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A bstract. Egg d im ensions in 551 com plete clutches (2469 eggs) of the Bam  Sw allow  Hirundo rustica in the central part of Poland 
in 1979-1981 and 1994 w ere studied. M ean length ranged 19.4-19.7 m m , bread th  13.5-13.8 m m , and  volum e 1.8—1.9 cm’. The 
length w as not significantly different am ong  years, bu t both  the b read th  and  volum e were. These m ean egg dim ensions were 
sim ilar to those reported in a few o ther E uropean studies, suggesting low  geographic variation. C lutch m ean egg lengths were 
w eakly correlated w ith egg breadths. In som e breeding seasons o r parts of seasons egg size w as significantly negatively corre­
lated w ith  the date  of laying, hatching success and  fledging success. D irections of som e of these correlations w ere opposite to 
w h a t w as expected. N o significant correlation w as found betw een egg d im ensions and  clutch size o r fem ale/m ale wing 
lengths.

K ey w ords: Bam  Sw allow  Hirundo rustica, egg size, hatching success

D epartm ent of Ecology an d  V ertebrate Zoology, University of Łodż, Banacha 12 /16 ,90 -237  Łodz, POLAND, 
e-mail: pziel@ biol.uni.lodz.pl; jbanb@ biol.uni.lodz.pl

Received —  Aug. 1998, accepted —  Sept. 1998

IN TR O D U CTIO N

H istorically, variab ility  of b ird  egg size w as first 
s tu d ied  as an  illustration  of the am o u n t of variation  
available for n a tu ra l selection (B um pus 1896). N o w  egg 
size is considered  as a com p o n en t of fitness, since it 
positively influences the size of y o u n g  b ird s  a t the 
m o m en t of hatch ing  an d , consequently , their g row th  
an d  su rv ival (Schifferli 1973, Jarv inen  & Y lim aunu 
1984, G alb ra ith  1988, M agra th  1992). H ow ever, clear 
ev idence is scarce (review  by  W illiam s 1994). Life- 
history  theory  u sua lly  postu la tes tha t p ro p ag u le  size is 
a significant variab le an d  th u s is p red ic ted  to be in­
volved in trade-offs w ith  o ther variables, such  as clutch 
size or tim ing  of b reed in g  (Roff 1992).

Egg size com bined  w ith  clutch size constitu tes a 
m ajor energetic  in v estm en t of fem ales an d  so it could  
be expected th a t these tw o  variab les shou ld  be nega­
tively correlated . It is also  conceivable that egg size is 
constra ined  by  the b o d y  size a n d /o r  age of fem ales,

w hich w o u ld  resu lt in  a positive correlation betw een 
egg size an d  fem ale b o d y  size. Such a relation has in­
d eed  been  repo rted  for som e species (e.g. O janen et al. 
1978, Svensson 1978, O tto  1979, G ran t 1982, Potti 1993). 
Scarce com parative  d a ta  on  the Barn Sw allow  egg size 
varia tion  are available (N itecki 1964, K uźniak  1967, 
P ikula & Beklova 1987, Brichetti 1992). W ard  (1995) has 
p ro v id ed  data  concerning B am  Sw allow  egg size 
varia tion  in  relation  to several po ten tia l explaining 
variables. In ano ther p a p e r  (Banbura & Zielinski 1995) 
w e have d em o n stra ted  tha t no  clear pa tte rn  of laying- 
sequence-re lated  varia tion  of egg d im ensions w ithin 
clutches exists in this species. N o influence of am bien t 
tem p era tu re  on egg size h as  either been  recorded.

H ere  w e p resen t a general descrip tion  of egg size 
variability  in a Polish p o p u la tio n  of the Barn Swallow. 
W e focus on  the in terclu tch  an d  interfem ale variation. 
W e also try  to  find  a link  be tw een  egg size an d  som e 
o ther life h isto ry  traits a n d  b reed in g  characteristics.
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M ATERIAL A N D  M ETH OD S

Egg characteristics w ere  reco rded  for this s tu d y  at 
sm all farm s located  in  the Ł ódź p rovince in  central 
Po land  near the village of K tery (52°15'N, 19°25'E) from  
June 1979 to  S ep tem ber 1981 a n d  a t G oślub (52°05'N, 
19°28'E) from  M ay to S ep tem ber 1994. M ost clutches 
stu d ied  in  1979-1981 w ere  late clu tches (repea t o r sec­
on d  and , occasionally, th ird  clutches). In 1994 w e 
stud ied  bo th  first (early  clutches) a n d  late clutches. W e 
m easu red  2469 eggs from  101, 211, 187 an d  52 full 
clutches in  1979,1980,1981 an d  1994, respectively.

W e m easu red  the leng th  (L) an d  b rea d th  (B) of eggs 
to the nearest 0.1 m m  w ith  a slid ing calliper a n d  calcu­
lated  the vo lum e using  the form ula:

V = 0.507LB2
w hich w as w orked  o u t by  M ann ing  (1979) for the 
A m erican subspecies o f the Barn Swallow . M ean  va l­
ues of egg d im ensions for full clutches w ere u sed  as 
observational un its  in  th is paper.

The histories of particu la r nests w ere  follow ed as 
strictly as possible. W hen lay ing  w as no t observed , w e 
estim ated  the d a te  of first egg  lay ing  u sing  data  on 
nestling w ing  g ro w th  rate  (Zielinski 1993), assum ing  
tha t one egg is laid  every  d ay  an d  tha t incubation  lasts 
14 days after laying the final egg  (our data). H atch ing  
success w as estim ated  as the percen t of hatched  eggs in 
the full clutch an d  fledging  success as  the percen t of 
full clutch eggs th a t gave fledglings.

A d u lt b ird s  w ere  ca p tu red  in  m ist nets a t nesting 
sites an d  their w ing  leng th  w as m easu red  to the nearest 
0.1 m m . The p ro ced u re  ap p lied  w as described  by 
B anbura (1986).

M ean m on th ly  tem p era tu res  a n d  m ean  su m  of ra in ­
fall for the b reed in g  seasons 1979-1981 w ere: M ay —  
13.03°C, 30.87 m m ; June —  17.13°C, 89.9 m m ; July —  
16.19°C, 101.57 m m ; A u g u st —  16.5°C, 51.2 m m  an d  in 
1994 m ean  m onth ly  tem p era tu re s  an d  su m  of rainfall 
were: M ay —  14.1°C, 72.2 m m ; June —  17.7°C, 17.6 
m m ; July —  24.1°C, 43.2 m m  a n d  A u g u st —  19.7°C,
26.6 m m . The d a ta  w ere  ob ta ined  from  m eteorological 
stations Blonie (1979-1981) an d  B orów  (1994) located 
near the s tu d y  sites.

Statistical p ro ced u res  w ere  u sed  after Sokal & Rohlf 
(1981) an d  Z ar (1984).

RESULTS

G eneral characteristics of varia tion  in  egg length, 
b rea d th  an d  vo lum e (Tab. 1 a n d  Tab. 2) w ere based  on 
clutch m eans. The d a ta  for 1994 w ere  analysed  for 
d ifferen tia tion  be tw een  the first an d  late (second an d  
repeat) b roods (Tab. 2). T here w as  no significant differ­
ence be tw een  these categories of b roods. A s in 1979- 
1981 only late clutches w ere  availab le for the analysis, 
w e u sed  the sam e category  of the 1994 clutches for the 
in te ryear com parison  of egg d im ensions.

Table 1. M eans, standard  deviations (SD) and  coefficients of variation 
(CV) of egg length (L —  m m ), b read th  (B —  m m ) and  volum e (V — 
cm ’), n = the num ber of clutches. A N O V A  for differences am ong 
m eans including the late clutches of 1994.

[Tabela 1. Średnie arytm etyczne, odchylenia standardow e (SD) 
i współczynniki zm ienności (CV): długości (L —  mm), szerokości 
(B —  m m) i objętości (V —  cm ’) jaj, n  = liczba lęgów. Analiza 
wariancji dla różnicy m iędzy średnim i z  uw zględnieniem  późnych 
lęgów  z roku 1994.]

Year M ean SD CV n
1979 L 19.55 0.798 4.08 101

B 13.62 0.369 2.71 101
V 1.841 0.127 6.91 101

1980 L 19.63 0.841 4.28 211
B 13.81 0.403 2.92 211
V 1.9 0.148 7.78 211

1981 L 19.71 0.804 4.08 187
B 13.72 0.386 2.81 187
V 1.884 0.138 7.32 187

A N O V A  L F =  1.798; df: 3.523; p  > 0.2
B F = 5.392; df: 3.523; p <  0.005
V F = 3.934; df: 3.523; p < 0.02

There w as no significant in te ryear d ifference found 
am ong  m ean  lengths of eggs. M ean  egg  b read th s an d  
vo lum es for late clu tches p ro v ed  significantly d ifferent 
am o n g  years (Tab. 1), w h ich  w as d u e  to differences 
betw een  the years 1979 a n d  1980. T ukey 's  test w as 
app lied  in bo th  cases: q = 5.47, p  < 0.01 for b read th  an d  
q = 4.83, p  < 0.01 for vo lum e, d f  = 4.523. N o other in ­
teryear d ifference w as  significant.

C ovariation of egg length an d  b read th  as m easured 
by correlation betw een  clutch m ean  length an d  w idth  
w as very  w eak (Tab. 3). This w as only  significant in 1980.

In no year the egg traits ana ly sed  w ere  significantly 
correlated  w ith  either the m o th e r or fa ther w ing  length. 
N o correlation  w ith  clutch size w as d em onstra ted  ei­
ther. A few  casew ise significant correlations ap p eared
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Table 2. Means, standard deviation (SD) and coefficients of variation 
(CV) of egg length (L —  mm), breadth (B —  m m ) and volum e (V —  cm5) 
in the first and late (second and  repeat) clutches in 1994. The t-tests for 
differences betw een the egg traits in the clutch categories.

[Tabela 2. Ś rednie a ry tm etyczne, odchylenia  s ta n d a rd o w e  (SD) 
i w spolczvnnik i zm ienności (CV): d ługości (L —  m m ), szerokości 
(B —  mm) i objętości (V —  cm 5) jaj dym ow ki w  pierwszych i późnych 
(drug ich  i pow tarzan y ch ) lęgach w  roku  1994. Test f dla rożnie 
m iędzy  średn im i w artośc iam i b ad an y ch  cech.]

Clutches M ean SD CV n
First L 19.36 0.734 3.79 24

B 13.83 0.489 3.54 24
V 1.881 0.171 9.09 24

Late L 19.39 0.631 3.25 28
B 13.80 0.515 3.73 28
V 1.875 0.162 8.64 28

Pooled L 19.38 0.674 3.48 52
B 13.81 0.499 3.61 52
V 1.877 0.164 8.74 52

t-test L t = 0.122; d f = 50, ns
B t = 0.200; d f = 50, ns
V t = 0.132; df = 50, ns

Table 3. Correlations (r) betw een clutch m ean egg bread ths and 
lengths during  the course of this study. D egrees of freedom  (df) result 
from  the num ber of clutches.

[Tabela 3. Korelacja średniej lęgow ej szerokości i d ługości jaj 
w  poszczególnych latach badań. Liczby stopni sw obody (df) wynikają 
z liczby lęgów.]

1979 1980 1981 1994
First

1994
Late

1994
Pooled

r 0.038 0.174 0.128 0.300 0.214 0.253
df 99 209 185 22 26 50

p  > 0.5 p  < 0.02 p  > 0.05 p  > 0.1 p  > 0.2 p  > 0.1

Table 4. Correlations betw een the length (L), b read th  (B) an d  volum e 
(V) of eggs and  the onset o f laying, hatching success and fledging 
success. * p < 0.05; ** p  < 0.01; 1994 f —  first clutches, 1994 1 —  late 
clutches.

[Tabela 4. W spółczynniki korelacji m iędzy długością (L), szerokością 
(B) a objętością (V) jaj a d a tą  rozpoczęcia lęgu, sukcesem  kłucia 
i sukcesem  w ylotu. 1994 f —  pierw sze lęgi, 1994 1—  lęgi późne.]

betw een  egg  d im ensions an d  the onse t of clutch laying, 
hatching success an d  fledging  success (Tab. 4). Egg 
length  w as positively  correla ted  w ith  the laying d a te  in 
1979 (late clutches). In the first b ro o d  of 1994 bo th  egg 
b read th  an d  vo lu m e w ere  negatively  correla ted  w ith  
the tim e of laying. All significant correlations of egg 
traits w ith  ha tch ing  o r fledging  success w ere  negative 
(Tab. 4). H ow ever, these resu lts shou ld  be in te rp re ted  
w ith caution  because accepting  the 5% significance 
level, 5 correla tions o u t of 100 can be significant by 
chance (Rice 1989).

DISCUSSION

O verall, m ean  va lues an d  varia tion  in egg d im en ­
sions in  this s tu d y  are  close to  those rep o rted  for a n ­
o ther Polish p o p u la tio n  (Nitecki 1964), for C zechoslo­
vak m ateria ls described  by  P ikula & Beklova (1987), for 
Scotland (W ard 1995) an d  for Italy (Brichetti 1992). 
Since they are also  very  sim ilar to averages reco rded  by 
C ram p  (1988) it seem s reasonab le  to su p p o se  tha t there 
is low  geograph ic  varia tion  of these traits in  E urope, 
though  fu rthe r s tu d ies  sh o u ld  be u n d e rta k en  to obtain  
a definite answ er.

The w eak  co rrela tion  b e tw een  egg leng th  an d  
b read th  rep o rted  in  th is s tu d y  seem s typical of m any  
bird  species (e.g. V an N oordw ijk  et al. 1981, O janen

Laying date H atching
success

Fledging
success

1979 L 0.245* -0.258* -0.046
B -0.109 0.043 0.113
V 0.060 -0.126 0.056
n 85 68 40

1980 L -0.041 0.017 0.066
B 0.130 -0.019 0.038
V 0.080 -0.009 0.064
n 177 155 89

1981 L 0.010 -0.037 -0.090
B 0.020 0.112 0.080
V 0.008 0.065 0.009
n 178 164 88

1994 L -0.250 -0.335 -0.459
f B -0.507* -0.171 -0.534*

V -0.509* -0.266 -0.627**
n 24 20 17

1994 L -0.105 -0.530* -0.440
1 B -0.262 -0.023 -0.260

V -0.265 -0.193 -0.356
n 28 17 14

1994 L -0.089 -0.333* -0.427*
f+1 B -0.247 -0.097 -0.466*

V -0.243 -0.211 -0.550*
n 52 37 31

1983, Jarv inen  & Pryl 1989, Potti 1993). This relation  is 
very  often stud ied , b u t u sua lly  w ith  single eggs as 
sam pling  units. Such a p ro ced u re  is incorrect because 
eggs in  a clutch are  n o t in d e p en d e n t (Jarvinen & Pryl 
1989). P ikula & Beklova (1987) rep o rted  a significant 
correlation  betw een  egg leng th  an d  b read th  of the 
Sw allow  using  the single egg  approach .
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Significant correlation  be tw een  egg d im ensions an d  
fem ale bo d y  size w as revealed  in  a n u m b er of studies, 
the rela tion  being  u sually  s tronger w ith  fem ale w eigh t 
th an  w ith  w ing  leng th  (e.g. O janen et al. 1979, Jarvinen 
& V aisanen 1983, Jarv inen  & Pryl 1989, Potti 1993, 
N ag e r & Z an d t 1994, H o rak  et al. 1995). A lthough  a 
certain  level of such  correlation  is expected  to resu lt 
from  b o th  prox im ate  an d  u ltim ate  factors (O janen 1983, 
P errins 1996), it is w eak, as a rule.

For m ost tem p era te  b ird  species the tim ing of 
b reed ing  is a very  im p o rtan t aspect of the ir life- 
histories; this resu lts in a decline of clutch size and  
o ther b reed ing  param ete rs  w ith  the p rogress of the 
b reed ing  season (Lack 1950, P errins 1970). A ccord­
ingly, negative  relations betw een  egg size an d  laying 
date  w ere  described  in  s tud ies  on  a varie ty  of species 
(Parsons 1972, M u rto n  et al. 1974, F urness 1983; Byrk- 
jedal & K alas 1985, Soler 1988, H eeb  1994). This is also 
true  of the Barn Sw allow s ana lysed  here in  1994. O n 
the o ther h an d , there is no  clear exp lanation  for the 
positive relation  observed  in  1979. A nyw ay , it seem s 
p robable that the correlation b e tw een  egg size an d  tim e 
of laying in the first b rood  is in d e p en d e n t of tha t in the 
late b roods.

L ife-history theory  suggests th a t egg size shou ld  be 
negatively  traded-off w ith  clutch size (Smith & Fretw ell 
1974, Roff 1992). This shou ld  resu lt in a negative ge­
netic correlation , w hich, how ever, can be obscured 
w hen  pheno typ ic  correlations are analysed . The nega­
tive correlation  has been  observed  in com parative 
stud ies  a t the interspecific level (Lack 1968, R ohw er 
1988, B lackburn  1991). Sim ilarly to som e other stud ies 
(Jarvinen & Pryl 1989, Potti 1993, H eeb 1994, see also 
O janen et al. 1978 an d  H orak  et al. 1995), no  correlation 
of egg d im ensions w ith  clutch size w as found  in this 
study . H ow ever, a lack of this pheno typ ic  correlation 
does n o t d isp ro v e  the existence of a life-history trade­
off betw een  clutch size an d  egg  size because even a 
h igh  genetic correlation  can be com pletely  reversed  at 
the p h eno typ ic  level (Reznick 1985). Jarvinen (1996) has 
recently  s tu d ied  the trade-off b e tw een  egg size and  
clutch size in P ied F lycatchers Ficedula hypoleuca in  cold 
an d  w arm  su m m ers  an d  sh o w n  tha t such  a trade-off 
has been  m ore ap p a ren t in cold seasons. H e has con­
c luded  tha t the trade-off m ay  be obscured  in  central 
p a rts  o f species a reas  w here  clim ate is usually  w arm er.

The negative correlation  b e tw een  egg size an d  
hatch ing  an d  fledging success o bse rved  in som e cases 
in the p resen t s tu d y  is an  u n ex p ected  result. U sually  
positive effects have been  observed , w ith  sm all eggs 
being  characterised  b y  low  hatchab ility  (O janen 1983, 
Potti & M erino  1996). O ne possib le exp lanation  for the 
m odification of an  expected  positive influence of egg 
size on nestling  su rv ival (W illiam s 1994) is that egg size 
affects a structu ra l size co m p o n en t of bo d y  m ass rather 
than  a "condition" co m ponen t (M agrath  1992). It is the 
la tter w hich  eventually  de term in es juvenile survival.

C onsiderab le egg size varia tio n  observed  in m any  
av ian  popu la tio n s m ay  resu lt from  selection pressures 
fluctuating  over years. It is a lm o st certain  tha t there is 
no  single op tim al egg size b u t ra th e r  there is a range of 
m ore o r less equ ivalen t egg sizes considered  as just one 
aspect of rep roductive  tactics (N u r 1986). This tentative 
suggestion  seem s to find  su p p o r t in Jarv inen 's (1996) 
resu lts on  Flycatcher egg sizes in ex trem e, clim atically 
variab le environm ents.

G enerally , it seem s ev id en t th a t the processes caus­
ing particu la r in terre lations b e tw een  egg d im ensions 
a n d  o ther life-history variab les in relation  to env iron­
m en tal variab les are very  com plicated . Som e subtle 
relations m ay  be m asked  by en v iro n m en ta l effects (e.g. 
Jarvinen 1996). E xperim ental ap p ro a ch  is eviden tly  
needed  to account for som e of this com plexity (M agrath 
1992, N ilsson & Svensson 1993, S m ith  et al. 1995, Foger 
& Pegeraro  1996). The experim en ts w hich  have already  
been  conducted  have su p p o rted  som e in teresting  al­
th ough  m u tua lly  inconsisten t results.
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STRESZCZENIE

[Z m ienność rozm iarów  jaj dy m ó w k i]
M ateriał d o  b a d a ń  zb ierano  w  latach 1978-1981 

w  Polsce środkow ej w  gospodarstw ach  rolnych poło­
żonych w e w si K tery i okolicach o raz w  roku  1994 
w  gospodarstw ie  hodow lanym  C oslub. O bszar b ad an  
położony był w  sąsiedz tw ie rzeki Bzury. W szystkie 
gn iazda były n u m ero w an e  i system atycznie kontro lo­
w ane tak, ze m ożliw e było śledzenie historii gn iazd  az 
do  m om en tu  zakończenia lęgu. W  szczególności u sta­
lano d a tę  rozpoczęcia sk ładania jaj, w ielkość zniesienia, 
liczbę piskląt w yk lu tych  z jaj i liczbę p isk ląt w ylatu ją­
cych z gn iazda. Za pom ocą sieci ty p u  m ist-net od ła­
w iano  dorosłe p tak i przebyw ające w  gn iazdach  lub w  
ich pobliżu. P taki dorosłe  były chw ytane, m ierzone i 
uw aln iane (patrz  B anbura 1986). D ługość (L) i szero­
kość (B) jaj m ierzono  p rzy  pom ocy suw m iark i z  d o ­
kładnością do  0,1 m m . O bjętość obliczano w ed ług  
w zoru: V = 0,507 LB2, k tóry  został op racow any  przez 
M anninga (1979) dla am erykańsk iego  p o d g a tu n k u  
dym ow ki Hirundo rustica erythrogaster. D o analizy  w y­
korzystano  tylko lęgi pełne, tj. takie, w  których nie 
p rzybyw ało  już jaj i k tóre by ły  w ysiadyw ane p rzez  
samicę. O gólna charak terystyka rozm iarów  jaj została 
p rzep ro w ad zo n a  na po d staw ie  średnich  lęgow ych a 
nie cech pojedynczych jaj, co pozw ala  un iknąć obcią­
żenia sta tystycznego  w ynikającego z b rak u  niezależno­
ści cech jaj w chodzących  w  skład  danego  lęgu.

N ie stw ie rdzono  isto tnych statystycznie rożnie 
m iędzy  latam i w  d ługości jaj. N atom iast dla lęgów

późnych  za row no  d la szerokości jak i objętości jaj róż­
nice m iędzy  la tam i okazały  się isto tne statystycznie 
(tab. 1 i 2). Ś rednie lęgow e d ługości jaj były  słabo skore­
low ane z szerokością (tab. 3). W  żad n y m  z lat badane 
cechy jaj nie były isto tn ie skorelow ane z długością 
sk rzyd ła  sam ca czy tez sam icy. O d n o to w an o  kilka 
isto tnych sta tystycznie korelacji m iędzy  rozm iaram i 
jaja a datą  rozpoczęcia lęgu, sukcesem  kłucia i sukce­
sem  w ylotu . D ługość jaj z późnych  lęgów  z 1979 roku 
była d o d atn io  skorelow ana z datą  rozpoczęcia lęgu. 
N atom iast w  p ierw szych  lęgach z 1994 roku  szerokosc 
i objętość jaj były ujem nie skorelow ane z d a tą  rozpo­
częcia lęgu. W szystkie isto tne korelacje m iędzy  w ielko­
ścią jaja a sukcesem  kłucia i sukcesem  w ylo tu  były 
ujem ne (tab. 4). Ś rednie rozm iary  jaj były  podobne do 
po d aw an y ch  z innych rejonow  E uropy, co w skazuje na 
sto sunkow o  niew ielką geograficzną zm ienność roz­
m iarów  jaj dym ow ki.
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