0.05; Ta-
ble 2) but not in the saltworks (', , ., = 0.07, P = 0.79; Table 2),

1,164
although there were no significant differences between the

sexes at either season or in either habitat (¥, ,, = 0.07, P=0.79;

Table 2). The density of feeding birds on the mudflats had no

significant effect on intake rate (¥’ 164 = 0.78, P=10.38).
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season (n =30).

DISCUSSION

The foraging strategy of Kentish Plovers, as measured by
habitat use, intake rate, and time allocated to feeding, shifted
seasonally. Both sexes increased their intake rate during the
breeding season and decreased their daylight feeding time, so
that the conflict of foraging on the mudflats (where the main
profitable prey were available) with nesting (which necessar-
ily takes place on the adjacent supratidal habitat) was resolved

Occurrence (a) and biomass (b) of the prey recorded in the feces of Kentish Plovers during the winter (» = 32) and breeding

by shortening the foraging time on the mudflats and therefore
minimizing time away from the nesting areas.

According to energy-maximization principles (Stephens
and Krebs 1986), the saltworks were a suboptimal foraging
habitat for the plovers, which obtained ten times less biomass
(energy) per unit time in this habitat than on the intertidal
mudflats. Indeed, according to Zwarts and Wannik’s (1993)
equation for assessing minimum profitable intake rate as a
function of a shorebird’s body mass, the plovers’ intake rate
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Nereis diversicolor available on the intertidal mudflats (solid line)
and in the feces of Kentish Plovers (broken line) during the winter(a)
and breeding season (b). Data on length classes available on mud-
flats are from Castro (2001).

in the saltworks was only 27% of the minimum intake rate ex-
pected for it. Use of the saltworks at low tide during the breed-
ing season increased. Because no density-dependent factors
were apparently operating in the intertidal mudflats, the

longer time that the birds spent in the saltworks during the
breeding season was likely not due to their being displaced
from the mudflats by other individuals. The results suggest
that the birds remain in the saltworks during low tide because
of their breeding.

By increasing their intake rates during the breeding sea-
son, the plovers obtained more energy in a shorter time than
in winter, thus minimizing foraging time and increasing
time available for other activities. Females allocated almost
2 hr less to foraging during daylight in the breeding sea-
son, moving onto the mudflats for feeding just during maxi-
mum mud exposure, when, a priori, more prey are available
(Esselink and Zwarts 1989). Males also decreased their feed-
ing on the mudflats, although the decrease was not as sharp as
for females.

Depending on the phase of breeding, each sex’s time con-
straint for feeding is greater or lesser. Females incubate mainly
during daylight, males mostly at night (Warriner et al. 1986,
Fraga and Amat 1996, Kosztolanyi and Székely 2002). The fe-
males usually desert the brood when chicks are 7-20 days old
(Warriner et al. 1986, Székely and Lessells 1993, Amat et al.
1999). Therefore, during incubation females are more time-
constrained for feeding than are males, although the opposite
is the case after hatching. We did not follow individual birds,
and our estimates are population-based, so that females and
males we studied may have been in different stages of breed-
ing. However, we measured all variables when we found the
greatest number of active nests, implying that most individu-
als recorded during our observations were at a similar stage.

Multiplying the daily time allocated to feeding by the in-
take rate, and assuming an assimilation efficiency of 80% for
Nereis diversicolor (Castro et al. 2008) and 70% for Ochthe-
bius (Bell 1990), one can estimate the plovers’ daily energy
consumption. Using the equation of Nagy et al. (1999) to esti-
mate the daily theoretical energy consumption of wild birds,
one can compare the energy consumption we estimate with the
theoretical value. According to our estimates, males consumed
131.42 kJ day! and 121.58 kJ day !, females 141.02 kJ day!
and 97.98 kJ day ! during the winter and breeding season, re-
spectively. According to the theoretical estimates, the energy

TABLE 2. Mean (£ 1 SD) feeding rate and intake rate of male and female Kentish Plovers
foraging on the intertidal mudflats and in the adjacent saltworks during the winter and breed-

ing season.
Intertidal mudflats Saltworks
Feeding rate Intake rate n Feeding rate Intake rate n

Winter

Males 13.77 £6.58 0.20+0.10 20 19.89 £4.49 0.03 £0.01 12

Females 13.59£5.57 0.22+0.11 23 23.72+5.49 0.03£0.02 17
Breeding

Males 13.39£8.10 0.33+£0.20 43 26.54+£17.28 0.04+0.03 18

Females 12.35+7.11 0.34£0.31 27 19.09+ 6.91 0.03+£0.01 13
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ingested should be 138.03 kJ day ' and 147.53 kJ day ! during
these two periods, respectively (we used a mean body mass
of 39.55 + 3.95 for winter and 43.13 £ 3.78 for the breeding
season—data from birds captured in the saltworks. In our
study area the masses of males and females were similar: 7, =
—0.83, P =0.43, and 1, = 1.59, P = 0.13, for wintering and
breeding birds, respectively). Females’ apparently low en-
ergy consumption could be a consequence of the assumptions
we made about nocturnal foraging. Following Zwarts et al.
(1990), we measured nocturnal activity within 2 hr of low tide
and assumed that there were neither sex-related differences in
intake rate nor differences in foraging birds’ sex ratio. None-
theless, at night, females’ intake rate should be higher (Kuwae
2007) or their activity should be higher than we found in this
study, with females foraging throughout the low-tide period.

Diet did not change by season, with the polychaete worm
Nereis diversicolor being the plover’s primary prey. Breeding is
considered to be an activity with a great requirement for protein
(Murphy 1994). Nereis diversicolor is a protein-rich invertebrate
with a protein content >50% (Castro et al. 2008), suggests that it
provides the plover the protein it requires for breeding, so that it
does not need to shift its diet during the breeding season.

The Kentish and Snowy Plovers are undergoing a sharp
numerical decline in Europe and the Americas (Brown et al.
2000, Delany and Scott 2006). To the best of our knowledge,
no previous studies have estimated the seasonal variation in
this species’ intake rates. Our results indicate that, for realis-
tic assessments of prey acquisition, energy budgets, or habitat
quality, the species’ conservation plans should take into ac-
count these variations in intake rates.
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