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The seasonal variation of breeding parameters is usually described by calculating the averages of
parameters in non-overlapping intervals. This method has two disadvantages: (1) the improper
choice of the interval-length makes it impossible to detect either the seasonality or the correlation
\ between parameters in some cases, and (2) even if the interval-length is correct, the detection of

\¢ seasonality depends on the starting point of the first interval. These problems are discussed in

relation to our data collected in an urban Blackbird population during four successive breeding
seasons from 1986 to 1989. The method of calculating running-averages is recommended which
offsets the above mentioned disadvantages. However this method raises some new problems
which are also discussed.
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1. Introduction

As in other open-nesters, Blackbirds (Tur-
dus merula) usually lay two or three (or
more) clutches during a breeding season.
Consequently their breeding season lasts
three to four months. This makes it possible
to study the effect of changes in the environ-
ment on the breeding parameters during a
season.

The seasonality of breeding parameters
or their relationships are usually deter-
mined by sorting data into non-overlapping
intervals and calculating their averages and
the correlation between the different pa-
rameters. The interval-length depends on
the amount of data, authors usually calcu-
late monthly (Snow 1955, 1969, Saemann
1979), half-monthly (Snow 1958, Ribaut
1964), 10-day (Havlin 1963), weekly (Perez
etal. 1979), or 5-day averages (Havlin 1963,

Dyrcz 1969). If we have only few data and
we use short intervals, the effect of the sea-
sonality can be hidden by random fluctua-
tions. On the other hand if we use too long
intervals, the seasonality of parameters can-
not be detected either. This is because in
this case data from breeding attempts under
quite different circumstances are drawn to-
gether. An extreme example is when the
interval-length equals with the length of the
whole breeding season.

Another, usually neglected problem is
defining the starting-point of the first inter-
val. The finer the arrangement of intervals
(in the case of a large data-set shorter inter-
vals can be used), the less important the
problem is. However if the interval-length
exceeds the 15-20% of the length of the
breeding season, the improper marking of
the starting point of the first interval may
cause serious problems, and it can be a mat-
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ter of chance whether the seasonality or the
relationship between the parameters ap-
pear or not.

This paper uses the well-known method
of calculating running averages to avoid or
resolve these problems in the examination
of seasonality of breeding parameters in an
urban blackbird population.

2. Material and methods

Data were collected during a long-term
study of the breeding of an urban blackbird
population from 1986 to 1989. Our study
area, the Vérmez6 is a 13 ha park in the
middle of Budapest. It consists of large ar-
eas of lawn with a great variety of scattered
bushes and trees. About 60-70 pairs of
blackbirds breed in the area and lay about
150-200 clutches in a year. During the four
years, 447 nests were examined from which
365 were considered complete. Only breed-
ing data from these nests were involved in
further analysis.

In theory running averages can be calcu-
lated in two ways. In the first method the
daily averages are calculated first, then the
running-averages of intervals from the first,
second etc. days are calculated from these
averages. In case of a small data-set the
number of data per day may be very variable
and perhaps there may be days without any
data. Consequently it is better if we calcu-
late the running averages from rough data.
This method is in fact nothing else than the
extension of calculating the averages of
non-overlapping periods for each possibie
case according to the following process:

Let us choose a possible interval-length
(L) and a starting-point (t). Let us calculate
the average of the chosen parameter (al)
from data of nests started in the /t, t+1-1/
interval. In the following steps let us calcu-
late the averages of parameters (a2, a3..ax)
in the /t+1, t+1+L-1/, /t+2, t+2+L-1/ .....

/t+x, t+x+L-1/ intervals. Calculating the
averages following each other we get the
average of the interval /i+L, t+2L-1/which
is the first interval which does not overlap
with our first interval (/t, t+L-1/). If the
calculation of averages is carried out in non-
overlapping intervals

f(t+m)+yL, (t+m)+(y+1)L-1/ Q)

- where m is the number of days with
which the original starting-point (t) is
modified and y is the serial number of non-
overlapping intervals - then a series of aver-
ages of non-overlapping intervals can be
calculated for each possible case of y at a
constant value of m. By increasing m by
one we get the next series of non-overlap-
ping intervals etc. In this way we get the
method used up to now with the difference
that each possible series was calculated. If
the interval-length is L, then L kinds of
series of non-overlapping periods can be
produced. If we do not specify the value of
yand the averages are calculatedinintervals

Jt4+x, t+x+L-1/ )

- then producing all kinds of possible av-
erages, the series of series of non-overlap-
pingintervals (1) are calculated. In this case
each interval overlaps with L-1 other inter-
vals. It is important to mention that in the
case of the first and the last few intervals
there are fewer data so their averages are
not reliable.

3. The choice of interval-length

Example 1: the number of nests

The number of nests started in different
periods of the breeding season is quite vari-
able. During the field-work it seemed that
many of nests began simultaneously at the
beginning of the breeding season, later we
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Fig. 1. The number of nests in 3-day (a), 12-day (c), 15-day (d), 24-day () and 30-day (f) overlapping
intervals in 1988.
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Fig. 2. The number of nests in 15-day overlapping intervals in 1986 (a), 1987 (b), 1988 (c) and

1989 (d).

found fewer nests, while in the middle of the
season the number of nests increased again
and finally decreased. The question is which
interval-length can display this tendency.
Let us demonstrate it on data from 1988.
Firstlet us calculate the averages accord-
ing to (2) in the case of different interval-
lengths and let us represent them as a
function of the serial number of overlap-
ping periods (x) (Fig. 1) In the case of low
values of L (Fig. 1a, b) the change in the
number of nests does not appear, and in the
case of large values of L (Fig. 1le, f) the
change becomes smooth. In the case of me-
dium values of L (Fig. 1c, d) both peaks in
the number of nests are expressed. Breeding

began on different dates in different years
according to the weather (mainly the tem-
perature). However at the appropriate in-
terval-length the slopes of the first peaks
seem to be similar in each year (Fig. 2) This
characteristic feature of appearance of
nests was used to synchronize the four years
when their data were compiled.

Example 2: the seasonal pattern of breed-
ing success

Many papers have described the seasonal
pattern of breeding success (which is usu-
ally given as the proportion of successful
nests in a given interval) in blackbirds.
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Some authors found that breeding success
increased continuously throughout the sea-
son (Snow 1955, Havlin 1963, Baum 1968),
while others detected an early maximum as
well (Ribaut 1964, Dyrcz 1969). One paper
described a seasonal pattern with a a maxi-
mum in the middle of the season (Kor6di-
G4l 1967), finally Snow (1969) and Saemann
(1979) revealed both an early and a middle
maximum in the seasonal pattern.

The differences in the results of these
authors are caused by the different arrange-
ment of data. In the following we will dem-
onstrate that these patterns can be
produced from the same data-set by modi-
fying both the interval-length and the start-
ing point of the first interval. Figure 3a, b
and ¢ show the proportions of successful
nests started in 10-day, 15-day and 30-day
non-overlapping intervals in 1988, respec-
tively. These kinds of arrangements of inter-
vals can be found in similar studies (e.g.,
Havlin 1963, Ribaut 1964 and Snow 1969).
If the interval-length is quite short (e.g., 10
days, Fig. 3a) then the first few nests - which
are usually successful, because predators
have not begun to plunder the nests - are
sorted into the first interval, consequently
their breeding success will be higher than
those of the following intervals. However, if
we choose a longer interval-length (e.g., 15-
days, Fig. 3b) then the first interval will
contain more nests than in the previous
case, thus the proportion of successful nests
will be much lower and the first maximum
in the seasonal pattern of breeding success
will disappear, althougth the final decrease
is still well-expressed. If we choose a quite
long interval-length (30 days, Fig. 3c) then
the characteristic seasonal pattern of the
breeding success found by using 10-day in-
tervals is lost entirely: the early maximum
disappears and the final decline in the
breeding success is not so expressed, the
seasonal pattern tends to be increasing
throughout the season.

4. The choice of starting point of the
intervals

If we calculate averages in non-overlapping
intervals with interval-length L (method 1),
we can get L kinds of series by varying the
value of m from O to L-1. If the change of
the parameter is quick at least in a short
period of the season, then the series of av-
erages could be quite different.

Example 3: correlations between breeding
parameters

Most of the papers which described the
seasonal pattern of breeding success, attrib-
uted it to the seasonal changes in the rate of
predation (Snow 1955, 1969, Kor6di-Gal
1967, Dyrcz 1969). Only Ribaut (1964)
found the proportion of predated nests
similar throughout the season. To settle the
question, correlations should be calculated
between the proportions of successful and
predated nests and between the propor-
tions of successful and deserted nests. How-
ever correlations can be calculated only
between proportions from non-overlap-
ping periods, otherwise the number of our
pairs of points would be artificially multi-
plied and thus the degree of freedom of the
correlation would be seriously violated.
Consequently for example if we have the
proportions of successful and predated
nests in all series of non-overlapping peri-
ods (the number of series equals with the
interval-length (L)), then L kinds of corre-
lations can be calculated between the two
breeding parameters. In the following ex-
ample we will show that in some cases it
depends on the starting point of the first
interval (m) whether the correlation be-
tween the two proportions is significant or
not.

Fig. 4a shows the proportions of success-
ful (filled triangles), predated (asterisks)
and deserted nests (empty squares) during
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the incubation periods in all 15-day over-
lapping periods, Fig. 4b shows the same
proportions during the nestling stage while
Fig. 4c shows these proportions during the
whole breeding attempt. Consequently Fig.
4a refers to the hatching success, b to the
fledging success and ¢ to the breeding suc-
cess, and if we want to find the causes of
their seasonal patterns, we should correlate
the proportions of nests in series from non-
overlapping intervals. In the case of 15-day
intervals, 15 kinds of correlations can be
calculated between each pair of parameters.
The correlation coefficients are shown in
Fig. 5. In the case of hatching success it is
always the proportion of deserted nests
which correlates significanily negatively
with the proportions of successful nests,
although the correlations with the propor-
tions of predated nests are also negative but
not significant exceptone case (Fig. 5a). On
the other hand in the case of fledging suc-
cess it is the rate of predation which causes
the seasonal pattern: all correlation coeffi-
cients but one are significant and most of
the correlations with the proportions of de-
serted nests are positive instead of being
negative (Fig. 5b). However in the case of
breeding success the result is quite ambig-
ous (Fig. 6¢). As the pattern of breeding
success is caused by the factors shaping the
patterns of hatching success as well as the
factors shaping the pattern of fledging suc-
cess, if the causes are different as in our case,
then the pattern of breeding success can be
attributed to both predation and desertion.
However, it depends on the modification of
the starting point (m), whether the correla-
tions with the rate of predation or deser-
tions are significant. This example points
out that if we analyse the cause of some
seasonal pattern or the correlation between
two seasonally changing parameters, then
the choice of only one series of non-over-
lapping intervals can lead to false or am-
biguous results.
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Osszefoglalds

A mozgé-dtlagok médszere a feketerigé
(Turdus merula) koltési paramétereinek
vizsgidlataban

A koltési paraméterek szezonalitdsdnak kimu-
tat4sdra dltaldnosan alkalmazott médszer, hogy a
paraméterek értékeit egymdsra kdvetkezd, nem
dtfedd intervallumokban 4tlagoljdk, és ennek
alapjdn vizsgdljdk a szezonalitdst, illetve allftjdk a
paramétereket egymdssal szembe. Ez a megoldés
t6bb hibalehetdséget tartalmaz: (1) Az iddinter-
vallumok hosszdnak rossz megvélasztdsa nem
minden esetben teszi lehet@vé az egyébként
létez6 szezonalitds, vagy a paraméterek kOzotti
Osszefliggés Kimutatdsdt; (2) még megfelels in-
tervallumhossz esetén is, a kimutathatGsag fiigg
attol, hogy az elsd intervallum kezd6pontjét hol
jelolik ki. A feketerigd egy vérosi parkban koltg
populdcitjanak (Vérmezd, Budapest 1986-89) koltés-
fenoldgiai vizsgdlatdbdl szdrmaz6 adatokon mutat-
juk be ezeket a problémakat. Megold4dsként
javasoljuk a mozg6-dtlagok szdmitdsdnak
mddszerét, amelynek segftségével az (1) és
(2) sordn jelentkezd hiba cstkkenthetd, il-
letve amelyen keresztill a nem-4tfedd inter-
vallumok 4tlagainak szdmitdsaval kapcsolatban
ujabb nehézségek mutathatdk ki.
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The delivery of surplus prey to the nest by a pair
of Bee-eaters (Merops apiaster)
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Horv4th, G, Fischer, M. H. and T. Székely. 1992. The delivery of surplus prey to the nest by a
pair of Bee-eaters (Merops apiaster). — Ornis Hung. 2: 11-16.

Observations are presented on the delivery of surplus food to the nest of a pair of Bee-eaters,
including the quantity and species composition and size of surplus food items. The delivery of
surplus food may be explained by (1) the death of young, (2) the arrival of helpers, (3) increased
) success of prey capture because of the discovery of a rich food supply nearby, or (4) an aversion
of the nestlings to venomous bumble-bees which are fed when other food for the nestlings is
unavailable. The delivery of surplus food suggests that the adjustment of food delivery to the nest
isnot a quick process, and that the adults need a few days to adjust their effort to the requirements
of the nestling.

G. Horvdth, Central Research Institute for Physics of the Hungarian Academy of Sciences, Biophysics
Group, Budapest, P.O.B. 49., H-1525, Hungary. M. H. Fischer, Aron Szilddy Grammar-School,
Kiskunhalas, H-6401, Hungary. T. Székely, Kossuth University, Department of Zoology, Debrecen,

P.O.Box 5., H-4010, Hungary.

1. Introduction

Bee-eaters (Merops apiaster) are colonial
breeders and feed their young with insects
(Cramp 1985). Although previous studies
reported the composition of nestlings’ diet
(Korodi-G4l & Libus 1968, Cramp 1985),
rate of feeding (Tapfer 1957, Dyer & Deme-
ter 1981) and amount of food delivered
(Korodi-G4l & Libus 1968), the delivery of
surplus food to the nest, which we describe
here, has not been reported before.

In this work we present observations on
the delivery of surplus food to the nest of
pair of Bee-eaters, including the species
composition and size of surplus food items.
We suggest some possible hypotheses for
explanation of the odd behaviour of one
pair studied. The delivery of surplus food
suggests that the adjustment of food deliv-
ery to the nest is not a quick process, and
that the adults need a few days to adjust

their effort to the requirements of the nest-
lings.

2. Material and methods

Asingle nest was observed for a week in late
July of 1984 near the town Kiskunhalas, in
southern Hungary. The nest was excavated
about 30 c¢m from the top of an almost
vertical dune of firm sand. There were 8
other burrows in the proximity (ca 1-10 m),
but only the one studied was inhabited at
the time of observation. In previous years
all holes had been occupied. Other groups
of nest-holes occurred 150-200 m away.

The breeding site was surrounded by
farmlands with pastures, orchards, lucerne
and clover fields, sunflower and maize
fields, and with dunes covered by pines, lo-
cust-tree and poplar groves. At the time of
observation there were no beehives in the
area.
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Taxon | Bombus | Bornbus | Bombus | Apis | Vespa | Melo- | Callip- | Hete- Total
terrestris | lapida- | agrorum | melli- | spp. lon- tamus | rop-

time rius fera thioae | italicus | tera

day 1 60* 3* 2* 2* 3** 4* 2%+ 79

day 2 22 1 1 - - - - 24

day 3 8 1 - - - - - 9

day 4 3 - - - - - - 3

day 5 1 - - - - - - 1

day 6 2 - - - - - - 2

day 7 - - - - - - - 0

Tab. 1. The number and composition of surplus prey delivered to the nest by Bee-eaters as a function
of time. On the first day fresh and old items were indistinguishable (*), except for some definitely old
items (**). The number of items declined during the week (Spearman rank correlation with day one

excluded r=0.943, n=6, p<0.02).

The weather was cold and rainy in two
days before observation (23-24 July), but in
the week of observation the weather condi-
tions were sunny and there was a slow rise
in temperature.

On the first visit (25 July), there were
several dozen of bumble-bees (Bombus
spp.) on the ground directly beneath the
burrow, far more than the usual number of
items accidentally dropped during feeding.
We observed the nest every day for a week,
from 14.00-17.00 h. After each observation
period we collected the surplus items.

3. Results. Quantity, size and com-
position of surplus food delivered to
nest

On the first day of observation both fresh
and old prey items were found beneath the
nest (Tab. 1). These could be distinguished
because the fresh items were whole, but
damaged on their thorax, were sometimes
still alive, and were sometimes found in the
tunnel burrow. On the other hand, all old
prey were dead and some of them were
partly covered in sand because of the impact
of rain drops on the ground while others

had much damaged exoskeletons. However,
some of these old items were whole. The
number of prey declined during the week
(Tab. 1). By far the most common items
were Bombus terrestris which accounted for
75.9% (n=79) of items on the first day.

From the fourth day onwards only that spe-

cies was found (Tab. 1). Most Bombus spp.
were small (1.5-2 cm in length, 65.4%,
n=104), and only a few were between 2-3
cm (19.2%) or over 3 cm(3-3.5cm, 15.4%).

Our observations were timed to corre-
spond with the previously recorded peak
feeding time of Bee-caters in Hungary
(Fintha-1968). The adults delivered prey to
the nest at a rate of 50-60 visits/h at the
beginning of the week, but at 40-50 visits/h
at the end of the week. The visiting rate also
decreased slowly within every observation
period (Tab. 2). Only adults flew into the
study burrow, but they were unmarked,
therefore we did not know whether there
was a helper among them.

4. Discussion

The following explanation can be suggested
for this odd behaviour:
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Day 1 2 3 4 5 6 7
hour
14-15160 | 61 | 56 | 49 | 51 | 45 | 48
15-16 | 51 { 60 | 52 | 560 | 46 | 41 | 42

16-17 | 55 | 48 [ 48 { 46 | 41 | 39 | 43

Tab. 2. The number of visits per hour by adult
Bee-eaters. Two ways ANOVA (day: F=12.61,
df=6, p<0.001; hour: F=23.99, df=1, p<0.001).

HYPOTHESIS 1:Someor all of the nest-
lings perished during the two cold rainy days
preceding the start of observations. There
was a delay before the parents detected this,
after which the amount of surplus food de-
livered to the nest decreased rapidly.

HYPOTHESIS 2: One (or more) failed
breeder(s) from the surrounding Bee-eater
colonies joined our breeding pair as
helper(s), so the provisioning rate of the
nestlings increased. The arriving helper was
initially frightened of entering the burrow,
so it dropped the prey delivered. Later the
parents and helper(s) detected the unneces-
sarily high provisioning rate and delivered
less food, so the surplus prey decreased rap-
idly.

HYPOTHESIS 3: In spite of the rainy
and cold weather preceding the first day of
observation, the foraging adults of the nest-
hole studied discovered a large nest of bum-
ble-bees (Bombus spp.) near the burrow,
and plundered it over a week. The bumble-
bees became much easier to catch during
the cold rainy weather before the observa-
tions because they were colder so flew more
slowly and were less able to evade the Bee-
eaters. Later, as the abundant prey source
was exhausted, and/or the adults detected
the uneaten surplus food they delivered
food at a lower rate.

HYPOTHESIS 4: Due to the bad
weather the nestlings were provisioned al-
most exclusively with bumble-bees. The
venom of bumble-bees might affect the

young adversely, so that the nestlings did
not consume all the prey items which were
not devenomed, killed and prepared suit-
ably for them by the adults.

HYPOTHESIS 5: A predator (e.g., a
snake, weasel) had been seen in or nearby
the nest and the adults were frightened of
entering the burrow and dropped the prey
items delivered below the burrow entrance.

It is difficult to decide unequivocally be-
tween these hypotheses. In our opinion they
are not mutually exclusive, in fact it is quite
likely that two or more are acting at the
same time.

HYPOTHESIS 1 is supported by the ob-
servation that young Bee-eaters may be-
come lethargic during cold spells and food
shortage (Valverde 1953). Chilled and
moist young elicit no parental care, and may
be pushed aside or even tossed out of the
nest (Cramp 1985). Runts are usually left in
nest, and the parents continue prey delivery
uninterrupted after the death of some nest-
lings (Glutz & Bauer 1980).

Fintha (1968) noted that nest-holes are
generally not dug less than 25-30 cm from
the top of banks. Nests dug higher than this
often leak, especially if the substrate above
the burrow is sandy, leading to the death of
nestlings (Fintha 1968). Nest-holes too
near the top of banks may also be blocked
by the growing roots of plants (e.g.,
Medicago Eryngium campestre), particu-
larly after rain (Fintha 1968). The study
nest was in sandy ground and 30 cm from
the top of bank, so it may have leaked but
we did not find root’s mesh blocking the
nest.

HYPOTHESIS 2 is possible because
non-breeding Bee-caters may attach them-
selves (either singly or several together) to
breeding pairs as helpers (Lessells 1991).
Helpers are tolerated at nest-holes and on
territory perches, and help provision the
young. They did not arrive until after the
brood has hatched. It is not known if they
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help the brood in any way other than feed-
ing them (e.g., brooding). Helped broods
receive more prey items and the breeding
male, but not female, at helped nests deliv-
ers food at a lower rate than at unhelped
nests. Helpers may start helping at any stage
during the nesting periode. The vast major-
ity of helpers are male; male helpers com-
prise a slightly higher proportion of
juveniles than occurs in the breeding popu-
lation. Birds failing before early-mid June
tend to re-nest (early-failed breeders), and
those failing after this data to help (late-
failed breeders) (Lessells & Krebs 1989).

Our observations were made in the last
week of July, so it is likely that failed breed-
ers were around. After the arrival of a
helper, an initially surplus delivery of food
might be compensated by decreased provi-
sioning by the male.

HYPOTHESIS 3 is supported by the fact
that Bee-eaters prefer Hymenoptera. Bum-
ble-bees (Bombus spp.) are the most impor-
tant prey for those living near clover fields
and areas with many flowers. The diet often
reflects variations in the insect fauna due to
seasonal and geographical changes or to
weather conditions and temporary and lo-
cal exploitation of particular species are
typical (Cramp 1985). The occurrance of
Bombus in the diet may be higher during
cold rainy weather when almost exclusively
Bombus spp. fly in the fields (Fintha 1968).
However hypothesis 3 would explain only
the presence of Bombus spp. and not the
other prey items.

HYPOTHESIS 4 seems likely, because
large or venomous insects are difficult for
inexperienced juvenile Bee-caters to man-
age (the number of such prey items in-
creases suddenly beneath perches after
fledging). Birds show no further interest in
prey which has been dropped onto ground
(Koenig 1959, Ursprung 1979, Helbig
1982). Inexperienced young birds select
large black and yellow insects in preference

to plain ones (Ursprung 1979, Cramp
1985). Considerable differences exist be-
tween nestling diet and that of the parents
at the same time; the young are generally
given larger items than the adults consume
(Krebs & Avery 1985).

On the basis of the investigations made
by Helbig (1982), most preys of Bee-caters
are over 10 mm long, with ca. 28% of them
being 5-10 mm, ca. 51% 10-15 mm and ca.
18% 15-20 mm. Compared with this the
surplus items delivered (Tab. 1) tend to be
larger and perhaps more difficult to handle.

Itis unlikely that prey dropped well down
the burrow would manage to (regularly)
crawl back to the burrow entrance, so most
of the prey must have been dropped at the
entrance. It is possible that the chicks were
of an age when they sat in the burrow en-
trance, but we could not observe this during
the time of observation. So it seems likely
that the adults were dropping the prey with-
out entering the burrow. In Bee-eater colo-
nies adults do this if they are reluctant to
enter the burrow for some reason, which
might be because (Lessells pers. comm.):
(a) they are a newly arrived helper, and are
reluctant to enter the burrow; (b) the chicks
do not make begging calls —when the adult
arrives and calls at the nest entrance — be-
cause they are satiated (Lessells et al. in
press); (c) there is some danger (e.g., a
snake near or in the nest).

Chicks reach a maximum weight several
days before they leave the nest (Lessells &
Avery 1989) and then lose weight before
leaving the nest. At this time they feed, and
prey can be often found below the nest en-
trance (Lessells pers. comm.).

5. Conclusions

The food provisioning rate of Bee-eaters is
probably determined by three factors: (a)
the food requirement of the nestlings



G. Horvdth, M. H. Fischer and T. Székely 15

(FRN), (b) the sum of power of food deliv-
ery of adults (SPFDA) (parents and help-
ers) to the nest, and (c) the rate of prey
capture (RPC) per bird. If FRN suddenly
decreases — due to the death of some nest-
lings, for example (HYPOTHESIS 1) —, or
SPFDA suddenly increases —e.g., due to the
arrival of helpers (HYPOTHESIS 2) -, or
RPC suddenly increases ~ due to weather
conditions or the discovery of an abundant
prey source (HYPOTHESIS 3) ~ then sur-
plus food may be delivered to the nest for a
while until the adults compensate for the
change. In HYPOTHESIS 1, the decrease
in FRN is compensated by a decrease in
SPFDA, in HYPOTHESIS 2 the arrival of
helpers is compensated by a decrease in
provisioning rate by the breeding male, and
in HYPOTHESIS 3 a temporary surplus is
alleviated by the gradual exhaustion of the
food source.

Recent studies have shown, that there is
a trade off between reproductive effort such
as feeding young and parental survival
(Reid 1987, Nur 1988, Dijkstra et al. 1990).
However, our observations suggests that
the adjustment of prey delivery to the nest
isnotan instantaneous process, and that the
adults need a few days to adjust their effort
to the requirements of the nestlings.
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Osszefoglalds

Egy gyurgyalagpar (Merops apiaster) folds
zsdkmanyhordisa

Egy gyurgyalagpar szokatlan viselkedésérdl
szdmolunk be, mely abban nyilvdnult meg, hogy a

felndtt madarak tobblet tdpldlékot széllitottak a
fészekhez. Az el nem fogyasztott foltsleges zsk-
mdny a fészek bejdrati nyildsanal haimozaédott fel.
Beszdmolunk a tapidléktdbblet faj €s méret
szerinti Osszetételérdl valamint mennyiségérd! az
1d6 fuiggvényében.

A gyurgyalagok viselkedéstkolGgidjanak alap-
jan a kovetkezd elképzelhets, egymast ki nem
z4r6 hipotéziseket dllftottuk fel a zsdkmany-
folosleg felhalmozdddsdnak magyardzatdra: (1) a
tapldlékigény hirtelen lecsdkkenése a fidkdk egy
részének a fészek bedzdsa kovetkeztében vald
elpusztuldsa dltal, (2) a {€szekbe hordott t4plalék-
mennyiség ugrdsszerd ndvekedése segitd (helper)
gyurgyalag(ok) érkezése €s a fiokdk etetésébe
valg bekapcsoléddsa miatt, (3) a felnSttek zsdk-
mdnyszerzési hatékonysdgéanak hirtelen
novekedése a fészek kzelében felfedezett gazdag
tapldlékforrdsnak kdszdnhetben, (4) a fiGkdknak
a nagyszdmu fulldnkos, mérges poszméht6l vald
idegenkedése, mikor az iddjardsi korilmények
kovetkeztében mas tdpldl€k nem 4llt ren-
delkezésre.

A zsdkményttbbletnek a fészek kornyékén
megfigyelt felhalmoz6d4dsabol €s idSbeli cstk-
kenésébdl kodvetkeztetni lehet a fészekhez vald
taplal€ksz4iiftasi folyamat ttemére: a felndtt
gyurgyalagoknak néhdny napra van sziikségiik,
hogy a fiokdk igényei szerinti mennyiségd
taplalékot szdllitsanak a fészekbe.
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The main characteristics of spring migration were studied by meteorological radar in the Eastern
part of the Carpathian Basin for 8 days in 1987. The radar is situated at Napkor, 200 km ENE
from Budapest, and it can detect the birds in a 25-100 km range. The echoes were displayed on
PPI and were recorded on 35 mm film by time exposure. During the study 6546 bird echoes were
recorded on 413 pictures. The intensity of bird echoes was high at sunrise and early afternoon.
In 25 km range, the intensity of the echoes was high at sunset because of intensive migration of
passerine birds. The average direction was northeast (42°), and its daily value varied between
33°-59° during the study. The changing of the direction might come from the change in the
composition of migrating species. Above some areas, the bird echoes were concentrated, and
these concentrations showed a close relationshipto some topographical elements.

T. Szép, Hungarian Omithological and Nature Conservation Society, Budapest, K6ltdu. 21.,H-1121,

Hungary.

1. Introduction

The Carpathian Basin has an important
role in the migration of Northern Euro-
pean, Northeastern European and North
Asian birds. Old and recent observing,
hunting, and ringing data show the impor-
tance of this area, especially of its eastern
part (Haraszthy 1988). Data from direct ob-
servation of the migration by radar were not
available until now in this region of Europe.
These data can help to analyse more deeply
the characteristics and dynamics of this be-
haviour (Eastwood 1967). In 1986, 1 started
an investigation at Napkor Meteorological
Radar Observatory to analyse how applica-
ble that radar is for ornithological studies.
The aim of this work is to describe some
main characteristics of the spring migration
based on radar data in Eastern Hungary.

2. Material and method

The weather radar station (OMSZ KEI) is
situated at Napkor (47°58'N; 21° 54’ E, 140
m ASL), and it is 200 km ENE from Buda-
pest and 10 km E from Nyfregyhdza which
is the nearest town (Fig. 1). The MRL-5
type, Soviet made radar here is used for
rainfall forecasting. I used a 10 cm wave-
length with 1 microsecond pulse length, 500
kW peak power. The aerial diameter is 4.5
m and the radar beam is pencil shaped with
a 1.5 beamwidth (Eastwood 1967). The ra-
dar sensitivity is -138.1 dBW.

The bird movements were detected by
radar and displayed on the PPI (Plan Posi-
tion Indicator) screen (range 25 km, 50 km
and 100 km). The echoes were recorded on
35 mm film with along time exposure. [ used
2 10 minute exposure time as described in
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Fig. 1. Map of the study area (1: road; 2: railway line; 3: powerline; 4: state boundary).

Gauthreaux (1970). The pictures showed them (Fig. 2). I used different elevation an-
moving radar targets in all studied range  gles at different ranges (3° for 25 km, 1° for
except the nearest area around the radar 50 km and 0.3° for 100 km), and in this way
station where the dense surface echoes hide I studied the birds’ movement at low alti-

Tab. 1. Number of bird echoes (n), observation time (t)[minute] and echoe intensity (n/t) at different
range during the study.

at 25 km at 50 km at 100 km
Day n t n/t n t n/t n t n/t
25.03 73 42 1.7 135 58 23 169 112 1.5
26.03 453 149 3.0 926 285 32 1284 464 2.8
27.03 45 34 1.3 162 76 2.1 172 66 2.6
29.03 176 132 1.3 24 15 1.6 0 142 0.0
05.04 210 62 34 214 193 11 60 134 04

06.04 289 121 24 335 340 1.0 113 171 0.7
07.04 323 103 31 252 242 1.0 77 127 0.6
08.04 559 230 24 429 420 1.0 66 131 0.5
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Fig. 2. Time exposure of a PPI display showing heavy bird migration over Northeastern Hungary
between 0537-0547 local time, GMT+ 1, 25th March 1987. North is toward the top of the figure. Birds
produce about 3-5 km long pale streaks, in this case toward the northeast. The angle of elevation of the
radar beam is 1°, the range is 50 km and the revolution is 2/min. Tokaj hill and Zemplén mountains are
situated at the northwest edge of the picture and the long line across the centre is a big 750 kW powerline

(See the Fig. 1). ‘

tude (100-2000 m). The average altitude of
the echoes was between 400-800 m.

The data were collected in the spring of
1987 (25.03.1987 - 27.03.1987, 29.03.1987,
05.04.1987 - 08.04.1987), and as far as pos-
sible during all part of the day. The starting
and ending positions and path of each mov-
ing radar target on the pictures were digital-
ized and used for measuring the direction
and height of the flight. The characteristics
of moving radar targets, low speed (30-100
km/h) and point like echo, differ from the
echoes of surface, weather phenomenon or
airplanes (Eastwood 1967). These targets
were echoes of flying birds or bird flocks.

The numbers and species of birds taking
part in the movements cannot be deter-
mined from the pictures.

I used the Nyiregyhdza Meteorological
Station data for measuring the wind pa-
rameters.

3. Results

During 8 days observation 6546 radar tar-
gets were identified as birds (64 hours ob-
serving time) on the 413 pictures (Fig. 3).
Because the successive pictures may have
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Fig. 3. Path of all bird echoes during the observation period in the study area. (Horizontal and vertical

distance between the cross is 25 km.)

contained the same targets more than once,
less separate targets were studied.

3.1. Daily distribution

In 26.03.1987, the continuous observation
from 0504 to 2103 allowed me to analyse the
daily distribution of the bird echoes in three
different ranges (Fig. 4). As Fig. 4 shows,
there was an intensive movement near sun-
rise which was followed by a smaller one at
early afternoon (13-14 h local time,
GMT+1). The distribution at the 25 km
range differs from the other two (Fig. 4a).
There is more intensive movement after
sunset in this range than at the 50 km or the
100 km range. This difference can also be
seen in the other day’s data. The sensitivity
of the radar is larger at 25 km range, and

smaller echoes, such as of migrating passer-
ines in small flocks (Gauthreaux 1970, Wil-
liams et al. 1977), are more visible on the
PPIscreen and on the pictures. Onthe night
of (07.04 there was a large movement in the
25 km range, and next morning around the
radar station many Nightingales (Luscinia
megarhynchos) and Lesser whitethroats
(Sylvia curruca) started to sing. It is possible
that intensive passerine migration in differ-
ent directions explains the differences ob-
served at night.

3.2. Direction

Comparison of the mean flying direction
values at different ranges (Fig. 5) indicates
slight difference between the 25 km, the 50
and 100 km range data. The mean direction
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Fig. 4. Daily distribution of radar targets in
26.03.1987.

a. Number of targets at the 25 km range,

b. Number of targets at the 50 km range,

¢. Number of targets at the 100 km range.

(SR: sunrise, SS: sunset.) Local time (GMT+1).

at 25 km range is closer to the north (38°)
than that of the other ranges (46° at 50 km
and 42° at 100 km). The average direction
for all ranges is 42°, NE (Fig. 5d).

When I compared the mean direction us-
ing all echo data during six days, there were
differences in the daily directions (Fig. 6).
The directions on 27.03., 05.04. and 06.04.
are closer to east (51, 59, 51) than the aver-

age (Fig. 6b,c,d). The reason for these de-
viations may be the strong W, SW, and N
wind at 27.03., but this is not too likely since
on 07.04. and 08.04. there were the same
strong winds, but the mean direction of
these two days is different from the above
mentioned three days’ mean direction (Fig.
6¢,f). In these two days, the decreasing mean
direction coincided with increasing inten-
sity of the small passerine migration, as the
increasing echoes at 25 km range indicate
(Tab. 1). The differences may come from
the changing species composition of mi-
grating birds.

3.3. Migration over the studied area

When all echoes are drawn on the map of
the studied area (Fig. 3) we can see whether
there were preferred areas during the mi-
gration. The diverse topographic features
explain some significant deviations among
the areas. In the more elevated areas e.g,,
Nyirség Southeastern part of the study area,
the birds flew at a higher altitude and their
echoes were more visible than echoes from
lower areas like Hortob4dgy where the birds
often flew at lower altitudes and are blocked
from the view of the radar.

The echoes were concentrated above
some particular areas e.g., along the Debre-
cen-Mdtészalka railway line, the echoes
were very concentrated and created a thick
line (Fig. 1,3). This observation suggests
that the birds may follow topographical fea-
tures while migrating through this area
(Bruderer 1978, 1982).

4. Discussion

This investigation was the first direct obscr-
vation of bird migration by radar in the
Carpathian Basin. The time exposure
method (Gauthreaux 1970) provided ap-
propriate data to reveal some main charac-
teristics of the spring migration over this
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area. The time of the investigation coin-
cided with the peak of the waterfowl (e.g.,
Anser anser, Anser fabalis, Anas crecca) and
crane migration and partly with migration
of the passerines (Haraszthy 1988, Kovics
1987).

The daily rhythms of the bird echoes
showed a very high peak at sunrise and an-
other lower peak in early afternoon. These
data suggest that a large part of the ob-
served birds might have come from a nearby
roosting place like Hortobagy, to the SW of
the radar site. The late peak near sunset in
the 25 km range data shows the increasing
passerine movement during this period.
The typical passerine *mist’ on the pictures
(Williams et al. 1977) confirms this assump-
tion.

The data indicate very heavy migration at
the end of March mainly in the long range
observations. These presumably were ech-
oes of migrating waterfowl flocks. At the
end of the observation period (07.04.-
08.04.), the composition of migrating birds
changed. The increased number of fine pas-
serine echoes on the short range pictures
shows that the main passerine migration
had started.

The observed average NE (42°) direc-
tion is closer to N than Bruderer (1971)
found in Switzerland (60°), the nearest
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Fig. 6. Distribution of directions of radar targets on different days. The diameter of the circle with arrows
show the average wind speed and dircction during the obscrvations.

a. Direction at 26.03 (n=2663; mean=41°)

b. Direction at 27.03 (n=379; mean=>53°)

¢. Direction at 05.04 (n=484; mean=>59°)

d. Direction at 06.04 (n=737; mean=>51°)

¢. Direction at 07.04 (n=652; mean=35°)

f. Direction at 08.04 (n=1064; mcan=33°)
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place of another recent radar study. The
dailyaveragedirection varied between 33°-
59° and the reason may be the changing
composition of migrating species. The in-
creased passerine migration might cause
the decreasing average direction during
the late days. The data also show some
preferred migration paths.

The meteorological radar at Napkor is ap-
propriate to study of bird migration at one
of the most important areas in Central
Europe. Long-term radar investigations with
development of equipments and methods,
combined with simultaneous field observa-
tions would help to explore other important
characteristics of the migration in the east-
ern part of the Carpathian Basin. Studying
distributionof bird flocks in the migration
season, analysing the number, direction and
distribution of different groups of species
would be very important for scientific
and nature conservational reasons
as well.
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Osszefoglalds

A tavaszi vonulds vizsgdlata metoroldgiai
radar segitségével Kelet-Magyarorszigon

A Kdrpdt-medence keleti részén foly6 tavaszi
maddarvonulds radarornitolégiai médszerrel vizs-
galt {6bb jellemzdit mutatja be a cikk. 1987-ben 8
napon keresztiil, a Napkori Radarmeteorol6giai
Obszervatérium berendezéseivel 25-100 km-es
kOrzetben vizsgdltam a madarak jeleit.

Madarjeleket a képerny6rdl (PPI) készitett
hosszd expozicids idejd felvételek segftségével
rogzitettem. A vizsgilat soran készitett 413
képrél 6546 madérjelet azonositottam és
haszndltam fel az elemzésekhez. A maddrjelek
intenzitdsa a napfelkelte és a koradélutdni
iddszakban volt a legerdsebb. 25 km-es kdrzet-
ben a naplemente koriili idészakban is erteljes
mozgas mutatkozott, amelynek feltételezhetd
oka a kistestd énekesmadarak intenziv esti
vonuldsa. Az 4tlagos irdny 42° (EK) volt, mely
33° és 59° kozotti értékeket vett fel a vizsgalt
napok sordn. A napi 4tlagos irdnyokban mu-
tatkozo6 véltozdsok okai f6ként a vonul6é mada-
rak faji Osszetételében mutatkozé véitozdsok
lehetnek. A vizsgdlt korzetben a maddrjelek
néhény teriilet felett igen sdrdn helyezkednek
el, amely a Debrecen-Matészalka kozotti Gt és
vasut esetében felveti, hogy a vonulé madarak
bizonyos topogréfiai elemeket kdvetnek.
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Kiillonb6z6 erddtipusok madarkozosségeinek
vizsgalata a Szigetkozben

Waliczky Zoltan

Waliczky, Z. 1992. Structure of avian communities in the forests of Szigetkéz, Hungary. - Ornis
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Bird density estimations were carried out in the Szigetkoz in 1990. Three forest habitats were
studied: natural willow-woodland, semi-natural oak forests, and poplar-plantations. The cluster
analysis showed that these habitats clearly segregated from each other. The willow-woodland had
the most diverse bird community and we also found the highest number of species there. The
) poplar plantations were the poorest habitat measured by diversity and number of species. From
a nature conservationist’s point of view the potential of willow- and oak forests to harbour forest
avifaunas is very high. However, especially the willow-woodland is seriously threatened by the
. enormous dam-construction efforts in the area and the converting of natural habitats into more
economical poplarwood. The highest importance of the poplar forests is that they give home to
a significant portion of the Hungarian Icterine Warbler (Hippolais icterina) population.

Z. Waliczky, Ecological Research Group of the Hungarian Natural History Musem, Budapest, Baross
u. 13. H-1088, Hungary. (Present address: Hungarian Omithological and Nature Conservation

Society, Budapest, Kolt6 u. 21. H-1121, Hungary.)

1. Bevezetés

Kiilonb6z6 él6helyek Osszehasonlitdsa az
egyik fontos moédszere a maddarkozosség-
0kologidnak (Wiens 1989), és feltehetGen
az is marad még egy ideig, mert ezek a "ter-
mészetes kisérletek” viszonylag konnyen
elvégezhetlk és a segitségiikkel betekintést
nyerhetiink kozOsségszervez6 folyama-
tokba. Okol6giailag egymashoz kozel 4116
fajok szegregdléddsa ¢él6helyek szerint,
hasonl6 igényi fajok csoportositdsa, €16he-
lyek mindsitése természetvédelmi szem-
pontbol, fajkicserél6dések €l6hely
gradiensek mentén néhdny olyan jellemzé
teriilet, ahol az ilyenfajta 6sszehasonlitdsok
nélkiilozhetetlenek.

Hazdnkban az erdei madarkozOsségek
O0kol6giai vizsgdlatai f6ként a természet-

szerd erd6tdrsuldsokkal foglalkoztak (biik-
kos: Moskat 1985, 1988a, 1988b, Moskdt és
Székely 1989; tolgyes: Moskdt 1985, 1988a,
Moskdt et al. 1988), kevés a kifejezetten
mesterséges erd6k madark6zdsségeivel
foglalkoz6 munka (Legdny 1979). Teljesen
hidnyoznak azonban az olyan vizsgdlatok,
amelyek egy adott teriileten a természet-
kozeli (természetszerli) €s a mesterséges
erd6k madadrkozdsségeit hasonlitjak ossze,
holott az ilyen vizsgdlatok természet-
védelmi szempontbol is fontosak.

Ezen dolgozat a Szigetkdz hdrom legjelen-
tésebb erd6tipusdnak: a természeteshez
kozeldllo fiizligetek €s tolgyesek, valamint
az iltetvényszeri nemesnydrasok
madark6zosségeinek Osszehasonlitdsdt
adja, faj- és egyedszdmbecsl$ vizsgdlatok
alapjdn.



26 ORNIS HUNGARICA 2:1 (1992)

1. T4bldzat. A hdrom €l6hely madarkozosségének fajezdma (8), rarefakciéval szdmolt fajszéma (Sr),
Shannon-féle diverzitdsa (H), a mintdnkénti dtlagos fajszdma (Sm), dsszdenzitds (egyedszdm/10 ha)

(D) és a mintavételi teriilet nagysdga (ha) (A).

Table 1. Number of species (S), number of species counted by the rarefraction method (Sr), Shannon’s
diversity (FI), mean number of species /sites (Sm), total density (individuals/10 ha) (D) and size of the

study sites (ha) (A).

El6hely/Habitat S Sr H Sm D A
Fiizes/Willow 30 30 3.15 20.67 97.66 9.42
Tolgy/Oak 36 26.10 3.09 17.43 85.53 21.98
Nyar/Poplar 27 23.15 2.90 17.00 88.11 18.84

2. Vizsgdlati teriilet és mdodszerek

A vizsgdlati teriiletek a Szigetk6zben (ENy-
Magyarorszdg) fekszenek, Doborgazsziget
és Feketeerd$ kozségek hatdrdban. Mind-
két teriilet 4rtéri erd6ket foglal magaban, az
els6 (Doborgazsziget) az Oreg-Duna, a
m4sodik (Feketeerd6) a Mosoni-Duna On-
tésteriiletén. Tengerszint feletti magassdg
110-127m. Eves kozéph6mérséklet 9.5-10.0
°C, csapadék 550-600 mm (Gdcsei 1979).
A felvételezést 1990 tavaszdn végeztiik
hiarom erd6tipusban. A filz ligeterd6k
(Salicetum albae-fragilis) nyilt, ligetes

2. Tablazat. A kiildbnbdzd €lohelyek hasonldsdga
a Sorensen index alapjan. A fels6 f€lmdtrix a
fajszamok, az als6 az egyedszdmok alapjan szdmolt
értékeket mutatja.

Table 2. Similarity of the habitats measured by the
Sorensen index. The upper half of the triangle was
calculated from number of spercies, and the lower
half from number of individuals.

Fizes Tolgy. Nydras

Willow Oak Poplar
Fiizes/Willow 1.00 0.48 0.70
Tolgyes/Oak 0.37 1.00 0.63
Nydras/Poplar 0.50 0.66 1.00

él6helye kisebb erd6foltokkal a ter-
mészetes dllapothoz legkozelebb 4116 tipus.
A mdsodik vizsgélt erd6tipus, az iltetett
kocsédnyostolgyesek (Quercetum roboris)
természetszert, id6s erd6k, az Osi tolgy-
koris-szil ligeterdSket (Querceto - Ulmetum
hungaricum) idéz8 szerkezettel. VéEgil a
harmadik erd6tipus a SzigetkOzben legel-
terjedtebb nemesnydrasok (f6leg Populus
canadensis, Populus euramericana kl6nok),
melyek egy teljesen mesterséges dllapotnak
felelnek meg,.

Mindhdrom erd6tipusban igen magas a
cserjeszint borftdsa. A {6 cserjefajok: veres-
gytiris som (Cormus sanguineus), csikos
kecskerdgé (Euonymus europaeus),
kdnyabangita (Viburnum opulus), fekete
bodza (Sambucus nigra).

A felvételezéseket a moédositott LP.A.
moédszerrel végeztiik (Moskat 1986). Ennek
1ényege, hogy ugyanazokon a pontokon két
Iétszdmbecslést kell végrehajtani, a fész-
kelési id6szak els6 és mdsodik felében
egyet-egyet (Magyarorszdgon 4prilis méso-
dik felében és mdjus mdsodik felében). A
felvételek ideje egy-egy ponton 10 perc, a
becslés hatésugara 100 m. A két idGben
kapott egyedszdmbecslések koziil a nagyob-
bik alapjdn kell szdmolni a relativ denzitdst.

A kapott faj- és egyedszdmok alapjdn
mindegyik él6helyre diverzitdst szdmol-
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3. Tébldzat. A hdrom habitatban kimutatott maddérfajok €s a parok szdma. (A: fiizes, B: nyéras, C:

tolgyes).
Table 3. Number of pairs of bird species in three habitats. (A: willow forest, B: poplar plantation, C:
oak forest) N

Maddrfaj/Bird species A B C Madirfaj/Bird species A B C
Streptopelia turtur 3 2 6 Evrithacus rubecula 3 10 14
Columba palumbus - -1 Luscinia megarchynchos - -1
Cuculus canorus 1 - 2 | Turdus merula 6 6 8
Picus viridis - -2 Turdus philomelos 6 9 6
Dryocopus martius - -1 Remiz pendulinus 3 3 -
Dendrocopos major 1 6 7 | Aegithalos caudatus -1 1
Dendrocopos medius - - 3 Parus major 2 4 13
Dendrocopos minor - -2 Parus caeruleus 3 4 10
Jynx torquilla - -1 Parus palustris - - 4
Prunella modularis 4 5 1 Parus montanus 1 - -
Troglodytes troglodytes 1 7 - | Sinaeuropea - 4 8
Locustella fluviatilis 3 3 . | Certhiabrachydactyla - -1
Acrocephalus arundinaceus 3 - . | Cerhiafamiliaris -2 2
Acrocephalus schoenobaenus 2 - - Emberiza citrinella 1 - 2
Acrocephalus scirpaceus 2 - - | Fringllacoelebs 325 16
Acrocephalus palustris 7 - Carduelis carduelis 1 - -
Hippolais icterina - - Carduelis chloris 7 1 2
Sylvia atricapilla 10 26 24 Carduelis cannabina 2 - -
Sylvia nisoria 2 .. Serinus serinus - -1
Sylvia borin - -1 Coccothraustes coccothraustes 1 1 -
Sylvia communis 1 - - Passer montanus 1 4 1
Phylloscopus collybita 7 13 15 | Sturnusvulgaris - 8 17
Phylloscopus trochilus - -1 Oriolus oriolus 4 6 2
Phylloscopus sibilatrix -1 3 Garrulus glandarius r -
Muscicapa striata - 5 5 Corvus corone cornix - -1
Ficedula albicollis - -3

tunk, az ismert Shannon-Weaner képlet

alapjdn:

H=-3piIn p;,

ahol pi: i - edik faj egyedszdma a mint4ban.

Mivel a diverzitds szdmitdsdnak modsz-
ere érzékeny a minta elemszdmdra (Heck et
al. 1975, Mosk4t 1987), igy az un. rarefac-
tion-gorbék segitségével is kiszdmoltuk az
egyes €l6helyeken a fajszdmokat alegkisebb
mintaelemszdmu él6helyhez (fiizes)
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1. 4bra. A mintavételi pontok cluster analizisének
dendrogramja faj- és egyedszdmok alapjan. (+:
fiizes, @: tolgyes, x : nydrasok).

Fig. 1. Dendrogram of the sample sites clustered
by number of species and number of individuals
(+: willow, e: oak, x: poplar plantations).

viszonyitva. Ezen szdmitdsokhoz Ludwig &
Reynolds (1988) RAREFRAC programjét
alkalmaztam.

Az egyes madarkozosségek kozotti
hasonlésédgot Sorensen-indexszel szamitot-
tuk:

fajokra: C = 2j/ (a + b),

ahol a,b: teljes fajszdm az a és a b min-
tdban ; j: a két minta k6z0s fajainak szdma;

egyedszdmokra: C = 2jN/ (aN + bN),
itt aN,bN: Osszes egyed az a €s a b min-

tdban; jN: mindkét mintdban szerepl6 fajok
kisebbik egyedszdma.

Ezeken kiviill az egyes kozdsségekre a ka-
pott denzitdsadatok alapjdn cluster-
analizist is végeztem, az SPSS/PC+
programcsomag segftségével (Norusis
1986). Ehhez a szdmitdshoz csak azokat a
fajokat vettem figyelembe, amelyeknek
Osszegyedszdma legaldbb 4 volt, igy 23 faj
keriilt be ebbe az analizisbe.

3. Eredmények és értékelésiik

A cluster-analizis (1. 4bra) szerint legma-
gasabb szint{ a fzesek elkiiloniilése a tobbi
mintdt6l, majd a nydrasok és tolgyesek
elkiiloniilése kovetkezik be. Mindossze két
nyaras pont lett "rossz" helyre besorolva (1.
dbra). Ennek oka az lehet, hogy a flizek
ardnya mindkét ponton kb. 10%, tehit nem
teljesen homogén €l6helyekrol van szo.

A diverzitss, rarefaction, és mintavételi
pontonkénti fajszdm éri€kek megegyez6
képet mutatnak. Ennek alapjdn a legmagas-
abb értékeket a fiizesek, a legalacsonyab-
bakat pedig mindeniitt a nydrasok
madd4rtdrsuldsai adjdk (1. tdbldzat). A 10
ha-os egyedszdm érté€kek is a fiizesek
esetében a legmagasabbak, de itt a nydra-
sokban mért értékek kissé magasabbak a
tolgyesek hasonlo €rtékeinél (1. tdbldzat; a
kiilonbség szignifikdns p < 0.05 szinten).

Dominancia-gorbék. A fiizes és tolgyes
madarkozosségek dominancia-gorbéi
nagyon hasonléak, kiegyenlitettek, lapos
lefutdsdak (2. 4bra). A nydras
maddrk6z6sség dominancia-gorbéje
kezdetben meredekebben esik, majd hason-
16an lapos, mint a masik két €l6helyé.

A cluster-analizis jelen esetben felderit6
jellegd: képet ad arr6l, hogy az €16helyeken
beliil, vagy azok kozott nagyobb a variancia.
Az els6 esetben nem sok értelme van az
él6helyeket 4tlagolni, ehelyett minden min-
tat kilon egységként kell kezelni. A maéso-
dik esetben - mint jelen cikkben is - jogos
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2. Abra. A hdrom él6helyen az Usszes egyedszdmbol szamitott dominanciagdrbék. (a: fiizes, b: nyéras,
c: toigyes).

Fig. 2. Dominance curves based on number of individuals. (a: willow forest, b: poplar plantation, ¢: oak
forest).
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kiilon nydras, tolgyes, stb.
madarkozosségekrol beszélni, és az egyes
¢él6helyeken felvett mintdkat Osszevonni €s
atlagolni.

Bér tobb szerz6 szerint az (in. rarefaction-
modszer kilonboz6 elemszdmi mintdk
esetén tobbet mond és pontosabb a diverz-
itdst szamit6 képleteknél (Osszefoglaldst
14sd: Moskat 1987, Wiens 1989), az 4ltalunk
a két médszerrel kapott eredmények mege-
gyeznek. Ezek szerint a fajokban leggazda-
gabb koz0sség a flizeseké, legszegényebb a
nemesnydrasoké. Ugyanezt er6sitik a min-
tavételenkénti 4tlagos fajszdm indexek is.
Ennek magyardzata két, egymést nem
feltétleniil kizdr6 Gton lehetséges.

Az egyik magyardzat, hogy a fiizesek a
Szigetkdz legGsibb, a természetes 4llapot-
hoz legkozelebb 4116 erd6tipust testesitik
meg, igy azok a szukcesszids klimax fazis
Osszes sajatossdgdt mutatjdk. Ilyenek a ma-
gas denzitds, egyedszdm, kiegyenlitettség,
biomassza, sokoldald trofikus rel4ciok, stb.
(1d. Helle 1984, Glowacynski & Weiner
1983, May 1982, Odum 1969). A mésik le-
hetdség, hogy a magasabb faj- €s egyedszdm
a vegetdcid heterogenitdsdnak a kovetkez-
ménye. A flizesek a legnyiltabb €l6helyek a
hdrom koziil €s ezzel egyiitt a vegetacio sz-
erkezeti Osszetetisége is a legmagasabb:
nddasok, stri cserjések €s zart erd6foltok
véltozatos Osszetételben jelennek meg. Eza
foltossdg 6nmagdban is noveli a faj- €s
egyedszdmot (Wiens 1989), ehhezjarul még
a kilonboz6 szerkezeti foltok kozott
fellép6 szegélyhatds is, ami ugyanilyen

irdnyi véltozdst okoz (Lay 1938, Johnston -

1947, Andeson et al. 1977, McElveen 1979).

Vegetacios szempontbol a legegyszeribb
szerkezetliek a nemesnydrasok: egyfajy,
egykori egyedek alkotjdk ezeket az erd64l-
loményokat. Ez a fiziogndmiai jelleg ezen
erditipus mesterséges jellegébdl fakad, ami
a madarkozosség viszonylagos szegénységét
magyardzza. Az, hogy nincsenek mégis
nagyobb kiilonbségek a nydrasok és a mésik

két €l6hely maddrkozosségei kozott, azzal
hozhato Osszefiiggésbe, hogy a tdpanyagok-
ban gazdag Ontéstalaj miatt ezen erd6k
gyepszintje €s cserjeszintje sird.

A dominancia-gorbék alapjdn is érzé€kel-
het6 a killonbség a nydrasok €s a mdsik két
él6hely kozott. A nydrasok esetében két
generalista faj, a bardtposzéta €s az erdei
pinty dominancidja kifejezett a tobbi faj fe-
lett, ezt jelzia gbrbe kezdeti, meredeken es6
szakasza (2. 4bra). A szukcesszidra vonatk-
0z6 elméletek szerint (Odum 1969) a
bolygatott, fiatal él6helyekre jellemzd
néhdny generalista faj numerikus dominan-
cidja, a klimax dllapotokra ezzel szemben az
egyenletes forrdsfelosztas €s ezzel egyiitt
kiegyenlitett dominancia-goérbék
jellemz6ek (Odum 1969, Whittaker 1965),
amint ez a fuzesek €és tolgyesek esetében
lathato.

Hasonl6sdg szempontjab6l a nydrasok
gyakorlatilag a tolgyes és fiizes €l6hely
kozott dllnak. Ha megnézziik a fajok
eloszldsat az €16helyek k6zott (appendix),
aztlatjuk, hogy minddssze egy fajvan,amely
az eredmények alapjdn kizdrolag a nydra-
sokban fordul eld, ez pedig a kerti geze
(Hippolais icterina). A kerti geze habitat-
szelekciés mechanizmusét elemz6 cikkben
(Waliczky et al. 1991) kimutattuk, hogy a
kerti gezének magas fdkra és jelentSs cser-
jeszintre egyardnt sziiksége van a ter-
ritérium foglaldshoz. Ezeken kiviil
val6sziniileg a korona alakja is szerepet jat-
szik, mert a tolgyesekbll a geze teljesen
hisnyzik. {gy eimondhajuk, hogy a nydrasok
elsédleges madarvédelmi szerepe a Sziget-
kozben a hazai viszonyok kozott nagylét-
szdmu kerti geze populdci6 fenntartdsa.

A SzigetkOzben a nemesnydrasok
madédrkozosségeik elemzésébll levezetett
¢riékéhez képest ardnytalanul nagy
teriiletet foglalnak el, mig a jéval értéke-
sebb €s egyiittesen gyakorlatilag a teljes er-
dei maddrkozosséget magukban foglald
fizesek és tolgyesek elterjedése joval kisebb
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és szétszortabb. ElsGsorban a nyilt fizesek
1étét veszélyeztetik a B6s-Nagymarosi
er6mi kiépités€¢hez Ilétesilé 4j,
mesterséges folydmedrek, medencék és
egyéb €pitési munkidlatok. Ezek folytdn a
Szigetk6z madarakban leggazdagabb €16he-
lyei semmisiilnek meg, vagy legaldbbis
teriiletileg csokkennek €és feldarabolédnak.
Ezért fokozottan hangsilyos ezen élGhe-
lyeknek teljes védelem ald helyezése.
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One of the advantages of colonial breeding may be the enhanced foraging efficiency through the

location of colony. In a patchy environment a colonial breeder may experience a shorter distance
between the nest and an average food patch than an average dispersed breeder. How are this

¥ distance influenced by nest location, and varying patchiness? To develop a model of a predator

distance.

¥ moving by random walk in a patchy foraging area I found that: (i) the nest location in a bounded
area influenced sufficiently the mean flight distance and (ii) the growing patchiness increases this

Z. Barta, Department of Zoology, Kossuth University, Debrecen, Egyetem tér 1., Hungary, H-4010

1. Introduction

Although colonial nesting may have dis-
advantages, many bird species breed in
colonies throughout the world, (Lack
1968). A cost of this behaviour may be
high infection rate by ectoparasites
(Brown & Brown 1986) or increasing
competition for food, for nest materials
and for mates (Hoogland & Sherman
1976, Maller 1988).

Coloniality may have some advantages
as well. One type of the gains is anti-
predator behaviour such as mobbing or
early detection of predator (Kenward
1978, Bertram 1980, Brown & Brown
1987). The other main advantage of
coloniality may be the increased forag-
ing efficiency (Brown 1988). One of the
ways of the efficiency increasing may be
the effect of colony location on the
mean flight distance from the nest to a
food patch as Horn (1968) has argued.
He assumed that average individuals
who breed in dispersed location over the

foraging area could experienced an in-
creased mean patch distance in a patchy
environment than those breed in a sin-
gle location, in a colony. On the basis of
this model we should predict that the
colony must be situated in the centre of
the bounded foraging area. Witten-
berger & Dollinger (1984) however,
showed out that the acentric location of
a colony do not influence the benefit of
a colonial breeder over the disperse
breeder upt o 60% of acentricity. All
Horn (1968), Wittenberger & Dollinger
(1984) assumed that the birds know
about the location of food and they use
all food patches in equal proportion, al-
though the birds do not behave in this
way. How do the search and the location
of nest influence the mean flight dis-
tance? What is the effects of the different
degree of patchiness on this distance?

In this paper I try to answer to these
questions to develop a model of foraging
area and of a search behaviour in this
area.
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Tab. 1. Parameters of the models

Parameters: Meaning

AF: amount of food in a patch

dtN,i: distance between N (nest) and ith squares
E(FP): number of food patch on the area

F: amount of food on the area

fkN,i: probability that random walker arrives first
from N to ith square at k time unit

n: total number of squares

pi: probability that ith square becomes food patch
Pi: probability that the bird finds a food patch in
ith time unit

P(food): probability that a square becomes food
patch on a homogeneous area

Pi(toi): probability that the bird gets at least once
from N to ith square

Rf: ratio of food patches

t. maximum searching time

tF: average distance of food patch in time units
t§: average searching time

2. The model

2.1. The model of the foraging area

The foraging area is considered as a
two-dimensional surface divided into a
grid of equal-sized squares. For each
square i, p; is the probability that square
contains food (see the list of parameters
in Tab. 1). There is at least one square
which has p; >0 in the foraging area.

A main feature of the area is the num-
ber of food patches LE FP thich is
equal to the expected value of the num-
ber of food patches on the area.

i Pr(x=k) k

E(FP)Z =2 — 1)
Y Pre=k)
k=0

where n is the total number of squares
and Pr (x=k) is the probability that
there are k food patches on the area.

n
n-k

k k
Prix=k)= 9 [IIp ] (1-p) ] @
1=0 S=1 i=1

and the indices in the parentheses run
so that all kth-class combination of n are
arisen.

The area is homogeneous when

pi=pj=P <food) foralliandj, (3)

namely there are no differences
among the squares. In this case E (FP
will equal to the mean of binomial distri-
bution:

E (FP) =n P(food) (4)

If we divide the number of food
patches by the total number of squares
we get the ratio of food patches (Rf).

Rf=E§rI;'P)

If the ratio of food patches is great
(Rf=1), then the food is evenly distrib-
uted. On the other hand its small value
(Rf <<1) shows us that the food is
clumped.

A food patch contains the following
amount of food (AF) in average:

F

AF = Rfn (6)

where F is the total amount of food on
the area.

1=Rf >0 (5)

2.2. Random foraging of single predator

In this case the predator has no informa-
tion about the location of food, so its
foraging path is a random walk. No pre-
vious events influence the next step of
the predator. Since the bird has no mem-
ory the process can be represented by a
Markov chain. To define the process we
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have to give its matrix of transition
probability which contains the prob-
ability of moving from one square to an-
other. A normal element of this matrix is
the following:

— 025 (1—p,-) if ith and jth

squares are
neighbouring
Pij=——pi if i=j )
L0 otherwise

On the basis of this model the bird re-
mains the ith square if it has found a
food patch there, otherwise it moves to
each of the neighbouring squares with
an equal probability. The process was as-
sumed to be reflection. From this matrix
we can determine the probability of

ka,,' which gives us the chance a bird
would be first in ith square at kth time
unit if it was in N (nest) square when k
equalled to O (for details see Karlin &
Taylor 1975).

To sum ka,i up by k we can calculate
the probability that the bird gets at least
once from N to iith square.

Pi (toi) =ki i (8)
=0

where ¢ is the maximum time of
search, for example one day.

The average distance of food patch
(¢tF) is an important feature of the move-
ment of a what Orians & Pearson (1979)
call central place’ forager. We assume
that it is equal to the means of distance
of each square weighted by Pi(to i) and
pi- (The distances are in time unit.)

n
P; H RN Sepp
—l.__zl 1([01>P1d Nj

IF=—7 %)
i=§:1 i (Ol ) pi
For homogeneous area:
n
Y. Pi (toi) d' N
=1
tp’ = (10)

;P,- (toi)

where d'n; is the distance of iith
square from N in time unit.

A significant parameter of predator’s
foraging is also the average time of food
finding (or searching time ¢ ). Let this
time equal to the mean of time of ran-
dom steps at the end of which the bird
finds a food patch. But it is not certain
that a bird finds food in under ¢ time
units, so we must weight this mean by the
inverse of probability that the bird find at
least one food patch in ¢ time unit.

t -1
>iB[1(1-Pi)
=0 =0

1s=

1

1y

!

> P H (1-P) 1—113)(1—1’,-)

j—1
j=0 j=0

where P; is the probability that the
bird finds a food patch in i th time unit.

The expression of P; H (I—Pi) gives
the probability that the bird first finds
food in time unit j.

Let Pj equal the mean of probability of
pi weighted by probability of the first
visit.

fINipi

M=

1

F= j>=1 (12)

fINj

s B

1

-~
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Fig. 1. The average distance of food patch from the nest and searching time, when ratio of food patches

was manipulated from 1-— 1076 (evenly distributed) to 0.001 (clumped). Area size was 9 x 9 squares
and the nest was in the centre of the area. The maximum searching time was 30 units.

where f/n; is determined from a tran-
sition probability matrix of a same-sized
areca which has no square with p; >0.

For an homogeneous area equations
(11) and (12) become the following:

P’ = P (food) for allj (13)
and
t .
> iP (1-F)
rs =0 L (19)
> 5 (-py 1 (7F)
j=0
3. Results

On the basis of the model, I determined
the parameters of random walk on a ho-
mogeneous area sized 9 x 9 squares un-
der different ratios of food patches (Fig.

1.). The maximum searching time was 30
units.

When the ratio of food patches is de-
creased the average distance of food
patch from the nest (¢f) is increased
(Fig. 1.). When the food is evenly dis-
tributed the simulated bird used the
squares near the nest (Fig. 2a). On the
other hand when food is clumped it ex-
ploits more frequently the farther parts
of the area (Fig. 2b). The searching time
(¢s) is also increased strongly (Fig. 1).

To study the effects of nesting place
on the predator’s movement, I changed
the location of the nest — as showed by
Fig. 3. - on a homogeneous area where
the distribution of food was clumped
(Rf =0.001) and the maximum searching
time was 30 units. The distance of an av-
erage food patch from the nest (¢f) was
first decreased then increased when the
nest was moved from the centre of the
area to the edge (Tab. 2). The distance
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Probability

0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

(2)

Probability

0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

(b)

Fig. 2. Probabilities of at least once getting. The basis of figures is the area, and the surface represents
the probabilities. The nest is in the centre of the area. (a) Food is evenly distributed, ratio of food patches
equals to 0.9; (b) Food is very clumped, ratio of food patches is 0.001.

was the smallest when the nest was in
the middle position, although the un-
weigthed mean of distance of squares

(d'Nj /n) was greater than in the case of
the nest in the centre (Fig. 4a and 4b). It
may be that the bird used the closer
squares more frequently because of the
nearness of edge of the area. When the
nest was on the edge, the unweigthed
mean of distance of squares (see above)
was greatly increased and the bird could

not use many near squares because of
the location of nest, so the average dis-
tance of food patch (fr) was increased
too (Fig. 4¢).

Furthermore I investigated the move-
ment of a predator on an heterogeneous
area. On this area all squares had a
pi =0.001 except of one which had a
pi =0.8, so there is a stationary food
patch in the area. This stationary patch
was further from the nest. The maximum
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Tab. 2. The average distance of food patch and
the unweighted mean distance of squares from
the nest, when the nest was placed in the centre,
ina middle position and on the edge. (See also Fig.
3.). Area size was 9 x 9 squares and the food was
clumped (Rf=0.001). The maximum searching
time was 30 units.

Place of the Distance of  Unweighted
nest food patch distance of
from the nest  squares from
the nest
centre 3.865 360
middie 3.715 396
edge 3.992 504

searching time was 30 and the nest was
in the centre of the area. The searching
time (zs) decreased strongly compared
to its value on a homogeneous area
where all squares had a p; = 0.001
(Tab. 3). On the other hand the aver-
age distance of food patches (zr) was
increased. The ratio of food patches
(Rf) on this area was also greater than
on the similar homogeneous area.

4. Discussion

To improve a model of foraging bird in a
patchy environment in this paper I in-
vestigated the effects of patchiness and
nest location on the mean flight distance
in a bounded foraging area.

With decreasing patchiness the mean
flight distance increased from which we
may conclude that birds living in a

Fig. 3. The nest site in three investigated cases, the
dots represent the nests. In baseline case, the nest
is in the centre.

patchy environment may collect and
carry to their nest more food than those
living in an even environment. On this
basis we may expect that species forag-
ing on clumped food has relatively
larger bill or stomach compared to a
relative species at evenly distributed
food.

The location of nest influences
strongly the mean patch-nest distance.
Surprisingly a nest placed close but not
on the edge of the area is the best for a
breeder from the viewpoint of mean
flight distance. This result may explain
why the colonies are not located in the
centre of the foraging area (Witten-
berger & Hunt 1985). The insufficiency
of my model is that it does not account
the competition for food so it cannot

Tab. 3. The effects of a stable food patch of hetergeneous area on the predator’s movement compared
a homogeneous area. All squares have p;=0.001 except of one which has pi=0.8 in the heterogeneous
area. On the other hand in the homogeneous area all squares have pi=0.001. Both area size were 9x
9 squares and the nest was in the centre of the both area. The maximum searching time was 30 units.

Area Distance of food patch Searching time Ratio of food patchess
from nest

heterogenous 4.832 68.749 0.0109

homogenous 3.865 521.662 0.0010
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Probability

0.05
0.04
(a) 0.03
0.01
0.00

Probability

0.05
0.04
(b) 0.03
0.01
0.00

Probability

0.05
0.04
(c) 0.03
0.01
0.00

Fig. 4. Probabilities of at least once getting when the nest place was changed. The basis of figures is the

area, and the surface represents the probabilities. The food was clumped, Rf=0.001. The nest was @)
in the centre, (b) middie and (c) on the edge of the area.
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compare the solitary and colonial breed-
ing.

The long search time in a patchy envi-
ronment predicted by the model may
show the importance of information
transfer at a central place in such envi-
ronment (Ward & Zahavi 1973).

In an heterogenous area the nest is ex-
pected to be placed near the most sta-
tionarious patch, otherwise the mean
distance in this area increase consider-
ably.
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I would like to thank Zoltdn Varga for facilities.

Osszefoglalds

A tdplélék foltossdganak és a fészek elhe-
lyezkedésének hatdsa az dtlagos repiilési
tavolsdgra: egy model

A telepes fészkelének egyik oka lehet, hogy a
madaraknak az id6ben és térben valtozo6 helyzetd
téplalékfoltok miatt rtvidebb tavot kell megten-
nitik a fészek és egy atlagos tdpldi€kfolt kozott,
mintha a terileten szétszérva fészkeInének. Mitdl
fligg ezen tdvolsdg? Hogyan befolydsolja
nagysdgdt a fészek terdleten beldli helyzete, a
tdpldlék "csoméssdgdnak" (aggregdltsdgdnak)
foka? A kérdésekre a vélaszt egy modell kifejlesz-
tésével probdlom megadni. A modell egy véletien
bolyongdassal keresd preddtor mozgdsit frja le egy
négyzethdlén, ahol a tdpldlék eloszldsa a
csomostol az egyenletesig valtoztathatd.

Akapott eredmények: A fészek €s a folt kdzotti
tdvolsag a tdplalék csomésoddsdval egyre hosz-
szabb4 vélik. Egy korilhatdrolt teriileten a fészek
helyzete jelentGsen befolydsolja a tdv hosszdt. A
modell alapjdn a kissé excentrikus fészekelhe-
lyezés az optimdlis.
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ordination and plexus analysis. - Ornis Hung. 2: 45-60.

Breeding birds were counted and vegetation structure was recorded along two seres of forest
succession, in beech forest (Aconito-Fagetum) and oak forest (Quercetum petraeae-cerris) in
Central-Europe. Bird-vegetation relationships were analyzed by two multivariate techniques:
canonical correspondence analysis (CCA) and multivariate plexus analysis (MPA). The two
methods revealed different aspects of bird-vegetation relationships. CCA demonstrated the
dynamical aspect of changes in community structure. In both habitats it revealed two gradients
which are important in bird-vegetation relationships. The first axis was interpreted as the
successional gradient and the second axis as the closeness-openness gradient. Results of MPA
revealed the association structure between individual bird species and vegetation components.
Multiple regression analysis showed that MPA is sensitive to the detection of both the linear and
the non-linear features of bird-vegetation relationships. CCA and MPA gave some new insights
into bird-vegetation relationships across the forest succession. They are not alternatives of each
other, they revealed different aspects of the relationships.

C. Moskét and Z. Waliczky, Ecological Research Group, Hungarian Natural History Museum,
Budapest, Baross u. 13., H-1088, Hungary. (Present address of Z. Waliczky: Hungarian Omithologi-
cal and Nature Conservation Society, Budapest, K6lt6 u. 21., H-1121, Hungary.)

The [site x birds x vegetation] -type data
matrices cannot be analyzed directly by
standard ordination techniques. Meth-
odological problems increase when the
ecological data relate to long ecological
gradients, such as in a successional sere

1. Introduction

Many studies have shown strong associa-
tions between vegetation physiognomy
and avian community structure (e.g.,
MacArthur & MacArthur 1961, MacAr-

thur et al. 1966, Cody 1974, Willson
1974, Rotenberry & Wiens 1980, James
& Wamer 1982), although floristical
composition of vegetation may also be
relevant (e.g., Tomoff 1974, Wiens &
Rotenberry 1981, Rotenberry 1985,
Moskat 1988). Although multivariate
statistical analyses are frequently ap-
plied in these studies (see review in
Wiens 1989), the analysis of bird-vegeta-
tion relationships suffers from meth-
odological problems (Moskdt 1991).

(Gauch 1982).

The present paper demonstrates the
usefulness of two new techniques, which
can be recommended for such type of
analyses, namely the canonical corre-
spondence analysis (CCA) (ter Braak
1986, 1987a), and the multivariate
plexus technique (MPA) (Whittaker
1987, Mosk4t 1991). The application of
these multivariate statistical methods
gives more insight into bird-vegetation
relationships.
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2. Study area, successional catego-
ries

The study was conducted in two succes-
sional seres of Central-European de-
ciduous forests in Hungary. In 1985 an
area of managed beech forests (Aconito-
Fagetum) was studied in the Biikk
Mountains (Bikk National Park,
48°06’N, 20°35°E). The area is situated
about 600-750 m a.s.l. Six stages of for-
est regeneration were distinguished:

B1: Clear-cut area (0-1 years old).

B2: Younger shrubby phase (2-5 years
old).

B3: Older shrubby phase (5-10 years
old).

B4: Young forest (brushwood) (10-20
years old).

BS5: Preclimax stage (50-60 years old).

B6: Climax stage (90-110 years old).

See more details of habitat descrip-
tion in Mosk4t & Sz€kely (1989).

A sere of oak forest (Quercetum-pet-
raeae cerris) was studied in the Buda
Hills, near the capital Budapest
(47°35°N, 18°90’E) in 1988. Oak forests
occupy lower zones in Central-Europe
than the beech forests. This study area is
situated about 240-450 m a.s.1. Six stages
of forest regeneration were also distin-
guished:

O1: Younger shrubby phase (<20
years old).

0O2: Older shrubby phase (21-40 years
old).

03: Young forest (brushwood) (41-60
years old) .

O4: Middle-aged forest (61-80 years
old).

OS5: Preclimax stage (81-100 years
old).

06: Climax stage (100 years old).

See more details on vegetation physi-
ognomy and floristical composition in
Waliczky (1991).

Different stages of growth were not
equally available in the two seres.
Young stages of growth were much more
strongly represented in the beech than
the oak sere.

3. Methods

3.1. Bird censuses

A double-visit fixed radius point count
technique was applied (Mosk4t 1987)
for counting woodpeckers, pigeons, and
passerine bird species. This technique is
a variant of the French IPA technique
(Blondel et al. 1981). In early mornings
birds were counted for 10 minutes on
circles with 100 m radius around each
site, while the census-taker was standing
at the centre of the sampling circle. The
first counts were carried out in April,
the second in May for both seres. The
greater value of the two counts was cho-
sen as a representative value, as in the
IPA technique. Relative density of
breeding pairs was calculated by relating
the number of singing males and/or ob-
served pairs to the area of the sampling
circle. The results can be regarded as
abundance indices for the sites. The ac-
curacy of this technique was over 70%,
as tested against the territory mapping
method in a climax beech forest (Mosk4t
1987).

In the beech forest sere 83 sites were
located; 9,13, 11, 11, 16, and 23 in the six
successional stages denoted by B1 to B6,
respectively. In the oak forest sere 92
sites were selected; 9, 13, 24, 23, 9, and
14 in the six stages abbreviated by O1 to
06. A sampling circle at a site covered
about 3.14 ha, so sampling areas varied
between 28.26 ha and 75.36 ha in stages.
For this reason the rarefaction method
(Heck et al. 1975, James & Rathbun
1981) was required for the comparison
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of bird communities between stages.

3.2. Vegetation measurements

Vegetation physiognomy data were col-
lected on 20-25 points within the circles
used for bird counts. The average of
these measurements was used to repre-
sent a site. The basic variables were cho-
sen after James & Shugart (1970), and
they were estimated visually.

The vegetation variables measured
were grass cover (%), bush cover (%),
canopy cover (%), average tree height
(m), average bush height (m), average
minimal stem distance (m), average
minimal bush distance (m), number of
tree species, dominance of the most
dominant tree species, beech or oak
(%), average diameter at breast height
(cm).

3.3. Statistical analyses

3.3.1. Canonical correspondence analysis

Canonical correspondence analysis
(CCA) is a statistical method to relate
community composition to known vari-
ation in the environment (ter Braak
1986). This technique combines the al-
gorithm of correspondence analysis on
[species x site] data, and a weighted mul-
tiple regression analysis on environ-
mental data. We applied CCA to reveal
bird-habitat relationships relating the
[bird abundance x site] data matrix to
the [vegetation physiognomy x site] ma-
trix. We carried out CCA by the com-
puter program CANOCO (ter Braak
1987b).

3.3.2. Multivariate plexus analysis

The plexus technique is useful to pro-
duce a graph representation of plant
species associations according to their

ecological similarities (Whittaker 1967,
MclIntosh 1978). Matthews (1978) tried
to combine this technique with numeri-
cal ordinations, drawing a plexus graph
on an ordination diagram obtained by
non-metric multidimensional scaling,
based on species correlations. Whit-
taker replaced the correlation coeffi-
cient by the more robust rank correla-
tion, and analyzed detrended correspon-
dence analysis (DCA) components of
vegetation together with environmental
variables (Whittaker 1987). Whittaker’s
plexus analysis identifies the vegetation-
environment complex in four stages: (1)
DCA for vegetation variables, (2) rank
correlation for vegetation components
and environmental variables, (3) ordina-
tion of rank correlations by non-metric
multidimensional scaling, (4) drawing
the plexus graph on the ordination dia-
gram. This technique seems to be suit-
able for the analysis of complex ecologi-
cal data ("multiway data matrices’), and
can be generalized into the multivariate
plexus concept (Moskdt 1991). We can
substitute DCA in Whittaker’s version
of the method by any other eigenvector
ordination technique (e.g., principal
component analysis, principal coordi-
nate analysis, correspondence analysis),
$0 it is possible to choose the best tech-
nique for the statistical features of the
data set.

We derived vegetation components by
correspondence analysis (CA, also
called ’reciprocal averaging’) (Hill
1973). We selected only the first two
components for the subsequent steps,
because the interpretation of results is
more difficult at higher dimensions
(Gauch 1982). For correspondence
analysis the computer program
CANOCO was applied (ter Braak
1987b).

Vegetation components and bird spe-
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Tab. 1. Number of species (S), expected number
of species on 28 ha, counted by the rarefaction
method (R), and densities (D) (pairs/10 ha).

Category S R D

Beech sere
B1 12 12.00 14.51
B2 19 17.77 3332
B3 19 17.86 3243
B4 19 17.53 26.35
BS 23 20.63 35.63
B6 29 26.04 50.68

Oak sere
o1 20 20.00 46.35
02 24 21.27 4532
03 29 21.67 59.31
04 28 2411 7061
oS 24 24.00 61.92
o6 25 22.51 63.24

cies abundance values were pooled into
a common data matrix, then Kendall’s
rank correlation coefficients (r) were
computed between all of the elements.
For computation of Kendall’s tau the
program package SPSS/PC+ was ap-
plied (Norusis 1986). Following the
transformation of the rank correlations
(r) into the (1-abs(r)) dissimilarities,
non-metric multidimensional scaling
(NM-MDS) was applied. It was carried
out according to the suggestions by Or-
16ci and Kenkel (1985), applying their
computer program MDS.

3.3.3. Multiple regression analysis

Multivariate plexus analysis is a suitable
technique to detect both the linear and
the non-linear relationships between in-
dividual bird species and vegetation

components. For detecting the relation-
ships in detail we applied stepwise linear
regression analysis, using the program
package SPSS/PC+ (Norusis 1986). Fol-
lowing Meents et al. (1983) the corre-
spondence analysis component scores
for the first and the second components
were transformed by squaring and cub-
ing. We ran the program on the set of
the original linear and the transformed
polynomial CA components as the inde-
pendent variables, and on the abun-
dance of individual bird species as the
dependent variable.

3.3.4. Cluster analysis

We classified bird community data de-
rived from both of the seres by agglom-
erative cluster analysis. The analysis was
performed by the group average tech-
nique from similarities calculated ac-
cording to the Czekanowski’s formula.
The computer program NCLAS2 was
applied from the program package SYN-
TAX-IIT (Podani 1988).

4. Results

4.1. General characteristics of the bird
communities

Overall, 40 woodpecker, pigeon, and
passerine bird species were recorded in
the beech sere, and 40 species in the oak
sere. Species richness and density in-
creased with successional stages in the
beech sere, whereas the pattern was
slightly different in the oak sere where it
showed peak at about the fourth stage
(Tab. 1). The Tree Pipit (Anthus trivi-
alis), the Greenfinch (Carduelis chloris),
and the Yellowhammer (Emberiza
citrinella) were the most abundant spe-
cies (>10%) in the B1 stage, the Barred
Warbler (Sylvia nisoria) and the Yellow-
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Fig. 1. Dendrogram of bird communities with respect to seral stages in a beech and oak sere, derived
by agglomerative cluster analysis (Czekanowski’s index, group average fusion strategy).

hammer in stage B2. In all of the other
four stages of the beech sere the Robin
(Erithacus rubecula) and the Chaffinch
(Fringilla coelebs) were the most domi-
nant species, while in stage B3 the fol-
lowing three species also showed domi-
nance value greater than 10%: Blackbird
(Turdus merula), Blackcap (Sylvia atri-
capilla), and Chiffchaff (Phylloscopus
collybita). The oak sere can be charac-
terized by the following species: Black-
cap, Chiffchaff, and Nightingale (Lus-
cinia megarchynchos) in the O1 stage,
Chaffinch and Yellowhammer in the O2
stage, Yellowhammer, Blackcap, and
Chaffinch in the O3 stage, Chaffinch in
the O4 stage, Great Tit (Parus major)
and Nuthatch (Sitta europaea) in the
stage OS5, Starling (Sturnus vulgaris) and
Great Tit (Parus major) in the stage O6.

Generally, the bird communities in the
young stages were very similar in the two
seres, but less so between the mature
and the climax stands (Fig. 1). A more
detailed discussion of bird community
structures of these seres can be found in
Moskidt & Székely (1989), and in Walicz-
ky (1991).

4.2. Ordination of the bird-vegetation data
by canonical correspondence analysis

Fig. 2 shows the ordination diagram of
the beech forest sere. We interpreted
the first axis as the successional gradi-
ent, and the second axis was identified as

a closeness-openness gradient. This in-
terpretation was supported by the corre-
lation values between these axes and the
vegetation variables, and by the values
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Fig. 2. Bird distribution in asuccessional sere of beech forests: CCA ordination diagram with bird species
() and site scores (only contour-line of site points are presented).

of standardized regression/canonical co-
efficients and interset correlations.

In order to make the interpretation of
the ordination diagram easier, we did
not draw the exact positions of individ-
ual site scores. Only the contour lines
for the clouds of the points for each of
the seral stages were drawn. Positions of
the seral stages on the ordination dia-
gram show a sequence from stage Bl to
B6. Variability of stages B1 and B2 is
much greater than that of the older
stages. Stages from B3 to B6 show a par-
tial overlap with their neighbours repre-
senting the continuity of stages.
Contour maps of the stages are posi-
tioned on an arch, indicating the well-
known arch effect (Hill & Gauch 1980),
which reveals important non-linear
characteristics of the data set (Warten-

berg et al. 1987). In the case of the beech
forest sere, the arch effect has drawn at-
tention to a slight relationship between
the two ends of the sere. Open patches
within the climax stage make possible
territory establishment for the Tree
Pipit. The Yellowhammer is also known
to be a similar species in habitat selec-
tion along a beech forest sere (Moskat &
Székely 1989), but its density is much
greater in the youngest stage than in the
old one, therefore CCA placed it far
from the Tree Pipit. ’

Positions of the bird species on the or-
dination diagram with respect to the
contour maps of the stages reveal the as-
sociation between individual species and
successional stages. CCA placed habitat
specialists for the young stages (e.g.,
Red-backed Shrike Lanius collurio, and
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Fig. 3. Bird distribution in a successional sere of oak forests: CCA ordination diagram with bird species
(.) and site scores (only contour-line of site points are presented).

Whitethroat (Sylvia communis) on the
upper right corner of the diagram. In the
inner parts of the sere there are habitat
generalist species (e.g., Blackcap,
Robin, Blackbird), and there are older
stage specialists around the older stages
(e.g., Mistle Thrush Turdus viscivorus,
Great Tit). Some climax specialist spe-
cies (Stock Dove Columba oenas, Great
Spotted Woodpecker Dendrocopos ma-
jor, Collared Flycatcher Ficedula albicol-
lis, Nuthatch, Tree Creeper Certhia
familiaris) are placed to the upper left
corner of the diagram. The Coal Tit (Pa-
rus ater) was also put into this group. Al-
though this species can be found in pine
and coniferous forest stands at great
variability in age in Central-Europe, in
the beech sere it is restricted to the
climax stage.

In CCA vegetation variables are pre-
sented by arrows, where close angle with
any of the axes show close relation be-
tween the variable and the axis. The
length of the arrows represents the rela-
tive importance of the vegetation vari-
able among the vegetation characteristics.

Arrows of the vegetation variables
’bush height’, ’bush cover’ and 'number
of tree species’ show close relation to
the right side of the first ordination axis
(’successional gradient’). In the beech
forest sere bushes are represented only
in the young stages, they are nearly ab-
sent from the older ones. The number of
tree and bush species in the older stages
is low. The variables ’tree height’ and
’foliage cover’ show close relation to the
other side of the first ordination axis,
representing the main physiognomical
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Fig. 4. Relationships between bird species and vegetation components in a successional sere of beech
forests: plexus diagram with bird species (.) and vegetation components (V1, V2). (Only highly
significant relationships are shown (P <0.01); straight line represents a positive ( +) relationship, broken
line means a negative (-) relationship; V1+: shrub character, V1-: old forest character/scarce shrub

layer, V2+: openness, V2—: closeness).

characteristics of the older stages. The
position of the variable ’percent of
beech trees’ along the left part of the
successional gradient agrees with the
floristical simplicity of the older stages.
The vegetation variables ’grass cover’
and ’bush distance’ show relations with
the second axis, which was identified as a
closeness-openness gradient. Tree Pipit
is positioned to the upper end of this
axis, showing a close association with
openness. Open areas are typical in the
’B1’ stage, moreover small open patches
can be found in the ’B6’ stage. Stages in
the middle of the sere, such as the
’brushwood’ - like young forest are very
closed, herefore they were placed to the

lower part of this axis.

The ordination diagram of the oak
sere (Fig. 3) revealed a very similar pat-
tern to the beech one. Axis 1 is the suc-
cessional gradient, axis 2 is the
openness-closeness gradient, but the in-
terpretation of the second axis is not as
clear as in the case of the beech sere.
Seral stages take place on an arch from
stage’O1’ to *O6’. There is a little differ-
ence in the structural characteristics be-
tween the stages of the oak and beech
vegetation seres. The beech sere starts
from the clear-cut area, while the oak
one begins from the small bush stage,
therefore stage B2’ in the beech sere is
approximately eaual in structure to
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Fig. 5. Relationships between bird species and vegetation components in a successional sere of oak
forests: plexus diagram with bird species (.) and vegetation components (V1,V2). (Only highly signifi-
cant relationships are shown (p<0.01); straight line represents a positive (+) relationship, broken line
a negative () relationship; V1+: shrub character, V1-: old forest character/scarce shrub layer, V2+:

openness, V2-: closeness).

stage O’ in the oak sere. Stages 'O2’
and *O3’ in the oak sere did not separate
from each other in this analysis. In both
of the seres variability of the older
stages is much less than that of the
young stages.

Many species (e.g., Blackcap and
Chaffinch) are placed around the middle
of the sere on the diagram. Although the
signs of the second axes on Fig. 2 and
Fig. 3 are opposite, the axes represent
nearly the same closeness-openness gra-
dients for both of the seres. Along axis 2
on Fig. 3 species preferring openness
(Tree Pipit and Yellowhammer) and
closeness (Robin, Blackbird) are well
separated. Species preferring the older

stages are at the left side of axis 1. The
Nuthatch, the Short-toed Tree Creeper
(Certhia brachydactyla), and the Starling
prefer old, closed stands.

Vegetation variables represented by
arrows on the diagram show only a
slightly different pattern from the beech
sere. The variables ’bush height’, ’bush
cover’ and ‘number of species’ show re-
lations with both of the axes. *Tree
height’, *foliage cover’ and ’percent of
oak trees’ are positioned to the left side
of axis 1, which means a considerable
role of these characters at the older
stages. Grass cover’ and ’bush distance’
have only minor importance according
to this analysis.
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Tab. 2. Significant bird-vegetation relationships in the beech sere, according to Kendall’s rank

correlation and stepwise multiple regression. (Non-linearity was tested by usingx2 and x> transfor-
mations in the regression models.) (V1 and V2 are the vegetation components derived by

correspondence analysis; significance levels: +/-: p<0.1, + +/- -: p<0.05, + + +/- - —: p<0.01).
Kendall’s tau Stepwise multiple regression
()
Bird species n V2 n 2o v o3 v

Columba oenas -

Dendrocopos major

Garrulus glandarius -

Parus palustris - —_——

Parus ater

Parus caeruleus - ++

Parus major —_— _——

Sitta europaea - + -
Certhia familiaris

Troglodytes troglodytes - —_——
Erithacus rubecula ——— e meo _——
Turdus merula _——— _—
Turdus philomelos

Turdus viscivorus -

Sylvia nisoria +++ = +++ - 4+

Sylvia atricapilla -— _—

Sylvia communis +++ +4+ +++

Phylloscopus collybita +++ -—— +++ e -

Phylloscopus sibilatrix - -

Ficedula albicollis - —_—

Prunella modularis +++ +++

Anthus mivialis +++ +++

Lanius collurio +++ +++
Sturnus vulgaris -

Fringilla coelebs - -— +4++
Carduelis chloris +++ +++ +++

Coccothraustes coccothraustes ——— ——
Emberiza citrinella +++ +  +++ ++
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Tab. 3. Significant bird-vegetation relationships in the oak sere, according to Kendall’s rank correlation

and stepwise multiple regression. (Non-linearity was tested by usingx2 and x° transformations in the
regression models.) (V1 and V2 are the vegetation components derived by correspondence analysis;
significance levels: +/-:p<0.1, ++/-~:p<0.05, ++ +/- - -: p<0.01).

Kendall’s tau
(1)
" Va

Stepwise multiple regression

Bird species | %1 [ Z2C I P R P

Jynx torquilla
Dendrocopos major
Dendrocopos medius
Dendrocopos minor
Oriolus oriolus
Garrulus glandarius
Parus caeruleus
Parus major

Sitta europaea
Certhia brachydactyla
Certhia familiaris
Erithacus rubecula
Luscinia megarchynchos
Turdus merula

Turdus philomelos
Sylvia atricapilla
Sylvia curruca
Phylloscopus collybita
Phylioscopus sibilatrix
Ficedula albicollis
Anthus trivialis
Sturnus vulgaris
Fringilla coelebs
Carduelis chloris
Coccothraustes coccothraustes

Emberiza citrinella

++

++
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+++
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4.3. Ordination of the bird-vegetation data
by multivariate plexus analysis

MPA reveals both the positive and nega-
tive associations between individual bird
species and vegetation components
(Moskdt 1991). The most important
vegetation components (V1 and V2)
were selected for further analysis of the
CA results. In both of the seres the first
component was identified as bush char-
acter with ’+’ sign, and on the other side
of the axis (') as old forest character.
The second vegetation component re-
flects to openness with ’+’ sign, and to
closeness with ’-’ sign. These meanings
of the components are similar to the in-
terpretation of the CCA axes (see
above). Tab. 2 and Tab. 3 exhibit the val-
ues of Kendall’s rank correlation coeffi-
cients, measured between the vegetation
components and individual bird species.

The plexus diagram for the beech sere
is shown on Fig. 4. It revealed strong
positive correlations between V1 and 7
bird species (Whitethroat, Chiffchaff,
Dunnock Prunella modularis, Red-
backed Shrike, Greenfinch, Yellowham-
mer, Barred Warbler Sylvia nisoria). All
of them prefer bushy habitats, the ear-
lier stages of the sere. The Yellowham-
mer prefers clearcut areas as well as
short bushy stages, therefore it shows a
very close ’+’ association with V1, which
is the positive part of the successional
gradient (axis 1). Close negative associa-
tions were found between V1 and 5 bird
species (Great Tit, Wood Warbler Phyl-
loscopus sibilatrix, Collared Flycatcher,
Chaffinch, Hawfinch Coccothraustes
coccothraustes). Each of them prefer old
stages with tall trees. Preference of the
Tree Pipit for open habitats is con-
firmed by its close ’+’ association with
V2. The Blackcap, the Chiffchaff, and

the Robin showed an affinity to close
habitats according to their close ’-’ asso-
ciation with V2.

The plexus diagram for the oak sere
indicates strong positive associations
between the successional variable (V1)
and 5 bird species (Fig. 5). The Nightin-
gale, the Blackcap, the Lesser
Whitethroat, the Chiffchaff, and the
Greenfinch belong to this group,
whereas 4 species (Wood Warbler, Tree
Pipit, Collared Flycatcher, and Chaf-
finch) show negative relationships with
V1. Three bird species show association
with V2, which means the openness
(’+’) and closeness (=) gradient.
Whereas the Yellowhammer is placed
near to V2, the Nightingale, and the
Lesser Whitethroat have significant re-
lations with V1 too, so they are placed at
about half way between V1 and V2. The
Great Tit is the only species, which
shows great ’-’ association with V2,
hence it prefers closed habitats.

Although plexus analysis is sensitive
to both the linear and nonlinear cases of
relationships between individual bird
species and vegetation components we
needed a further analysis by stepwise
multiple regression to reveal the linear
or nonlinear characteristics. We tested

nonlinearity by usingx2 andx’ transfor-
mations in the regression models (sece
above). In Tab. 2 and Tab. 3 we repre-
sent the significant relationships be-
tween birds and vegetation. In the beech
sere 18 out of the 28 bird species exhibit
linear relationships with at least one of
the two vegetation components. These
numbers in the oak sere are 9 and 26, re-
spectively. About 55% of the linear rela-
tionships are negative. Six bird species
showed nonlinear relationships with
vegetation components in the beech
sere, and 13 in the oak one. Taking into
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account the most significant results
(’+++’ and ’- - ), there is a great
agreement between them and the values
of Kendall’s rank correlation.

5. Discussion

5.1. Habitat selection of birds along forest
successional gradients

if the gradient studied is long enough to
contain habitats with rather sharply dif-
ferent physiognomic structure, as in our
case, either CCA or plexus diagram can
reveal broad affinities of bird species to
certain characteristics of those habitats.
In both seres CCA sharply distinguishes
between the open grassy or brushy
stages and the other, more closed forest
stands. The initial phases are more dif-
fusely distributed and heterogenous in
themselves, whereas the older phases
overlap widely. This indicates that the
successional changes in bird communi-
ties are not gradual between the open
brushwood and closed forest stages but
that there is a sudden break in species
habitat distribution: species with close
affinities to trees (mainly hole-nesters)
appear, while the densities of many
shrub-nesting species fall to zero.

In the CCA space of the two succes-
sional seres the majority of species com-
mon to both forests show a very similar
position according to the two axes. This
suggests that, although the sample plots
of the two seres differ greatly in species
composition and densities, the structure
of these forest types is similar and the
individual habitat selection of common
forest birds is much the same.

The plexus diagrams emphasize these
general patterns. Interestingly, almost
all of the species showing (+) and (-)

connection with the first or the second
vegetation components are open-nest-
ing species (exceptions are Great Tit
and Collared Flycatcher). This is partly
explained by the fact that species selecting
brushy or open habitats are exclusively
open-nesters. For woodpeckers the di-
ameter at breast height is the most impor-
tant factor in their habitat selection.

Our findings that the brushy phases
differed much from closed stages in for-
est successions agrees with the hypothe-
sis of Blondel & Farré (1988) and
Blondel et al. (1988). They examined
bird communities along forest succes-
sions from different geographical loca-
tions in Europe and found that there
were sharp differences among communi-
ties of open and shrubby habitats but in
a mature forest the phases converged on
each other. They explained this pattern
as a consequence of different speciation
rates in homogeneous forest tracts and
more patchily distributed open habitats
in the Pleistocene. However, the early
phases of several successional seres ex-
amined by them differed not only in lo-
cation but in floristic composition as
well, which has an impact on bird com-
munity structure (Rotenberry & Wiens
1980). Moreover, the physiognomical
structure of vegetation was considered
to be similar on the basis of vegetation
height (in all four sites) and number of
vegetational layers (in the two mediter-
ranean sites only) alone, which is a
rather poor measure of vegetational
stratification in itself. On the other
hand, oak forests are structurally similar
all over Europe. Generally, initial
phases differed relevantly, but the old
forest avifauna tended to be similar. We
consider the theory of Blondel & Farré
(1988) and Blondel et al. (1988) to be
relevant in explaining the overall simi-
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larity of forest avifaunas throughout
Europe. Speciation processes among
birds inhabiting primarily broad-leaved
forests (e.g., tits, woodpeckers) might
have taken place largely within the bio-
geographical boundaries of Europe or,
more broadly, in the Western Palearctic.

On the other hand, birds of open and

semi-open habitats in Europe might
have evolved outside this region, espe-
cially in Africa (e.g., warblers,
wheatears). This is, from our point of
view, why the basic forest-dwelling spe-
cies pool from which the actual commu-
nity develops is so similar in different
locations in Europe. For the bird com-
munities of the second-growth habitats
recent history, differential dispersal
ability of species and chance effects may
be more important.

5.2. Linear and nonlinear relationships

Investigations of nonlinear relation-
ships between birds and vegetation are
very scarce. Meents et al. (1983) ana-
lyzed relationships between birds and
vegetation in the lower Colorado River
valley, and found that about one-third of
the cases showed a significant curvilin-
ear response when there was no linear
response at all. Best & Stauffer (1986)
revealed nonlinear relationships be-
tween vertical vegetation density and
habitat suitability indices for birds in ri-
parian habitats of Iowa. They stated that
commonly used statistical procedures in
ecology were based upon assumption of
linearity, but such relationships may be
the exception rather than the rule. Our
results also call attention to the impor-
tance of nonlinear features, besides the
linear ones.

Technically, nonparametric statistical
methods (e.g., Kendall’s rank correla-
tion) are robust and powerful tools for

the detection of linear and nonlinear re-
lationships together, but we need fur-
ther analysis to reveal the characteristics
of these relationships in detail. Follow-
ing Meents et al. (1983) we squared and
cubed variables to detect nonlinear fea-
tures, but other type of nonlinearity may
also occur.

5.3.CCAorMPA?

Whereas multivariate plexus analysis re-
vealed negative and positive associa-
tions between vegetation components
and bird species abundances, canonical
correspondence analysis placed sample
sites and bird species into a common co-
ordinate system. Although CCA suffers
from linear distortion, it demonstrates
the process of succession. MPA is the
more robust procedure, because it uses
non-metric multidimensional scaling for
the main ordination, and it reveals both
the linear and the nonlinear relation-
ships as well.

Both CCA and MPA proved to be very
helpful in understanding relationships
between birds and vegetation compo-
nents. These methods are not alterna-
tives to each other, but reveal different
aspects of bird-habitat relationships
along a successional gradient. MPA
showed close associations between ele-
ments, whereas CCA demonstrated the
changes of community composition dur-
ing the successional process.
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Osszefoglalés

Maddrkozosség- és vegetdcié—szerkezet
kapcsolata dkol6giai grddiens mentén: or-
dindcié és plexus analizis

Bukkos és tolgyes mdsodlagos szukcessziés so-
rozatdban mértiink 10 vegetdcid-szerkezeti
valtoz6t és a maddrfajok denzitdsértékeit. A
maddrkz0sség- és vegetacid-szerkezet tssze-
figgéseit sokvéltozds analizisekkel elemeztiik:
a kanonikus korreszpondencia analfzissel
(CCA: ter Braak 1986) és a sokviltozds plexus
analizissel (MPA: Whittaker 1987, Mosk4t
1991). Utébbi nem-metrikus sk4ldzdson
alapulé tobblépcsds modszer, melynél az
egyes lépések az adattfpushoz és a
problémadhoz viszonylag szabadon vélaszt-
hat6k ("multivariate plexus concept", Mosk4t
1991). Mdédszertanilag mindkét eljérds rend-
kfvill €rdekes, mert megolddsi lehetGséget
kindl a [mintavételi hely x vegetgiés kompo-
nensek x maddrdenzitdsok]-tipusi adat-
métrixok kozvetlen elemezhet6ségének
problémdjéra.

A két sokvidltoz6s ordindci6s eljdrds a
madarkozdsség- €s vegetacio-szerkezet kapcsola-
tok killénbozG oldaldt térta fel. A CCA a szuk-
cesszi0 sordn bekOvetkezd kOzOsség-szerkezeti
vdltozdsok dinamikus jellegét hangsilyozta. Az
¢lsd ordindcics tengelyt a szukcessziés grddiens-
ként azonosfthattuk, mfg a mdsodik tengelyt egy
nyitottsdgi—zartsagi gradiensnek. Az MPA a
vegetécids komponensek €s a madarfajok kdzotti
kapcsolatok finomabb részleteit tdrta fel. A
vegetdciés komponensek specidlis transzform-
cidja utdn végrehajtott sokvéltozGs regressz-
i6analizissel kimutattuk, hogy az MPA egyar4nt
€rz€keny a linedris és a nem-linedris kapcsola-
tokra. A CCA €s az MPA (j oldaldt tdrtdk fel a
madarkdz0sség- és vegetacid-szerkezet Osszefiig-
géscknek. A két eljdrds nem tekinthetS egymdssal
alternatfv médszernek, mivel az Osszefiiggések
mds-mds jellegét emelik ki.
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A bibic (Vanellus vanellus) szaporodasbiologiai
vizsgilata szikespusztai élohelyen

Liker Andras

Liker, A. 1992. Breeding biology of Lapwing (Vanellus vanellus) in alkaline grassland. — Ornis
Hung. 2: 61-66. (In Hungarian, abstract in English.)

Breeding biology of Lapwings was studied in a Hungarian alkaline grassland in 1990 and 1991.
22-25 pairs of Lapwings bred on the study site (70 ha) in both years and the breeding density was
0.31-0.36 pairs per ha. Vegetation cover ranged from 20% to 100% and the height of plants was
typically 5-12 cm around the nests. Clutch size was 3.8+0.5 (mean+SD), egg size was 45.4+1.3
x 32.7+0.8 mm. Egg size was smaller than those of West European populations, and similar to
the size of East and South-East European populations. Lapwings bred in higher densities in
pasture (0.57 and 0.78 nest per ha) than in hayfield (0.19 and 0.35 nest per ha). Hatching success
was 51.5% and 55.6% in 1990 and 1991, respectively. The most frequent reason of failure was
predation, particulary by birds (Magpie Pica pica, Black-headed Gull Larus ridibundus, Marsh
Harrier Circus aeruginosus) although mammals e.g. small mammals, straying dogs also took a
heavy toll.

A. Liker, Department of Zoology and Human Biology, Kossuth University, Debrecen, Egyetem tér 1.,

H-4010, Hungary.

1. Bevezetés

A hetvenes évekt6] kezdve jelentdsen
megnétt a partimadarakon (Charadrii
alrend) végzett vizsgdlatok szdma (Hale
1980), egyre tdbb — elsésorban nyugat-
eurdpai €s skandindv orszdgban indftott
—program foglalkozik a partimadarak
fészkelésének Okolbgiai €s etolbgiai
kérdéseivel. A kutatdsok egyik dga ter-
mészetvédelmi szempontbdl vizsgdlja a
partimadarakat (pl. Beintema 1983,
Galbraith 1988, Baines 1990), mig a
vizsgdlatok masik csoportja pdrzési és
utédnevelési viselkedésiikre irdnyul (pl.
Lessells 1984, Seather et al. 1986).
Habar e két kutatdsi teriillet modszerei
€s c€ljai alapvetfen KiilonbOznek, a fész-
kelésbiol6giai ismeretek mindkettd
szdmdra fontosak.

'~ Magyarorszdgon tizenhdrom parti-

maddrfaj fészkel rendszeresen (Harasz-
thy 1984), hazai populdci6ik koltés-
biol6gidjdr6l azonban csak elszért
adataink vannak (Sterbetz 1962,
Modlinger 1979, Székely 1991). A
csoport leggyakoribb képviselSje a bibic
(Vanellus vanellus), ma is jelentGs 4l-
loménya él az Alf61d6n. Ennek ellenére
fészkelés6kologidjat csak Molndr (1986)
vizsgdlta, aki a fészkeld bibicek
kornyezeti igényérdl k6zolt ismereteket.
Vizsgdlatom célja az volt, hogy tovébi
adatokat gydjtsek a bibicek fészkelés-
biol6gidjarol.

2. Vizsgdlati teriilet

Szegedtdl 15 km-re, a Fehért6 északi
sz€élén elhelyezked6 Székalj (Sdndor-
falvi rét) kb. 70 hektdros részén végez-
tem a vizsgdlatot. A teriilet fele mdr-
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Table 1. Characteristics of breeding season (month.day)

Ev/Year Erkezés/Arrival | Els6 teljes fészek/|  Els6 kelés/ Utols6 kelés/
Firstcomplete nest|  First hatch Last hatch
1990 02.20 04.05 04.25 07.05
1991 02.27 03.27 04.21 06.26
cius-dprilisban vizdlldsos, kés6bb kOvettem, pusztulds esetén a tojdsma-

kiszdrad6 szoloncsdk szikes legeld,
m4asik fele nedvesebb, mélyebben fekvo
szikes kasz4dld. A szdraz legel§ magasabb
részeit sovanycsenkesz (Festuca pseudo-
vina) borftja, mig az er6sen szikesedd
alacsonyabb szint domindns ndvényei a
sziki mézpdzsit (Puccinellia limosa), a
bédrdnyparéj (Camphorosma annua) és a
pozsgds zsdzsa (Lepidium crassifolium).
A kaszdl6 ndévényzete f6ként homogén
mézpdzsit gyepbdl 4ll. Mindkét teriilet-
félen kiterjedt vakszikes foltok tal4l-
hat6k. A kérnyéken lev$ szdmos tanya
. €s az utak kozelsége miatt egyes idGsza-
kokban er6s az emberi zavards. A
legelOteriilet egy részét fészkelési

idGszak alatt is legeltetik (nem védett |
" zitdsa 1990-ben 0.47, 1991-ben 0.45

rész), mig a mésikon a legeltetés dpri-
list6l janiusig sziinetel (védett rész). A
nedvesebb rét kaszdldsdt nydr kozepén,
juliusban végzik.

3. M6dszerek

1990-ben és 1991-ben mércius utolsé
hetét6] kezdve kerestem a bibicfész-
keket. A fészkek egy €s Ot méteres
kdrzetében becsiltem a ndvényzet
szdzalékos boritdsdt, valamint cen-
timéteres pontossdggal mértem a fészek
koriili n6vényzet magassdgat 5-5 pon-
ton. Lemértem a tojdsok hosszdt és
szélességét. A taldlt fészekaljak sorsdt
négy-hatnaponkénti ellen6rzésekkel

radvanyok és egyéb nyomok alapjdn
prébdltam meghatdrozni a pusztul4s
okdt. A vizsgdlatot jdlius els6 hetében
fejeztem be.

A dolgozatban az eredmények
kozlésére dtlagtszO6rds formdat hasz-
ndlok. A statisztikai analfziseket SPSS-
PC programcsomaggal végeztem.

4. Eredmények

4.1. Fészkel6 dllomany

A Székaljon mindkét évben 22-25 pér
bibic k6ltott. A k6lt6pdrok denzitdsa
0.31-0.36 par/hektdr, a fészekaljak den-

fészek/hektdr volt.

4.2, Fészkelési idoszak

A bibicek mindkét évben februdr méso-
dik felében érkeztek vissza a telelésbo6l,
1991-ben a teriiletet ekkor még részben
h6 borftotta. A himek territ6riumfog-
laldsa marcius harmadik hetére fe-
jez6dott be. A fészkelés kezdete mdrcius
utols6 napjaira esett, a legkorabbi teljes
fészekaljat 1991. mdrcius 27-én taldl-
tam. Mindkét évben 18-20 pdr 4prilis 10
el6tt lerakta els6 fészekaljdt. A pot-
koltések miatt a koltési id6szak jilius
elejéig elhizédott. A kotlds id6tartama
>25.0%+1.0 nap volt (N=5).
Az els6 koltések fészekaljai rendsze-
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2. T4bldzat. A fészek koriili ndvényzet borftdsa és magassdga (4tlag+sz6ris, () = min-
tanagysdg, Mann-Whitney U-teszt: * = P<0.03, NS = nem szignifik4ns)

Table 2. Cover of vegetation and height of plants around the nests (mean+SD, () = sam-
ple size, Mann-Whitney U test between variables of 1 m and S m: * = P<0.03, NS = not

significant)

1990 1991 Osszes/All
Boritds 1 m-en beliil (%) / 683256 (31) |67.2£29.8 (27) [67.8+27.4 (58)
Vegetation cover within 1 m (%) NS NS NS
Boritds 5 m-en belil (%) / 68.4x27.2 (29) |64.0£27.9 (26) |66.3%27.4 (55)

Vegetation cover within 5 m (%)

Magassdg 1 m-en beliil (cm) /
Height of plants within 1 m (cm)

Magassdg 5 m-en beliil (cm)/

81x4.1 (29)
NS

10454  (29)

9.2+86 (27)
*

11.0£9.9 (27)

87+6.6 (56)
*

10.7+£7.8 (56)

Height of plants within S m (cm)

rint 4prilis utols6 és mdjus elsé nap-
jaiban keltek ki. A legkordbbi kelési
ddtum 1991. 4prilis 21., a legkés6bbi
1990. jilius 5. volt (1. T4bl4zat).

4.3, A fészkek kornyezetének novényzete

A fészkek kdrnyezetében a ndvényzet
boritdsa széles tartomdnyban véltozott.
Néhdny esetben csaknem kopdr, 20%-0s
boritottsdgd helyen is koltottek bibicek
(N=3), mds fészkeket viszont sird,
100%-o0s borftottsdgi gyepben taldltam
(N=15). Az egy méteres és az 6t méteres
korzet borftdsa k6zott nem volt szigni-
fikdns eltérés (Mann-Whitney U-teszt,
1990: U= 415.5, P>0.8, 1991: U= 319,
P>0.5, a két év egyiitt: U= 1468,
P>0.5)(2. Tébl4azat).

A fészkeket 4ltaldban alacsony, 5-12
cm-es névényzet vette koriil, a fészek
korili névényzet magassdga csak egyes
majus végi €s juniusi fészkeknél haladta
meg a 25 cm-t (N=3). Ot méteres
kOrzetben a ndévényzet magasabb volt
mint egy méteren beliil, bdr a kilonbség
1990-ben nem volt szignifikdns (Mann-
Whitney U-teszt, 1990: U=319.5,

P=0.11, 1991: U=235, P <0.03, a két év
egyitt: U= 1185, P<0.03)(2. T4bl4zat).

4.4. A fészekaljak jellemzéi

A fészkek 83.6%-a 4 tojdsos volt, kisebb
gyakorisdggal el6fordultak 2 tojdsos
(3.3%), 3 tojdsos (11.5%) és S tojdsos
(1.6%) fészkek is (1. Abra). A fészekalj-

vméret 3.80+5 tojds (N=61), a tojdsok
mérete 45.4+1.3 x 32.7+0.8 mm
(N=174) volt (3. T4bl4zat). A legkisebb
tojds mérete: 42.4 x 28.5 mm, a leg-
nagyobbé: 48.2 x 34.6 mm.

3. Tébl4zat. Tojdsméretek (4tlag+sz6rds,
() = mintanagysdg) (mm)

Table 3. Size of eggs (mean+SD, () =
sample size) (mm)

| 1000 [ 1991 [Osszeyal

Hossz/ 449+1.1 458+13 454+13
Length (74)  (100)  (174)

Szélesség/ 32.5+0.8 32.8+0.8 32.7+0.8
Breadth (74) (100) (147)
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1. Abra. Bfbic
fészeklajméretek
eloszldsa.

Fig. 1. Frequency —
distribution of 2 0
clutch size (num-

ber of nests) —
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O 1880
1991

m_EE
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4.5. Kelési siker

A koOltéseknek csaknem fele mindkét
évben elpusztult a kotlds sordn, a kelési
siker 1990-ben 51.5 %, 1991-ben 55.6 %
volt (4. tdbldzat). A fészkaljak pusz-
tuldsdt f6ként madarak (szarka Pica
pica, dankasirdly Larus ridibundus,
barna rétihéja Circus aeruginosus) és
eml6sOk (kisemlSsok, kébor kutydk)
preddciéja okozta. Harom fészket
birkdk tapostak szét, mdsik hdrmat talaj-
viz 6ntott el. Egy fészeknél a tojo
eltinése utdn a him nem folytatta a
kotldst. A fészkek egy részénél a pusz-
tulds pontos okdt nem lehetett megil-
lapftani, néhdny val6szfnileg toj4s-
gyGjtés miatt hidsult meg.

4.6. A legeld és a kaszdlé osszehason-
litdsa

A két €l6helytfpusban Kiilonbdzott a
fészkek denzitdsa: a legelén 1990-ben
0.78, 1991-ben 0.57 fészek/hektdr, a
kaszdl6n 1990-ben 0.19, 1991-ben 0.35
fészek/hektdr volt. Az els6 territérium
foglaldsok mindkét évben a legel6n
torténtek. Az els6 teljes fészekalj
taldldsdnak ddtuma a legel6n: 1990-ben

3 4 5
dprilis 5, 1991-ben mdrcius 27, a
kasz4l6n: 1990-ben 4prilis 5, 1991-ben
4prilis 6 volt.

Nem volt szignifikdns kiilonbség a
legel6 és a kasz4l6 kozott a fészkek
koOriili ndvényzet boritdsdban sem egy
méteren beliill (legel6: 71.2+27.8%,
kaszdl6: 59.1%+25.3%, Mann-Whitney
U-teszt: U=243, P>0.1) sem 6t méteren
beliil (legeld: 67.2+29.4%, kaszdlo
64.4+22.5%, U=282, P>0.5). A
ndvényzet magassdga ugyancsak nem
kilonbozott egy méteren beliil (legel6:
8.9+7.7 cm, kasz4l6: 8.1+2.6 cm, U=
254.5, P>0.2) és 6t méteren beliil
(legeld: 10.7+8.9 cm, kasz4l6: 10.8+4.2
cm, U=238.5, P>0.1). Nem volt szigni-
fikdns eltérés a két €16helyen taldlt
fészekaljak méretében, a tojdsok
hosszdban és szélességében (fészekalj-
méret: legeld: 3.9+0.5 tojds, kaszdlo:
3.8+0.6 tojds, U=367.5, P>0.6; to-
jashossz: legel6: 45.3+1.2 mm, kasz4lo:
45.7+1.6 mm, U=208.5, P>0.4; to-
jasszélesség: 32.7+0.8 mm, kasz4lo:
32.50.9 mm, U=197.5, P>0.3).

A fészkek kelési sikere a legelén 1990-
ben 42.3%, 1991-ben 76.4%, a kaszdlon
1990-ben 85.7 %, 1991-ben 20.0 % volt.
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4. T4bl4zat. A fészakaljak sorsa (szdzalékosan).

Table 4. Fate of clucthes (%).

Ev/ Year A pusztulds oka/ Failure due to Kelt/ N
preddci6/ taposds/ elontés/ elhagys/ ismereden/| Hatched
predation trampling flooding desertion unknown
1990 21.2 9.1 0 0 18.2 51.5 33
1991 22.2 0 11.1 3.7 7.4 55.6 27
osszes/All 21.7 5 5 1.7 13.3 533 60
5. Ertékelés ndr 1986); Hollandidban 6-15 cm-es,

A fészek koriili ndvényzet borftdsa és
magassdga kozel esik mds kilfoldi il-
letve hazai vizsgilatok eredményeihez:
dél-alfoldi szikeseken az 4tlagos borftds
66.5%, a fészek melletti 4tlagos
novényzetmagassig 10.4 cm, a fészkek 6t
méteres korzetében mért dtlagos
ndvényzetmagassdg 15.5 cm volt (Mol-

Németorszdgban 5-16 cm-es novényzet-
magassdgot mértek (Glutz et al. 1975).
Az egy és 0t méteren belil mért ma-
gassdg kozti kilonbség az éiGhely ala-
csony ndvényzetl foltjainak preferen-
cidjdt mutatja.

A fészekaljméret hasonlé mis
populdciék fészekaljméretéhez (An-
glidban és Németorszdg egyardnt 3.85
tojds, Cramp & Simmons 1983). A 45.4 x

5. T4bl4zat. A bibic kelési sikere néhdny eurdpai vizsgilatban (* =intenziv mezlgaz-

das4gi mivelésd él6hely)

Table 5. Hatching success of Lapwings in some European populations (* = improved

habitat)

Szerz6 / Author Vizsgélat El6hely / Habitat Kelésisiker /
éve/ Year Hatching
of study success (%)

Matter (1982) 1977 sz4nt6 (arable)* 39

Kooiker (1987) 1980-85 legel6 (pasture) 81

sz4nt6 (arable)* 55

Galbraith (1938) 1984-86 legel6 (pasture) 34

sz4nt6 (arable)* 28
Baines (1990) 1985-97 legel6 (pasture) 51
legel6 (pasture)* 19
kasz4l6 (hayfield)* 26
sz4nt6 (arable)* 64
Jelen vizsgdlat/ 1990-91 legel6 (pasture) 55
This study kasz416 (hayfield) 47
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32.7 mm-es tojdsméret kisebb a nyugat-
eur6pai populdciékb6l szdrmazé
méreteknél: pl. Anglia: 47.0 x 33.7 mm
(Makatsch 1974), Hollandia: 46.9 x 33.3
mm, Németorszdg: 46.6 x 33.2 mm
(Glutz et al. 1975). Azonban hasonl6an
kis tojdsméreteket mértek Kelet-
Eur6pédban: 45.3 x 32.8 mm, valamint
Dél-Kelet-Eurépdban: 45.7 x 32.8 mm
(Makatsch 1974, pontos helymegjel6lés

nélkil).
A f6ldon fészkeld partimadarak
fészekpusztuldsa jelentds, ennek

mértéke azonban €16helyenként eltérd.
Jelen vizsgdlatban a kelési siker 50-55%
volt, ami m4s vizsgdlatok eredményeivel
osszehasonlftva viszonylag magas kelési
siker (5. T4dbldzat). Ez az eredmény
Osszhangban van azzal, hogy a bibicek
koltési sikere a természetes 4llapotd
legel6kon 4dltaldban nagyobb, mint a
mezdgazdasdgi mivelés alatt 4116
teriileteken (bdr a mivelési m6dtél fiig-
g6en nagyok a kiildnbségek), ahol a
gazddlkoddssal Osszefiiggéd munkdk
miatt (Matter 1982, Kooiker 1987, Gal-
braith 1988) vagy a fokozott predaci6s
veszély k6vetkeztében (Baines 1990)
jelentGsen nagyobb lehet a fészkek pusz-
tuldsa.

A nagyobb fészekdenzitds azt mutatta,
hogy a bibicek fészkel6helyként el6ny-
ben részesftették a legelSteriletet (0.57-
-0.78 fészek/hektdr) a kaszdl6val
szemben (0.19-0.35 fészek/hektdr), szin-
tén erre utalt, hogy az elsé territérium-
foglaldsok mindkét évben a legel6n
torténtek. Mivel a két terillet kdzott a
vizsgdlt paraméterekben nem volt
kiilonbség, a preferencia okdnak kide-
ritéséhez tovadbbi adatok sziikségesek.

Koszbnetnyilvdnitds. Koszonom Dr. Székely
Tamds, Kosznai Norbert és Krndcs Gyodrgy
munkdmhoz nyijtott segitségét. A vizsgdlatot a
KVM tdmogatta.
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Fészkelo nadi madarfajok alliancia vizsgalata*

Molnéar Gyula

Molndr, G. 1992. Data on alliances in breeding of some marshland-nesting birds. — Ornis Hung.
2: 67-70. (In Hungarian with English abstract.)

I studied alliance of breeding birds between 1982-1990 in three different marshes of Hungary. [

found several co-nestings, that is, when a small bird nested under the nest of a large bird (usually
a heron). From the total 803 heron nests there were only 42 cases, when a nest of a small bird
3 was found under the big nest. There were great differences between the observed number of

co-nestings in the three study areas (37, 5, 0, respectively), which can be attributed to the
differences in the vegetation structure. Thus one reason for co-nesting may be the provision of

well-hidden nesting place. Another explanation may be the alliance, that is an increase of

vigilance.

G. Molndr, Szeged, Pingy u. 11/5., H-6726, Hungary.

1. Bevezetés

Gémtelepeken végzett vizsgdlataim
sordn néhdny olyan esetet regisztrdltam,
amikor egy nagyobb testii gémféle fészke
alatt egy kisebb testl vizimaddr fészkeit.
Az irodalomban csak néhdny utaldst
taldltam ilyen esetekre, Warga (1959) a
Kis-Balatonrdl irt le egy nagykdcsag
(Egretta alba) fészke alatti guvat (Rallus
aquaticus) fészkelést, Bankovics (1979)
a Kis-réten egy nagyk6csag-torpegém
(Ixobrychus minutus)-vizityik (Galli-
nula chloropus) egyittfészkelést. Ezért a
tovdbbiakban nagy figyelmet forditot-
tam az egyuttfészkelések vizsgdlatdra.
Célom a jelenség lefrdsa, valamint a le-
hetséges magyardzatok vizsgélata volt.

2. Vizsgdlati teriilet és modszerek

A vizsgdlatokat 1982 és 1990 ko6zott

* Eldadta a szerzd a Magyar Maddrtani és Ter-
mészetvédelmi Egyesiilet III. Tudomanyos
Ulésén, Szombathelyen (1991. mdrcius 1-3.).

végeztem hdrom terileten: (1) a
Tiszaalpdr melletti Nagy-tavon és Suly-
mos-mocsdron (46°45’E, 20°00°K); (2) a
Tamdsi melletti Pacsmagi-tavakon
(46°38’E, 18°15’K); és (3) az Ocsai
Té4jvédelmi K6rzet nddasaiban (47°15°E,
19°15°K).

A gémtelepek ellen6rzésekor dtvizs-
gdltam a fészkek alatti teriletet.
Ezenkiviil a gémtelepek kornyékén meg-
taldlt vizimaddr fészkeket is feljegyez-
tem, figyelembe véve a becsiilt teriilet-
nagysédgot is. Egyiittfészkelés esetén (1.
Abra) rajzon rogzitettem a fészkek elhe-
lyezkedését, és mérSléccel a kovetkezd
adatokat vettem fel: a nagy és a kis
fészek dtmérdje; a nagy fészek ma-
gassdga a vizfelszint6l; a vizmélység a kis
fészeknél €s tdvolabb; a kis fészek a nagy
fészek tengelyében fekszik-e, illetve ha
nem, mekkora az eltérés (1. Tablédzat).
Feljegyeztem a koltés stddiumaét: friss
fészek tojdsok nélkil; tojdsos fészek;
fiokds fészek; a fi6kdk 4dltal mdr el-
hagyott fészek; valamilyen zavards miatt
otthagyott fészek.
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1. Abra. Egyiittfészkeléses riasztdsi kdz0sség (alliancia) vézlata.

Fig. 1. Co-nesting for alliance.

3. Eredmények és értékelésiik

A vizsgdlat kilenc éve alatt 6sszesen 42
egyiittfészkelést taldltam: Pacsmagon
37, Tiszaalpdron 5, és Ocsédn 0. A felmért
fészkek biometriai adatait a 1. Tdbldzat
mutatja. A nagy €és a kis fészkek maddr-
fajait és gyakorisdgukat a 2. T4bl4zat is-
merteti. Az egylittfészkelések gyako-
risdgdt a 3. Tdbldzat tiinteti fel.

Az egyiittfészkelések gyakorisdga
alacsony foku. A regisztralt 42 eset
minddssze 5.23%-a az 0sszes fészekhez
viszonyitva (803 gémtelepi fészek).

A legtobb egyiittfészkelés egy gém-
telepen 1984-ben a Pacsmagi-tavakon
volt (15), de az 6sszes itt kolt6 gémféle
(120 pér) fészekszamdhoz viszonyitva ez
is csak 12.5%. A 42 egyittfészkelésbol
27 esetben (64.3%) mindkét fészek
lakott volt, és 4 esetben (9.52%) mind-
kettd iires volt. A gémtelepeken taldlt
42 egyiittfészkelés mellett a telepek 15

m-es korzetében 18, mig tdvolabb 6 kis-
testd nddi maddr fészke kerilt el6.

Hérom esetben a becsiilt teriiletre
vonatkoztatott egyiittfészkelést €s killon
fészkelést is megdllapitottuk: (1) 3 ha-os
teriileten 6 egyiitt, és 1 kiillon fészkelés;
(2) 17.5 ha-on 7 egyiitt, és 4 kiilon fész-
kelés; (3) 2 ha-on 2 egyiitt, €s 2 kiilon
fészkelés volt.

A gémtelepeken, f6leg ha az kiilon
foltokba szervez8dott, a paros fészkeket
a telepfoltok szélén taldltam. Ha a gém-
telep egy-egy foltja rekettye fiz (Salix
cinerea) bokrdra €piilt, a vizityuk és a
torpe gém fészkei sok esetben a fizbok-
rok szélén, a bokor és a ndad taldl-
kozdsdndl épiltek. Warga (1951) is
t6bbszor taldlt torpegém fészkeket gém-
telepek szélén.

Az egyiittfészkelés gyakorisdga eltért
a hdrom vizsgdlati teriilet k6zott. Ennek
oka val6szintleg a novényzet szer-
kezetében keresendd. Pacsmagon a sés
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1. Tablazat. Az egyuttfészkelés fészek-paramétereinek dtlagértékei.
Table 1. Data on the nests of the species breeding in alliance

4dtlag/ sz€ls§ érté-

average kek/range
nagy fészek dtmérdje / diameter of the big nest 97.6 45-140
kis fészek dtm;erGje / diameter of the small nest 26.7 16-50
nagy fészek vizfelszintSl szdmitott magassdga / height of the big nest 90.2 60-150
kis fészek peremének magassaga a vizfelszintdl / height of the small nest 272
viz mélysége a nagy fészek mellett / depth of water at the big nest 63.2 22-100
viz mélysége a kis fészek mellett / depth of water at the small nest 13.7 5-20
kis fészek kOzponti fiiggdleges tengelyének eltérése ana gy f€szek tengelyétdl 24.1 1-48

/ deviation of vertical axis of the small nest from that of the big nest

és a ndd csomOkbodl kiindulva, ferdén
szétteriilve né, fels6 harmadukban levél-
zetiik ritka, gy nem nydjtanak kell6
védelmet, illetve rejt6zkodési le-
het6séget. Tiszaalpdron magas, parhu-
zamosan név§ nddszdlak domindlnak,
Ocs4n viszont alacsony, de igen siir( a
sds €s a ndd. Az els6 esetben teh4t a fa-
jok 4dltal igényelt fedettség hidnya miatt
keresik a gémfél€k fészkei dltal nydjtott
védOtetSt. Tiszaalpdron mér bizonyos
foki fedettséget taldlnak, Ocsdn pedig
az igen siird névényzetben barhol védel-
met taldlhatnak.

Az dtlagos vizmélység (63.15 cm)

feltehetGen azt jelzi, hogy ez jelenti a
biztonsdgot a nagytestii fészkel6k
szdmdra. A fészek alatt a ndd és a s4s
felfejl6d6 zsombékjai miatt a viz
mélysége csekély, dtlagosan 13.7 cm, ami
megkonnyiti a  kistestdi  fajok
fészeképitését, valamint a fészekre
torténd feljutdst és eltdvozdst. A kis
fészek hdrom esetben 16gott ki annyira a
nagy fészek al6l, hogy a gémfidkdk sdrd
iirftése miatt a vizitydk elhagyta a fész-
két. A tojdsok €s a fészkek kornyéke
gémiiriilékkel volt boritva.

A vizityik a fészkét mindig takar4s-
ban €pfti, valamiféle védotets al4.

2. Téabldzat. A nagy ¢s a kis fészkek el¢forduldsi gyakorisdga a kiilonbozd fajoknal.
Table 2. Number and frequency of big and small nests of the co-nesting bird species.

Nagy fészket rako fajok / Species with big nest

Kis fészket raké fajok / Species with small nest

n % n %
Egretta garzetta 2 4.8 Ixobrychus minutus 4 95
Egretta alba 23 54.8 Anas platyrchynchos 14 33.3
Ardea cinerea 14 33.3 Apythia niroca 2 4.8
Nycticorax nycticorax 2 4.8 Rallus aquaticus 1 2.4
Circus aeruginosus 1 2.4 Gallinula chloropus 19 45.2

Pica pica 2 4.8
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3. T4bldzat. Az egyilttfészkelések esetszdma €s szdzal€kos megoszldsa.
Table 3. Number and frequency of occurrences of alliance.

n %
Egretta alba - Gallinula chloropus 12 28.6
Egretta alba - Anas platyrhynchos 6 143
Ardea cinerea — Anas platyrchynchos 6 14.3
Ardea cinerea — Gallinula chloropus 5 11.9
Egretta alba - Ixobrychus minutus 2 4.8
Egretta alba - Aythya niroca 2 4.8
Ardea cinerea - Pica pica 2 48
Ardea cinerea — Ixobrychus minutus 1 24
Egretta garzetta — Gallinula chloropus 1 24
Egretta alba - Rallus aquaticus 1 2.4
Nycticorax nycticorax - Gallinula chloropus 1 24
Nycticorax nycticorax — Anas platyrchynchos 1 24
Circus aeruginosus - Anas platyrchynchos 1 24
Egretta garzetta - Ixobrychus minutus — Gallinula chiropous 1 24

Schenk (1906a) hasonl6 megéllapitast
tesz a guvat fészkelésével kapcsolatban.
Sajdt megfigyeléseim, valamint Schenk
(1906b) szerint mds nddban fészkeld fa-
jok, példdul az énekesek (Acrocephalus
scirpaceus, Panurus biarmicus, Luscini-
ola melanopogon) is el6szeretettel rakja
a fészkét valamilyen természetes
védbtetd, rendszerint megddlt sds- vagy
nddkoteg ald. A kistesti fajok szdmadra a
nagy fészek védelmet nyuijt, bir egy eset-
ben egy vihar mind a sziirkegém, mind az
alatta fészkel§ vizitydik koltését elpusz-
titotta.

Koszénetnyilvanitds. Halds koszOnetemet fe-
jezem ki Molndr Zoltdnnak és Tajti Laszl6nak az
adatok gydjtésében val6 aktfv részvételiikért. Az

4bra megrajzoldsdért Ujhelyi Pétert illeti
kOszOnet.
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Short communications — Rovid kézlemények

Sand Martin (Riparia riparia) with suspended or

continued moult

T. Csérgd, Department of General Zoology, Edtvos University, H-1088, Buda-

pest, Puskin u. 3., Hungary.

Of eighteen adult Sand Martins, which
were trapped at Istria (cost of the Black
Sea, in Romania) between August 30th~
September 5th 1991, 6 individuals were
found with suspended or continued
moult.

The moulting sequences (Ginn &
Melville 1983) were:

000000055
000000045
000000000
000000000
000000000
000002555

000000
0000090
000000
000000
000000
000000

050
000
050
050
050
050

000000
050000
000000
000000
000000
000000
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Three of six had new feathers among
primaries, two had growing ones. No
specimen with moulting secondaries
were found, five of six had one new ter-
tial fully developped, but only had a new
one among the rectrites.

Usually the moults were simmetrical,

except the 6th of the primary (left wing
score 17, right wing score 15) and the
rectrites of second bird (no renewed
feather in left tail). In the UK adults
start primary moult before migration.
The active moult may continue during
the early stages of migration, but prob-
ably suspended later, and is finished dur-
ing winter (Mead 1975, Ginn & Melville
1983).

At Istria we caught much more moult-
ing birds, and one of them was in more
advanced stage. It is possible that the
moult of the eastern european popula-
tion differs from the western one.

References

Ginn, H. B. & D. S. Melville. 1983. Moult in birds.
BTO Guide 19. — Tring.

Mead, C. J. 1975. Juvenil Hirundines starting pri-
mary moult in Europe. — Ringing and Migr. 1:
56.

Received 5 March 1992, revised 10 September
1992, accepted 25 September 1992.



