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1. Introduction

Halpern, B., T6th, Z. and Pasztor, L. 1997. Weight change patterns in breeding Great Tits
(Parus major). — Ornis Hung. 7: 1-17.

Between 1993 and 1997 we weighed 12 Great Tit nests automatically using electronic bal-
ances for periods of 6-47 days during the breeding seasons. We used "The Wisitor" software
package for collecting and processing the data. In this paper we publish the results of the anal-
yses of the day to day changes of morning and evening body weights of females and males.
1. None of the 12 males lost or gained weight during the observation periods.

2. Those two females whose weight was measured from the beginning of egg-laying until
fledging had three different weight levels: average roosting weight during egg laying, during
incubation and during late feeding differed. None of these females lost weight during egg lay-
ing, but one female's egg weight decreased. The females' morning weight levels were similar
at egg laying and incubation.

3. Each female maintained her weight through incubation (N = 4). Females lost weight (10%
on average, N = 4) after hatching, in the brooding period. Ten females maintained their body
) weight, while two others lost weight in the late feeding period.

/4. We did not find any significant difference either in the average weight gained per hour dur-
ing a day or in the average weight lost per hour during a night between the four periods of
breeding (N = 5 females). -

Based on other published data and on our own results we think that a substantial gain in weight
before egg laying and some weight loss of females after hatching is a general phenomenon
among Passerines. The substantial increase in body weight just before laying and its mainte-
nance until the brooding period can partly be explained by the high energetic demands of lay-
ing and incubation. Reserves can serve as buffers against unfavourable conditions during
these periods. Flight cost of high body weight makes weight loss before the peak feeding pe-
riod adaptive but the exact timing and amount of this weight loss may depend on the actual en-
ergetic demands of brooding. Thus, optimal clutch size may depend on the amount of reserves
a female can mobilise right after incubation.
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some costs on the parents (sensw Williams
1966) or is parental effort always below
the level that may influence parental sur-

There is a long-standing interest in under-
standing the breeding behavior of small
Passerines and especially of Great Tits
(Gibb 1950, Kluyver 1952, Noordwijk et
al. 1995, Perrins 1996). Does egg laying,
incubation or nestling feeding impose

vival (Gibb 1950, Lack 1947, Tuomi
1990)?

It is standard practice amongst fielc. or-
nithologists that when birds are caught
their body weight is also measured.
Changes in body weight of the parents dur-
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Tab. 1. Anoverview of the observed nests. The last 2 digits in the nest IDs give the year of observa-
tion. "Length" gives the number of days when a nest was actually measured. Thus, in the three
cases denoted by *, the time spans of the observations were longer than the number of observation

days.
Nest ID Nest data Observation

No. Eggs Hatched young  Fledged young  Length (days) Beginning from
G50-93 8 8 8 12 # brooding
G165-93 8 6 6 11 late feeding
G375-93 9 9 6 13 late feeding
G18-94 7 7 8 11 late feeding
G40-94 7 6 6 17 biooding
G16-95 10 10 6 43 egg-laying
G40-95 7 7 6 11 late feeding
G47-95 9 9 8 8 late feeding
G225-95 8 6 5 4] *¢ egg-laying
G231-95 8 7 7 6 late feeding
G231-96 7 4 4 26 * mcubation
G65-97-1 6 5 5 28 incubation

* observation interrupted for 2 days
** observation interrupted for 6 days

ing the breeding season is often consid-
ered as a good indicator of physiological
condition and parental costs (Drent &
Daan 1980, Nur 1984, Jomes 1987a,
Kacelnik & Cuthill 1990, Johnston 1992,
Martins & Wright 1993, Merila &
Wiggins 1997). Decreased body weight in
enlarged broods is considered as a result
of optimal allocation of energy between
self-maintenance and reproductive effort
and a sign of potential reduction in future
survival (Stearns 1992). There is plenty of
evidence that nestling body weight at
fledging influences future survival of the
nestlings (Perrins 1965, Garnett 1982,
Lindén ez al. 1992). Brood size manipula-
tion experiments show that reduced body
weight of the parents rearing enlarged
broods corresponds with reduced parental
survival (Stearns 1992).

Another approach to interpret weight
changes during breeding is to consider
weight changes on a longer time scale and
to examine the changing ecological costs
and benefits of fat storage (Witter &
Cuthill 1993). Females gain weight just
before egg laying (Witter & Cuthill 1993,
Woodburn & Perrins 1997). The birds of-
ten lose weight during incubation or after
the chicks hatch (Freed 1981, Ricklefs &
Hussel 1984, Jones 1987a, Woodburn &
Perrins 1997). A possible explanation for
this pattern is that a bird needs her fat re-
serve during incubation as a buffer against
long, unfavorable periods when she has to
stay in the nest without self-feeding. The
brooding birds lose these reserves before
the peak feeding period when excess
weight would increase their flight costs
(Sanz & Moreno 1995).

Tab. 2. Comparison of the morning (MW) and roosting weights (RW) measured on the last day of
incubation (Day -1) and the day before fledging (Day 18) for 4 females. The results of paired

t-tests are shown (t and p values).

Day 18 MW Day 18 RW

Mean + SD (g) 17.40 + 0.46 18.47 £ 0.73
Day -1 MW 19.31 + 0.38 4.87 0.0166 1.64 0.1997
Day -1 RW 20.00 + 0.78 4.88 0.0164 2.37 0.0985
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Tab. 3. Daily body-weight changes expressed
as percents of the morning weights (Mean +
SD, No. of observations).

Females Males
Daily gain 6.53+1.97% 7.46 +1.61%
N=178 N =103
Overnight loss  6.66 = 1.76%  7.49 + 1.49%
N =103

N =181

These two approaches to the interpre-
tation of body weight changes throughout
breeding can be combined. Body weight
profiles (Fig. 1), or the amount of energy
reserves during the course of breeding can
also be considered as plastic traits that are
optimized individually (Jones 1987a,
Sanz & Moreno 1995). To solve this opti-
mization problem each component of both
the costs and benefits of gaining or losing
weight at a certain time ought to be consid-
ered. By observing the entire weight pro-
file we may also learn about the various
components of costs and benefits of body
weight change associated with different
periods of breeding. For instance, if the
birds regularly lose weight during the
peak feeding period, weight loss can be

g 24 last eqq laid

v

considered as the cost of heavy feeding ac-
tivity, and not as an adaptation that re-
duces flight cost. If they lose weight just
before the peak feeding period, the hy-
pothesis that weight is lost to reduce flight
costs cannot be excluded. ,

Timing of weight changes can be deter-
mined only by regular weighing of the
birds. There is a major methodological
problem of weighing the birds regularly
during breeding, as catching them may in-
fluence their condition. Automatic weigh-
ing of nests solves this problem (Jones
1987b, Martins & Wright 1993, Szép et al.
1995). We used our own software pack-
age, called "The Wisitor", for the auto-
matic weighing of 12 nests of Great Tits
and also for data processing (Téth 1994).
This made it possible to carry out the ob- -
servation and to analyze the complete
weight profiles and weight changes over a
day and a night. :

We found that all the measured females
lost about 10% of their weight on average
just after hatching and only a minority lost
weight during the late feeding period,
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Fig. 1. A female's weight profiles (morning and roosting) during breeding (nest G16-95).
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Tab. 4. Females' average weight gain per hour during daytime, in the four periods of nesting.

Nest egg-laying incubation brooding late feeding
G40-94 - - 0.53 +0.09% 0.51 £ 0.07%
G16-95 1.08+0.13% 0.61 +0.17% 0.54 + 0.06% 0.56 £ 0.12%
G225-95 1.03 £ 0.16% 0.48 + 0.14% - 0.42 +£0.10%
G231-96 - 0.33 +0.21% 0.34 £ 0.07% 0.43 £ 0.10%
G65-97-1 - 0.49 + 0.15% 0.46 + 0.18% 0.43 + 0.17%
Average 1.05 £ 0.04% 0.48 £ 0.12% 0.47 +£ 0.09% 0.47 £ 0.06%
Average time spent

with daily activities 12:46:25 13:08:20 14:22:23 14:56:53

(Hour: min: sec)

when brooding was over. The males'
weight was stable without exception. In
this paper we document all the weight
changes we found and argue that flight
cost reduction does not give a sufficient
explanation for the observed weight
change patterns.

2. Materials and methods

2.1. Subjects and study area

The Great Tit is a small, hole-nesting, resi-
dent Passerine that breeds commonly in all
kinds of woods, in parks and gardens, and
occupies artificial nestboxes readily. The
female lays one egg daily, incubates alone
and the male regularly feeds her during the
two weeks of the incubation period. Both
parents feed the young. The nestlings
fledge about 18-20 days after hatching.

Fieldwork was carried out in the park
of the Biological Research Station of
Edtvas University in God. The area is a
mixed habitat, with some parts having
plantations of characteristic of a botanical
garden. There are fragments of coniferous
woods and riverine woodland of the river
Danube, dense bushes and open fields.
There were around 65 artificial nestboxes
in the area, all fixed on tree trunks and
some of them prepared for easy installa-
tion of an electronic balance. Data pre-
sented here were collected between 1993
and 1997,

2.2. Data collection

This study is based on data collected by a
compulerised weighing system. "Neslt-
Bug", the data collection module of "The
Wisitor" software package is used to moni-
tor continuously the weight of nests mea-

Tab. 5. Females' average continuous weight-loss per hour overnight in the four periods of nesting.

‘Nest egg-laying* incubation brooding late feeding
G40-94 - - 0.14 £ 0.03% 0.14 + 0.05%
G16-95 0.14 +0.01% 0.13 +£0.02% 0.14 £ 0.01% 0.14 £ 0.03%
G225-95 0.12 +0.02% 0.17 + 0.04% - 0.14 + 0.06%
G231-96 - 0.11 £0.05% 0.12+0.01% 0.09 + 0.03%
G65-97-1 - 0.15 + 0.03% 0.13 £ 0.09% 0.08 + 0.00%
Average 0.13 £ 0.01% 0.14 £ 0.03% 0.13£0.01% 0.10 £ 0.03%
Average time

spent in the nest 11:13:25 10:50:28 9:36:39 9:02:04
overnight

* The egg-laying period's data are reduced with the average weight of the egg, laid overnight.



B. Halpern, Z. Téth, and L. Pdsztor

g 247 last eqq laid
’ l hatchin
2f%e HRSI
; i. \ ‘ ()
27 i NN
i | ' |
L TR B .
213 'SR TEER R iy end of brooding
| : L R JRI
N O d } £
Q i O o © TR'B e O .
207 NOXITO - CAYYOC X\ l fledqin
) ) . O O - ©
- !
18+ O layin
incubation
. broading
pre-laying [ate feading
16 R bbb
17-Apr 22-Apr 27-Apr 2-May 7-May 12-May 17-May 22-May 27-May

date

Fig. 2. A female's weight fluctuation during breeding (nest G225-95). The observed roosting and
‘morning weights are connected to demonstrate the daily changes in weight during the whole sea-
son. On the first day of observation the female did not go roost in the nest. The observation was in-

terrupted for 6 days.

sured by electronic balances connected to a
central computer (T6th et al. 1991, Téth
1994, Szép et al. 1995). We used Mettler
(PM4600, PM4800; Mettler-Toledo
GmbH, CH-8606 Greifensee, Switzerland)
and Sartorius (BA4100S; Sartorius AG, PO
Box 32 43, D-3400 Goettingen) balances
withan accuracy of 0.01 g and a capacity of
4000 g. One nest was partly measured with
a Sartorius PT2100 that only has an accu-
racy of 0.1 g and a capacity of 2000 g.
Several nest boxes were pre-equipped
with a shelf and a shielding outer box
(called "windbox") to support the placing
of a balance. The inner box containing the

nest was measured by the balance while
the windbox protected the measurement
from disturbance e.g. wind, rain, falling
objects, and false visits by perching birds.
This windbox makes it possible to obtain
measurements with high accuracy (Téth &
Pasztor 1997).

Nests were regularly checked to deter-
mine laying date, clutch size, hatching
date, number of eggs hatched, number of
nestlings fledged. Also every evening in
1993 we measured manually the
body-weight of each nestling in the mea-
sured nests with the "nestling weighing"
function of NestBug.

Tab. 6. Females' average minimal faecal loss (g) in the four periods of nesting.

Nest egg-laying incubation brooding late feeding
G40-94 - - 0.79 + 0.09 0.74 £ 0.22
G16-95 0.36 £ 0.17 0.76 = 0.12 1.03 £ 0.27 0.95+0.16
G225-95 0.28+0.12 0.53 + 0.20 - 0.89 + 0.23
G231-96 - 0.45 + 0.41 0.58+0.17 0.81 +0.23
G65-97-1 - 0.61 = 0.36 0.51 +£0.22 0.88 + 0.34
Average 0.32+ 0.05 0.59+0.13 0.73 £ 0.24 0.85 + 0.08
Average time spent

away during the 1992 + 542 754 £ 217 369 + 109 523+ 177

first trip (sec)
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We analysed data from 12 Great Tit
nests, Nests were observed by the weighing
system for a minimum of 6 and a maximum
of 47 days. The measurements were started
at different nest stages, but each nest was
measured up until fledging. A set of analy-
ses was performed only on the five nests
with the longest periods of measurement,
two of them monitored from egg-laying
and two from incubation (Tab. 1).

2.3. Data processing

"NestBug", the data-collection module of
"The Wisitor" recognises arrival and de-
parture events of the parents, It records the
time of the event and relevant original
weight data. "Estimate" is a data-proces-
sing module which estimates the two
weight levels at each event: immediately
before and after the event. "VisAna" is an
analysis module which calculates weight
changes and applicable variables at each
event, builds up visit records, separates
visits into those of each parent, based on
their body weights, and supports manual
correction of this identification on inter-
active graphs.

During the nestling feeding period we
candetermine the body weight of the visit-
ing parent bird from the change in the nest
weight at departure when the parent did
not remove a faecal sac. Cases when a fae-
cal sac was removed can be detected with
high certainty, as a faecal sac is usually
much heavier than a food load brought for
the young (Woodburn & Perrins 1997 and
our own unpublished measurements).

We collected the body-weights of the
parents at the beginning and at the end of
their "workday". We use the term "morn-
ingweight” (A{W) for the departure weight
at the first visit each day and “evening

weight” (EW) for the departure weight at
the last visit. When a female spent the
night in the nest her "roosting weight”
(RW) was estimated by her last arrival
weight after which she stayed in for the
night, and we also collected her “depar-
ture weight” (DW) at dawn. Departure
weights are usually higher than the respec-
tive morning weights as the female loses
weight through defecation during her first
trip.

We analysed changes in the parents'
morning and evening (roosting) body
weight profiles and tried to find signifi-
cant trends (Fig. 1). We calculated the
changes in weight from day to day, as well
as separately for daytime and overnight
(Fig. 2). For the females we divided the
overnight weight-loss into two parts. The
first part was calculated from the differ-
ence between the roosting weight in the
evening and the departure weight in the
morning. This is the weight lost during the
night through respiration and evaporation
(continuous overnight weight-loss). The
second part was calculated from the dif-
ference between the departure weight
(leaving nest after the night) and the morn-
ing weight (leaving the nest after her first
visit). This difference slightly underesti-
mates the weight of the female's faecal
weight-loss as she may also eat during this
first trip.

Comparison of subsequent morning
weights of males was problematic, as the
time of their first visit to the nestvariedto a
great extent from day to day, while the
body weights of the parents typically show
a rapid increase during the first few hour:
of the day. To take this into account, we
corrected all the morning weights of the
males to the same time (5.00 am) by re-
gressing their body weight on their arrival
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Fig. 3. Method of correction of the male's morning weight (nest G16-95). Each point on the graph
represents the time of the first arrival and weight of the male on a certain day. The characteristics
of the fitted line on the morning weight versus time of arrival diagram are shown.

time (Fig. 3). However, we could not in-
clude in the analysis those days when the
male arrived after 7.00 am, as these arrival
weights do not fit the "early morning line".

2.4. Statistics

Linear regression was used to demonstrate
trends in the weight profiles in the differ-
ent periods and also for the correction of
the males' data. After testing for the homo-
geneity of variances, we performed single
classification ANOVAs to investigate any
significant differences between the differ-
ent periods. The brooding period was
eliminated from the ANOVA, because its
variance caused significant inhomoge-
neity of variances. We compared the mean
weights of the different periods (egg-
laying, incubation, late feeding) with
Scheffe's-test. We used t-tests to investi-
gate differences in the overnight weight-

loss between two periods. Mann-Whitney
U-tests were performed on the time com-
ponents. All tests were carried out using
the software package Statistica for Win-
dows v5.1 (StatSoft Inc. 2300 East 14th
str. Tulsa, OK 74104, USA).

3. Results

3.1. Weight profiles

We used linear regression for the initial
tests. The fitted lines for the females'
weight profiles of the whole measurement
periods showed significant decreases in all
the analysed cases. The slopes of the fitted
lines ranged from -0.07 to -0.15 g a day and
their slopes differed significantly from
each-other (test of paralellism, df = 4, 121,
AMorningweights: F=3.51,p<0.01, Roost-
ing weights: F=7.34,p<0.001).
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Fig. 4. Females' morning (above) and roosting weights (below). The data of the 6 nests are ar-
ranged according to the date of hatching. The average morning or roosting weights of all the fe-
males are shown under the periods' name. The length of brooding differed from nest to nest. The
arrow under the "end of brooding" shows the period when broodings were finished.

The males' corrected weight profiles
showed no significant trends in any of the
observed individuals (N = 12 males).
Therefore in this paper we shall concen-
trate on the females.

A standard method in bird studies is to
catch the birds on certain days at various
times and weigh them (e.g. Merila &
Wiggins 1996). We checked whether

someone could still find a decrease in the
females' weight between incubation and
fledging by this method. We selected the
morning and roosting weights of the last
day of incubation (Day -1) and the last day
before fledging (Day 18) from four nests.
We used paired t-tests for comparison and
we found significant difference only in
half of the possible comparisons (Tab. 2).
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Fig. 5. Finding the end of brooding phase. The difterence between the two histograms of length of
visits is striking. The number of longer visits is decreasing throughout the brooding period. In the
later feeding period we could hardly find brooding visits.

3.2. Four phases of breeding

Further analysis of the females' roosting
weights showed three different weight
levels and a transitional period. These
weight levels can be related to the differ-
ent periods of breeding: laying, incuba-
tion and late feeding (Fig. 4).

During the egg-laying period the fe-
male lays one egg each day, before she
leaves the nest in the morning. During this
phase she spends more of her day out of
the nest.

We consider the incubation period from
the completion of clutch although the fe-
male can start incubation earlier. Both fe-
males, measured in this period, started in-
cubation after clutch completion.

The feeding period may be divided into
two parts: brooding and late feeding
(Freed 1981). During the brooding phase
the nestlings are mostly unfeathered and
need to be warmed by their mother. This

means that the female cannot leave them
alone for long intervals. As the nestlings
and their feathers grow, they become ca-
pable of regulating their body tempera-
ture, and both the frequency and the length
of the female's brooding visits decrease
gradually. In order to find the end of the
brooding phase, we studied the distribu-
tion of visit length day to day (Fig. 5). We
define the brooding phase to be over if the
proportion of visits longer than 120 sec-
onds is under 5% of the total number of
visits per day. Thus the female's visits are
nearly always short and serve only feeding
purposes during the late feeding period.
(The length of brooding varied between
five and twelve days.)

By comparing the variances of weights
in the four periods, we found that the
brooding phase causes significant differ-
ence between the variances (Levene's
tests, df =3, 37, p<0.001 forboth weight
profiles of nest G16-95). Excluding the
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Fig. 6. Means, standard errors and standard deviations of the different weight levels (nest
G16-95). For both weight profiles the standard deviation of the female's weight during the brood-
ing phase is very high. This is due to the sharp decrease in body weight.

brooding phase from the analysis resulted
homogeneity in the variances of the re-
maining three periods (Levene's tests, df =
2, 33, p > 0.15). The analysis of the other
two nests where appropriate data were
available showed similar results.

By comparing the mean weights in the
different periods, we found a significant
difference between the incubation and the
late feeding periods of each female (Fig.
6. Scheffe-tests. p <0.001 for both weight
profiles, N = 4 females).

3.2.1. Egg-laying

During the egg-laying period we found a
significant decrease in the roosting
weights but not in the morning weights in
one of the two nests (slope = -0.07 g/day,
R?=0.5570, F(1,6) = 7.5442, p < 0.0334
for the roosting weights, nest G16-95).
We found a significant difference in
the roosting weight profile between the
egg-laying and the incubation phase

(Scheffe-test, p < 0.001, N = 2 females).
The female collects the material required
for the formation of the egg during the day
and lays the egg at dawn. This explains the
7.99 +0.20% (mean = SD, N = 2 females)
decrease in the roosting weight after
clutch completion. In contrast this de-
crease is smaller (nest G16-95:3.35%., p <
0.01) or not significant (nest G225-95:
1.62%, p > 0.35) in the morning weight
profiles.

3.2.2. Incubation

Over the incubation phase there was no
significant trend in the weight profiles in
any of the observed cases (linear regres-
sion, N = 4 females).

3.2.3. Brooding
Both the morning and roosting weight pro-

files of the brooding phase show a signifi-
cant decreasing trend so we did not con-
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sider it as a constant weight level. The
slopes of the fitted lines ranged from -0.06
to -0.50 g a day and they differed signifi-
cantly from each-other (test of para-
lellism, df = 3, 17, Aforning weights: F =
7.48, p<0.01, Roosting weights: F=3.32,
p < 0.05). All measured females lost
weight throughout the five to eight days in
this phase. The females lost 10.0 = 1.5%
(Mean £ SD, N = 4) of their incubation
weight on average, that is about 2 g.

3.2.4. Late feeding

There was no significant trend in the weight
profiles (linear regression) in the majority
of cases. None of the females gained weight
and only 2 of the observed 12 females lost
weight in the late feeding phase. One of the
females lost 0.76 g over 11 days and the
other one lost 1.23 g over 13 days.

11

3.3. Daily mass changes

During daytime the males gained 7.46 +
1.61% (mean £ SD, N = 103 days) while
the females gained 6.53 + 1.97% (N = 178
days) of their morning weights. These av-
erages do not include data of the
egg-laying periods for the females. when
the daily weight gain was 13.73 £ 0.13%
(N = 15 days).

Overnight the males lost 7.49 + 1 49%
(N = 103 nights) while the females lost
6.66 £ 1.76% (N = 181 nights) in compari-
son to their following morning weights.
(In comparison to their evening or roost-
ing weights, males: 7.06 + 1.32% (N = 89
nights), females: 6.12 £ 2.15% (N = 174
nights)) These means do not include data
of the egg-laying periods when the fe-
males' overnight weight loss was 12.09
0.17% (N = 15 nights) due to the laid egg.
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Fig. 7. Female's daily timetable (nest G16-95). As the breeding season proceeds the days become

longer and the nights get shorter for the female.
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We found no difference between the
average daily gains and overnight losses
of either the females (t-tests, df =357, p >
0.62) or the males (t-tests, df = 204, p >
0.92). However, we found that the males
lost and gained more weight than the fe-
males (t-tests, p < 0.0001).

As the energetic demands of incuba-
tion, brooding and late feeding may dif-
fer, we compared the average weight
gained or lost per hour in the four peri-
ods. Both the lengths of the working days
and the duration of roosting vary
throughout the breeding season (Fig. 7).
We calculated the difference between the
time of the first departure in the morning
and of the last arrival for each female for
each day. We calculated the body-weight
increase per hour as the ratio of the pro-
portional gain in body-weight from
morning until night and the duration of
the working day. We determined the pro-
portional continuous weight-loss per
hour similarly. To our surprise, we could
not show any differences in the rate of
body-weight change between the periods
(Tab. 4, 5).

We also calculated the weight lost dur-
ing the first foraging trip. This usually
gives a minimum estimate for the weight
of the faeces as the female defecates after
her first departure in the majority of cases
but she also eats during these foraging
trips (Tab. 6). The apparent difference in
the average faecal loss between the peri-
ods is partly due to the difference of the
average length of the first foraging trip.
These foraging trips were significantly the
shortest on average and had the smallest
standard deviation during the brooding
period, while it was by far the longest dur-

ing egg-laying.

4. Discussion

4.1. Male weight levels

In our sample the males maintained their
weight throughout the observation peri-
ods. Males are on average heavier than fe-
males outside the breeding season
(Kluyver 1952, own unpublished data).
The male was heavier than the female in
five pairs while the female was heavier in
seven pairs during the observation peri-
ods. The weight profiles belonging to a
pair never crossed during the observation
period. As before hatching the males do
not visit the nest early in the morning we
have no opportunity to determine their ex-
act morning weight in the beginning of the
breeding season by weighing at the nest. It
would be interesting to study whether the
males lose weight in those early days
when they feed the females before and
during laying. In the case of non-incuba-
ting, non-brooding males the energetic de-
mands are probably more evenly distrib-
uted than on the females.

4.2. Female weight levels
4.2.1. Egg-laying

The females start to increase their body
weight some days before the first egg is
laid (Woodburn & Perrins 1997). The only
female whose weight was measured in the
pre-laying period also showed a large in-
crease in weight during the four days be-
fore laying (Fig. 2). This increase in
weight is mainly due to the increase of
body water content (Woodburn & Perrins
1997). The function and fate of this water
are unclear. Both Mertens (1987) and



B. Halpern, Z. Téth, and L. Pdsztor 13

Woodburn & Perrins (1997) report water
loss at the beginning of incubation and af-
ter hatching.

Egg production is energetically costly
for small birds. During a breeding season
Great Tits have to produce an egg, weigh-
ing nearly 10% of their own weight, on
each day. To collect the required materi-
als, the pair must co-operate, and the sup-
plementary or courtship feeding by the
male (Royama 1966, Krebs 1970) may
have an important role in achieving the
target: a clutchof 6 to 13 eggs.

The requirements of the laying period
are high and thus the environment can af-
fect its characteristics to a great extent.
Food availability is the main signal for the
timing of egg laying (Nilsson & Svensson
1993, Nilsson 1994, Nager et al. 1997),
which may be influenced by temperature.
When laying has already started, poor
feeding conditions, due to bad-weather or
high population density, can cause laying
interruptions in Great Tits (Dhondt et al.
1981). There was no such interruption in
our two nests.

Poor feeding conditions may also be re-
flected in either decreasing body weight or
decreasing egg weight in the course of the
laying period (Nager & Noordwijk 1992,
Ramsay & Houston 1997). In one of the
two nests the female's roosting weight de-
creased but her morning weight remained
stable in the laying period. This suggests
that egg weight decreased, although we did
not measure the eggs separately. It is im-
portant to keep in mind that besides other
nutrients the availability of calcium for the
egg-shell could also be a limiting factor
(Graveland ef al. 1994). The calcium co-
mes mainly from small snails (Graveland
& van Gijzen 1994). The females usually
go roosting with a snail in their gizzard

(Perrins 1996) because they digest it
slowly overnight and thereby their digest-
ing capacity is maximised during the day
(Woodburn & Perrins 1997).

Similarly to others (Jones 1987c,
Woodburn & Perrins 1997) we found that
the female's body weight is greatest in this
period.

4.2.2. Incubation

After the last egg is laid (sometimes ear-
lier) the female starts to incubate the e;3gs.
The start of incubation is also influenced
by food availability (Nilsson & Svensson
1993, Nilsson 1994, Nager et al. 1997).

After clutch completion the reproduc-
tive organs regress and some water is lost,
while the weight of the carcass, carcass fat
and flight muscle increase (Mertens 1987,
Woodburn & Perrins 1997). Woodburn &
Perrins (1997) found that this caused con-
siderably higher weight loss after
egg-laying than the average egg weight in
Blue Tits (Parus caeruleus). However, the
difference between the roosting weights
of the two females observed in our sample
was not much bigger (0.07 g and 0.26 g)
than the average egg weight. The mainte-
nance of fat reserves may help the females
to continue incubation at lower tempera-
tures when their energy expenditure
grows considerably (Mertens 1987) and
when they need to stay longer on the eggs.
Besides relying on their fat storage, fe-
males may count on the males' supplemen-
tary feeding.

None of the females in our sample (N =
4) lost weight during incubation. In two of
three years Mertens (1987) found that
Great Tit females lost more than 1 g during
incubation; similarly Woodburn & Perrins
(1997) also found decreases in the weight
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of four Blue Tits. Ricklefs & Hussel
(1984) reported weight decrease in female
but not in male Starlings (Sturnus
vulgaris) thoughboth sexes take partinin-
cubation. While short-term weight
changes of incubating Swallows (Hirundo
rustica) were related to the prevailing
weather, Jones (1987c) did not find
long-term weight-loss during incubation
(N = 5 females). These different results
suggest that the body weight of incubating
females is sensitive to the prevailing con-
ditions yet females are always heavier
during incubation than during nestling
rearing. Females typically do not lose all
their reserves by the end of incubation.

4.2.3. Brooding
All the females lost weight over five to

eight days after hatching (N = 5). Freed
(1981) described the same phenomenon in

House Wrens (Troglodytes aedon), Jones
(1987a) in Swallows, Ricklefs & Hussel
(1984) in Starlings, Moreno ef al. (1991)
in Collared Flycatchers (Ficedula
albicollis) and Woodburn & Perrins
(1997) in Blue Tits. Merila & Wiggins
(1997) showed that the rate of re-growth
of feathers removed earlier correlated
negatively with the amount of weight loss,
which could indicate stress in this period.
There is accumulating evidence that fe-
male weight loss immediately after incu
bation may be a general phenomenon
among Passerines, though data are still
scarce. The magnitude of this weight loss
may depend on the incubation weight of
the females and the number of nestlings
(Jones 1987a, Johnston 1993, Merila &
Wiggins 1997).

There is a long-standing discussion in
the literature over whether this weight-
loss represents some costs of reproduction
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or is a pre-adaptation to diminish the
forthcoming increase in flight-costs
(Drent & Daan 1980, Norberg 1981, Freed
1981, Ricklefs & Hussel 1984, Merila &
Wiggins 1997). Gosler (1991) showed that
females declined in protein reserves while
feeding a brood. The proper timing of this
weight-1oss must be crucial for the female,
as if she loses her reserves too early she
may not survive unfavourable periods. If
she is too late she unnecessarily keeps pre-
dation risk higher (Gosler ef al. 1995) or
retards nestling growth by inefficient en-
ergy utilisation. As the females lose most
of their weight just after or during hatch-
ing, and not right before the peak feeding
period (unpublished data), we think that
flight-cost reduction does not have a ma-
jor role in timing their weight loss. Hous-
ton (1993) showed in simple time budget
models that the efficiency of mass loss,
i.e. the value of the energy released by
mass loss in terms of the increase in en-
ergy delivered to the young is lower than 1
if the bird looses weight during the peak
feeding period. However, during brooding
any saving of energy by the female can be
given more directly, i.e. more effectively
to the nestlings by brooding than in the
late feeding period by decreased food de-
mand.

The females still need some energy re-
serves because of the high and unpredict-
able energetic demands during brooding.
In the first days of brooding, a female still
spends much time in the nest, which im-
poses a heavy time constraint on her (T6th
& Pasztor 1997). She cannot leave the
nestlings alone for too long while she also
has to provide food for both them and for
herself. This means that by minimising
self-feeding she can gain valuable time
that can be used for the other two activi-

ties. Both parents feed the young in this
period and it is likely that the male gives
less food to the female than earlier. Thus,
itis possible that brooding is energetically
even more demanding for the female than
incubation and she is in need of her re-
serves. The energetic demands imposed
by brooding on the parents may vary with
the environmental conditions. We found
that the length of the brooding period var-
ied among nests. It ranged from 5 to 12
days in our sample.

As the first days after hatching may be
critical forboth the nestlings and their par-
ents, the optimal number of nestlings may
depend on the amount of reserves pos-
sessed by the female at hatching. We think
that in order to understand the role of
brooding in the optimisation of clutch size
we need more studies, which concentrate
on this period.

4.2.4. Late feeding

The feeding frequency reaches its maxi-
mum in the late feeding period. By that
time the parents possess reduced reserves.
When unpredictable bad weather causes
limited food availability the parents have
to decide whether to feed themselves or
the chicks (Fig. 8). Restriction to self-
feeding may be the only option in many
cases, causing weight loss in the nestlings
and reduced juvenile survival. The deci-
sion of the parents, and in turn their body
weight, may depend on the number of
nestlings, i.e. on the value of the brood
(Smith ef al. 1988).
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Osszefoglalas

Kolto széncinegék testtomeg-viltozisai

Automatikus elektronikus mérlegek segitségé-
vel 12 széncinege testtémeg valtozasat kovet-
titk nyomon 6-47 napon at a koltési szezonban
1993 ¢&s 1997 kozott. A "The Wisitor" szoftver
csomagot hasznaltuk adatgy djtésre és adatren-
dezésre. Tanulmanyunkban a tojé és him ma-
darak reggeli és esti testtomeg valtozasanak
naprol napra térténd valtozasat elemeztiik.

1. A vizsgalt 12 him széncinege koziil
egyiknél sem kovetkezett be testtémeg valto-
z4s.

2 Kéttojonal sikernlt a testtomeg valtozast
a tojasrakas kezdetétsl a kirepiilésig kévetni.
Esetitkben harom testtomeg szintet tudtunk el-
kuldniteni: atlagos éjszakazasi tomeg a tojas-
rakds, kotlas és etetés alatt. A tojasrakas alatt
egyik tojé sem veszitett a tdmegébdl, bar az
egyik egyed tojasainak silya csokkent. A tojok
reggeli testtémege hasonlo volt a tojasrakas és
kotlas alatt.

3. A tojék egyikének sem csokkent a tome-
ge a kotlas alatt (N = 4). A testtémegik azutan
kezdett el csskkenni (atlagosan 10 %-al, N =
4), hogy a fiokak kikeltek. A késdi etetés alatt
tiz tojénak a tdmege nem valtozott, kettének
pedig csokkent.

4. Nem talaltunk szignifikans kiilénbséget
a napkdzbeni drankénti tomegnodvekedés, illet-
ve az éjszakai 6rankénti tomegesokkenésben a
négy koltési szakasz kozott (N = 5).

Eredményeink és publikalt adatok alapjan
ugy gondoljuk, hogy az énekesmadarakra alta-
lanosan jellemzo a kotlas el6tti jelentSs tomeg-
novekedés és kisebb téSmegvesztés a kotlas
utan. A jelent8s testtémegnovekedés a tojasra-
kas elott, és a témeg megtartasa a kikelés uta-
nig részben magyarazhatd a tojasrakas és kot-
las nagy energia igényével. A tartalékok elose-

gitik az esetleges kedvezétlen idészakok atvé-
szelését. Az etetés eldtti tomegesdkkenés
adaptiv, mivel a nagy tomeg( egyedek szamara
a repitlés nagyobb befektetést igényelne. de a
tomegcesokkenés 1dozitése és mértéke az adott
tészekalj igényeitdl fiigg. Az optimalis fé-
szekaljméret tehat attol is fiigghet, hogy a tojé
mennyi tartalékot képes mobilizalni a kotlas
utan,

References

Dhondt, A. A, Eyckerman, R. & J. Huble. 1983.
Laying interruptions in tits. Parus spp. — Ibis
125: 370-376.

Drent, R. H. & S. Daan. 1980. The prudent parent:
energetic adjustment in avian breeding. — Ardea
68:225-252, '

Freed, L. A. 1981. Loss of mass in breeding wrens;
stress or adaptation? — Ecology 62: 1179-1186.

Garnett, M. C. 1981. Body size, its heritability and
influence on juvenile survival among great tits
Parus major. — Ibis 123: 31-41.

Gosler, A. G. 1991. On the use of greater covert
moult and pectoral muscle as measures of condi-
tion in passerines with data for the Great Tit
Parus major. - Bird Study 38: 1-9.

Gosler, A. G., Greenwood, J. J. D. & C. M. Perrins.
1995. Predation risk and the cost of being fat. -
Nature 377: 621-623.

Graveland, J. & T. van Gijzen. 1994. Arthropods and
seeds are not sufficient as calcium sources for
shell formation and skeletal growth in passer-
ines. — Ardea 82: 299-314.

Graveland, J., van der Wal, R., van Balen, J. H. & A.
1. van Noordwijk. 1995. Poor reproduction in
forest passerines from decline of snail abun-
dance on acidified soil. — Nature 368: 446-448.

Houston, A. 1. 1993. The efficiency of mass loss in
breeding birds. — Proc. R. Soc. Lond. B. 254:
221-225.

Jones, G. 1987a. Parent-offspring resource alloca-
tion in swallows during nestling rearing: an ex-
perimental study, — Ardea 75: 145-168.

Jones, G. 1987b. The use of precision electronic bal-
ances to monitor short-term changes in the body
mass of birds. — Comp. Biochem. Physiol. 87A:
287-293.

Jones, G. 1987¢. Time and energy constraints during
incubation in free-living swallows (Hirundo
rustica): an experimental study using precision
electronic balances. — J. Anim. Ecol. 56:
229-245.



B. Halpern, Z. Téth, and L. Pasztor 17

Johnston, R. D. 1992. The effect of direct supplemen-
tary feeding of nestlings on weight loss in female
Great Tits Parus major. — Ibis 135: 311-314.

Keller, L. 1991. Environmental influences on nestling
growth in the great tit (Parus major). — Diplom
work, University of Ziirich.

Kluyver, H. N. 1952. Notes on body weight and the

timing of breeding in the great tit (Parus major). -
Ardea 40: 123-141.

Krebs, J. R. 1970. The efficiency of courtship feeding
in the blue tit, Parus caerulens. — lIbis 112:
108-110.

Lack, D. 1947. The significance of clutch-size. ~ Ibis
89: 302-352.

Lindén, M., Gustafsson, L. & T. Pirt. 1992. Selection
on fledging mass in the Collared Flycatcher and
the Great Tit. — Ecology 73: 336-343.

Martins, T. L. F. & J. Wright. 1993. Brood reduction
in response to manipulated brood sizes in the
common swift (Apus apus). — Behav. Ecol. &
Sociobiol. 32: 61-70.

Merild, J. & D. A. Wiggins. 1997. Mass loss in breed-
ing blue tits: the role of energetic stress. — J.
Anim, Ecol. 66: 452-460.

Mertens, J. A. L. 1980. The energy requirements for
incubation in great tits and other bird species. —
Ardea 68: 185-192.

Mertens, J. A. L. 1987. The influence of temperature
on the energy reserves of female great tits during
the breeding season. — Ardea 75: 73-80.

Moreno, J., Gustafsson, L., Carlson, A. & T. Pirt.
1990. The cost of incubation in relation to clutch
size in the Collared Flycatcher Ficedula
albicollis. — Ibis 133: 186-193,

Nager, R. G. & A. J. van Noordwijk. 1992. Energetic
limitation in the egg-laying period of great tits. —
Proc. R. Soc. Lond. B. 249: 259-263.

Nager, R. G., Riegger, C. & A. J. van Noordwijk.
1997. Nutrient or energy limitation on egg forma-
tion: afeeding experiment in great tits. — J. Anim.
Ecol. 66: 495-507.

Nilsson, J.-A. & E. Svensson. 1993. Energy con-
straints and ultimate decisions during egg laying
in the blue tit. — Ecology 74: 244-251.

Nilsson, J.-A. 1994. Energetic bottle-necks during
breeding and the reproductive cost of being too
early. = J. Anim. Ecol. 63: 200-208.

Norberg, R. A. 1981. Temporary weight decrease in
breeding birds may result in more fledged young.
— Am. Nat. 118: 838-850. ‘

Noordwijk, A. J. van, McCleery, R. H. & C. M.
Perrins. 1995. Selection for the synchronisation
of great tit (Parus major) breeding with caterpil-
lar growth, using temperature as a predictor. - J.
Aninl. Ecol. 64: 451-458.

Nur, N. 1984. The consequences of brood size for
breeding blue tits I. Adult survival, weight
change and the cost of reproduction. — J. Anim.
Ecol. 53: 479-496.

Perrins, C. M. 1965. Population fluctuations and
clutch size in the great tit Parus major. - 1. Anim.
Ecol. 34: 601-647.

Perrins, C. M. 1997. Eggs, egg formation and the tim-
ing of breeding. — Ibis 138: 2-15.

Ramsay, S. 1. & D. C. Houston. 1997. Nutritional con-
straints on egg production in the blue tit: a sup-
plementary feeding study. — J. Anim. Ecol. 66:
649-657.

Ricklefs, R. E. & D. 1. T. Hussel. 1984. Changes in
adult mass associated with the nestling cycle in
the European starling. — Ornis Scand. 15:
155-161. ]

Royama, T. 1966. Factors governing feeding rate,
food requirement and brood size of nestling great
tits Parus major. — Ibis 108: 313-347.

Sanz, J. J. & J. Moreno. 1995. Mass loss in brooding
female Pied Flycatchers Ficedula hypoleuca: no
evidence for reproductive stress. — J. Avian Biol.
26: 313-320.

Stearns, S. C. 1992. The evolution of life histories. —
Oxford University Press, Oxford.

Szép, T., Barta, Z., Téth, Z. & Z. Séviri. 1995. Use of
an electronic balance with bank swallow nests: A
new field technique. — J. Field Omithol. 231:
1-11.

Toumi, J. 1990. On clutch size and parental survival.
-~ Oikos 58: 387-389.

Toth, Z. 1994. Software supported identification of
two individuals based on repeatedly recorded
body weights. — J. Orn. 135 Suppl: 257.

Téth, Z., Torsk, J. & G. Meszéna. 1991, Automatic
observing of hole-nesting birds during the paren-
tal care period. — Abstracts of the 3rd Congress of
ESEB: 227

Téth, Z. & L. Pasztor. 1997. Behaviour can be studied
by weighing. — Advances in Ethology 32: 302.

Williams, G. C. 1966. Natural selection, the costs of
reproduction, and refinement of Lack's principle.
— Am. Nat. 100: 153-162.

Witter, M. S. & L. C. Cuthill. 1993. The ecological
costs of avian fat storage. — Phil. Trans. R. Soc.
Lond. B. 340: 73-92.

Woodburn, R. J. W. & C. M. Perrins. 1997. Weight
change and the body reserves of female blue tits
Parus caeruleus during the breeding season. — J.
Zool. in press

Received: Jan 13 1998, accepted: Feb 18 1998



Ornis Hungarica 7: 19-26. 1997

'Status of Kentish Plover
(Charadrius alexandrinus) in Hungary

Tamas Székely

Székely, T. 1997. Status of Kentish Plover (Charadrius alexandrinus) in Hungary. — Ornis
Hung. 7: 19-26.

Population size, distribution and reproductive success of Kentish Plovers in Hungary are sum-
marised. 105-140 pairs bred in 1988-1992. Two breeding sites (Miklapuszta and Southern Hun-
gary) contained the bulk of the population, with 60-80 pairs and 35-40 pairs, respectively. The
number of breeding pairs has declined in recent years. Kentish Plovers have disappeared from
some of their traditional breeding sites such as Hortobdgy-puszta, and their numbers have dwin-
dled in other areas such as in Southern Hungary and Vasarhelyi-puszta. I suggest two reasons
for the reduction in number of breeding pairs: loss of breeding habitat and low reproductive suc-
cess. First, the loss of breeding habitat may be due to reduction in grazing pressure by sheep
4 flocks. I argue that sheep grazing is important in maintaining short vegetation and bare ground
/ in these alkaline grasslands. Short vegetation and bare grounds may attract Kentish Plovers to
settle. In addition, Kentish Plovers prey upon the insects following sheep flocks and they may
feed on insect larvae which develop in sheep dung. Second, the breeding success of Kentish Plo-
vers was poor: 28% of eggs hatched and 29% of chicks that hatched reached fledging age. I esti-
mate that new recruits replace only 17% of adults which die each year. To prevent the disappear-
ance of Kentish Plover from Hungary urgent measures are needed, such as to increase hatching
success by stricter control of stray dogs and cats, erect protective fences around some nests and
maintain, or preferably increase, the current intensity of sheep grazing.
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recent changes in breeding numbers, inves-

1. Introduction

Kentish Plovers Charadrius alexandrinus
are cosmopolitan and in most parts of their
range they breed on the coast. Nevertheless,
in the Carpathian Basin they breed in alka-
line grasslands (‘puszta’) and at the edges of
alkaline lakes. The Kentish Plover is one of
the characteristic'birds of the Hungarian al-
kaline grasslands (Udvardy 1941, Sterbetz
1965), and thus any change in their distribu-
tion or population size may indicate a
change in overall quality of this habitat.

In this paper I report on the current sta-
tus of Kentish Plover in Hungary, illustrate

tigate the causes of the reduction and sug-
gest measures for the protection. Much of
the data is based upon my field study in
Southern Hungary (1988-1990) and Cen-
tral Hungary (1991-1994). The study sites,
field work and statistical analyses are de-
scribed elsewhere (e.g. Székely 1991,
Székely 1994).

2. Breeding sites

The bulk of the Hungarian population bred
in Miklapuszta, Central Hungary (near the
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villages of Harta and Akaszt6): 60-80
pairs in 1990-1992; and in Southern Hun-
gary (near the towns of Szeged and Kiste-
lek): 35-40 pairs in 1988-1990. Mikla-
pusztawas an extensive alkaline grassland
whereas several patches of alkaline grass-
lands and cultivated fish-ponds made up
the breeding sites in Southern Hungary.
The number of breeding pairs was 3-12

I. & A. Sz€ll pers. comm.) and one pair in
1992 in Sarkdny Lake near the village of
Sarkeresztur (Fenyvesi, L. pers. comm.).
Thus approximately 105-140 pairs of
Kentish Plovers bred between 1988 and
1992 in Hungary.

Kentish Plovers also bred in neigh-
bouring countries such as Austria. Croatia
and Serbia. 12-19 pairs of Kentish Plovers

160
140 T
0 120 —_'
‘©
o 100 T
g’ —
5 80 T
o 1
g 60 ':'
[T
© 40T
2 -t
20 T
0 f i t i t i t i
1945 1955 1965 1975 1985
Year

Fig. 1. Number of breeding pairs in Southern Hungary including Vasarhelyi-puszta (based on

Sterbetz 1963, 1992, Tajti 1992).

pairs in the Nagysz€k alkaline grassland
(near the town of Balmaziijvaros) between
1980 and 1989 (Kovacs 1984, Ecsedi, Z. &
L. Szondi pers. comm.), 3-4 pairs in Kele-
men-sz€k alkaline grassland of Kiskunsag
National Park in 1990-1992 (Bankovics,
A. pers. comm.), three pairs in Kardoskiit
alkaline grassland in 1990-1991 (Sterbetz,

bred on the Austrian side of the
Neusiedler-See (Rauer & Kohler 1990)
and Glutz von Blotzheim ef al. (1975) esti-
mated 35-45 breeding pairs in Burgen-
land, Austria. Bartovsky et al. (1987) re-
ported that 44-71 pairs of Kentish Plover
bred in the former Yugoslavia (Voivodi-
na, Slovenia and Croatia).
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Fig. 2. The reduction in number of breeding Kentish Plovers coincided with the reduction in num-
ber of grazing sheep in VAsarhelyi-puszta (based on Sterbetz 1992).

3. Population trends

Several ornithologists have warned that the
size of the breeding population has de-
clined recently in Hungary (Bankovics
1984, 1989, Sterbetz 1992), and current ev-
idence supports this view. For example, the
number of breeding pairs declined between
1947 and 1990 in Southern Hungary (Fig.
1). Although these estimates are based
upon casual observations and reports, they
suggest a general decline over the investi-
gated period (Tajti 1992). The first thor-
ough counts were carried out in 1988; thus
the increase between 1987 and 1988 could
bave been caused by the increased preci-
sion of surveys - rather than by a real in-

crease in the number of birds. Sterbetz
(1992) described a reduction in numbers of
Kentish Plovers between 1951 and 1980 in
Vasarhelyi-puszta (Fig. 2). In Eastern Hun-
gary the stronghold of the Kentish Plover
used to be the Hortobagy (Udvardy 1941).
Whereas in 1965 25 pairs bred in
Hortobagy, the number of breeding birds
gradually declined (1969: 10-15 pairs,
Sterbetz 1965) and since 1984 Kentish Plo-
vers no longer breed there (Sterbetz 1965,
Kovics 1984). Glutz von Blotzheim et al.
(1975) estimated that in 1969-1971 150
pairs bred in Hungary, but this estimate did
not seem to include the breeding popula-
tion in Miklapuszta. Assuming that the
number of breeding pairs have not changed
in Miklapuszta since then (60-80 pairs), I
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Tab. 1. Hatching success (% of nests or eggs that hatched) and fledging success (% of chicks
fledged) of Kentish Plovers in Southern Hungary (Székely, T. unpubl. data). Successful nests
hatched at least one chick. Only fresh clutches were included and only the ones which were known
to hatch or fail. Disappeared chicks presumably died.

Hatching
success of eggs
Year Hatched Predated or No.of  Hatched No.of Fledged Predated or No. of

Hatching success of nests Fledging success

% failed % nests % eggs % disappeared %  chicks
1988 37.5 62.5 8 37.5 24 13.6 86.4 22
1989 23.5 76.5 17 18.0 50 37.5 62.5 24
1990 31.6 68.4 19 31.6 57 34.8 65.2 23
All 29.5 70.5 44 27.5 131 29.0 71.0 69

estimate that the total number of breeding European countries (Tucker & Heath 1994,
pairs was approximately 210-230 pairs in  Meininger & Arts 1997).

1969-1971 in Hungary. Thus the number of
breeding pairs could have been reduced
from 210-230 pairs to 105-140 pairs over
20 years i.e. a reduction of 40-50 %. The
negative trend coincided with the marked Isuggest that a loss of breeding habitat and
decline of Kentish Plover in several other  a reduced reproductive success are both re-

4. Causes of decline
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Fig. 3. The insect density (no. of prey items / 100 em” of trap + SE) is higher where sheep grazing
pressure is high than where it is low (two-way ANOVA between 'grazing frequent' and 'grazing
rare' areas with sampling date, F, ;)2 =37.94, p < 0.001, Székely et al. 1993). The arrow indicates
the mean date of hatching of Kentish Plover eggs.
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sponsible for this decline in Hungary, al-
though other potential explanations such as
increased over-winter mortality can not be
ruled out (Szép 1995). Kentish Plovers
have lost several breeding grounds during
the last 40 years or so. Before 1953 the
most important breeding site was probably
an alkaline lake in Southern Hungary
(Fehérté, 9 km north of Szeged), which
harboured more than 100 pairs of Kentish
Plover (Weisz 1935, Sterbetz 1963). This
lake was drained and converted into fish-
pond between 1953 and 1955. By 1955
most Kentish Plovers left Fehérté and some
of them dispersed into neighbouring alka-
line grasslands and lakes (Sterbetz 1963).
Another threat comes from fertilisers
which are used to improve productivity of
grasslands. Short vegetation and large
patches of bare ground seem to be neces-
sary for breeding Kentish Plovers; thus in-
creasing density and height of vegetation
by these chemicals destroys the suitability
of such habitats for Kentish Plover breed-
ing (Sterbetz 1992). Reduction in grazing
livestock may also be a significant threat.
Sterbetz (1992) showed in Vasdrhelyi-
puszta that as the number of grazing sheep
declined so did the number of breeding
Kentish Plovers (Fig. 2). Extensive sheep
flocks may be important in maintaining
habitat quality for Kentish Plovers. These
flocks typically contain scveral hundred
sheep and they are attended by a shepherd.
First, grazing sheep leave short grass be-
hind thus intensive grazing and trampling
by sheep may prevent vegetation from
covering bare patches of grasslands. As
soon as grazing stops or the intensity of
grazing reduces the plants overgrow bare
ground patches (Sterbetz 1992). Second,
Kentish Plovers often fed in sites which

were grazed by sheep flocks several times
a day. We found that the density of arthro-
pods were higher in one such area than in
less intensively grazed sites (Fig. 3). In-
sects may be attracted to sheep flocks,
and/or they may use sheep and sheep dung
to breed. These advantages of grazing are
probably higher than the cost of sheep
trampling ncsts (Székcly 1992). Neverthe-
less, a specific study on the impact of
sheep grazing on breeding birds would be
most rewarding in the alkaline grasslands.

The other reason for the decline in
numbers of breeding birds may be low re-
productivc succcss. Breeding succcss of
Kentish Plovers is often low, even if their
habitat quality does not deteriorate. 28%
of eggs hatched and 29% of hatched young
reached fledging age in Southern Hungary
between 1988-1990 (Tab. 1). The major
reason for nest failure was predation:
70.5% of failed nest were predated either
by birds or mammals such as Marsh Har-
rier Circus aeruginosus, Montagu's Har-
rier Circus pygargus, Rook Corvus frugi-
legus, Hedgehog Erinaceus europaeus,
Fox V'ulpes vulpes, and stray dogs and cats
(Székely 1992). It is likely that some of
these predators took chicks as well, al-
though the only chick whose predation
was witnessed was taken by a Kestrel Fal-
co tinnunculus.

Based on these values one may calcu-
late whether the current rate of reproduc-
tion is sufficient to maintain population
size. To maintain a stable population size
the number of female young recruitment
(r7) should be at least as large as the num-
ber of adult females which die each year
(po) i.e. ry = ps. An offspring has a preba-
bility 0.28 * 0.29 * 0.53 = 0.043 of surviv-
ing from the beginning of incubation until
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reproducing approximately one year later
(Tab. 1, Cramp & Simmons 1983). On av-
erage a female produces 2.96 eggs in a
nest and lays 1.18 clutches in a breeding
season; thus on average a female produces
3.49 eggs in a breeding season (Székely
1994, Székely, T. unpubl. data). Therefore
a female is expected to produce 0.043 *
3.49 = 0.15 young cach ycar which arc rc-
cruited into the breeding population. Ap-
proximately half of these young will be
male which leaves r; = 0.075. The mortal-
ity of adult females is pe = 0.43 based on
local returning rate of females between
1988 and 1994 in Southern Hungary and
Miklapuszta (Székely 1994). Thus the re-
cruitment seems to replace only 17% of
adult loss. Evenif we consider that each of
these estimates have large confidence in-
tervals, the rapid decline of Hungarian
Kentish Plovers seems inevitable.

The Hungarian population does not de-
cline that fast (see 'Population trends').
The discrepancy between the estimated
rate of reduction and recruitment rate may
derive from several sources. First, female
mortality was based on the local returning
rate; thus the real mortality of adults may
be overestimated. Second, females may
change breeding site between renesting
(Stenzel et al.. 1994, Székely 1994), thus
the production of 3.49 eggs in a breeding
season probably underestimates the real
number of eggs laid over a breeding sea-
son. Third, immigration may compensate
for some of the losses. Kentish Plovers are
known to move between breeding sites
over hundred kilometres (Stenzel ef al.
1994, Székely 1994). However, I do not
know the whereabouts of a population that
might provide the immigrants to the Hun-
garian breeding sites.

5. Recommendations for conser-
vation

Kentish Plovers have been protected since
1901 in Hungary and their most important
breeding sites such as Miklapuszta and
Southern Hungary are also under protec-
tion. However, protecting the species or
the habitat by law does not circumvent the
major threats: the low reproductive suc-
cess and habitat loss.

There are several ways to improve the
repraductive success of Kentish Plovers.
First, stray dogs and cats can be controlled
on breeding sites. For example. in
Makraszék (Southern Hungary) Kentish
Plovers bred less than 100 m from farms;
thus their nests could easily be preyed upon
by dogs wandering away from the farm. It
is illegal to let a dog or cat roam on its own
in nature reserves such as Makraszék, but
stricter pest control would probably help to
eliminate some of the nest predators. Sec-
ond, nesting success can be increased by
fencing around mnests. Nest protective
exclosures have been successfully applied
in several plovers (Nol & Brooks 1982,
Rimmer & Deblinger 1990). Following
Jonsson (1993) we surrounded eight nests
of Kentish Plovers in 1994 by a garden
fence (Castro, M., Noszialy, G. & T.
Székely unpubl. data). Plovers easily
squeezed through the fence whereas most
predators were unable to do so. The
exclosures were successful in protecting
the nests. Six nests out of eight fenced nests
hatched 16 chicks, whereas three nests out
of eight control (unfenced) nests hatched
only seven chicks. One of the two fenced
nests which failed was predated probably
by a small mammal, and the other nest was
abandoned by both parents.
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The other important action should be a
better management of breeding habitats
(Molndr 1996). Maintaining or increasing
current grazing pressures on breeding
grounds of Kentish Plover is very impor-
tant. According to some sheep owners
sheep-breeding is no longer profitable in
Hungary, and thus they have reduced the
size and the number of their flocks. Con-
servation authorities should find the way
to encourage sheep-breeding especially
onthe traditional breeding sites of Kentish
Plovers.

Kentish Plovers first bred on the bot-
tom of drained fish ponds in 1970, and
since then the number of breeding pairs
appears to have increased in fish-ponds
(Tajti 1992). Although hatching success
of nests is lower in fish-ponds than in alka-
line grasslands (Székely 1992), the fledg-
ing rates appear to be higher; thus the
overall reproductive success appears to be
higher in fish-ponds than in grasslands
(Noszaly et al. 1995). Fish-ponds which
are drained in May and June attract several
shorebirds such as Avocets Recurvirostra
avosetta, Lapwings | anellus vanellus and
Little Ringed Plovers Charadrius dubius,
particularly in Southern Hungary (Szé-
kely 1992). However, the bottom of
drained fish-ponds are often cultivated
and they may be filled up 2-4 weeks after
drainage thus causing the loss of shorebird
nests which are still being incubated. The
interest of conservation is then to prevent
or restrict the activity of fish-farms during
the breeding season. Thus conservation
authorities should pay attention not only
to the alkaline grasslands and edges of al-
kaline lakes, but to fish-ponds as well.
Perhaps grasslands and fish-ponds man-
aged chiefly for conservation purposes
would significantly improve the chance of

this small plover surviving over the next
century in Hungary.
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Osszefoglalas

A széki lile Charadrius alexandrinus ter-
mészetvédelmi helyzete Magyarorsziagon

A hazai széki lile populdcié nagysagat, elterje-
dését és szaporodasi sikerét toglalom dssze eb-
ben a dolgozatban. 1988 és 1992 kozott 105-140
par széki lile fészkelt Magyarorszagon. A hlék
két legtontosabb fészkelSterilete Miklapuszta
(60-80 par) ¢s a Dél-Alfold volt (35-40 par). A
fészkeld parok szdma erdsen csékkent az utdbbi
évtizedekben. A széki lilék elttintek az egyik 16
tradicionalis fészkel6teriiletiikrél, a Hortobagy-
6], mig szamuk alaposan megcsappant a Dél-
Alfoldon és a Vasarhelyi-pusztan. A csokkenés
legfébb oka a tészkeldteriiletek 4talakulasa és
az alacsony szaporodasi siker. A fészkeldterii-
letek atalakuldsa nagyrészt a birkalegeltetés
visszaszorulasanak tulajdonithaté. Vélemé-
nyem szerint a birkak legelése jelent6s a rovid-
fiivli, vakszikfoltokkal tarkitott pusztak tenntar-
tasdban. A rovidfuvli, koparos szikespusztak
fontos teltételét adjak a széki lile tészkeléséhez.
Tovabba. a széki lilék jelentds taplalékat képe-
zik a birkdkat kovetd és a birkatragyaban fejl6-
d6 rovarok. Tovabbi vizsgalatok sziikségesek
annak felmérésére, hogy a legel6 labasjészagok
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hogyan befolyasoljak a sziki madarak fészkelé-
sét. Azonban a sz€ki lilék alacsony szaporodasi
sikere is hozzajarul a populacid cs6kkenéséhez.
A liletojasok csupéan 28 %-a kelt ki, mig a kikelt
fiokak csupan 29 %-a repillt ki a Dél-Alfsldon.
Becslésem szerint a hazai lilepopuldcio nem ké-
pes az onnfentartisra, mivel az évi szaporulat
csupan egyotodét potolja az éves pusztulasnak.
Siirgds intézkedések sziikségesek a széki lilék
tovabbi csokkenésének megakadalyozasara, a
szaporulat védelmére és az élohelyek tovabbi
romlasanak megakadalyozasara.
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Nesting success of the Red-backed Shrike
(Lanius collurio) in a cultivated area

R. Farkas, R. Horvath and L. Pasztor

Farkas, R., Horvith, R. and Pasztor, L. 1997. Nesting success of the Red-backed Shrike
(Lanius collurio) in a cultivated area. — Ornis Hung. 7: 27-37.

We studied a stable population of Red-backed Shrikes in the Aggtelek National Park on an
area which is a mosaic of arable lands with different degrees of cultivation. We analyzed the
effect of cultivation on nesting success. We defined three types of land use: intensively culti-
vated plough-lands, extensively cultivated meadows or pastures, and uncultivated areas.
Based on regular observations from several points on a transect, we made a map showing the
location of the nests, the territories of the observed pairs and the land types. The observation
{ period lasted 50-55 days a year between 1991 and 1996. We found that the decisive majority
/ of nest failures were caused by predators. The nesting success was higher in the intensively
cultivated and uncultivated lands than in the extensively cultivated areas. Bush size also af-
fected nesting success, the risk of nest failure was lower in large groups of bushes than in
lonely bushes. Human disturbance may have increased nest failures. We did not find any ef-
fect of bush type and distance from forest-edge on nesting success. We neither found any dif-
ference between the densities of pairs from different land-use types.

5
R. Farkas and L. Pdsztor, Population Biology Group, Department of Genetics, Edtvos Univer-
sity, Miizeum krt. 4/A, Budapest, H-1088, Hungary, e-mail: kingfisher@ludens.elte.hu. R.

Horvith, Aggtelek National Park, Tengerszem oldal 1, Josvafd, H-3758, Hungary.

1. Introduction

The breeding population of Red-backed
Shrikes (Lanius collurio) have shown a
marked decrease in some of its traditional
habitats in Northern and Western Europe.
Nowadays several projects try to reveal
the possible causes of this trend all over
Europe. According to the general view
this population decline may be the result
of the intensive, large-scale agricultural
cultivation, especially the use of pesti-
cides and the disappearance of breeding
sites (Reuven & Lohrer 1995). We studied
astable population in an area cultivated by
traditional agricultural methods. By ana-
lyzing the causes of nesting failure we

would like to reveal the factors relevant to
the maintenance of local Red-backed
Shrike populations on cultivated areas.

2. Methods

The study was conducted in the Aggtelek
National Park (Northern Hungary), in the
valley of the Jdsva-stream, between
Josvafé and Szinpetri (Visnyovszky &
Markus 1993). The 107 ha study area is
surrounded by xerotherm oak forests
(Quercus pubescens, Quercus petrea),
hornbeam forests (Carpinus betulus),
spruce plantation (Picea abies) and the
two villages. A stable Red-backed Shrike
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Tab. 1. Relationship between breeding density and nesting success in the Red-backed Shrike.

breeding intensively

extensively

Years number  density cultivated cultivated uncultivated :zz::si

of pairs  (pairs / success nest success nest success nest (%)
. 10 ha) failure failure failure

1991 4] 3.83 11 3 10 7 7 -3 68.2

1992 35 3.27 8 1 12 3 7 4 77.1

1993 34 3.18 8 4 6 7 8 1 64.6

1994+ 40 3.74 8 7 5 11 5 4 45

1995* 46 4.3 9 6 10 11 8 2 58.6

1996 54 5.05 12 4 15 12 8 3 64.8

Total 250 56 25 58 51 43 17

Years marked by * took part only in the analyzis of the densities of territories

population lives in the valley, with 35-54
territorics per ycar (Tab. 1). Bctween
1991-1996 we collected data on 50-55
days a year (except 1994: 15 days), during
the whole breeding season from the mid-
dle of May until the middle of August.
From the beginning of June until mid July
wc madc obscrvations cvery day. Data on
the amount of precipitation was measured
at the local station of the Hungarian Mete-
orological Service.

We used a 5 kilometer long path for
making observations and transect-counts
in the vallcy. Boundary of a territory of a
pair was established by synchronous ob-
servations of the neighbours. We defined

three types of cultivation: intensively cul-

tivated lands (plough-lands), extensively
cultivated lands (meadows, pastures) and
uncultivated or rudcral arcas. We used a
map with the scale of 1:5000. All observa-
tions, territories, found nests and land us-
age types were indicated on this map. To
estimate the size of the area of each land
type we cut around the areas from the map
and wcighed them on an clectronic bal-
ance of 0.01 g accuracy. In the first two
years nests were systematically searched
and checked regularly.

All the statistical analyses were carried
out by the software BIOM PC. All tests are
2-tailcd cxcept when it is statcd othcrwisc.

3. Results

3.1. Habitat selection

The area of the different land types
changed year to year depending on
whether the local people started cultiva-
tion on new, previously uncultivated lands
or they lcft the land uncultivated. We de-
termined the number of pairs that seemed
to have a territory in each land type ineach
year and calculated the population den-
sity. We did not find any significant dif-
ference between the population densities
of diffcrent 1and types (Onc-way ANOVA
Fiu15=1.714,df =2, p > 0.05).

3.2. Components of breeding success

We measured nesting success by the pro-
portion of successful nests. We consid-
cred a nesting attcmpt successful if we re-
corded at least one juvenile bird on the
parents' territory soon after the expected
time of fledging. This study does not dif-
ferentiate between first and second
broods.

Wec did not find significant diffcrence
in nesting success between the years (G =
3.284,df=4,p <0.5) and we neither found
any significant difference between any
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Tab. 2. The most frequented plant species used for breeding

Species Number of nests % of total nests

blackthorn (Prunus spinosa) 38 26.39
dogwood (Cornus sanguinea) 19 13.19
willow (Salix sp.) 18 12.51
wide rose (Rosa canina) 17 11.81
elder (Sambucus nigra) 14 9.72
hawthorn (Eunonymus sp.) 10 6.94
others (10 species) 28 19.44
sample size 144 100

combination of year groups. On average
nesting success was 68.7%.

The average clutch size was 4.62, the
size of clutches ranged from 2 to 7.
Fifty-two percent of the clutches were de-
stroyed entirely from the nests found in
1991 and 1992. Only 64.9% of the laid
eggs hatched. The average hatching suc-
cess/nests was 46.6%. Average hatching
rates of eggs was 96.2% in the non-de-
stroyed nests.

To find the effective factors we have to
take a closer look at the causes of unsuc-
cessful breeding attempts. We examined
42 destroyed nests found in four years
(1991, 1992, 1993 and 1996).

Twenty-seven nests with eggs and 11
nests with nestlings were destructed. We
could not identify the stage of destruction
in 6 cases, when the content of the nest dis-
appeared 1-2 days before or after the ex-

unknow
4 76%

precipitation
14,29%

pected date of hatching. Although more
clutches were destroyed in the egg-stage
than with nestlings, we could not show a
significant difference from the 1:1 ratio
(Goodness of fit test, G=3.558,df=2,p<
0.1). It is not possible to reveal significant
difference either between the nesting suc-
cess of the two stages (test of independ-
ence, G=2.765,df=1.p<0.1).
Thirty-four nests (80.9%) were de-
stroyed by predators and 6 (14.3%) by
rainfall. The cause was unknown in two
other cases (4.8%), thus predators caused
the decisive majority of clutch-destruc-
tions (Fig. 1). Jays (Garrulus glandarius)
are suspected to be the most important
nest-robbers but there are other species
whose visibility is much lower, because
they move on the ground hidden by the
vegetation. We saw beech-martens (Afar-
tes foina), grass snakes (Elaphe longissi-

predator
80,95%

Fig. 1. Causes of clutch destructions in the Red-backed Shrike. Decisive majority of clutches were

destructed by predators.
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ma) and dormouses (Glis spp.) in the area.
These are also potential nest predators.

3.3 Effects on nest failure
3.3.1. Habitat

We compared the nesting success of
breeding pairs in the three land usage
types. The proportion of successful nests
was the lowest in the extensively culti-
vated areas (test of independence, G =
6.351,df =2, p <0.05).

The three types can be classified into
two categories. The intensively cultivated
and the uncultivated lands form one group
and the extensively used areas form the
other one. This classification is justified
by the interaction plot (Fig. 2). The figure
shows the natural logarithm of the number

of nest failures and of the successful nests
in the three different habitat types. Thus
the parallel lines show that the proportion
of unsuccessful and successful nests is
nearly the same in the intensively culti-
vated and uncultivated areas. The level of
significance increased by repeating the
test with the two new groups (G = 6.305,
df=1, p<0.02) (Fig. 3).

In order to give the magnitude of the
effect we can express the difference in the
proportional losses as odds ratios. We
took the proportion of successful and un-
successful nests in the extensively used
lands and divided them by the same ratio
of the intensively used and uncultivated
lands. This odds ratio shows that how
much times the first proportion is higher
than the second. In our case the odds on
success is 2.1 times better in intensively
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used and uncultivated regions than in ex-
tensively used regions (o = 2.094).

3.3.2. Precipitation

We classified years according to the
amount of precipitation measured in the
local meteorological station. Years with
less than 100 mm of rainfall during May
and June were put into the first group
whereas years with more than 100 mm
were put into the second group. We did not
get significant difference between the
nesting success of the rainy and non-rainy
years (test of independence, G = 2.376,
df=1,p<0.1).

3.3.3. Ncst sites

3.3.3.1. Bush size

We classified the potential breeding sites
in the valley into two categories. Lonely

bushes with small diameter got into the
first group and groups of bushes with a

larger extension got into the second group.
We found a significant difference between
the success of nests in these two bush size
types (G=4.521,df =1, p<0.05) (Fig. 4).
The found bush size effect is strong as the
odds on nesting success is four times
better in the groups of bushes than in the
lonely bushes (o = 4.00). When we ex-
cluded the nests destructed by rainfall
from the analysis, although the sample
size decreased, the value of G increased
(G = 5.333). The effect of land usage on
success cannot be explained by the effect
of bush size as there is no difference in the
distribution of bush types in the 3 land us-
age types (G=2.189,df =1, p <0.2) (Fig.
5). Obviously, the chosen type of cultiva-
tion does not depend on the size of the
bushes in an area.

3.3.3.2. Bush type
We registered 16 plant species in the val-

ley used by shrikes for nesting. These
plants were usually shrubs or trees, there

100
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Fig. 3. The effect of habitat on nesting success of the Red-backed Shrike.
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were only two occasions when we found a
nest on soft-stalked plants. The most fre-
quent plant species are shown in Tab. 2.

We studied whether the type of the
nesting bush affect nesting success or not.
Therefore we divided the 16 plant species
into two classes. Open, thornless type was
represented by such species like the wil-
low (Salix spp.) and elder (Sambucus
nigra), while closed, thorny bushes
formed the second group among others
with blackthorn (Prunus spinosa) and
wide rose (Rosa canina). We could not
show any difference between the success
of these two groups of nests (G = 0.219,
df =1, p <0.7). Repeating the calculation
of the G statistics again only for the 6 most
frequent plant species, its value increased
but did not get significant (G =2.020, df =
1,p<0.2).

3.3.3.3. Location

The cross-section of the Jésva-valley can
be easily divided in three sharply sepa-
rated breeding areas. A nearly five kilo-
meter long bushy stripe extends along the
Josva-stream. Another unbroken bush
stripe runs at the edge of the bordering for-
est between the two villages. Between
these two stripes a wider area can be found
with different sized bushes. In the last
class we separated nests on lonely bushes
from groups of bushes. Comparing these
four types there was no significant differ-
ence between the nesting success (G =
4.83,df=3,p<0.2).

3.3.4. Three-way interactions

Beside the series of tests of independence
we also used log-linecar models to reveal

three-way interactions. First, we exam-
ined the interactions among nesting suc-
cess (successful and unsuccessful), quan-
tity of rainfall (under 100 mm and above
100 mm) and habitat types (intensively
cultivatcd and uncultivatcd contrary to cx-
tensively cultivated areas), but only the
success-habitat interaction proved to be
significant (G = 1.845,df =1, p <0.2 for
the 3-way interaction) (Fig. 6).
Three-way interaction could not be de-

tected either among the size of bushes,
nesting success and the two habitat types
(in the latter case using the above defined
categories) (G =0.987,df =1, p <0.5).

3.3.5. Effect of observer's disturbance

In 1991 and 1992 we explored the valley
for nests systematically and checked them
regularly so they suffered from regular
disturbance. In 1993 and 1996 we exam-
ined only the nests found by accident and
checked them more rarely. There was a
significant difference between the success
of these two classes of nests (G = 2.064,
df =1, p <0.05, one-tailed test).
However, we also compared the nest-
ing success of checked nests and success
of those non-disturbed breeding pairs
whom we observed from a distance. First,
we supposed that already the first breed-
ing attempt of each pair was effective in
the second group. In this case, the test of
independence showed significant differ-
ence between the nesting success of dis-
turbed and undisturbed pairs (G = 3.299,
df = 1, p <0.05, one-tailed test) (Fig. 7).
The odds on success is 1.7 times better at
the undisturbed pairs than at disturbed

ones (@ = 1.726). However, when we
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Fig. 4. The effect of bush size on nesting success of the Red-backed Shrike.

checked for the second attempts, we
found at least 8 pairs whose fledglings
came from a second nesting attempt witha
high probability. Taking this into ac-
count, the difference between the dis-
turbed and undisturbed groups disap-
peared (G = 135, df = 1, p < 0.15,
one-tailed test)(Fig. 8).

4. Discussion

The density of breeding pairs did not differ
considerably from densities in other Cen-
tral European regions (Kuzniak 1991).
Nest failures are caused mainly by
predators in the majority of open nesting

" Passerine species. Though the rainfall
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Fig. 5. Habitat is independent from bush types.
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0.035 (1)
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Fig 6. Success (S), rain (R) and land type (L) interaction. G values corresponding to model selec-
tion are given. The degrees of freedom are given in parentheses. The * shows the level of signifi-

cance (*: p < 0.05; **: p<0.001).

also causes nest failures, in our sample
there are only a few drenched nests, there-
fore it is impossible to analyze the effect
of rainfall. The amount of rainfall may
have an indirect effect on the density of
the resource populations and might de-
crease fledging success, but we do not
have data to verify this assumption.

Similarly to others we did not find sig-
nificant difference between the risk of pre-
dation in egg and nestling stages
(Matyjasiak 1995). However, our sample
size is small and we did not make compari-
son on daily predation rates. The nesting
failure is rather high (52%). Fuisz ef al.
(1997) found that only 31.3% of nest
failed, Kuzniak (1991) related that 40.4%
of eggs and mnestlings had lost and
Rozgonyi (1993) also found nesting suc-
cess higher.

Red-backed Shrikes in our population
were less successful in the extensively

used areas than in the intensively culti-
vated and uncultivated lands. Sdderstrém
et al. (1996) also found that nest predation
rate was 2 times higher on grasslands than
on other areas in a Swedish population.
The reason of this effect may lay in the
type of vegetation. As the result of regular
mowing and grazing the vegetation is
much shorter and scarcer in the exten-
sively cultivated lands than in the inten-
sively and uncultivated areas. This may
increase the effectiveness of ground-pre-
dators. The predators moving on the
ground may catch sight of the feeding
male or female easier and find the bush
where the nest can be found. Jays are im-
portant and well-visible predators but
there are others like martens, grass snakes
and dormouses. In the case of the Bull-
headed Shrike (Lanius bucephalus)
Takagi & Abe (1996) found that 46% of
all nests was depredated by ground mam-
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Fig. 7. Observer's inspections decrease success if we do not consider renestings. We did not dis-

turbed nests when only reviers were studied.

mals. It would be imporiant to study
nest-predation itself and to identify the ac-
tual predators in order to understand the
grassland-effect on nesting success found
in two independent studies.

On the basis of the studied bush param-
elers, we can slate that only the size of the
bush affects nesting success. This effect is
probably also due to predation as the inter-
action between nesting success and bush
size was stronger among the predated
nests. The bigger the bush is the more dif-

ficult it is to find the nest in it. According
to Fuisz (1996) and Fuisz ef al. (1997)
Red-backed Shrikes select large, well de-
veloped bushes for nesting. Our result in-
dicates that for the protection of the en-
dangered populations it is very important
lo preserve the large, continuous bush
groups in regions under agricultural culti-
vation.

The land types did not differ in bush
size and the density of breeding pairs was
the same in the three habitat types. It sug-
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Fig. 8. Observer's inspections do not influence success if we consider renestings.
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gests that habitat selection probably de-
pends on the distribution of the bushes
suitable for breeding (Diehl 1995).

Though we expected a bush-type effect
which was found by Sdéderstrdm et al
(1996), we did not find any difference be-
tween the success of nests in thorny and
open bushes. Our study considers the
whole breeding season, however Takagi &
Abe (1996) revealed changing in nesting
vegetation at Bull-headed Shrikes during
the breeding season, and the nesting suc-
cess increased as the result of this chang-
ing. According to Moskéat (pers. comm.) a
similar effect may also exist in the
Red-backed Shrikes. We did not expect
and did not find difference in success de-
pending on the distance from the forests
(edge-effect) since the valley is only
150-180 m wide. Others found edge-ef-
fects in other situations (Matyjasiak 1995,
Soderstréom ez al. 1996).

Biologists may also have an effect on
the results of field studies. Kuzniak
(1991) found that 26% of nest losses was
the result of the frequent visits of the ob-
server. According to our results there is no
difference between the success of regu-
larly disturbed and rarely disturbed nests.
However, the results are not unanimous. It
would be worth to do some further re-
search to establish whether human distur-
bance increases the rate of nest predation
or not.
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Osszefoglalas

A tdvissziaré gébics (Lanius collurio)
koltési sikere miivelt teriileten

A tovisszrd gébics eurdpai allomanya erds
cs6kkenést mutatott az eimult évtizedekben,
taldn az egyre intenzivebb mez6gazdasagi mi-
velés miatt. Mi a faj egy stabil populaciojat ta-
nulmanyoztuk, egy killdnb6z6 miivelési foko-
zatu parcellakkal boritott teriileten. A miivelés
lehetséges hatdsait vizsgaltuk a koltéparok
denzitasara és koltési sikerességiikkre. A 107
hektaros mintateriilet a Josva-patak volgyében
(Aggteleki Nemzeti Park) fekszik. Haromféle
teriilethasznalati tipust kiil6nitettiink el: inten-
ziven hasznalt szantok, extenziven hasznalt ka-
szalok és legeldk, valamint mivelésbe nem
vont terilletek. Megfigyeléseket 1991 és 1996
ko6zott, évi 50-55 terepnapon végeztiink. A ter-
ritériumok elkiilonitését és a koltési viselkedés
megfigyelését egy 5 km-es transzekt mentén
végeztik, az elsd két évben intenziven keres-
tiik a fészekeket és rendszeresen ellendriztik a
megtalaltakat. A parok territériumait, a megta-
14lt fészkeket és a teriilethasznalat moédjat
1:5000 méretaranyu térképen jelsltik.
Vizsgalataink szerint nincs szignifikins
kiilldnbség a fészkeldparok denzitasiban az
egyes habitat-tipusok kozott. A fészekaljak
pusztulasit donté tébbségben a ragadozok

‘okozzék. A fészkelési sikeresség lényegesen

nagyobb az intenziven mivelt és a nem mivelt
teriileteken, mint az extenziven mivelteken,
talan azért, mert itt az alacsonyabb vegetacié-
ban a fészekrablok kénnyebben megtalaljak a
fészkeldhelyet. Ugy talaltuk. hogy a nagyobb
bokorcsoportokban jéval kevesebb fészekalj
semmisill meg, mint a maganyos bokrokban.
Ezért a veszélyeztetett gébics-populacidk vé-
delmének érdekében a nagy kiterjedésii bokro-
sokat meg kell dvni. A bokortipus és az erd6-
szé1tdl val6 tavolsag nem befolyasolta a fé-
szekpusztulasokat. Az emberi zavar6 hatdsnak
rendszeresen kitett fészkek és csak ritkabban
zavartak sikeressége k6zo6tt nem talaltunk k-
l6nbséget.
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Distinction of solitary and colonial breeding

in waders

Z.Hegyi and L. Sasvari

Hegyi, Z. and Sasvari, L. 1997. Distinction of solitary and colonial breeding in waders. — Or-
nis Hung. 7: 39-42.

Distances between neighbouring nests, antipredator attacks and foraging distances from the
nests were recorded in Lapwing (Vanellus vanellus), Redshank (Tringa totanus) and
Black-tailed Godwit (Limosa limosa) breeding on 380 ha of meadows in Kiskunsag National
Park, 50 km south of Budapest. We found a notable low level of simultaneous activities in
antipredator behavior when distances between neighbouring nests were longer than 200 m, both
in conspecific and heterospecific neighbourhoods and a lower proportion of simultaneous
i antipredator attacks in non-conspecific neighbourhoods than in conspecific ones. Parents for-
aged over distances greater than 200 m in most often when they nested closer than 200 m from
each other and conversely, parents foraged closer than 200 m when they nested further than 200
m from each other. When the nearest neighbours were closer than 200 m there was a higher pro-
portion of longer foraging distances in conspecific than in non-conspecific neighbourhoods.
We suggest that an aggregation of Lapwing, Redshank and Black-tailed Godwit nests separated
by less than 200 m may be considered as a single or mixed species colony of waders.

Z. Hegyi, Management of Duna-Ipoly National Park, Szépvolgyi 4t 162, Budapest, Hungary,
H-1025. L. Sasvari, Department of General Zoology, Eétvés University, Puskin u, 3, Buda-

pest, Hungary, H-1088.)

1. Introduction

It has been showed that aggregation of
waders in Lthe breeding season is a strategy
that reduces the risk of predation on eggs
and chicks. Goéransson ef al. (1975) found
that predation rate on artificial nests, ex-
posed in habitats of ground-nesting birds,
was lower within aggregations of breeding
Lapwings than outside them. Field work
focused on the costs and benefits of breed-
ing aggregations in waders has been re-
stricted to single species colonies (Elliot
1985a, 1985b, Berg ef al. 1992). Only
Byrkjedal & Kalas (1983) have reported
studies of the adaptive value of mixed spe-
cies colonies in breeding shore birds.

In this study our question was how the
colonial and solitary breeding could be dis-
tinguished in waders. Berg et al. (1992) con-

sidered coloniality exists in Lapwings when
neighbouring nests were closer than 200 m.
We predicled that coloniality should be re-
flected in cooperative activities and longer
foraging distances from the nests than the
distances separating neighbouring nests.
Hence we compared the proportion of si-
multaneous antipredator attacks of neigh-
bouring parents which nested at various dis-
tances from each other and the proportion of
foraging at distances longer than 200 m for
parents whose nearest neighbours nested ei-
ther closer or further than 200 m.

2. Study area and methods

The study area was chosen on a site where
artificial fish ponds had been created in
1953 over 380 ha in Kiskunsag National
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Tab. 1. Proportions (%) of simultancous antipredator attacks by neighbouring pairs of three wader
species. Antipredator attacks were recorded when both parents of neighbouring pairs were closer
than 50 m to their own nest. When one or both of the parents attacked. together with one or both of
parents of neighbouring pairs, simultaneous attack was recorded.

Distance from neigh- Neighbouring species Lapwing Redshank Godwit
bouring nest (m) X SD n X SD n X SD
<100 Conspecific* 12 963 107 12 787 9.3 7 978 84
Non-conspecific** 17 86.4 7.6 13 7Lt 63 15 787 102
100-200 Conspecific 10 840 79 11 667 52 8 837 94
Non-conspecific 14 789 85 15 614 73 14 744 101
~200 Conspecific 7 120 21 14 7.6 2.7 7 10.5 3.1

Non-conspecific 9 84 3.0 21 7.0 29 10 74 2.8

*There was not heterospecific nest closer than the nearest conspecific nest.
**There was not conspecific nest closer than the nearest heterospecific nest.

Park, 50km south of Budapest (19°07'E,
47°08'N), and where fish breeding was
abandoned in 1966. The fish ponds had
dried up and were first flooded artifically
in 1987. Each August the ponds dried up
and were re-flooded every autumn during
the study period from 1988-1995.
Lapwing (I'anellus vanellus L.), Red-
shank (Tringa totanus L.) and Black-tailed
Godwit (Limosa limosa L.) nests were de-
tected by observing the incubating parents
either from a car parked on the banks or
from hides where suitable nesting sites were
a long way from the banks. About 70-80 ha
could be viewed from the hides and 130-160
ha from the banks. Nests were marked with
sticks placed a few meters from them, and
their arrangement in the study area was

mapped. Nest identification started at the
beginning of March.

Marking of birds was carried out using
the technique suggested by Paton & Pank
(1986). Dummy eggs were treated with a
mixture of oil jelly and either Rhodamin
B, anilinblue or xylinene orange. Beads of
gel (5-10 x 3-5mm ) were placed along the
length of the eggs. which were then substi-
tuted in the nests while both parents were
involved in the incubation. Combinations
of the colours marked the birds in unique
patterns on their abdomens and breasts so
that they could be individually identified.
Parents from 7-11 nests were marked in
each species in each year.

We carried out 280 hours of observa-
tions through 8 years for records of

Tab. 2. Proportion (%) of foraging distances longer than 200m from the nests in three wader spe-
cies. Number of nests indicate small and large aggregation where the neighbouring nests are closer
than 200m. Distances were calculated in the aggregations where three species bred.

. . Distances from nearest neighbour closer than 200 m
Distances from nearest neighbour e -
number Only conspecific Heterospecific
further than 200 m . ;
of nests neighbours neighbours*
Lapwing Redshank Godwit L-:.lp- Red- Godwit L?p- Red- Godwit
wing shank wing shank
n 16 35 17 n 8 9 8 8 7 6
X 15.5 8.1 11.2 3-4 X 79.4 68.9 84.4 66.4 62.2 75.7
SD 2.8 1.5 1.9 SD 8.9 8.3 7.3 8.1 9.0 5.2
n 14 14 7 23 21 23
7-8 X 823 78.2 856 714 652 813
SD 9.7 9.1 6.6 7.5 6.1 5.9

*There was not conspecific nest closer than the nearest heterospecific nest.
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antipredator attacks and foraging distance
from the nests. To avoid differences due to
diurnal fluctuations, the daily period was
divided into five time units: 5.00-8.00,
8.00-11.00, 11.00-14.00, 14.00-17.00 and
17.00-20.00, and events were observed and
recorded for one hour in each unit. The par-
ents of several nests were observed simul-
taneously and observations on each type of
activity were distributed equally between
the first and second half of the incubation
period. Observations in all five time peri-
ods were taken over one or two days. Mag-
pie (Pica pica 1.) and marsh harrier (Cir-
cus aeroginosus L.) represented the most
frequent avian predators.

One antipredator attack was recorded
when either or both sexes attacked the pred-
ator. Foraging distance was estimated by the
distance travelled by the parents after leav-
ing the clutch and first beginning to search
for food. The distance was coded as 1 = less
than 50 m, 2 = between 50 and 200, and 3 =
greater than 200 m. Distances over the five
hours were averaged for each individual.

Statistical analyses were carried out
using the SPSS statistical package, per-
centage data were arcsine square root
transformed for parametric testing.

3. Results and discussion

We found a notable low level of simulta-
neous activities in antipredator behaviour
when distances between neighbouring
nests were longer than 200 m, both in
conspecific and heterospecific neighbour-
hoods (ANOVA conspecific and non-con-
specific neighbours, Lapwing: F2,26 =
10.43 and F2,37 = 14.20; Redshank: F2,34
=9.16 and F2,46 = 11.83; Godwit: F2,19 =
11.35 and F2,36 = 13.09; p <0.001 in each

occasion; Tab. 1). Pooled data, recorded
for various distances showed a lower pro-
portion of simultaneous antipredator at-
tacks in non-conspecific neighbourhoods
than in conspecific ones. (In conspecific
and non-conspecific neighbourhoods Lap-
wing: n=29,x=71.7,SD =6.2 and n= 40.
X=66.2,SD=5.8,t=3.74; Redshank: n=
37,x=48.2,SD=4.7and n= 49, x = 40.6,
SD=4.9,t=7.31; Godwit: n=22, x=65.0,
SD=50andn=39,x=589,8D=6.1,t=
4.21, p <0.001 in each occasion.)

We found that parents foraged over dis-
tances greater than 200 m in most often
when they nested closer than 200 m from
each other and conversely, parents foraged
closer than 200 m when they nested further
than 200 m from each other (Tab. 2). This
was recorded both when the number of close
neighbours was low (3-4 pairs) and high
(7-8 pairs). (ANOVA Lapwing: F2,32 =
9.81, p < 0.001 and F2,51 = 1237, p <
0.001; Redshank: F2,31 = 7.33, p = 0.001
and F2,53=11.09. p<0.001; Godwit: F2.29
= 7.18, p = 0.002 and F2,45 = 1046, p <
0.001. Calculations made for small and
large aggregation separately, include the
same values of parents whose nearest neigh-
bours were further than 200 m.) When the
nearest neighbours were closer than 200 m
pooled data showed a higher proportion of
longer foraging distances (more than 200 m)
in conspecific than in non-conspecific
neighbourhoods. (In  conspecific and
non-conspecific neighbourhoods Lapwing:
n1=22,x=812,SD=94andn=31,X=
70.1, SD = 7.7, t = 4.55, p < 0.001:
Redshank: n=23,x=74.6,SD=8.7andn=
28,x=64.4,SD=7.8t=436, p<0.001;
Godwit: n=15,x=84.9,SD=69andn=
29,x=80.1,SD=57,1t=262, p<0.02)

A breeding colony is generally defined
as a place where birds nest in a relatively
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small areas and where foraging occurs out-
side that area. Field applications of the con-
cept of a colony is often difficult, because
there is a continuum from solitary breeding
to semicolonial and colonial nesting. If,
however, co-operative or mutual interac-
tions operate among the individuals they
may be regarded as an integrated group
(Coulson & Dixon 1979). Nevertheless Al-
exander (1974) and Koenig (1982) argue
that while co-operation and mutual interac-
tion may or may not occur among the col-
ony members, competitive interactions are
always evident.

We found a higher level of simultaneous
activities in antipredator behaviour for birds
which nested within 200 m of each other
than for birds nesting further apart. In addi-
tion we recorded longer foraging distances
for the parents which nested within 200 m of
each other than for parents which nested fur-
ther apart. We believe that our findings sup-
port our decision to consider a single or a
mixed species colony as an aggregation of
Lapwing, Redshank and Black-tailed
Godwit nests separated by less than 200 m.
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Osszefoglalis

Maginyos és telepes fészkelés parti
madaraknal

A bibic (Panellus vanellus), a piroslabli canké
(Tringa totanus) és a nagygoda (Limosa limosa)
szomszédos fészkeinek a tavolsagat, ragadozd
ellenes viselkedését, és a tiplalkozas soran a fé-

szektdl valé eltavolodas nagysagat vizsgaltuk a
Kiskunsagi Nemzeti Park egy 380 ha-os vizes
réti éldheiyén. Amikor a szomszédos fészkek
tavolsaga 200 m-nél nagyobb volt, a szimultin
ragadozé cllenes viselkedés ritka volt. Azonos
fajhoz tartozé szomszédos fészkek esetében a
szimultdn ragadozoéellenes viselkedés gyako-
ribb volt, mint a mas fajhoz tartozéknal. A szi-
16k gyakrabban taplalkoztak 200 m-nél tavo-
labb, ha 200 m-nél kozelebb fészkeltek egymas-
hoz, és altalaban 200 m-nél kozelebb taplalkoz-
tak, ha fészkeik 200 m-nél tavolabb voltak. Ha a
200 m-n beliili legkdzelebbi szomszédok azo-
nos tajhoz tartoztak, nagyobb volt a tavolabb
taplalkozasok aranya, mint amikor mas fajhoz
tartozok fészkeltek egymas kozelében. Szerin-
tiink a bibic, a piroslabul canké és a nagygoda
fészkeinek csoportosulasa 200 m-n beliil egy-,
illetve tobbfaji kolonianak tekinthetd.
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Spatial distribution of migrating Sedge
Warblers (Acrocephalus schoenobaenus)
in a Hungarian reed bed
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Gyurécz, J. and Bank, L. 1997. Spatial distribution of migrating Sedge Warblers
(Acrocephalus schoenobaenus) in a Hungarian reed bed. - Omis Hung. 7:43-47.

Data from a ringing program in a south Hungarian reed swamp were used to analyse the hori-
zontal and vertical distribution of juvenile and adult Sedge Warblers during autumn migra-
tion. The horizontal spatial pattern of the juvenile birds showed clumped distribution in the
reed bed. 492 (35%) juvenile and 59 (20%) adult Sedge Warblers were trapped in three
j nets.The horisontal distribution of adults was spaced evenly. The vertical spatial distribution
of the age classes were significantly clumped. Investigate of food dispersion in a reed bed,
vegetation structure and interspecific competition among reed warblers are required for com-
plete comprehension of spatial pattern of migrating Sedge Warblers.

J. Gyurdcz, Department of Zoology, Berzsenyi College, Szombathely, P.O. Box 170. H-9701,
Hungary. L. Bank, Local group of County Baranya, BirdLife Hungary, Pécs, Felsémalom u.

22., H-7621, Hungary.

1. Introduction

The Sedge Warbler is a very common
breeding bird in marshlands and swamps
of Europe (Cramp 1992). This species pre-
fers reed beds as a stopover habitat during
autumn migration (Gyurdacz & Csorgd
1994) and spends the winter in Africa,
south of the Sahara (Moreau 1972,
Dowsett et al. 1988).

Habitat selection is one of the most im-
portant mechanism in the ecological seg-
regation of bird populations. The spatial
distribution of passerine species during
the breeding and the wintering seasons has
been studied in more detailed than during
migration (Baccetti 1985, Pambour 1990).

Food availability and vegetation structure
are known to influence the spatial distri-
bution of most breeding and migrating
birds (Pearson et al. 1979, Haland &
Burkjeland 1982, Shennan 1985, Ormerod
etal 1991, Morel & Morel 1992, Pearson
& Lack 1992, Moskat et al. 1993). Compe-
titions has always been regarded as an im-
portant factor in habitat selection of
sympatric warblers (Rolando & Polestrini
1989, Hoi ef al. 1991, Leisler 1992,
Catchpole 1973).

In this study, data from a longterm
ringing program in a south Hungarian reed
swamp were used to analyse the horizontal
and vertical distribution of juvenile and
adult Sedge Warblers during postbreeding
migration.
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2. Study area and methods

The study was carried at Sumony Bird Ob-
servatory (Lake Sumony: 45°58'N, 17°56'
E). The area is a fish pond surrounding
with a large reed bed (Fig. 1). Scirpeto-
Phragmitetum with Typha is the dominant
plant association. The data were collected
during autumn migration, from 1989 to
1993 (30 July - 10 September, 1989; 28
July - 09 September, 1990; 27 July - 08
September, 1991; 26 July - 13 September,
1992; 17 July - 19 September, 1993). The
birds were caught in reed bed, using 18
mist-nets 12 m in length, with four 50 cm
high shelves. There was 20-25 cm be-
tween the ground and the first shelf. Four
line of mist-nets (6 + 4 + 4 + 4 mist-nets)
were on a raised path 20-30 cm above the
water level in homogenous area of

+ reed bed

open water

50m
—A
Fig. 1. Location of the mist-nets (line 1: 6 nets,
lines 2-4: 4-4 nets) at Lake Sumony.

Phragmitetum. The net and shelf number
were recorded for each bird trapped. Birds
were ringed, weighed and measured.

The index of clumping (I) was used to
analyse the spatial distribution of birds
(Southwood 1978): I = s*/D, where s° =
variance and D = mean number of trapped
birds by net. The distribution can be ran-
dom (I = 1), spaced (I <1) or clumped (I >
1). We used the %> test to estimate the rela-
tionship between number of birds caught
and location of capture (net number). The
statistical analyses were performed with
the Statgraf and Windows Excel 5.0 soft-
wares.

3. Results

We trapped 1398 juvenile and 290 adult
Sedge Warblers during the five years of
the study. Fourhundred and ninty-two

- (35%) juvenile Sedge Warblers were

caught in the three external nets of the first
line of mist-nets (Fig. 1), which represents
only 16% of the nets. These 3 nets are
standing in the 30-40 m wide littoral edge
of the reed bed. The number of juveniles
caught decreased significantly from open
water to shore in the 1st line of mist-nets (r
=0.95,t=6.2,d.f. =5, p <0.05) (Fig. 2).
The horisontal pattern of juveniles was
spatial clumped in the reed bed (I = 24, %>
= 413.39, d.f. = 17, p < 0.01). Fifty nine
(20 %) adult Sedge Warblers were trapped
in the same three nets standing in the edge
of reed bed near open water. There was no

_signficant trend in the number of adult

birds along the shore - open water gradient
(r=0.34,t=0.73, d.f. = 5, p > 0.05) (Fig.
2). Adult birds' distribution was random in
the reed bed (1=0.89, x> =15.39, d.f. = 17,
p > 0.05). :
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Fig. 2. Capture rate of Sedge Warblers from open water (net 1) to shore (net 6) at the first line of

mist-nets.

Fivehundred and fifteen (36%) juvenile
and 113 (38%) adult Sedge Warblers were
caught in the third net shelf, about 2,5 m
above the ground. The vertical distribution
of the birds was significantly clumped for
both age classes (juvenile: [ = 25, * =
75.12, d.f. = 3, p <0.01; adult: I = 10.06,
v*=30.41, d.f. = 3, p < 0.01) (Fig. 3).

4, Discussion

Our results showed that juvenile Sedge
Warblers preferred the edge of the reed
bed near open water during autumn migra-
tion. According to Pambour (1990) most
individuals of Sedge Warblers and other
passerine species occurred near the lake
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Fig. 3. Capture rate of Sedge Warblers from the lower to the upper net shelf.
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shore during the postbreeding migration
period in a reed bed of the Camargue,
France. Migrating adult birds, however,
selected the stopover habitat uniformly.
Differences in spatial pattern by age
classes may reflect their different feeding
sites, techniques and social status. Proba-
bly food abundance is higher and prey di-
versity is greater in the zone near open wa-
ter than at the littoral edge of the reed bed.
The reed aphids, other insects and spiders
occur in large number near open water
(Vasarhelyi 1995). It could influence the
spatial distribution of juveniles in particu-
lar, because they are inexperienced and
less efficient than adults in gathering food
( Alatalo ef al. 1983, Koskimies & Saurola
1985). Considering that the migration of
adult birds started and ended earlier than
that of juveniles at Sumony (Gyurdcz &
Bank 1995), the different horizontal dis-
tribution of adults and juveniles could re-
sult from temporal variations in spatial
distribution of food resources. The inter-
and intraspecfic territoriality may also
play an important role in habitat selection
by Scdgc Warblcrs during the breeding,
stopovering and wintering seasons
(Moreau 1972, Aidley & Wilkinson 1986,
Ormerod 1990, Hoi et al. 1991). The dom-
inant adult birds divide the reed bed

approximatly in an equal proportion.

The vertical distribution of juvenile
and adult birds did not differ significantly
from each other, birds preferred the third
shelf. This result from Sumony is similar
to other studies (Berthold & Schlenker
1975, Pambour 1990). According to niche
brcadth and ccomorphological investiga-
tions, the Sedge Warbler is the most spe-
cialist among reed warblers, as a conse-
quence of its strong specializationin verti-
cal distribution (Catchpole 1973, Bibby &
Green 1983, Rolando & Palestrini 1989).

Investigate of food dispersion, vegeta-
tion structure and interspecific competi-
tion among reed warblers within the reed
habitat is required for a better understand-
ing of the spatial distribution of Sedge
Warblers during migration.
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press our gratitude to the members of BirdLife
Hungary who helped in the field. J. G. was sup-
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Osszefoglalds

A vonulé foltos nidiposzitik (Acroce-
phalus schoenobaenus) térbeli eloszldsa
egy dél-magyarorszigi nidszegélyben

Az 6szi vonulasi idészakban befogott 1398 fia-
tal és 290 6reg foltos nadiposzata horizontalis
¢és vertikalis eloszlasat viszgadltuk. Vizsgalata-
inkat 1989 és 1993 kozott végeztiuk a Sumo-
nyi-halastavak nadszegélyében. 492 (35%) fia-
tal példanyt a vizhez kozeli, vizben 4ll6 harom
haloval (halék 16%-a) fogtuk be. Ugyanezzel a
harom halgval csak 59 (20%) 6reg madarat fog-
tunk. A fiatalok horizontalis eloszlasa aggre-
galt, mig az dregeké nem. A korosztalyok ver-
tikalis eloszlasaban szignifikans kilénbséget
nem talaltunk, az alulrél szdmitott harmadik
héalézsebben volt a legtobb egyed megfogva.
Eredményeink hasonldak a vonulé foltos nadi-
poszatak mas eurdpai nadasokban tapasztalt
térbeli eloszlasahoz.
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Between 1985 and 1996 quantitative data were collected about raptor populations on Dravsko
polje (46°25'N, 15°45'E) in Slovenia. A total of 8 (including 2 possible breeders) species were
reported to occur in the area under study. The average bird density was 2.8 pairs/10 km? The
greater part of the breeding community is comprised of two species i.e. Kestrel Falco
tinnunculus and Common Buzzard Buteo buteo. Breeding density of the Common Buzzard is
i up to 0.66 pair/10 km? and density of the Kestrel up to 1.43 pair/10 km?. The breeding popula-
/ tion of Kestrel decreased steadily during 12 years of study, from about 30 nests at the start
(1985-1986) to about 15 at the end of the study (1995-1996). The changes are significant.
Breeding communities were also analysed in relation to the migratory habits of birds of prey.
The density of the breeding community on Dravsko polje depended primarily on the density of
resident raptors (average value: 2.2 pairs/kmz). The differences between numbers of pairs ac-

cording to migratory habits is highly significant.

M. Vogrin, Hotinjska cesta
milan.vogrin@guest.arnes.si

1. Introduction

In Slovenia few analyses of breeding pop-
ulations of raptors have been carried out
on quantitative data (e.g. Polak 1993,
Trontelj 1994). Geister (1995) attempted
to estimate numbers of all the species
which breed in Slovenia, but his extrapo-
lation to such large area (20,256 km?) may
lead to substantial errors. This paper at-
tempts the quantitative estimation of the
population of eight species of raptors
breeding on Dravsko polje.

2. Study area and methods

This study was conducted on Dravsko
polje alluvial plains (Drava ficld) (about

108, S8I1-2312

Orehova vas, Slovenia, e-mail:

210 km®) in NE Slovenia between the river
Drava and Mt. Pohorje at altitudes from
238 m to 270 m  (46°25'N, 15°45'E).
Dravsko polje is an intensive agriculture
area. On Dravsko polje numerous
man-made water bodies (fish ponds, reser-
voirs, gravel pits) and villages can be
found. The area belongs to the
sub-Pannonic phytogeographical area
(Marinéek 1987). The climate is Conti-
nental (mean annual rainfall = 1000 mm,
mean temperature = 8°C) (see Furlan 1990
for details).

The habitats of Dravsko polje were
classified into four categories: woodland
(forests, scrubs, hedges) - about 18%,
open area (fields, meadows) - about 68%,
urban land (villages, farmhouses, airport)
- about 12%, wetland (ponds, reservoirs,
gravel pits) - about 2%.
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Research began in 1985 and ended in
1996; it is based on more than 500 days of
field work, spread over the entire year,
with a peak activity of field work during
spring and summer months.

Data were collected on the distribution
of pairs, and the feeding habits and repro-
ductive cycle of some species. The infor-
mation was recorded on 1 : 25 000 scale
maps as confirmed or probable breeding
records following the classification of the
EOAC method.

Possible breeding (presence of adult
birds in suitable habitats during breeding
periods) is not considered in the present
paper, as it is not uncommon for some rap-
tors to occur in the study area without at-
tempting to breed (e.g. White-tailed Eagle
Haliaetus albicilla, Peregrine Falco
peregrinus).

A total of 8 species were reported to
occur in the area under study. In the total
area of 210 km?, up t0’66 pairs (possible
breeders area excluded) of raptors breed,
the average density being 2.8 pairs/10
km®. The bulk of the breeding community
is comprised of two species, i.e. Kestrel
and Common Buzzard.

Some resident species (Common Buz-
zard, Sparrowhawk Accipiter nisus, Gos-
hawk Accipiter gentilis) show seasonal
fluctuations in their numbers: all men-
tioned species are much commoner in win-
ter (pers. obs.). Their breeding densities
(Buzzard: up to 0.66pair/10 km?
Sparrowhawk: up to 0.14 pair/10 km’;
Goshawk: up to 0.38 pair/10 km?) are be-
low the values given for other European
localities for the same species (e.g.
Anonimus 1989, Gemauf & Winkler 1991,

Tab. 1. Breeding parameters and migratory habits of population of eight species of raptors on
Dravsko polje (NE Slovenia): 7 - possible breeders, T - tropical migrant, S - resident species.

Species No. of breeding pairs Density (pair/10 km?) Migratory habits
Pernis apivorus 6-8 0.29-0.38 T
Circaetus gallicus 1? - T
Circus aeruginosus 1? - T
Accipiter gentilis 6-8 0.29-0.38 S
Avccipiter nisus 1-3 0.05-0.14 S
Buteo buteo 12-14 0.57-0.66 S
Falco tinnunculus 15-30 0.7-1.43 S
Falco subbuteo 2-3 0.1-0.14 T
Total (egcluding possible 42-66 2.0-3.14

breeders)

Chi-square test were used for statisti-
cal comparison of data sets (Sokal & Rohlf
1995).

3. Results and discussion

The composition of the bird community on
Dravsko polje is shown in Tab. 1.

Newton et al. 1991, Danko et al. 1994,
Henrioux & Henrioux 1995, Teyrovsky
1995). Only Glutz Von Blotzheim et al.
(1989) and Steiner (1992) give similar
densities for the Goshawk and the Buzzard
as were found for Dravko polje (Tab. 2).
Sparrowhawk can be detected only with
difficulty in woodland, so their numbers
may have been underestimated.
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Tab. 2. A comparison of the results of quantitative studies made on Dravsko polje (NE Slovenia)

with other areas > 50 km® in

Central Europe.

Species Density Study area Source
(pair/10 kmz)
Pernis apivorus up to 3.2 Lorraine (France, 147 kmz) Cramp & Simmons 1980
up to 0.64 District Boblingen (Germany, 440 km’) Glutz Von Blotzheim et al. 1989
0.39 District Stuttgart (Germany, 1825 km?) Glutz Von Blotzheim et al. 1989
up to 0.55 Slovak karst (Slovakia, 362 km?) Uhrin 1992
up to 0.32 Krivoklatsko area (Czech Republic, 630 kmz) Pojer 1992
0.36 Between river Krems and Steyr (Austria, 112 Steiner 1992
kmz)
1.1 Zahorska nizina (Czech Republic, 126 km?) Danko et al. 1994
up to 0.6 Ljubljansko barje (Slovenia, 160 km?) Trontelj 1994
0.49 Swiss midland (Switzerland, 144 km?) Henrioux & Henrioux 1995
up to 0.3 Doupov Hills (Czech Republic, 600 km?) Tejrovsky 1995
up to 0.38 Dravsko polje (Slovenia, 210 km?) this study
Accipiter gentilis up to 0.09 District Peine (Germany, 343 k1112) Oelke 1981
up to 0.12 Hamburg and vicinity (Germany, 2050 kmz) Glutz Von Blotzhein et al. 1989
0.23 District Lobau (Germany, 400 km?) Glutz Von Blotzheim ef al. 1989
0.5 Drava valley (Austria, 60 kmz) Gemauf & Winkler 1991
0.49 Swiss midland (Switzerland, 144 kmz) Henrioux & Henrioux 1995
up to 0.5 Doupov Hills (Czech Republic, 600 km?) Tejrovsky 1995
up to 0.38 Dravsko polje (Slovenia, 210 kmz) this study
Accipiter nisus  0.08-1.1 Flachen (Germany, 137 kmz) Glutz Von Blotzheim et al. 1989
1.16 Between river Krems and Steyr (Austria, 112 Steiner 1992
km?)
2.62 Territory of Prague (Czech Republic, 495 km?)  Danko et al. 1994
0.69 Swiss midland (Switzerland, 144 km?) Henrioux & Henrioux 1995
up to 0.5 Doupov Hills (Czech Republic, 600 km:) Tejrovsky 1995
up to 0.14 Dravsko polje (Slovenia, 210 km?) this study
Buteo buteo up to 2.46 District Peine (Germany, 354 km?) Oelke 1981
2.7 Drava valley (Austria, 60 km?) Gemauf & Winkler 1991
0.8 Between river Krems and Steyr (Austria, 112 Steiner 1992
km?)
2.5 Swiss midland (Switzerland, 144 km?) Henrioux & Henrioux 1995
up to 0.66 Dravsko polje (Slovenia, 210 kmz) this study
Falco tinnunculus 1 Schleswig-Holstein (Germany, 200 kmz) Ziesemer 1973
up to 0.86 District Peine (Germany, 336 km?) Oelke 1981
up to 1.4 Oberhausen (Germany, 78 km’) Glutz Von Blotzheim et al. 1989
1 Drava valley (Austria, 60 km?) Gemauf & Winkler 1991
up to 1.7 Germany, 100 km? Kostrzewa 1991
0.27 Austria, 112 km? Steiner 1992
2.7 Swiss midland (Switzerland, 144 kmz) Henrioux & Henrioux 1995
up to 1.43 Dravsko polje (Slovenia, 210 km?) this study
Falco subbuteo up to 0.06 District Peine (Germany. 354 km:) Oelke 1981
0.27 " Between river Krems and Steyr (Austria, 112 Steiner 1992
kmz)
up to 0.17 Doupov Hills (Czech Republic, 600 km:) Tejrovsky 1995
up to 0.14 Dravsko polje (Slovenia, 210 km?) this study

The Kestrel on Dravko polje usually
nest in old nests of Corvids (i.e. Pica pica,
Corvus corone cornix), in old building and
on transmission-line pylons (JanZekovi¢
& Sorgo 1995, pers. obs.). It was found

throughout the study area, showing a pref-
erence for open area with small wood-
lands. Its breeding density was similar to
the values given by other authors (e.g.
Ziesemer 1973, Glutz Von Blotzheim et
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al. 1989, Gemauf & Winkler 1991,
Kostrzewa 1991) and much higher than
those given by Oelke (1981) and Steiner
(1992). The breeding population de-
creased steadily during 12 years of study,
from about 30 nests at the start
(1985-1986) to about 15 at the end of the
study (1995-1996). The changes between
years are significant (Chi-square test, o=
5.0, p <0.05). This decline is thought to be
associated with the use of pesticides, high
predation rate by small mammalian preda-
tors, competition with Corvids for nest
sites and a consequent reduction in the
area of suitable nesting and foraging habi-
tat.

Density of the Honey Buzzard Pernis
apivorus was similar to the values given
for Germany, Czech republic, Slovakia
and Austria (Tab. 2) and much lower than
the density found in Lorraine, France
(Cramp & Simmons 1980), in Stuttgart,
Germany and other towns (Glutz von
Blotzheim et al. 1989) and on
Ljubljanjsko barje, Slovenia (Trontelj
1994) (Tab. 2). According to Cramp &
Simmons (1980), high breeding density is
presumably correlated with high density
of Honey Buzzard's main food (wasps).

The density of the Hobby Falco
subbuteo on Dravsko polje is calculated as
0.14 pairs/10 km®. Because of its breeding
biology, which makes it hard to find dur-
ing the breeding cycle, numbers of this
species are underestimated. Its breeding
density was similar to the values obtained
in Norway (Steen 1994) and in the Czech
republic (Tejrovsky 1995) and lower than
the values obtained by Steiner (1992) and
Henrioux & Henrioux (1995) (Tab. 2).

The density of the breeding community
on Dravsko poljc dcpended primarily on
the density of resident raptors (average

value: 2.2 pairs/10 km?*). The differences
between numbers of pairs according to mi-
gratory habits (Tab. 1) is highly significant
(Chi-square test, %?=29.3, p <0.0001).
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Osszefoglalis

Nappali ragadozérmadarak populicidi
Dravsko pole-n (EK Szlovénia)

Kvantitativ felmérést végeztink a Dravsko
polje  (46725'N, 15°45'E) (EK Szlovénia)
ragadozémadar allomanyain 1985-1996 ko-
z6tt. A vizsgalt teriileten 8 fajt mutattunk ki,
koztilk kettd koltése bizonytalan. Az atlagos
ragadozémadar slirliség 2,8 par/10 km® volt. A
két leggyakoribb faj a vorés vércse (Falco
tinnunculus) és az egerész 6lyv (Buteo buteo)
volt. Az egerész Slyv sirlisége 0,66 par/10
km>-t is elérte, a voros vércséé pedig az 1,43
par/10 km>-t. A voros vércse allomanya jelen-
tdsen csokkent a vizsgalati id6 alatt, 30 fészek-
rél 15-re. A Dravsko polje-i ragadozémadar al-
lomany sirlisége elsésorban a nem vonulé fa-
joktdl fuggst, melyek 6sszsiiriiségének atlaga
2.2 par/10 km” volt.
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