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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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