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Factors affecting egg dimensions were investigated in two neighbouring Great Tit
populations breeding in a poor urban and a rich rural habuat in southeast Estonia.

About 80% of variation in egg size was hentable; however. the effecin o1 female
condition were also remarkable. in both populations. females laying larce cngs were
heavier dunng the second halt of the nestling peniod. indicaung that egy size reflects
the componen( of female condition which is persistent throughout the breeding penod.
In the urban population, egg size decrcased seasonally, most likely because of a poor
phenotypic quality of lale breeders. In the ural popuiauon, large clurches ended to

contain small eggs. which points to a vade-off berween the size and number of eggs.
The analysis of literature data from 30 Great Tit populations revealed no evidcence of a
trade-off between egg size and cluich size at the inter-populatonal level. bt rather 2
positive correlation between these trans among populations, Egg size in_reased with

latirude.

1. Introduction

The size of eggs to lay 1s one of the first problems
that an 1ndividual bird faces at the beginning of the
reproductive cycle, Being hatched froma large egg
could patentially be beneficial tor a chick: from the
viewpoint of the {aying female. however, high -
vesiment into egg quality (size) mightconflict with
her own encrgetic demands and willingness to pro-
duce more offspring. Unveiling the causes and con-
sequences of egg-size variation 1s necessacy for
understanding the rélaionship between the number
and quality of offspring. a concept. central o the
lite-hislory theory

There is liele doubt that reproductive success is
related to cluich size, and also some indication that

egg size is closely linked to haichhng srowth and
survival (e.g.. Ojanen 19833, Marun 1987, Grant
1991. Magrath 1992. Powi & Merina 1994, Wilbams
1994). Considering that heruabiliues tor cgg size.
100, are generally higher than hentabilines for clutch
size (Boag & van Noordwijk 19871, 1 trade-of(
between egg number and size in birds seems a
plausible expecrauon Mostinteresting |y, however,
the evidence for such & trade-off wuhin 4 bird
species has been claimed to be fackia i 2V ithams
1994), and. 10 facl, often the posttive phenotypic
correlations detwezn egg and cluich s /¢ have been
found (sce. ¢.2.. Flint & Sedinger 11992
ences). Most ikely, the reason for the )
inter-individual variaion in the phenaty i yuality
of mdividuals which, according to van Noordwik
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& de Jong (1986). may lead 10 positive phenotypic
correlations between [ife-hustory traus, Theoreu-
cally. wade-otfs could be revealed by measuring
genene correlarions: this. however. would cequire
saraple sizes which can seldom be obtained in field
studies (see. e.2.. Lessells et al. 1989).

To gt an insight into the evolutionary causes
ang consequences of egg-size vaaaton. ullema-
tive methods have thus to be used. One possible
approach would be the swdy of relationsbips
between egg and cluich size within habitats of
different quality.

In this paper we examine inter-individual vaga-
uon af egg size in (wo Great Tit populations breed-
ing in contrasting environmental conditions in ur-
ban and rural habitats in southeast Estonia. Breed-
ing conditions {or our rural Great Tits are probably
the mosl favourable, as indicated by large cluch
sizes (one of the highest recorded for the species)
and high fledging success (Horak 1993a) We pre-
dict that un such a suwation, between-individual
ditferences in the total amount of tsources spent
on reproduction are manitested 0 a lesser extent
because individuals are less constrained by food
avaability in the habitat. Theretore, if there exists
a trade-of f between Ihe number and size of eggs.
we expect this to be revealed as a negative
phenotypic correlauon in our rural population. Ia
the urban population. on the conuary, a positive
correlauon becween egg and cluch size seems more
probabte. since urban Great Tits face far more diffi-
cult breeding conditions when compared to their
rural conspecifics. [n our study area. mean ¢lutch
size of urban Great Tits is about two eggs smaller
than that of rural birds, while the nestling mortality
is high (Hdrak 1993a). Itis therefore lempting to
suggest thar between-individual differences ia the
phenotypic quality. leading Lo positive comelations
between hie-history taits. will be manilesied n
such a siuauon.

Another posstbilny for examination of the wrude-
off between exg and clutch size would be 0 study
their covariation among populations dreeding in
dutferemt environmental conditons. The average
amount ol resources avaituble for reproduction 1s
likely w0 vary with respect 1o locai breeding condi-
uons. Heneg, the optimal patiems of resource aljo-
cauon between the number and quality of offspring
nray also depend on the loculity. In this case. a
trade-oft at the inter-populadonai level could be
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revealed s 2 negauve correlation between mean
cgg and clutch s1ze among ditferem geographical
populatons. To test this possibiliry, we will invesa-
gate covanation between egg and chitch size among
50 Great Tit populauons breeding over a wide range
of conditions in difTerent parts ot Evrope. To reveal
adapuve ranaton in egg size at the population
level, we will also check for the presence of the
laniudinal trend in egg size.

The second objective ol our study is 1o exiract
information aboul the relationship between egg size
and female condition. The simultaneous effect of
female condition (nutritional state. phenorypic qual-
ity) on both clutch size (or laving date} and brood-
rearing ability is a ceneral element in the recent
developments of the clutch-size theory (Prnice &
Liou 1989). and in explanations for the evolution of
breeding dates 1n birds (Price et al. 1938), Testing
both of these requires the measuring of female
condition at different stages of the breeding cycle.
which means an ¢xaminanon of correlates of con-
dition. Some authors (e.g.. Ojanen et al. 1979,
Murphy [986. Jirvinen & Pryl 1989) have shown
that egg size might be one such correlate. In this
study we test this possibility, again checking whether
the relationships are similar in populanons breed-
ing in habitars of different quality.

Understanding the selective importance of van-
auon in waits requires knowledge about the genetic
basis of variation. Therefore, we will estimate
repeatabilities and henuabilities of egg and clutch
size in both populations. In line wuth other studies
on ¢gg morphology. we also exarmine variation in
egg shape and linear measvurements.

2. Material and methods
2.1. Study area and data sets

Duata were vollected in 1wo main sludy areas: in the
town of Tartu (human popuizuon about 120 000)
and in the rural area of Torvandi. 5 km from Taru
138722'N 26’4 3E). Ege measurements were recorded
during 1987-1991. When calculating heritabilwies
tor cluich size. we also used an enlarged duma set
covermg eyght vears from 1987 to 1994 Measure-
ments of adult tnorphoiogy were stacted m 1990, so
we had atwo-vear dat set for examination of rela-
tionships between egg size and temale morphology
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The urban study area in Tartu consisted of two
large and two small parks (about 22 ha) and avenues
with a total length of 9 km. The distance between the
nesiboxes was 30-~40 m. The main tree species were
Tilia corduia. Acer plaianotdes. Bemia pendula,
Quercus robur, and Puprdus suaveolens All sireets
1n the urban study ares bordersd on gardens where
winter feeding of birds wus cormmon.

The rural study area was located &t a distance of
5 km [from the southem boundary of Tanu and
comprised \wo woods (Torvandi and Ropki. 2.5 kin
apart) surrounded by cultivated land. Aboul two-
thirds of the 72 ha area of Torvandi wood is cov-
ered with a moist birch forest, while the remaining
third accounts tor a poor mixed spruce torest; the
wree species include Prcea abies, Pinus svivesiris,
Betula pendula and Populus tremuda. The 550 ha
Ropka wood is mostly covered with a rich mixed
spruce forest with a deciduous underseory. In the
understory and on roadsides Corvlus avellana was
the most common woody plant. In the rural study
area the nestboxes were placed at every 40-50
meters in lines (total kength 11 km) running along
torest edges and roadsides.

When exarmuning relationships between egg and
clutch size we used, in addition. data on three Great
Tit populations in southwest Estonia (58 09N
24°56°E) collected in 1983, The first sady site was
located in the smali town of Kitingi-Nomme (ha-
man population about 2500) with a high density of
breeding Great Tits. The second study site al
Vanajarve was located about 20 km from Kilingi-
Nomme and consisled mainly of deciduous wood
paiches and surips among cultivated land, So the
first two habitats were roughly analogous 10 our
main urban and rural study areas. The third study
site at the Nigula forest was in 4 large natural mixed
forest area with a very spirse Great Tit population
{Vilbaste & Leivits 1990).

2.2, Methods

The number of Great Tit pairs breeding in our study
area 1n difterent vears varied from 36 10 61 and
from 43 t0 93 1n rural and urban populations. re-
speciively (the Girstelutches only). The birds bred
in nestboxes mouited at a height of about 2.5 m.
The Jimenstons of the box vavity were approXi-
mately 11 <11 x 30 cm. the dianeter of the ea-
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rance hole being 3.5 cm. Old ne¢st materials were
removed every year.

Neshoxes were checked regularly to determine
clutch size and laying date, assuming ihat one egg
is laid every day. Adulls were cuptured dunng the
second haif of the nestling period and, since 1988,
were aged using plumage characteristics (see
Svensson 1992,

Tarsus length was used as a meusure of the
overall body size ol individuals. Although caution
is needed for interpreuny the single vanables as
representay ¢ 10 structural size in birds (2.3., Free-
man & Jackson 1990), tarsus length s probably the
best indicator of size among single exlernal meas-
ures (e.2.. Rning & Somers 1989, Freeman &
Jackson 1990). Tarsi were measured (see fig. 18b
tn Svensson 1992) with a sliding caliper o the
nearest 0.1 mm by the same person {PH). In an
atlempl to separatg mass from structueal size, *con-
dition indices” (residual weights) were computed,
as the residuals from linear regressions of weight
on cubed tarsus length, Diurnal weight changes
were eliminated by e inclusion of weighing time
into partial correlations between fernale weighi or
condition and egg size. Females were weighed with
a Pesoia spring balance with a precision of 0.1 g.

When coliecting comorphological daca. whole
clutches were photographed after the sixth day of
incubation using a stand described in Miind etal.
(1986). A graphics digjtizer was used for the input
of egg contours from photographs. and a speciai
program OMELETTE (Mind e al. 1986) for
smoothing data and for estimating egg dimensions
aad volume. The volume of an egg was calculated
from the contour using trapezoidal integration in-
stead of deriving it from linear measurements. Thus,
individual differences in egg shape did not influ-
ence the accuracy of volume estimation.

For descnibing the size and shape of eggs we
used four parameters: L = egg length (mm). B = egg
breadth (mm), V =egg volume (¢m™. and
SPH = sphencity or the egg shape index (B/L). We
preferred thiy rauo 10 the clongauon index (L/B)
because, 1n our opinion, SPH 1s more a tigurative
estimate of 22 shape as itexpresses ege breudthin
percentages of eggiength. Thus, the larger the SPH.
the rounder the eggs. Measurement eors of egg
dimensions i¢oefficient of vanation of 10 measure-
ments of the same ¢g2) were negligible uy com-
pared 1o 1012 and terclutch vanation (Fig 1. Van-
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Fig 1. Vanauon among egg dwmensions.

ation was highest (or egg volume. evidenily be-
cause 1 is a three-dimensional trait,

To avoid pseudoreplications. the cluich means
ol egg parameters were used in all sttistical analy-
ses, except in Table 1. To munirmze the influence of
afew abemrant eggs on clutch means. one egg per
chutch. the most conlrasting 10 the others by s size.
shape or appearance, was excluded before the clucch
mean was calculated. The rejection was based on
the preliminary visual observation of the reseurcher,
not on the basis of calculated egg measurements.

When comparing data on egg sizc in literature,
we recalculaled egg volumes according 1o the for-
mulaV = /6 x L x B, oradjusted it accordingly in
cuse the authors had not presented original daa on
2gg length and breadih. We consider this especially
imponant because several authors have used differ-
ent coefficients. which leads to considerable differ-
ences In estirmates tor egg volume,

Table 1. Pearson corralanon coetticients betwean
2qgg traas. All are signdicantly differeat from zero
{p < 0 0001) exce! the correlation bewween SPH andg
egg volume N = 3060 individual eggs.

Trait B v
L 0.27 0.6¢
B 0.87
SPH —0.02
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Saatisucal analyses were perfarmed using the
SAS statistical package (SAS lnsutute 1983). All
significance levels are for two-tuiled tests. When
pooled dawa were used lor culcuiations, clurch size.
laying date and egg size were yearly normalized by
expressing trait values relatve to the annual means
of the populauon. Repeatabiliies were calculated
according 10 Lessells and Boag (1987). Hermabilities
were estimated from mother-duughter regressions
according 1o Falconer (19389).

3. Results

3.1. Variation and relationships between egg
traits

In the analysis of individual egas. 41l traits excepl
shape and size were significanly correlated with
each other (Table 1). although the correlation be-
tween egg length and breadth was rather low. Vani-
aton in egg breadth was slightly lower than vana-
tioninegg lenmh (Fig. |, see also SD’s in Table 4).

3.2. Repeatability

Repeatability expresses the proportion of the vara-
tion between measurements thac is due 10 consist-
ent differences between the objects measured. In
quanuiative genetics, repeatability provides an up-
per lumit for the degree of generic determination of
a it (Falconer 1989). (¢ is calculated a5 the
inwraclass correlation coefiicient, s° /(s* + s°.), where
s7, 15 the among-groups vanance component and s?
is the within-group vanance component derived
from one-way ANOVA (Lessells & Boag 1937).
Egg dimensions revealed moderate to high
repetabilities in both populafions when the first
clutches of the same female were compared in
Jitferent yeaes {Table 2). Repeatabiliues were re-
markably lower when ega dimenssons of individual
temales were compared within a4 year. Thix was
evidently because egg volume and lineac dimen-
sions tended to increase from the first clutches to
the repeat or second clucches, However. the Jitfer-
ence was stanificant w o 3% level onty in the case
ol egg lengih (t, = 2116, p = 0 048). which -
creased onhie average by 0.26 mm (LA,
Repeatabilities for hnedar measuremenis were
generally higher than repeatabibities for egg »ize.
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Egg length had. on the average, about 20% higher
repeatability than egg breadth.

Repeawbilives for clutch size in the daia set.
which was included in calcutauions with egg di-
mensjons, were significantly different trom zero
oaly (or the urban population (r = 0.64. p < 0.0003).
The difference between the populations. however,
was probably due 10 the smaller sample size of the
rural populauion because in the enlarsed data set
(including data from three additional years) the
repeatabililies of clutch sizc were af a sumilor mag-
nitude in both populations (r = 0.59. p < 0.000),
N =185 l{or the urban population: t =057,
p < 0.000{, N = 113 for the rurai population).

To estimate the role of breeding termitory quai-
ity upon the repeatabalities of breeding traits, we
calculated repeatabilities for the same nestboxes
wthabited by dilterent temales in difterent yean, In
none of the data sets did the repeawbilities differ
significamly from zero The result 18 convincing
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given that our sample sizes in the 8-yvear data set
were rather large (N = 173...235 cluiches).

3.3. Heritability

Since between-papulation dirferences in egg pa-
rameters were in mosl cases only marginally sig-
nificant {see below), we found it justified, in order
(© increuxe the sample size. (0 rely on the data
pooled ovy T two populations. Hertability esumates
for egg tmuts. as caleulated from the pooled data.
were high und uignificandy different from zero.
although slandurd errors were relauvely large {Ta-
ble 3). Hermabnlity estimates were generally close
(0 repeatability csumates. Again. estimates were
highly different for egg length and breadth.

{n the five-year sample used for calculations
with egg traws. the heritablity of clutch size was
a0 significamtly different from zero in any of the

Table 2. Repeatability of egg size and shape among femaies. Data from 1987 o
1991. Traits are presenied in descending order of repeatability value {average lor
lour measurements). N = number of cluiches. n, = Average number of observa-
tions per ndividual. P levals {from ANOVA) if nat shown ata smailer than 0.001

(in most cases smaller than 0.0001),

First clutches in ditferent years

First vs, tepeat

Trait and second cluiches
in the same year
Urban Rural Urban+Rural  Urban+mnral

N=112.n,=211 N=43.n,=215N=157,n=212 N=40, n=2
SPH 0.87 0.66 Q.84 .83
L 0.83 0.74 0.81 0.61
\Y 0.64 0.69 0.64 0.34 p=0064
B 0.62 0.60 0.61 035 p=0.054

Table 3. Hertabiity estimates for egg size and shape based on molher-daughier
regrassians. Regression coeflicients and their standard errars (SE) are doubled.
For individuals trapped more than once, trail values are averaged over aif (heic
breeding evenis. Traits are presented in descenang orgec of therr hentabilities
(pooled data). Data from 1887 to 1991 first clutches only, N = number of clulches

Trad Urban. N= 19 Rural, N = 24 Utban + Rural, N = 43
w(SE) p h(SE} p R (SE) o

L 1.15 (Q 45) 0.020 0.95 (0 44) 0.042 1.00(0.29) 0.001

\ 084 {0.41) 0.055 0.86 (0 44) 0067 0.81 {0 28) 0.0C6

SPH 118 (0.50) 0030 029(0.46) 0540 0.81(032) 0.016

B8 0389 (0.47) 0.075 030 (0.37) 0.429 0.590.29) 0.051
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populations. [n the enlarged data setcovering eight
years from 1987 1o 1994 the hecitabulity estimate
tor clutch size was significant for the rural popula-
tion th* = 0.66 = 0.28 (SE). p = 0.021. N = 35). but
not for the urban birds (h° =0.43 +0.38 (SE),
p=0217.N = 39).

3.4, Effects of year, habitat and age

Egg volume. breadth and shape (but not length)
revealed slight bu¢ significant inter-annual varia-
tion (Table 4). Egg volume, length and breadih
tended to be slighily larger in the rural popula-
tion. The differences were. however. only mar-
ginally sigaificant except lor egg breadth. The
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average egg shape index (SPH) was similar for
both populations, The proportion of variance in
¢gg traits, explamned by the year and habiat term
together was generally low (R*=(.02..0.07).
Rural Great Tits laid, on the average, 2.3 more
egas per clutch than their urban conspecifics.

To estimate the effect of female age upon egg
parameters, we compared changes in cgg traits be-
tween the first and second years of breeding for the
same females. By the second yesr of breeding. egg
volume had increased on the average by 0.03 cm?®
(1.6%: ty3 = 2.099. p = 0.043) and length on the
average by 0.12 mm (0.7%. by = 2.028. p = 0.050),
changes in other parameters being not significantly
different from zero.

Table 4. Effect of ysar and habual (urban vs, rural) on egg dimenswons and cluich size of the Great Tit,
eshimated from ANOVA. Data from hrst clutches dunng 1987-91. In none of the models did ‘year habitar
interaction lamm differ significantly from zero. Sums of squares (SS) are type Il of SAS aflowing for an

unbalanced design.

Trant Effect DF SS F P R? Mean = SD (Range)
Urban, N=317 Rural, N=218

Year 4 0.350 £.04 < 0.0001 1.68+0.12 171+0.12

v Habltat 1 0.049 3.35 0.067 (1.3-2.02) {1 26-2.06)
Model 5 0.403 556 < 0.0001 G 04

Residual variance 529 7.677

Total vanance 534 8.081
Year 4 4,126 2.13 0.076 17,92 £ 0.66 18.03+0.72

L Habitat 1 1,748 3.61 0.058 (16.05-19.91) (15.62-20.01)
Madel 5 5.706 2.36 0.039 Q.02

Residual vanance 529  255.894

Total vanance 534 261.600
Year 4 3.683 7.80 < 0.0001 13.60*0.35 13.68+0.35

B8 Habitat 1 Q.755 6.40 0.012 (12.46-14.50) (12.63-14.62)
Model 5 4.590 7.77 <0.0000 Q07

Residua! variance 529 62.466

Total variance 534 87.058
Year 4 0.010 2.88 0.022 0.76 . 0.03 076+003

SPH Habital 1 < 0.001 0.11 0.740 (0.68-0.86) (0 63-0.84)
Model 5 0.010 231 0043 0Q2

Residual vanance 529 0.453

Total varance 534 0.463

Clulch  Year 4 54,704 613 < 0.0001 8.80 = 1.66 11.10=1.30

size Habial 1 634.094 28426 <0.0001 (3-12) {7-14)
Model 5 DB95.768 62.38 <0.0001 0.39 N =297 N = 208

Residual variance 497  1108.63

Total variance 302 1804 40
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3.3. Effects of female condition and size

{n both populations femaies laying large eggs were
in a berter condition (i.¢.. relatively heavier) in the
nestling stage (Fig. 2). The partial correlation coeffi-
cient (adjusted to weighing ime) between egg vol-
ume and the residual weight ot a female was 0.35
{p =0.010, N = 56) for the rural populagon and 0.43
{p < 0.0001. N = 86) for the urban populauon. Also.
female weight cevealed a similar relationship with
228 $12€ (Kpuney = 0.41 for both popuiations).

We found no significant relationship between
egg volume and tarsus length in either of the
populations when the dala were pooled for 1990
and 1991 (Fig 2). Exarmining (he years and
populations separately, however. revealed that smail
temales Jad larger eggs in the urban population
19901ir=-0.29,p = 0.049. N = 46).

3.6. Seasonal variation in eyg size

E2y¢ volume dechned seasonally in the urban popu-
lanon when data were pooled over five years (Fig.
Jir=-0.16, p=0.006. N =295, both vanables
veurly normuldized). For individual yeass. the pat-
tern was significant only in [991 (r=-0.3I.
p=00]2, N =64) Since we had female weight
dua tor 1991, it way possible 10 text whether the

seasonal decline in egy size could be ascribed o the
poorer condinon ot late-breeding females. When
the residual weight of the female was kept constant
in the partial correlation, the relanonship between
egg size and laying date became insigmficant:
Tt = ~0.13, p=0.350, N =40 vs. r=-0.36,
p =0.018. N = 40 for ordinary Pearson correlaion
{(sample sizes are smaller than in the previous unaly-
51 because morphometnc daia for all femnales were
not known). For the rural population we found no
seasonal changes in egg size.

3.7. Egg size and clutch size

Egg size decreased with increasing clutch size in
the rural population of Torvandi | Fig. 4). The car-
celaton between them was, however, only margin-
ally significant in the pooled data (r=-0.12.
p = 0.080. N = 206, both vanables vearly normal-
ized). For the (mdividual yean. the comrelanon be-
tween egg size and cluich size was signilicant in
1988 und nearly vo 10 1991 The lawer relavonship
becane clearer when femaje weight was Kept con-
s@nt in the parial cormelution (F,. = -041.
p=002M4 N=23

In the urbun popuiation ul Taru we found no
consistent relahonship between clutch und ey

v
size. etther for mdividual years or Jor puoled
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data, despite the larger sample size (297 observa-
tions).

In the case of Great Tit populations from south-
west Estoma, we found a pegative correlation be-
tween egg and clutch size in the rural popuiation at
Vanajdrve (Fig. 3). Great Tirs breeding in a large
forest at Niguta and in the urban populztion of
Kilingr-Ndmme revealed no consistent reladonship
between egg and clutch size (r = -0.093,p = 0.733.
N=16 and r =0.07, p=0.500, N = 93, respec-
uvely).

3.8. Inter-populational trends

Eggs tended to be larger in popuiations with high
average clutch sizes (Fig. 5). The relationship be-
tween ¢gg and clutch size was distonied by three
observauons (1. 29 and 30) which had 4 profound
etlect on the regression (absolute values of
Stwudenuzed residuals > 2). When these aberrant
data points were excluded from the anatysis. a posi-
tive correlation between gy and clutch size at the
inter-populational level was significant ir = 042,
p=0028,N=27)

Egg size incezased wowards the north tFig, 6). A
single observauon (# 30) had u large Studentized
residual (-2.9); however, the relatonship was still

significant when this point was omitted from the
analysis{r =0.49.p = 0.009. N = 29).

Further analysis revealed that the positive cor-
relation between egg and cluich size might have
been causcd by whe latitude effect. The partial cor-
relation coefficient (adjusted for latitude) between
egg and clutch size was not significant a¢ the 5%
Level (famy = 0.34,p = 0.092, N = 27). while partial
correlation betwesn egg size and latitude (adjusted
for clutch size) still was sigmficant (f,u., = 0.48.
p=0020.N=29).

4. Discussion
4.1. Egg size
4.1 1. Genence variation

Our estimates for the repeatability of egg size in the
first cluiches were retatvely high (0.64...0.69), and
sumilar to thase recorded n other Great Tit studies
Joaes 1973 Cited 1n van Noordwyk 1987): 1 =0.72:
Ogancn et ad, 1979: ¢ = 0.49..0.62: van Nuordwijk
et al. 1981: r=0.59...0.80. However. the
repeatability of epg size {and lincar measvrements)
was remarkably lower when the repeac and second
clutches were compared 1o the tirst clutches of the
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lne:y = 1.503(z 0.075) + 0.019(£ 0.008) x. Line 1s fitted
excluding three aberrant sbsarvauons (1. 29 and 30),

same ycar (Table 2). A decrease of the female
companent in the repeat or second clutches can also
be seen from the works of Ojanen et al. (1979) and
van Noordwijk etal. (1981) in the Great Tit. Simi-
larly, with other Great Tt swudies (Haftom 1983,
Ojanen et al. 1979. Van Noordwijk et al. 1931,
Yaremchenko 1989, Verhulst & Tinbergen 1991,
Nager & Zandt 1994), we found that eggs tended to
increase in the repeav/second clutches. which sug-
gests that physiological and/or environmental proc-
esses affecting egg size and shape dunng the laying
of the first and repeat/second clurches are ditferent,

Henability tor egg volume was high (0.81 £0.28).
This estimate. too, fell within the range found in other
studies on the Great Tit {Jones 1973 cited 1 van
Noordwijk 1987): h* = 0.72 £ 0.22: Ojanen et al.
1979: h* = 0.86 £ 0.29: van Noordwijk et al. 1981
h* = 0.66 + 0.24...0.72 = 0.30: and Jour other spe-
cies{h’ = 0.55...0.99. vaa Noordwijk & Boag 1987.
Lessells et al. 1989). We found no effect of termi-
tory qualily on egg size when repeaiabibuy ol the
same nestboxes with different females was cal-
culated. This sugpesis that high hentability ot
e2g size in our study was not caused by relatives
sharing a similar environment. However, we con-
cede that there muight have been some hidden
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effect of habitat since ‘nestbox quality’ alone
might not be a precise indicacor of the quality of
the breeding termitory.

4.1.2. Yearly and uge-related differences

In spite ot highly significant inter-annual variation.
the year and habuat term together explained only
4% of total variation in egg size ( Tabie 4). Yearly
differences in egg volume could have been caused
by differences in air ierpecature (and correspond-
ingly the development of food items) during the
laying penod {e.g. Ojanen et al. 1981, Jirvinen
[994). winle breeding density could be important,
100 (Permins & McCleery 1998). However. consid-
ering high henwability of egg size, the possibility of
differential elinunation of genorypes as a potenual
soucce of vearly vanation in egg size cannot be
2xcluded enther.

The result that egg size increased by the second
vear of hife is in agreement wath that of a Great Tic
sudy insouthwest Estonia (Mand 1988. Ménd et al.
1990). Also. 10 a number of other species young fe-
males are known to lay smaller eggs than vider ones
{Ojanen 193390,
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4.1 3. Relanonshup with femmole condition and
size

Our result that heavier and beuer-conditioned birds
lay larger eggs. while egg volume generally does
not depend on the size of the female, is n agree-
ment with four other Greas Tit studies (Ojanen et al.
1979. Miind 1988, Jirvinen & Pryl 1989, Nuger &
Zandi 1994). A similar tlendency was found in a
northern Pied Flycaicher population (Jarvinen &
Vaisdanen 1983) and in Eastern Kingbirds iMurphy
1986), Canada Goose (Leblanc 1989). Blue Tit
(Nilsson & Svensson 1992), and Scarling (Smith et
al. 1993).

The positive correlation between egg size and
female condition/weight is particularly interesting,
because in our study (as well as in several others)
temales were weighed during the second half of the
nestling period. It means that about one month after
the fustegg was laid. the females laying large eggs
were heavier than those laying small eggs. Since
females lose weight dunng breeding. our result
indicates that either 1) females with large eggs
were inttially heavier, or/and 2} they lost less weigi
during the breeding. We therefore suggest thategg
size reflects the component of female conditon
which is persisient throughout the breeding period.

The evidence thas egg size variation within a
population 1s related (o the structural size of fe-
males is more rare. A few exceptions are the works
of Larsson and Forslund (1992) in the Bamacle
Gaose, and Patti (1993) in the Pied Flycawher.
which found a positive correlation between egg
s1z¢ and female 1arsus length. Several authors (e.g..
Ouo 1979, Jirvinen & Vaisanen 1984. Jirvinen
1991, Potui 1993) have found positive correlanons
between egg size and female wing lengih. These
studies might indicate the dependence o egg size
on the structural size of the female; however, there
have been claims that wing fength is not a repre-
sentative measure of body size (Rising & Somers
1989). [t is also possibie that wiag length rather
retlects te individual's condition during moult (see,
<.g. Rdtnetal 1993,

The lack of positive correlauons between fe-
male tarsus length and egy size is noteworthy in the
context of another sindy (Horak 1994), which re-
vealed pusiive comelations between cluich size
and lemale wrsus lengeth in the same populations in
1990. Since tarsus length depends on growth con-
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dinons dunng the nestling period, these corvela-
lions were inlerpreied as a possible lasting effect of
the individual’s ontogeny upon its reproduciion.
The present siudy suggesis that growth condilions
of the female Jo not necessarily arfect her egg size,

4.1.4. Seasonal panern

During the penod of Jaying the first clutches. late-
breeding females laid small eggs in the urban, but
not in the rural population. A simiiar tendency has
been recorded for Geear Tits (n southwest Estenia
(Mind 1988, Mand er al. 1990), as well as for
several other bird species (see, e.g., Ojanen 1983a,
fline & Sedinger 1992 for references).

What might cause seasonal patierns in egg size?
Bukhead and Newleship (1982) and Ojanen (1983a)
have suggested that small egg size might be adap-
uve. allowing birds to lay early. However, Greal
Tits wn our study clearly did not lay small eggs in
early clutches. The seasonal decline of egg size in
the urban popuiation could hardly be caused by the
proximate eftect of food. since food availability
generally increases during the laying of the first
clutches. An altemative explanation would be that
the quality of food decreases seasonally (e.g.. veg-
etation growth and drying of soil could possibly
make 1t more difficult for birds 1o find gastropods
and ather calcium-rich food items). This explana-
tion, however. contradicts the finding that egg size
increases again during the laying of repeat and
second cluiches. [n addition. our personal observa-
tions confirm that snails are abundunt during the
whole Greal Tit breeding period in our urban seudy
area. Therelore. we suggesi that smail eggs in lae
first clutches just reflect the poor phenotypic qual-
ity of lae-breeding temales. This explanation 1s
convincingly supported by the fact that the signifi-
cant relalionship tetween egg size and laying date
varished when the residual weight of the female
was included in the analysis.

It is probably symptomatic that seasonal de-
chine 1n egg sixe was revealed only in the urban
pupulation breedirg under more unfavourable con-
diiions than their rural conspecttics. Under harsh
conditions individnals are hikely to experience con-
sideruble energete limyanon in theic dctivities. and.
theretore. Jifferences in thewr physiological condi-
tan will arfect reproduction mosy prominenty. In
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line wath this explanation. the seasonal decline in
clutch size, 1o, was steeper 1n our urban popula-
tion than 1a the rural popalation (Hdrak 1993b).

413 Relarionshup with clurch size within
populations

When data were pooled over five vears, rural Great
Tits at TOrvandi tended 1o lay small eggs in large
cluiches. A symilar pattern was present also dunng
twq individual years and in the rural population of
Vanajirve in 1983, A negauve correlation between
cluech and egg size has been also reported in three
other Great Tit srudies (Jones 1973, cuied i Ojanen
etal. (978; Hattorn 1935 Jarvinen & Pryl 1989,
out see Busse 1967 and Ojunen et al. 1978 for the
oppusite). and some other passerines (Ojanen et al.
1978. Greig-Smuh et al. 1986, Hillswram 1992} and
non-passerines (Koskimies 1957, Myrberget 1977,
Manaing 1973).

Positive correlations between egg and clutch
size have been recorded in the Swarling (Qjanen et
al. 1978. Smith et al. 1993) and several non-passer-
ine species (Coulson 1963. Bau & Prince 1979.
Rohwer & Eisenhauer 1989, Lessells e al. 1989,
Flint & Sedinger 1992). Sull. most egg size studies
have revealed no clear wrend in the relationship
between egg size and number.

Two points can be made on the basis ol these
data: 1) Although it has been claimed that the
evidence for a rade-off between ¢gg size and
clutch size within a bird species is lacking
(Williams 1994), some populations do reveal
negative cocrelanons between cluich size and
egg size. 2) Although the wade-off between cluich
size and egg 31ze 1s most likely 10 be expected in
‘capnal breeders” (sensu Drent & Dasn 1980)
who lay their eggs on the basis of a fixed amount
of resource, the evidence of such a trade-off has
been found also in small passerines laying eggs
on the basis of daily encrgeuc income.

We suggest that this (s s0 because small
passennes. i spie of being “income breeders'. also
deplete their body reserves to a remarkable exient
during laying fe.2.. Jones & Ward 1976. Pinowska
1979. Ojanen 1983b). Since the laying of large
eggsisenergetically more demanding. the laying of
smailer eggs in large cluiches can be adaptive lor
“income breeders’, if st enabies a female to swant
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incubaton with 4 lesser extent of depletioa of bodv
reserves during egg-taving. Thus. there is reason (o
cxpect a conflict between the number and 1ze of
egus. We propose thal the mechanism for a trade-
off between egg size and clutch size works as fol-
lows: selection has {ixed alleles for the sirategy.
which allows the clutch size 1o increase by laying
small eggs. Clutch size. however. approaches its
generically determined maximur (upper hmu of
reaction norm) only under the most favourable en-
vironmentai conditions. [f a female is notin the best
possible tim during the laying penod, laying will
ccase befare the maximum possibie cluich size is
auained. and the bird ends up with a small or aver-
age clutch containing small eggs. This <xpianation
agrees with the fact thac heritabilines for egg size
are always gher than for cluich size (Boag & van
Noordwijk 1987, Lessells et al. 1989, this study). In
this conext 1t is noteworthy that in our study. the
heritability estimate for clutch size was significantdly
ditferent trom zero in the rural. butnot in the urban,
populanoa with small cluiches. Negative correla-
uons between egg and clutch size occured only in
the cural habitats of Torvandi and Vanajirve where
breeding conditions are probably among the best
recarded lor the Grea¢ Tit (compare clutch sizes in
Appendix).

4.1.6. Inter-populational irends

The swdy of 30 Great Tit populations revealed no
evidence ol a rade-uff between egy size and clutch
size a( the inter-poputauonal level {Fig. 5). This
suggests thatin the Great Tit. adaptations to {ocally
prevailing breeding conditions do not involve dif-
terenl resource allocation patterns between the
number and size of eggs at the population level.
Great Tits tended to lay larger eggs in popu-
lations with large average clutch sizes. To some
extent. the phenomenon might be explained by
proximate tood limitauons on both clutch and egg
size at the population level. Proximate (ood -
uons is a plausible explanaton for the coexistence
of very smafl ¢ggs and clutches i Frankfun on
Main where breeding conditions tor Great Tits seem
10 he poorest amony the populations studied. On
the other hand. the partial correlation analvsis re-
vealed that (he simultaneous ncrease of egg and
clutch size might have been largely due 1o fatude
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effect. In this case, the phenomenon can have a
difterent reason: 1f individuals in northern
populations of Geeat Tit have larger body size
{Bergmann’s rule) and also the clutch size increases
towards the north, then the positive correlanon be-
tween egg and cluich size would result as 4 by-
product of geographic mends in body size and ¢luich
size. Whether the lautudinal wrend in body size
occurs 1n the Grear Tit would require a further
research. tor the cluich size trend the evidence is
contradicting {see Orell & Ojanen 19835 and refer-
€nces therein).

4.2. Egg shape

Like other researchers (Preston 1969, Ojanen ¢t al.
1978, van Noordwijk et al. 1981, Jdrvinen &
Virsanen 1983, and references in these) we found
that egg length was more vanable than breadth.
Theoreucally, the higher repeatabiiny of egg length
in comparison with thar of egg breadth could, to
some extent, be caused by its higher vanation. be-
cause repeatabiliues generally tend to be iugher with
greater differences between individuals in a sample
(e.2., Harper (994). Nevertheless. we belicve that
this was not the case, since the repeatability of cgg
volume. which showed the highest variation among
egg traits, was much lower than Lhat of egg leagth.
QOur data sugges\, therefore, thatamong egg dimen-
sions egg length possesses the highest level of ge-
netic determination. This conclusion 1s convincingty
supported by the comparison of henuability esu-
mates from mother-daughter regressions (Table 3.).

Our finding about the ngh repeatability/heris-
ability of egg length compares favourably with the
results of Ojanen et al. (1979) and Mand { 1988) on
the Great Tit. A similar tendency has been found
also n some other species (Ojanen er . 1979, Poui
1993 — Pied Flvcacher: Hendncks 1991 — Amen-
can Pipit). Another Greal Ti study (van Noordwijk
et al. 1981). however. revealed the highest
repeatability/henabiiity for the egg shape index,
while henabulives for egg length (but not breadth)
were not sigmiicanly ditferent from zero inone of
the two study areas,

Grant 11982 see also Jirvinen & Vdisdnen
1983. Hendneks (9911 suggested that egg shape
is 2 funcrion of eux size and female body size.
mediated by the maximum exwensibility of the
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oviduct. According to Grant’s hypothesis, the
maximum width of the oviduct sets an upper
limit 10 egg breadth amoag egys of various sizes.
¢ge length being not so constrained.

The results of this study agree with those of
many others which have shown that egg length is
more variable than breadth. However, in our study
cgg length had also the highest henuability. This
finding seems to be at odds with Grant's hypoth-
¢sis. whic: suggests that egg length is most sensi-
tive 10 non-genetic vartation. Contrary 10 this ex-
pectation. we found that the most plastic egg uran
was breadth (Tables 2 and 3). suggesting thut the
oviduct diunieter is highly depeadent on the physt-
vlogical condition of the female. while factors de-
terrruning egg kngth are inost consuant within indi-
viduals. Grant's hypothesis also suggests that small
eggs must be more spherical in shape than large
ongs. Several authors {e.g.. Mytberget 1977, van
Noordwijk etal. 1981, Jarvinen & Pryl 1989, Poty
1993) have presented sumilar evidence. Nevenhe-
less. we failed o find any consistent relationshp
between egg size and shape 1n a sample of 3060
egas (Table 1). Our resultis similar (0 that of Mind
(1988) and Mud et al. (1990).

Another explanation tor differences in the te-
male component among ¢gg dimensions is the no-
tion of van Noordwijk et al. (1981), who suggested
on the basis of ligh repeaiabiliues of egg shape that
it i3 not the diameter but the expansibility of the
oviduct thar ss under geneltic control. This can ex-
plain why we, tco. found the highest repcatabilites
for egg shape. The heritability esumute tor the egg
shape index. however. had only a penultmate rank
among other egg dimensions i our study (Tabie 3).

An ultimate expianation for the higher herit-
ability of egg length as compared to thai of breadth
agrees wilh the popular inierpretation of Fischer's
Fundamental Theorem: egg breadth is more di-
rectly related toegg volume than egg length. and
since egg volume most fikely has a fitoess value.
one can expect that direcuonal sclection has weeded
Oul more genetic vanation n egg breadih than in
cgg length tsee atso Hendricks 1991).

4.3. Conclusions

Eug size in the Great Thgrs highly hentable but aivo
sensitive W Lhe female condition. The component
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ol the female condition atfecuny egg size is persist-
ent also about one month laler. dunng the second
half of the nesiling penod. The relationship be-
Iween e¢gg size and female condition was similar
tor populations breeding in rich and poor habitas,
which suggests that egg size may be potentially
uselul for the examination of differences in the
phenatypic quality of individuals, Nevenheless, egg
size reflects the female condition probably best in
the poor habitat, as indicated by the seasonal de-
cline in egg size in our urban but not in the rural
popuiation.

Within populauons. a trade-off between egg
size and clutch size in small passerines is possible,
as far as negatuve correlations have been observed
between these traits, However, the trade-otf can
become apparent only ‘when the female condition
during egg laying is sufficient to approach the up-
per bt of the reaction notm for ¢luteh size.

A trade-ofT between egg size and clutch size is
no likely 10 occur at the inter-populational level in
e Great Tit. On the contrary, egg and cluich size
tend o comrelate positively among populadans. This
might indicate that both €gg size and clutch size are
proximately food-limited in some populations. Al-
tematively, a sirnuitaneous increase of egg and cluch
size might be a by-product of laticudinal trends in
body size and clutch size.

The genelic component is much higher for egg
length than for egg breadih. possibly because ¢gg
length is more neutral in respect to filness than breadth
which is more strongly related to egg volume.
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Selostus: Talitiaisen munan koko: yksi-
liden, elinympdristdjen ja eurooppa-
laisten populaatioiden erot

Minka kokoinen muna naaraan wlis) munia? Poi-
Kaselle on edullista. jos s2 on Kuoriutunut <uuresta
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(laadukkaasta) munasta, koska se saattaa Lisda
myohempal bengrssa seiviytymisen mahdoilisuura
mutta naaraalle suuren munan ruottaminen voi olla
energeetisesti rankkaa ju piencniad munalukua.
Munakoon vaihtelun syiden )2 seurausten tutkinunen
on tirkeaa. jolia ymmarrettdisiin jdlkeldisten
lukumairan ja faadua valistd yhteyud,

Pesimistujos lityy 1lman muuta jdlkelis-
midrdin, muta myds munakokoon, jos se vaikutiaa
poikasen kasvuun ja selviytymiseen. Ouaen huo-
mioon, 2 munan koon penytyvyys on yleensi
suurempaa Kusn pesyekoon, on oletetavissa, eni
nima rajoiiavae totsiaan (eli niiden valilli wlisi
olla negatiivinen Korrelaatio), misti i kuitenkaan
ilmersesti ole todellista tietoa. Piin vasioin: muna-
Jjapesyekoko ovat useissa ukimuksissa kormeloinest
keskendan posidivisest, Tim3 johtunee yksildiden
vilisista fenotyyppisisi eroista. jorka voivat korre-
loida geneettisten ¢ linkierto-onunaisuuksica kanssa.

Tietoa muna- ja pesyekoon keskindisestd rajoit-
tavuudesta on saatavissa tutkimalla nijdea suhdetta
yhteniisten elinympéristétyyppien sisilid ja vallld
Me tutkimme kaupunkilaistuneiden ja maaseucu-
ymnpdristdssi pesivien talitiaisnaaraiden munakoon
vaihtelua Kaakkois- Virossa. Tutkgnrae myds muna-
koon ja naaraan knnnoa vilistd suhdena, jolla eo-
nassa on keskenen merkitys seki pesyekoon e
jalkeldisten kasvatuskyvyn ja Jisaksi pesimtdajan-
kohdan evoluution kannaita. Niiden estaaminen
edellyuia naaraiden kunnon mitaamisia pesinti-
kiemron en vaiheissa. Me tutkimme mahdollisuuaa,
et munan koko kuvastaisi naaraan kuntoa erilasien
ympanistoen populaanoissa.

Ainessto kerdiciin pddosin Tarton purstoissa ja
puistokatujen varsilla seka lehti- ja sekamelsissa
Torvandissa Tarton laheisyydessd vuosina 1987-
91. pesyekoon perityvyyden arviointia vanen vuo-
teen 1994 usti.

Maascunialitiaisternme pesumisymparisist ovat
luultavasu mitd suotuisimumat. koska niiden pesye-
koko on suun yksi suurimmista on alitiarsella on
havaittu) ja pesintirlos ennomainen. Niissd oloissa
ennusimme. eud yksildiden vahset erot lisiinry-
nuseen ayieltyjen resurssien miidrissa ovat vihii-
sid. koska ravinioa on tarjolla diag@miin. Siksi odo-
timme. ettd munien koon ja lukumairan valilld on
negauivinen fenotvyppinen korrelaano. jos niden
valilla vlipddtaan on taisiaan rajointava suhde.

Kaupunkipopuluatioasa munukoon ja pesyekoon
vilille on odotettavissa posinivinen Korrelaatio.

Horak et al.: Egg size in the Greai Tit

koska kaupunkilarsealitaisert eldvat paljon vaikeam-
missa oloissa kuin lajitoverit maalla. Tutkimus-
alueellamume kaupunkilaistalivasten pesyekoko on
suunnitleen kahta munaa prienempi kuin maalla ja
poikaskuolleisuus on suunta. Siksi on odotenavissa,
end vksiloiden viliset fenocyvppiset laateror. jotka
voisivat johtaa elinkierto-omunaisuuksien positiivi-
seen korrelaatioon, korosuvat,

Suunnilleen 80% munan koon vaihtelusta oli
penylyvdd. muita myds naaraan kunnon vaikutus
oli huomautava, Molemmssa populaatioissa suuna
munia munineet naaraat olivar painavia myds
potkaskauden jalkipuoliskolla, Timd osoittaa. eni
munan koko heijastaa naaraan kunioa. joka pysyy
samanlaisena ldpi pesimikauden. Kaupunkipopu-
{natiossa keskiméidrdinen munakoko pieneni munin-
takauden edistyessa luultavamrmun siksi, end myo-
haiser murujac olivat varhaisia huonokuntoisempia.
Maaseutupopulaatiossa suurien pesyeiden munat
ohvat pierui. miki viinaa (ennustectuun) munaluven
Jja-koon keskisecn rajoittavuuteen.

Townen mahdollisuus tutkia muna- ja pesyekoon
keskunaistd rajoinavauna on selviti, milen oe vaih-
elevacioisiinsa nahden enlaisissa pesintdoloissa.
Keskimdirdinen pesintadn kaytettdvien resurssien
miira Juulavasti vaihitelee kunkin paikan olojen
mukaan. Sien resurssien optimaalisen jakamisen
jilkeldisten laadun ja lukumadlirin kesken wilisi
riippua paikasta. Talldin muna- ja pesyekoon keski-
naisen rajoittavuuden vot olertaa ilmenevan negatii-
visena komrelaatona en maantieleellisten populaa-
tioiden valilld. Kigallisuudesta en puolilta Euroop-
paa 30 populaanosta kerdityjen tietojen pohjalta e
loviynyt todisieila siita, ctta munakoon ja -luvun
vahlld ohisi populaativtasolla rajoittavuurta. ennem-
minkin naiden valilld oli posiuivinen korrelaauo.
Tutkimme myds munan koon etela-pohjoissuun-
taista vahtelua selvimdaksemme. onko siind havait-
tavissa sopeutunessuulta populaariorsolla. Muna-
koko kasvot levevspiirien suuntaisesu etelisdi poh-
Joiseen.

Tutkimuksemne perusteella munakoko ja -luku
rajorttaval torsiaan. mutta yain niin hyvissi olo-
suhietssa. ¢td cavinnon xaanti &t vle esieena naarasn
hysdlle kunnoile.
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L B A Cluteh si2e N. Latitude 1D Source
Mean = SD () Mean £ S0 (N)
1.82 > 0.09 (20) 9.6 (20) 63°0% 1 Jarvinen 1991
1803 13.68 1.77 £ 0.12(218) 11,10 £ 1.30 (206) 5822 2 This study, Térvandi
1.76 2 0.90 (13) 9.6 £1.1(13) sr 3 Varhulst & Tinbergen 1991
17892 13,60 1,741 0.12(317) 880+166(297) 5822 4 This study, Tanu
1790 13.60 1.73+013(93) 10211 1.27(93) 5809 5 This study, Kilingi-Nédmme
18.02 13.53 1.7320.11(51) 8.74 4 1.42 (61) 475 6 B4ldi & Csorgd 1993
17.93  13.53 1,722 0.12(S007)" 9.24 (55) 8500 7 Qjanen el al. 1978
1.71+£0.29 (414)° 830 £ 1.31 (5¢) a7 8 Hamann et al. 1989
17.80 13.50 1.70+0.11 (16) 11.69:1.78(18) 5809 9 This study, Nigula
17.60 13.60 1,702 0.10 (22) 11.60£1.67 (22) 5809 10 This study, Vanajdrve
1.68 £ 0.10 (10) 108 % 1.1 (10) 510 11 Verhulst & Tinbergen 1991
18.03 1341 1.70 (188)° 883 57 2 Tordk & Csorgo 1988
17.86 13.45  1.69x0.10(99) 8.43" (89) 6015 13 Jarvinen & Pryl 1989
17.81  13.49 1.68 {1289) 10.7 (122) 52 4 Busse 1967
1786 1339 1.68 {147y 10.15 57 15 THrok & Csbrgd 1988
1795 13.35 1.52 (45) 751(193) 40 16 Kizwoglu 1982
1776  13.37 1 86 {120) 937 47 17 Tordk & Csorgo 1988
1.66=0.15(479) 8.9~ 1.53(73) 50 3¢ 18 Hamana et al. 1989

coned.
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1.65£002(78)F  9.10+0 (1 (213) 6120
1734 1338  1.864x0,11(11) 9162 1.04(31) 6125
1770 1330 1 64{42) 95 5818
1.64£0.15(716) 8.7:1.57(69) 50
1.6420.10(93)  8.97+1(.33(93) 4733
1.63+0.15(2380) 9.3+ 1.48(182) 50O
1.62+0.11(187) 8652 1.31(187) 4733
1.6120.02(137)  8.11%1.45(137) 4733
1.80+0.04(1993) B3=154(227) 50
1.60+0.14 (1818) 8.8+1.46(183) 50
1740 13.2 1.59 (569) 1.5 50’
1.52+0.15(497) 7.6 50’

19
20
21
22
23
24
25
26
27
28
29
30

Eava & Lehikainen 1995
Haftom 1985

Winkel 1970

Hamann ot al. 1989

Nager & Zandi 1994 + unp.
Hamann et al. 1989

Nager & Zandt 1994 + unp.
Nager & Zandt 1994 « unp
Hamann el al. 1989
Hamann et al. 1989
Yaremchenko 1989
Hamann et al. 1989

'- number of eggs. not clulches: "~ value calculated by us, possibly not exact: '— only unhatched eggs

measured
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The article presents (mostly one-visit) censuses of | 14 islands in the Finnish Qu
1957-60 and 199(. As a reference area we include data from censuses conducted
bird sanctuary Valsérama/Valassaaret in 1960 and 1990. The populauons of 20
known species almost doubled in 30 years; the change is fairly similar both :a ¢
islands studied and in the reference area. The increase in numbers is largely att
able to the dominating species in the Finnish Quark. namely Srerna paradisa
2 770 pairs in the areas studied), Larus canus (ca 2 290 pairs), and Cepphus gry:
2 250 pairs). Increases have occurred also in low or formerly decreased popule
e.g. Alca torda. Anthus petrosus. und Stercorarius parasiticus. The esablishm.
Larus ridibundus even on offshore islands is reflected in the data. Marked popu
decreases are noted for Aythya marila, Charadrius hiaticula, Larus fuscus. $
caspia. and Sterna hirundo, out of which four species are listed as threaten
Finland. At Valsérama, Tringa totanus and Arenaria wnierpres have also decr
significantly. but in the rest of the Quark we noted a minor decrease only. Toul.
present population data for ca 50 species. with reservalions for census €rmors in
of them. Immediate follow-up studies are suggested for Bjdrkdgrunden. a pro
area where the number of archipelago birds decreased ca 30%. and for the specie:
marked population decreases.

1. Introduction systems (e.g. Jarvinen & Koskimies 1990.R

al. 1986, 1992).

{.ong-term monitoring ot bird populations forms an
important pant of ornithological research. Reliable
data an chaages of bird numbers are needed for the
study of, for exampie. population dynamics and
dispersal patterns. Popuiation data are essenual for
nature conservanon projects also. and for tracing
human impacts on natural commaunaities and eco-

In the archipelagoes of the Baluc Sea. mc
ing of bird populations 1s especially import.
the area is quite unique in the whole worlc
bours rich bird assemblages. and the birds 4
posed to several environmemnal disturbance:
result of eutrophication and poilution. and ¢
bances ol differcnt kunds. several bird specie

T Olavi Hildén died on 13 September 14994 The arucle was finalized by lehun Ulfvens



