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We studied the composition and density of potential prey of Kentish Plovers by ’sticky trapping’ both
on foraging and breeding areas. ‘Collembola (64%) and Diptera (27%) were the most numerous prey
by number out of 14063 items, although Diptera represented the greatest proportion by dry mass (86%).
Peak density of prey occurred at the end of May on both types of areas. Both density and dry mass of
prey were significantly higher on the foraging area, compared to the breeding area. The expected
number of clutches hatching over time was positively correlated with both prey density (rs=0.65), and
prey mass (rs=0.56). This supports the hypothesis that females time egg-laying so that hatching date
coincides with high prey-abundancg.
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1. Introduction

A knowledge of prey availability is impor-
tant to many aspects of avian behaviour
and ecology. Food resources can affect
" mating patterns (Emlen & Oring 1977,
Davies 1991), parental care (Beissinger &
Snyder 1987, Lyon et al. 1987), breeding
dispersion (Lack 1968), clutch-size (Lack
1954, Bengtson 1971) and egg-size (Bol-
ton ef al. 1992). However, despite the im-
portance of food availability, few studies
have attempted to gather quantitative data
about the composition and abundance of
potential food resources in shorebirds (but
see Maxson & Oring 1980, Lank et al.
1985, Baines 1990, Grant et al. 1992).
Food availability could determine egg-
laying patterns in two ways. Females may
lay eggs when the food availability is high,
or they may time their egg-laying so that

hatching coincides with the peak abun-
dance of prey. Abundance of insects varies
dramatically over a breeding season (Max-
son & Oring 1980), so females should de-
cide whether to wait until food abundance
reaches a critical level and then start lay-
ing, or whether to start laying right after
returning from wintering grounds. Lank et
al. (1985) suggested that an increase in nu-
trient availability initiated the onset of
breeding in Spotted Sandpiper Actitis
macularia. However, in a previous study
we found no evidence in support of this
suggestion in Kentish Plovers: egg forma-
tion occurred during a period of low food
availability (Székely et al. 1994). In this
study we investigate an alternative hy-
pothesis: whether egg-laying is timed to
provide the chicks with high levels of food
availability at hatching and during brood
rearing (Lack 1954). This study, then, has
two aims: (i) to report on the composition
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Tab. 1. Composition and height of vegetation in one m around five traps in the foraging and
breeding area (mean+SE). Height of plants were estimated in five random points. Vegetation
was sampled on 9 July, 1992. Probabilities of Mann-Whitney U tests are shown.

Foraging area Breeding area P

Cover by all plants (%) 80+8 3610 0.02
Cover by

Puccinellia distans (%) 96+3 22+14 0.007

Lepidium cartilagineum (%) 2+2 64+15 0.007

Camphorosma annua (%) 0+0 148 0.05

Phragmites communis (%) 242 0+0 0.32
Height of vegetation (cm) 3.61+0.7 7.7+0.7 0.01

and density of potential prey, and (ii) to re-
late prey density and biomass to the timing
of hatching in the Kentish Plover.

2. Methods

2.1. Study site

The study was carried out in 1991 in an al-
kaline grassland of about 2000 ha in cen-
tral Hungary (Miklapuszta) (46°40°N,
19°10’E). Miklapuszta is the most impor-
tant breeding area for Kentish Plovers in
the Carpathian Basin with about 60-80
pairs breeding each year. Field work
started in the last week of March, and fin-
ished in the second week of July. Clutches
were typically found in early stage of incu-
bation. Once a chick started to peep in the
egg, nest visits were usually made every
day. Hatching date of 10 nests were known
(’successful clutches’). The expected
hatching dates of 46 additional clutches
were calculated based on the ’floatation
stage’ of egg (Noszaly 1992) and assuming
a 24 d incubation period (unpubl. data).
These clutches either failed during incuba-
tion (N=22) or were involved in a clutch-
size manipulation experiment (N=24)
(Székely et al. 1994). '

2.2. Prey sampling

Arthropods were sampled on both foraging
and breeding areas of Kentish Plovers (Fig.
1). Traps in the foraging area were located

‘between the road No. 53 and a canal ("Sos-

ér’), 100 m from a shepherd’s hut ("Piros-
szin’). This was the first place where we
saw Kentish Plovers in 1991 (25 March),
and where Kentish Plovers foraged
throughout the breeding season e.g. 11
Kentish Plovers on 11 April. The traps in
breeding area were between the highest
point of Miklapuszta (’Kuksos-domb’) and
a canal (’Soés-ér’) approximately 600 m
from *Kuksos-domb’. Seven clutches were
laid within 300 m of the traps on breeding
area. Vegetation consisted of Puccinellia
distans, Lepidium cartilagineum and Cam-
phorosma annua on both areas. Vegetation
cover was lower on the breeding area than
on the foraging area (Tab. 1).

Ten traps were used to estimate prey
availability on both the foraging and
breeding areas (Fig. 1). The traps were ar-
ranged in two lines on each area and the
distance between traps was 50 m. Each trap
consisted of a 10 cm by 10 cm glass plate
wrapped in a-plastic film. The upper sur-
face of the film was covered by HYVIS
sticky glue. The traps were exposed on the
third or fourth day of each eight day period
starting on 2 March, and they were col-
lected 48+2 h later. Five traps were ana-
lysed in both areas for this study.
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Fig. 1. The study area ("Miklapuszta’) in 1991. Arthropod traps
are marked by black dots in foraging area and by black squares
in the breeding area. Clatchies are marked by x (N=66), the
shepherd’s huts by shaded areas and the wells (*gémeskut’) by

black dots with cross. The position of the highest point (’Kuk-
sos-domb”) is marked by black triangle.

Following collection the length
of each prey item was measured
from the head to the posterior
end. The average number of ar-
thropods in ten traps were used to
estimate pre);‘ density (no. of
items/100 cm®). Dry mass was
estimated from the length of ar-
thropods using the equation pro-
vided in Rogers et al. (1976). Dry
masses of arthropods were
weighted by the number of ar-
thropods per trap, and the
weighted means were used as the
index of biomass (mg/100 cmz).
Since Kentish Plovers fed both
on breeding and feeding areas we
took the mean density and dry
mass of these samples as repre-
sentative of average food supply.

2.3. Statistical analyses

Logarithmic transformations
were applied to each variable
tested by ANOVA. F values with
degrees of freedom are indicated
(main effect or interaction, resid-
ual). Non-normal variables were
tested by Mann-Whitney U tests,
Kruskal-Wallis tests and by
Spearman-rank correlation.
Mean+SE and two-tailed prob-
abilities are given.

3. Results

3.1. Composition, density and
biomass of prey

Collembola, Diptera, Homoptera
and Hymenoptera were the most
common items in the prey sam-
ples, representing 63.6%, 26.9%,
5.1% and 3.0% of items, respec-
tively by number, and 6.6%,
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Tab. 2. Composition (%) and biomass (%) of major prey items. N is the number of items in ten
100 cm? samples. Total biomass is expressed as mg in ten 100 cm? samples. Prey samples were
collected by sticky glue traps for 2 days. Other items included Coleoptera, Thysanoptera,
Araneida, Psocoptera, Acarina, Hemiptera, Lepidoptera and unidentified larvae.

a. Composition

% items

Date of sampling | Collembola | Diptera | Hymenoptera | Homoptera Other N
25 March 92.7 4.2 0.0 0.8 2.3 260
2 April 91.1 4.3 0.0 0.9 3.7 326
10 April 93.3 4.8 0.0 0.9 1.0 419
19 April 90.7 4.9 1.8 1.8 0.8 387
26 April 84.4 8.7 52 1.1 0.6 173
4 May 84.1 7.9 5.7 0.7 1.6 1002
12 May 849 8.0 52 1.1 0.8 1100
20 May 92.3 5.0 1.6 0.9 0.2 2527
28 May 78.6 14.3 3.8 1.9 1.4 2016
5 June 57.9 34.0 4.9 2.4 0.8 1351
14 June 29.8 64.9 3.8 1.1 0.4 1999
21 June 24.6 62.9 7.3 2.9 2.3 1373
29 June 4.3 46.8 24 .4 -18.1 6.4 393
7 July 11.8 42.8 16.8 21.0 7.6 737

b. Biomass

% biomass

Date of sampling |Collembola |Diptera [Hymenoptera |Homoptera |Other |Total biomass
25 March 89.7 6.4 0.0 _ 0.5 34 432
2 April 50.1 14.0 0.0 1.7 34.2 344
10 April 72.5 17.4 0.0 1.8 8.3 70.2
19 April 36.9 39.8 0.3 1.1 21.9 39.2
26 April 25.7 73.1 0.5 0.5 0.2 20.0
4 May 15.5 81.8 0.6 0.7 1.4 205.5
12 May 33.5 57.6 1.8 3.7 3.4 93.9
20 May 37.0 59.6 0.9 1.8 0.7 206.5
28 May 21.7 72.9 1.6 1.6 2.2 3154
5 June 2.8 92.3 1.9 1.0 2.0 523.0
14 June 1.1 97.0 1.6 0.2 0.1 1881.0
21 June 1.1 91.6 2.7 0.5 4.1 1011.8
29 June 0.3 67.4 254 4.3 2.6 308.1
7 July 0.3 88.3 1.6 6.6 3.2 1085.5

86.1%, 3.0% and 2.0% by biomass (Table
2). Composition of prey items varied over
the breeding season (Tab. 2). Number of
Diptera, Homoptera and Hymenoptera in-
creased over the breeding season (Diptera:
rs=0.751, P<0.001, N=140; Homoptera:
rs=0.700, P<0.001, N=140; Hymenoptera:
rs=0.671, P<0.001, N=140) and the num-
ber of Collembola decreased (rs=—0.169,
P=0.023, N=140).

Total density and biomass of prey var-
ied significantly over the breeding season
both on the feeding area (ANOVA, den-
sity: F13,56=9.32, P<0.001; biomass:
F13,56=22.20, P<0.001) and on the breed-
ing area (ANOVA, density: F13,56=6.27,
P<0.001; biomass: F13,56=10.79,
P<0.001). Prey density varied 15 fold, and
prey biomass 85 fold over the whole sea-

son. The peak density of arthropods oc-
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curred between 20-22 of May on the forag-
ing area, and between 28-30 May on the
breeding area. Both density and biomass of
prey were higher on the foraging area than
on the breeding area (two-way ANOVA
with sampling date, density: F1,112=37.94,
P<0.001; biomass: F1,112=69.73, P<0.001;
Fig. 2). The interaction term between areas
and sampling dates were not significant,
suggesting that both the abundance and
biomass did not vary differently between
the two areas (two-way ANOVAs, density:
F13,56=1.30, P=0.22; biomass:
F13,112=1.42, P=0.16).

3.2. Hatching date and prey availability

The expected hatching date of first and last
clutches was 46 and 134 d after 1 March,
respectively (16 April and 13 July; Fig. 2).
The hatching date of successful clutches
(9549 d after 1 March) did not differ from
the expected hatching date of failed and
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manipulated clutches (93+4 d after 1
March) (Mann-Whitney U test, z=0.12,
P=0.90), therefore they were pooled for
each eight-day periods. The number of
clutches which hatched or were expected
to hatch on consecutive eight day periods
was significantly correlated with both prey
density (rs=0.647, P=0.006, N=14), and
prey mass (rs=0.560, P=0.019, N=14) (Fig. 3).

4. Discussion

This study has shown that females time
egg-laying so that hatching date coincides
with a high level of prey abundance. Al-
though previous studies have discussed
this hypothesis (Holmes 1966, Nettleship
1974), as far as we know, this relationship
has not been shown for any shorebird.
Chicks hatched when food is abundant
may grow faster, and may survive better,
than those hatched during less favourable
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Fig. 2. Density of preys (no. of items/100 cm? of trap) on the foraging and breeding area (mean+SE). Five
traps were used on both areas. Prey density was higher on the foraging area than on breeding one (two way
ANOVA with sampling date, F1,112 =37.94, P<0.001). The expected hatching date of first and last clutch
of the breeding season as well as the mean expected hatching date of all clutches are indicated. '
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Fig. 3. Relation between prey density (no. of items/100 em? of trap) and number of clutches hatched or -
expected to hatch over eight day periods (rs=0.647, P=0.006).

conditions. However, our study did not ex-
clude the alternative ’early laying’ hy-
pothesis which is that shorebirds breed as
soon as conditions allow egg-laying
(Hilden & Vuolanto 1972, Thompson et al.
1986). Female Kentish Plovers may gain
from early laying by two ways. First, they
may have more time to lay replacement
clutch should the first one fail, or they
have more time to find a new mate after de-
serting their brood (Székely & Lessells
1993). Since some of the females laid their
eggs well before the peak abundance of in-
sects, these females may have timed their
egg-laying to gain some advantage other
than from the greatest abundance of food
for their precocial chicks.

A possible criticism of this study is that
the arthropods caught by the traps were not
representative of the prey available to, and
taken by, Kentish Plovers. However, this is
not likely, because other studies have
shown, by analyses of stomach contents
that inland Kentish Plovers feed chiefly on
insects such as Diptera, Hymenoptera,
Coleoptera and on Araneidae (Cramp &
Simmons 1983, Sterbetz 1988). We also
observed that Kentish Plovers feed on
Collembola (unpubl. obs.). We therefore
believe that the prey sampled by the traps
corresponded to the true prey availability
and included the main prey taken by Ken-
tish-Plover.

In Hungary Kentish Plovers breed in
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two types of habitat: in alkaline grasslands
or in the bottom of dried fish-ponds
(Székely 1992). The common features of
these sites are that they provide bare
ground with low vegetation cover for
breeding, and that they appear to be insect-
rich. Plovers breeding at fish-pond areas
feed on the water’s edge, while grassland
breeders prefer to forage on areas grazed
by sheep. Kentish Plovers most often fed
on three areas in Miklapuszta, and all of
these areas were typically trampled four
times a day by sheep flocks. The manage-
ment implication of this study is, then, to
point out the importance between sheep-
grazing and breeding of Kentish Plover.
Because Kentish Plovers seem to depend
on extensive sheep-farming in Mik-
lapuszta, the population is vulnerable to
minor changes in sheep-farming tech-
niques. It is not known which types of in-
sects attract Kentish Plover to grasslands
grazed by sheep. These might be a particu-
lar group of insects e.g. Diptera develop-
ing in sheep dung, or merely the average
insect density. Whether the relationship
between sheep grazing and presence of
Kentish Plover proposed here is correct is
not known, but it certainly deserves further
investigation.

In conclusion, this study found high
variation in both prey density and biomass
over the breeding season. Both density and
biomass of prey were positively correlated
with the expected number of hatching
clutches. We propose that sheep have an
important role in breeding of Kentish Plov-
ers in Hungary, perhaps by providing
breeding place (e.g. dung) for their insect

prey.
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Osszefoglalas

A széki lile Charadrius alexandrinus tapla-
lékkindlata egy kozép-magyarorszagi szi-
Kkespusztan

A széki lile potencialis taplalékkinalatat vizsgaltuk
1991-ben ragados rovarcsapdak segitségével Mik-
lapusztan. Kéttipusu teriileten csapdaztunk: taplél-
kozo- ¢€s fészkeloteriileten, Collembola (64%) és
Diptera (27%) volt a legnagyobb egyedszama az
14063 izeltlabu kozil, habar Diptera képviselte a
legnagyobb szaraz biomasszit (86%). Az izeltla-
buaak csucsidészaka majus végén volt a taplalkozo-
és a fészkeloteriileten egyarant. Az izeltlabiak den-
zitisa és széraz biomasszdja nagyobb volt a taplal-
kozoteriileten, mint a fészkeldterilleten. A lerakott
fészekaljak szama pozitivan korrelalt a kelés idejére
vérhat6 izeltldbtiak denzitasaval (rs=0.65) és szaraz
biomasszéjaval (rs=0.56). A vizsgalat kévetkezte-
tése, hogy a taplalékdenzitas fontos szerepet tolt be
a sz¢ki lile szaporodasaban. A taplalékgazdagsag
fenntartasaban és/vagy specifikus taplalékcsopor-
tok biztositisdban kiemelt szerepe van a juhlegel-
tetésnek. A dolgozat ramutat, hogy az extenziv
juhtartasi mod megvaltoztatasaval vagy a juhfalkdk
szaménak csOkkenésével a széki lile hazai fész-
keldallomanya veszélybe fog keriilni.
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