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VARIATION IN EGG SIZE OF URBAN KESTRELS
(STUDY IN WARSAW, POLAND)

Lukasz Rejt, Malgorzata Raczynska

Abstract. During study on Kestrels’ breeding biology conducted in Warsaw, Poland, 60 eggs were measured.
The mean egg weight was 20.5 g + 1.88, length was 39.5 mm + 2.2, and breadth was 31.9 mm =+ 1.4. Laying date
was found to be a significant indicator for differences in egg characteristics. Eggs from clutches found in the
central part of the city were similar in length, breadth and mean egg volume to those from the outskirts.
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Bapiauis po3mipy sieub mMicbkoro 6opusitpa y Bapmasgi. - Peiit J1., Paunnbcbka M. - BepkyT. 12 (1-
2). 2003. - Y 2002 p. B X0/l BUBYEHHS THi3A0BOi Gionorii 3BnyaiiHOro GopusiTpa npomipsiao 60 seup B 11
kiajgkax. B cepennbomy Maca siens Oyna 20.5 r + 1.88, nopxuna — 39.5 mm + 2.2, mmpuHa — 31.9 Mm + 1.4
Slifus, BigkiageHi Ha MoYaTKy THi30BOro mepiony, Oyiu OLTbIIMMHU Y HOPIBHAHHI 3 BiAKIaAeHUMH Mi3Himie. He

BUSIBJICHO BIIMIH Y BENMUYHHI S€1b MK OOPUBITPaMHU 3 LECHTPATBHHUX Ta MiAMICHKUX 30H.

INTRODUCTION

The Kestrel (Falco tinnunculus) is one of
the few diurnal birds of prey to inhabit the ur-
ban environment (e. g. Browna 1976). The
breeding ecology of this species in the open
landscape is well documented (e. g. Glutz et
al.a 1971; Brown 1978; Dijkstra et al., 1982;
Hasenclever et al., 1989; Village 1990; Meijer
et al., 1992; Plesnik, Dusik 1994; Kostrzewa,
Kostrzewa, 1997; Aparicio 1998 and others)
in contrast to the few papers available on ur-
ban populations (Pikula et al., 1984; Plesnik
1986, 1990; Salvati et al., 1999a, 1999D).
Kestrels have lived in the towns of Western
Europe for over 100 years (Rejt, 2001b). They
appeared in Warsaw (central Poland) in the
1970s (Luniak et al., 2002). Today, their ex-
pansion over central and eastern Poland is well
documented (Rejt, 2001b). Studying the pa-
rameters of its breeding biology could provide
answers to questions of whether the urban en-
vironment seriously affects the population of
Kestrels.

This study tried to find a link between egg
size and some other life history traits and
breeding characteristics of urban Kestrels. Egg
volume was the indicator used to compare eggs
from clutches of different size, hatching suc-
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cess, laying date and nest location. Addition-
ally, data collected in Warsaw was compared
to data available from other European studies.

STUDY AREA, MATERIAL
AND METHODS

The study was carried out in Warsaw (21°E
5°23°N), Poland, where there is a total of about
70 breeding pairs of Kestrels (Rejt, 2001a).
The diameter of all eggs from complete
clutches found within the city and available to
researchers was measured 14-21 days after the
first egg was laid. Maximum length and
breadth of eggs were measured to the nearest
0.1 mm with a dial caliper. Eggs were weighed
on an electronic TANITA 1475T scale (to the
nearest 1g). Egg volume was calculated using
Hoyt’s equation (in Wiebe, Bortolotti, 1995):

Volume (mm?) = breadth?x length x 0.51

Eggs in a clutch are not independent mea-
surements (Wiebe, Bortolotti, 1995). But many
previous studies used eggs rather than means
from clutches so the same was done in the
present study to allow the comparison of re-
sults with other research.

The area within a 10 km radius around the
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Table 1

The characteristic of eggs collected in Warsaw in 2002
XapaKTepucTHKa S€Ib, 310panux y Bapmasi y 2002 p.
Egg characteristic Clutch size

3 5 6 7
Length (mm) 33.57+£3.33 39.81 +£1.92 39.84 + 1.62 39.39+£0.6
Breadth (mm) 29.13 £0.42 31.59 + 1.31 32.32+1.23 33.09 +0.99
Egg volume (cm?®) 1.4+0.19 2.0+£0.25 2.1+£0.22 22+0.15
N eggs measured 3 26 24 7

central point of Warsaw was designated the
central part of the city (C). The area beyond
this 10 km radius was called “external” (Ex).

The nests were categorized by clutch size,
hatching success and location within the city.
35 nests whose eggs were measured were di-
vided into two groups by size of the nest cav-
ity: small (< 1100 cm?, n = 16 nests) and large
(> 1100 cm?, n = 19).

Those clutches laid before mid-April were
defined as early.

RESULTS

In 2002, the length and breadth of 60 eggs
(from 11 full clutches) were measured. A total
of 57 eggs were weighed. There was one clutch
containing 7 eggs, five with 6 eggs, four with
5 eggs, and one containing 3 eggs. Most of the
clutches (n = 7) were found in the central zone
of the city. Among the clutches studied, all the
eggs hatched in 8 cases. In 3 nests hatching
success varied from 0 % (one abandoned nest)
to 80 %.

The mean weight of an egg was 20.5 g +
1.88, mean length — 39.5 mm + 2.2 and mean
breadth —31.9 mm + 1.4. Deviations from the
mean length and breadth of eggs laid in 5- or
6-egg clutches did not exceed 1 % and for the
7-egg clutches — 4 %. Deviations from the
mean of 15 % in length and 9 % in breadth
occurred only in 3-egg clutches. By compar-
ing mean egg volume from different clutches
it was seen that as the number of eggs in a
clutch increased, so did egg volume. The vol-

ume of eggs from 3-egg clutches was about
30 % less than the mean volume of all the eggs.
The volume of eggs from 7-egg clutches was
about 7 % greater. The difference between the
mean volumes of eggs from 5- and 6-egg
clutches reached 4 % and was not statistically
relevant (t-Student test, t=—1.40,n, =26,n,=
24). Eggs from both these groups differed only
in breadth: eggs from 5-egg clutches were nar-
rower (t-Student test, t =-2.02,n, =26, n, =
24) (Table 1).

Eggs from earlier clutches were signifi-
cantly broader than eggs laid later in the sea-
son (t-Student test, t =3.85,n =38,n,= 22).
Egg volume was also significantly higher in
the earlier clutches (Cochran-Cox test, ¢ =
3.02, n, = 38, n, = 22). Differences in length
were not statistically significant (t-student test,
t=0.33, n, = 38, n, = 22) (Table 2).

Eggs from clutches with 100 % hatching
success were significant broader than those
from clutches with partial hatching success (t-
Student test, t = 2.9, n, = 46, n, = 14). They
were also bigger (t-Student test, t =2.16, n, =
46, n, = 14). Egg length in these two groups
did not different significantly (Cochran-Cox
test, c = 0.54, n, = 46, n, = 14) (Table 2).

In nests considered “big” (n = 6) eggs were
significantly shorter (Cochran-Cox test, c = —
2.1,n, =32, n,=25), narrower (t-Student test,

=491, n, = 32, n, = 25) and smaller
(Cochran-Cox test,c=-4.43,n, =32,n,=25)
in comparison to eggs from “small” nests (n =
4) (Table 2).
Eggs from clutches found in the central part
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Table 2

The characteristic of Kestrels eggs in Warsaw according to several factors
LT — laying time, HS — hatching success, NL — nest location, NS — nest space, C — center, Ex —
suburbs. For estimation of early and late laying dates as well as definition the big and small nest

spaces see Methods.

XapakTepucTHKa s€1b OopuBiTpa y Bapmmasi 3a psaom ¢axropis

LT
late

HS
100 %

Egg characteristic
early

partly C

NL NS

Ex big small

Breadth (mm)
Length (mm)
Egg volume (cm?)
N eggs measured

2.1+£0.3
38

1.9+£02 2.1+£0.2
22 46

324+14 31.1+1.1 322+£13 31.0+1.6 32.0£1.2 31.6+19 314+12 325+1.5
39.5+2.4 393+£19 39.6+1.6 39.0+£3.6 39213 399+34 394+2.0 395+£25
1.93+03 20+02 2.0+£04 2.0+£0.2

2.1+ 0.3

14 40 20 32 25

of the city were similar in breath (Cochran-
Cox test, ¢ = 0.96, n, = 40, n, = 20), length
(Cochran-Cox test, ¢ =—0.86,n, =40, n,=20)
and mean egg volume (Cochran-Cox test, ¢ =
0.08, n, = 40, n, = 20) to those from outskirts
(Table 2).

DISCUSSION

Generally, European Kestrels’ eggs seem
to vary little in size by region (e. g. Cramp,
1980). However, some significant differences
were found. For instance, eggs from Scottish
populations were significantly longer and
broader in comparison with English ones (Vil-
lage, 1990). Pikula et al (1984) found similar
phenomena when comparing urban and rural
populations. In each case the larger eggs were
from populations that laid earlier and had
larger clutches (Village, 1990). The results
obtained in Warsaw were generally similar to
those collected by other authors working on
Kestrels and other falcons. Ratcliffe (2000),
for instance, found no evidence of geographi-
cal variation in Peregrines’ (Falco peregrinus)
egg shape between different regions of Brit-
ain and Ireland. This also was confirmed by
most of the data collected by Village (1990)
on Kestrels. The mean parameters of eggs stud-
ied were very similar to those from other parts
of Europe — especially those obtained from
Central Europe, Germany, and the Czech Re-

public (Table 3). Eggs collected in Warsaw
seemed to be significantly shorter only in com-
parison with those collected in Scotland and
Southern Europe. Eggs from Warsaw were also
slightly narrower than those from Belarus
(Table 3).

The length and breadth of the eggs mea-
sured in Warsaw have included some of the
lowest and highest measurements collected
thus far (see Village, 1990, for references).
Such a wide range is probably due to the
sample size. However, it could also be caused
by other factors. In runs of clutches from dif-
ferent Peregrine females over several years, a
consistent tendency was found for the average
size of an egg to become smaller in each clutch
with time (Ratcliffe, 2000). It is also known
that there is a high rate of reoccupation in
towns, that is, when pairs occupy the same nest
site in consecutive years (Plesnik, 1985; Salvati
et al., 1999b). This phenomenon also was ob-
served in Warsaw (Rejt, 2000b). It is possible
that part of the city population is composed of
older birds that have inhabited the area for
several years. On the other hand, there were
many one-year old Kestrels breeding in 2002
(own data), which could have laid larger eggs.
These two factors together, and the fact that in
urban area Kestrels were said to lay larger eggs,
(what could be due to laying date, see Pikula
etal., 1984) could explain such a wide differen-
tiation in the shape of the eggs measured. It
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Table 3

Parameters of Kestrels eggs in Europe and Siberia

Data from: Village (1990)', Hasenclever et al. (1989)%, Cramp (1980)°, Nikiforov et al. (1989)*,
Pikula et al. (1984)°, Zubarovskiy (1977)°, present study’, oological collection of Museum &
Institute of Warsaw (1867—1868)%. Ranges, if available are given in parentheses; N — number of
eggs measured; * — sample size n =57, ** — sample size n = 40 (only unhatched eggs).

[TapameTpwu sterts 6opuBiTpa 3 €Bporn i Cudipy

Location N Length [mm] breadth [mm)] weight [g]
C. Europe' 306 39 (34-43) 31 (29-34) -
W. Europe' 51 39 (36-43) 32 (30-33) -
S. Europe! 40 40 (37-42) 32 (30-34) -
Britain' 100 40 (35-44) 32 (30-34) -
Scotland' 73 41 (37-44) 32 (29-34) -
England! 133 40 (35-43) 32 (29-34) -
Belgium? 21 - - 20 (17-22)
E. Germany! 258 39 31 -
W. Germany? 1054 39.6 (32.0-45.4) 31.9 (24.5-35.2) -
Czech Republic?

—urban 197 39.9 (36-45) 31.9 (29-35) 21

— rural 369 39.5 (35-44) 31.7 (29-35) -
C. Poland’ 60 39.5 (31.444.5) 31.9 (28.8-35.8) 20.5% (17-23)
Belarus* 64 39.3 (34.542.5) 30.8 (28.4-32.9) 20
Ukraine® 389 39 (35.6-43.5) 31.5 (28.7-34) 20.9%* (17.5-24.2)
Siberia® 16 38.9 (36.5-41.6) 31.6 (30.1-34.2) -

was also found that over 80 % of the clutches
in Warsaw contained at least 5 or 6 eggs (own
data). This factor could also affect egg shape,
above all length, as stated by Village (1990)
for the Common Kestrel or Wiebe and Bor-
tolotti (1995) for the American Kestrel (Falco
sparverius). A comparison between rural and
urban populations done by Pikula et al. (1984)
showed a significant difference in egg volume
between two study plots was found — both the
length and breadth of eggs was greater in the
urban population.

In Warsaw, as in other urban studies (e. g.,
Pikula et al., 1984), there were no significant
differences between egg width and length and
the size of a complete clutch. However, in study
on the American Kestrel done by Wiebe and
Bortolotti (1995) a significant difference in
mean egg volume among clutches of different
sizes was found. Egg volume increased from

clutches of three to clutches of five, and then
declined in clutches of six. Egg breadth was
found significantly different among clutches
—eggs from five-egg clutches were wider. But
during present study no reliable comparison
can be made between eggs from clutches of
different size because of the small sample size.

Pikula et al. (1984) in his study of the Eur-
asian Kestrel, as well as Wiebe and Bortolotti
(1995) in their study on American Kestrel
could not detect a relationship between laying
date and egg size — both length and breadth.
But egg size may vary with laying date if the
food supply for females changes seasonally
(Pikula et al., 1984; Village, 1990; Wiebe,
Bortolotti, 1995). However, for the American
Kestrel, great differences in food supply among
years most probably leads to differences in
clutch size rather than egg size (Wiebe, Bor-
tolotti, 1995). Similar data was collected in
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experiments using supplementary food (Soler,
Soler, 1996). In Warsaw, contrary to previously
cited studies, eggs from earlier clutches were
larger. The results obtained in Warsaw support
statements about the influence of the laying
date on egg size. Zielinski and Banbura (1998),
for instance, stated that egg length was posi-
tively correlated with laying date in the Barn
Swallow (Hirundo rustica). Pikula et al. (1984)
suggested that differences in egg dimensions,
if occurred, could be due to the proportion of
older females to younger ones. It is known that
older females reproduce earlier than younger
(e. g., Newton 1979).

Wiebe and Bortolotti (1995) stated that
eggs from clutches with 100 % hatching suc-
cess had a higher mean egg volume when com-
pared to those with partial hatching success or
complete hatching failure. Pinowska et al.
(2002) found that eggs in fully hatched clutches
of the Tree Sparrow (Passer montanus) were
broader than eggs containing dead embryo or
infertile ones. The results obtained in Warsaw,
despite small sample size, support these find-
ings.

It was also interesting to find that eggs laid
in larger cavities were significant narrower,
shorter and had lower egg volume in compari-
son to those from smaller cavities. Data col-
lected in 2002 also showed that Kestrels laid
slightly more eggs in smaller nests (own data).
This statement is contrary to the findings of
other studies. For several hole-nesting species,
studies documented larger clutches in larger
cavities in both nest boxes (e. g. van Balen
1984; Rendell, Robertson, 1993; Stewart,
Robertson, 1999) and tree holes (e. g. Rendell,
Roberts, 1989). Also, for some species, large
clutches observed in nest boxes compared with
natural tree-holes have been attributed to the
larger size of nest boxes compared with the
average size of natural cavities (e. g. Nilsson,
1984; Robertson, Rendell, 1990). But among
clutches used in the present analysis, early
clutches predominated in broods from small
cavities (known to be bigger in comparison to
late clutches). Why were bigger eggs laid in
small cavities? Is earlier laying only possible

explanation? It is difficult to answer this ques-
tion based on the data from such small sample
size. A larger sample size may allow to focus
this question.
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4 JlepxaBHMIA arpOEKOJIOTYHUH YHIBEpCH-
tet (M. XXutomup), [lepxaBHuii mpupoo-
3aaBumnii myzed HAH Vkpainu (M. JIbBiB),
Jlep>xaBHe yIIpaBTiHHS €KOJIOT1] 1 MPHPOTHUX
pecypci B JKutomupcrkiit obmacti, Ykpain-
ChKe TOBApUCTBO OXOPOHH NTaxiB, [lomichkuii
TIPUPOIHUI 3aMOBITHUK MPoBOIATH [ MixkHa-
pOIHY HayKOBO-IPAKTUIHY KOH(EPEHIIi0
“Oosiku nraxiB: miaxoau, MeTOAUKH, pe-
syasTatun” 26-30.04.2004 p.

Temarnka KoHdepeHiii:

® CTaH BUBYCHHS CTPYKTYpH HACEICHHS
NITaxiB pi3HUX 010TOMIB;

® cTpyKTypa 610TOMIB SIK MicrienepeOyBaH-
HS TITaxiB Ta iX Kiacudikaris;

® METOIMKA OOIKY JTiCOBHUX, OUITBOIHIX,
BOJIOTUIABHUX, CTETIOBUX Ta IITaX1B HACEICHUX
ITyHKTIB 1 arpo0ioIeHo3is;

® 0COOMMBOCTI POBEACHHS OOMiKiB
NITaxiB HA 3aMOBITHUX TEPUTOPISIX;

® 00JIIK MUCIMBCHKUX MTaXIB;

® BUSIBIICHHS Ta O0JIiK Y€PBOHOKHUXHHUX
Ta PiIKICHUX BUIIB;
_® 00JTiK MITaxiB-MIirpaHTIB;

® OCHOBM CTaTUCTHYHOT 00POOKH pesym,—\

TariB 0OJIKIB;

® pe3yibTaTé OOMIKiB, JOCBI Ta IPOCTO-
POBO-THIIONOTIYHA OpTaHi3allis HaceIeHHs
MTaxiB;

e opHiToreorpadiyHe paifoHyBaHHS Ta
KapTorpadis HaceJIeHHS MTaxiB;

® HayKOBIIi Ta aMaTOPH: TIOITYKH CITUTBHAX
T AXO/IiB Ta MOXKJIMBOCTEH y 00JIIKaX MTaxiB;

® [TUTaHHS TEPMIHOJIOTIi OOJIKOBUX JOC-
JIJDKEHD;

® BUBUCHHA OOJIKIB ITaxXiB y mporpaMmax
HaBYAJIbHUX 3aKJIa/IIB;

® 00JIIKHM MITaxX1B 3a CIIJAMU KUTTEXISITh-
HOCTI.

PoGoui MoBH KoH(epeHTIii — yKpaiHChKa,
pociiicbka, aHTITiChKA.
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