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VARIATIONS IN BODY CONDITION AND EGG CHARACTERISTICS

OF FEMALE KENTISH PLOVERS CHARADRIUS ALEXANDRINUS
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Amat J .A ., R .M . Fraga & G.M. Arroyo 2001 . Variations in body condition
and egg characteri stics of female Kentish Plovers Charadrius alexandri-
nus . Ardea 89(2) : 293-299 .

Offspring size is a ve ry import ant life-history trait that may be affected by
matemal effects and environmental conditions . We studied variation in egg
size and within-clutch symmetry variation in egg volume in Kentish Plo-
vers Charadrius alexandrinus in southern Spain over six years. Repeatabil-
i ty of egg volume among years was high. Repeatabi lity of egg volume
between clutches laid by individual females within a breeding season was
also high . Repeatability of within-clutch egg size symmet ry was low and
not significant. Mean egg volume was correlated with indexes of both
structural body size and body condition of females. The body masses of
females showed consistency between years. Females in better condition
were more able than females in lower body condition of laying not onl y

_ larger eggs, but also eggs of more similar size . As we previously found that,
within clutches, heavier chicks survived better than their lighter siblings, a
higher body condition confers, through its effects on egg characte ristics, a
clear fitness advantage .

Key words: Charadrius alexandrinus - body condition - egg characte ristics
repeatability

A-- ' Estación Biológica de Donana, CSIC, Apartado 1056, E-41080 Sevi ll a,
Spain; E-mail : aguilar@cica.es . 2Present address : Asociación Omitológica
del Plata, 25 de Mayo 749, 2 2-6, 1002 Buenos Aires, Argentina 3Present
address : Depart amento de Biología Animal, Facultad de Cienci as del Mar,
Universidad de Cádiz, Apartado 40, E-11510 Pue rto Real, Spain.

INTRODUCTION would give individuals an opportunity to optimise
fitness at any stage in a fluctuating environment

Directional selection should favour the produc- ( Hakkarainen & Korpimaki 1994).
tion of larger eggs by females, because increased However, in some cases the va riation in egg
egg size may determine increased su rv ival of off- size within clutches may be the result of some
spring ( e.g . Grant 1991 ; Blomqvist et al . 1997; constraints . Environmental effects, as mediated
Amat et al. 2000a) . Nevertheless, in many organ- through feeding, may explain some of the vari-
isms egg size experiences a high variability with- ability in egg size of precocial birds (e .g. Redmon
in clutches, what challenges the concept of an 1986; Galbraith 1988 ; Pehrsson 1991 ; Blomqvist &
optimal egg size. Thus, it has been postulated that Johansson 1995) . In shorebirds, nutrients and
fitness is not egg size related, but rather that it is energy for egg formation may be acquired by
the phenotypic plastici ty in egg size what would females just before or during the egg laying peri-
be the critical factor affecting fitness (Crump od (Erckmann 1983), so that conditions encoun-
1984; Hakkarainen & Korpimáki 1994 ; Bemardo tered by females during this period could affect
1996 ; Kaplan & King 1997) . This may be particu- egg sizes . If so, intraclutch egg size variations
larly relevant for species inhabiting unpredictable should be more apparent when these species are
environments, so that these plastic adjustments subject to adverse conditions (Miller 1979 ; Grant
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1991 ; Nol et al. 1997) . In addition to environmen- STUDY AREAAND METHODS

tal effects, maternal effects such as female size or
female body condition may also affect egg size Fieldwork was conducted at Fuente de Piedra lake
(Bernardo 1996) . In this study we examined the in southern Spain (37°06'N, 4°45'W) during 1991-

relationship between female characteristics and 96 . The lake is saline and shallow (usually < 60

egg size variations in the Kentish Plover Chara- cm deep), covering 1354 ha . The climate is Medi-

drius alexandrinus . terranean, with an average annual rainfall of 466

Shorebirds are ideal organisms on which to mm . The lake usually dries up in early summer
study the relationship between female characteris- and floods again after autumn rains . However,

tics and intra-clutch egg size variation because yearly and monthly variations in the amount of
they lay clutches of constant size. The Kentish rains modify the duration of flooding. Thus, the

Plover is a small shorebird (42 g) with a modal lake remained almost dry throughout the breeding
and median clutch size of three eggs . Our study season of 1995, but flooded in 1991 and 1996,
site is a seasonal lake with dramatic fluctuations whereas in the other years the lake dried up befo-
in water levels, both within and between seasons re the breeding season had finished . Although the

(see below), and this may have an effect on food lake was dry, its soil remained wet, even in the
availability, and hence on individual body condi- driest year (1995) . There may be greater food

tion. In this lake, the nesting success of the plo- availability for breeding plovers when water 1ev-
vers is low (Fraga & Amat 1996) . After losing els are lower, because large insect populations,

nests, the plovers may lay a replacement clutch, which constitute the main food of Kentish Plovers
and up to 4-5 clutches have been recorded for the (see below), start to develop at Fuente de Piedra
same individuals within a season (Warriner et al . when water levels are low (García & Niell 1991) .

1986 ; Amat et al . 1999a) . Because partial nestpredation is rather frequent at

Although egg size variation has been studied Fuente de Piedra (Fraga & Amat 1996), even dur-
in some Kentish Plover populations (Rittinghaus ing the laying, we were not sure if clutches in
1956 ; Noszály & Székely 1993 ; Torre & Balleste- nests containing less than three eggs were com-
ros 1994; Fraga & Amat 1996), most of these stud- plete . Hence, in this study only clutches contain-

ies encompassed only a few years and/or when ing three eggs (the modal clutch size) were con-
individual variation was considered, sample sizes sidered .
were small. Furthermore, the emphasis of these In this paper egg volume is used as a measure

studies was on variations between clutches, rather of egg size following methods published else-
than within clutches . In this study we estimated where (Fraga & Amat 1996 ; Amat et al . 2001) . In

repeatability's of egg characteristics in a small short, egg length and width were measured with
population of Kentish Plovers . Intraclutch egg vernier calipers to the nearest 0 .1 mm and egg
size variation was analysed in relation to female volumes were estimated according to Douglas
characteristics (body size, body condition) over (1990) . All egg measurements were made by the
six breeding seasons, to test whether intraclutch same observer. Within-clutch egg size symmetry,
variability in egg size should not be repeatable - a measure of intraclutch egg size variation, was
as would be expected if egg size is constrained by considered as the degree to which every egg was
conditions encountered during egg formation - similar to the others in the clutch (Kilpi 1995 ; Cat-

and if females in better condition should be able ry & Furness 1997) . To estimate this, eggs within

to lay not only larger eggs, but also eggs of more clutches were ranked in order of size, and we cal-
similar size, i.e. clutches with lower intraclutch culated the relative size of every egg with respect
egg size variation than females in lower condi- to the others by dividing the volume of the small-
tion. er egg by the volume of the larger one. We per-

formed these calculations for each pair of eggs in
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the clutch, so that three values were obtained for RESULT S
each nest, which were then averaged .

Repeatabilities, or intra-class correlation coef- The repeatability (R) of mean egg volume from
ficients (Sokal & Rohlf 1981 ; Lessells & Boag first clutches of 94 individual females in different
1987) were estimated using mean values of egg years was high (R = 0 .77 ± 0 .04 (SE), no = 2 .64,
characteristics from first clutches of individual F93 1154 = 9 .99, P < 0 .001) . The repeatability in
females in different years, and also using mean mean egg size symmetry for first clutches of the
values of egg characteristics of first and replace- same females was very low and not significant (R
ment clutches laid within a breeding season by = 0 .06 ± 0.07, no = 2.64, F93 1154 = 1 .16, P =
individual females . Standard errors of repeatabil- 0 .206) . Similarly, the repeatability of mean egg
ity estimates were calculated following Becker size in first and replacement clutches laid within a
(1984). breeding season by 63 individual females was

Incubating adults were captured using walk-in also high (R = 0.85 ± 0.03, no= 2 .08, F62,70 =
traps . We ringed adults with numbered metal rings 13 .14, P < 0.001), but the repeatability in mean
and provided each bird with a unique combination egg size symmetry was not significant and low (R
of colour rings . The body masses of adults were = 0 .16 ± 0.12, no = 2.08, F62,70 = 1 .38, P = 0 .094) .
recorded with a Pesola spring balance to the near- When considering first clutches, there were
est 1 g . Using vernier callipers we also measured significant relationships between egg volume and
bill (culmen) and tarsus lengths to the nearest 0.1 female condition in all except one year (Table 1) .
mm and with a rule measured wing length to the The relationships between egg size symmetry and
nearest mm. The same observer made all meas- female condition were significant in only two
urements . To derive a multivariate measure of years (Table 1). It is noteworthy that these signifi-
structural body size, we used the first principal cant correlations were of different sign, what may
component scores of a principal component anal- be due to a different individual composition of the
ysis of the three linear measurements of females. population in those years . If females in better con-
For an index of female condition, we used the dition would be able of laying clutches with lower
residuals of a regression of body masses on tarsus intraclutch egg size variation, the relationship
lengths. Females were captured during different
stages of incubation, so that any changes in bod y
mass during incubation would affect the body 3.0 37
condition index . However, at Fuente de Piedra
there were no significant changes in body mass of 2 .0--a
Kentish Plover females during the incubation •`-
period (Amat et al . 2000). ° 55

Statistical tests were conducted using SYS- ó 5 01~
TAT statistical software (Wilkinson 1990) . When 88 57 90
we used parametric statistical tests, data were 0 o.o T l 1
inspected for normality and homoscedasticity T T ~
(Sokal & Rohlf 1981) . As within-clutch egg size L' _L L

Lsymmetry was not normally distributed, it was 1991 1992 1993 1994 1995 1996

arcsin-transformed to meet the assumptions of the yea
r

tests . Egg characteristics were averaged for the Fig
. 1 . Annual variations in the body condition index

entire clutch, so that sample sizes refer to clutch- of female Kentish Plovers (mean ± 1 SE)
. The index of

es, not to eggs . Unless otherwise stated, mean val- body condition was obtained as the residuals from a
ues are presented ± 1 SD. regression of body mass on tarsus length. Sample sizes

are above the error bars .
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52 between egg size symmetry and female condition
• should be analyzed on a per-individual basis . We

compared data of individual females captured in
46 both 1995 and 1996 to analyze whether body con-
~ • • • dition affected egg characteristics in similar ways

• • • in each of these years . These two years were cho-
E • • • sen because those were the years with largest dif-
40 • • ferences in the mean body condition indexes of

•• females (Fig. 1) . The body masses of these indi-
36 vidual females were higher in 1995 than in 1996

36 40 44 4e 52 (Table 2), but no significant differences between
body mass in 1995 (g) these years were found either in egg volume o r

within clutch egg size symmetry (Table 2) . Those
Fig. 2 . Relationship between the body masses of 15 females that in 1995 were heavier, also were
Kentish Plover females in 1995 and 1996 . heavier in 1996 (r13 = 0 .73, P 0.002) (Fig . 2) .

Both egg volume (r13 = 0 .52, P 0.049) and with-

in clutch egg size symmetry (r, 3 = 0 .67, P =

Table 1 . Pearson product moment correlations between the index of female condition and both mean egg volume
and within clutch egg size symmetry in first clutches of Kentish Plovers. Numbers of clutches are in parentheses .
Significant correlations are in bold .

Year (n) Volume Symmetry*

r P r P

1991 (50) 0.29 0.045 0.12 n.s.
1992 (89) 0.29 0.005 -0.01 n.s.
1993 (57) 0.23 n.s. 0.19 n.s.
1994 (55) 0.40 0.002 -0.40 0.003
1995 (33) 0.34 0.050 0.43 0.012
1996 (90) 0.27 0.010 0.07 n.s.

*Within clutch egg size symmetry indicates the degree by which each egg is similar in volume to the others in th e
clutch.

Table 2. Comparison of some characteristics (mean ± SD) of 15 individual breeding Kentish Plover females in
1995 and 1996. Within clutch egg size symmetry indicates the degree by which each egg is similar in volume to the
others in the clutch .

Paired
1995 1996 t-test P

Body mass (g) 44.47 ± 3.78 42.47 ± 3.11 2.96 0.010
Egg volume (cm) 9.10 ± 0.87 8.86 ± 0.94 1.57 n.s .
Egg symmetry 0.96 ± 0.04 0.96 ± 0.02 0.64 n.s .



Amat et al. : VARIATIONS IN EGG CHARACTERISTICS 297

0.007) were affected by the condition of females, environmental conditions, or non-additive genetic
but only in 1995, when females were heavier. variance. We found some evidence for the first
Also, only in 1995 there was a significant rela- possibility (see below) .
tionship between egg volume and egg size sym- Egg volumes of Kentish Plovers at Fuente de
metry (r13 = 0.64, P = 0.011) . However, when Piedra were not affected by laying date in four of
controlling for the effect of body condition, the six years (Amat et al. 2001) . Egg size was related
relationship between mean egg volume and with- to female body size . Positive correlations between
in clutch egg size symmetry in 1995 was no long- egg size and female size have also been found in
er significant (partial r13 = 0 .46, P = 0 .087) . When other species, both altricial and precocial, laying
considering all first clutches, after controlling for clutches of constant size (W.isdnen et al . 1972;
female condition, there was a significant relation- Murton et al. 1974 ; Miller 1979 ; Redmond 1986;
ship between egg volume and the index of structu- Weidinger 1996 ; Nol et al. 1997) . However, as egg
ral body size (partial r = 0.25, n = 232 individual size also showed a positive relationship with the
females, P < 0.001) . The relationship between egg body condition of Kentish Plover females, this
size symmetries and female size was not signifi- means that there may be some phenotypic varia-
cant (r = -0.02, n = 236 individual females, P = tion in egg size that is not genotypically con-
0.765). trolled.

At our study site the availability of the main
prey of breeding Kentish Plovers (Bledius Staph-

DISCUSSION ylinid beetles, M . Castro, A. Pérez-Hurta.do & J.
A. Amat, unpublished data) is very high (> 2500

As has been found for other shorebirds, repeat- individuals M-2 Garcia & Niell 1991) . This high
ability of egg size of Kentish Plovers among years availability of food suggests that laying females
was high (Nol et al. 1984, 1997; Thompson & Hale may not be food limited at our study site, even in
1991) . Replacement clutches also exhibited a high the year in which water levels were higher (1996)
degree of repeatability with first clutches, as has and the availability of Bledius lowest (pers . obs .).
also been found between first and second clutches Although in 1996 the body condition of females
of polyandrous Kentish Plovers (Amat et al. was lower than in the other years, this did not
1999b) and in other shorebirds (Thompson & Hale result in decreased egg sizes, which suggests that
1991) . By contrast, repeatability of within clutch the condition of females in 1996 was not low
egg size symmetry between first and replacement enough to negatively affect egg volumes . On the
clutches of Kentish Plovers was low. Similarly, contrary, when the body condition of females was
egg size symmetries within clutches between highest (1995), there was a slight, albeit not sig-
years were very low and not significantly repeat- nificant, increase in mean egg volume . At least in
able, as for skuas (Catry & Furness 1997) . Even if the more favourable year the body condition of
variations in the size of eggs within clutches are individual females affected both egg size and
small, they may be important in accounting for within-clutch egg size symmetry . These last two
fitness of laying females, since within clutches, variables were in turn positively related in 1995,
heavier chicks, which hatched from larger eggs, however, the relationship was no longer signifi-
survived better than their lighter siblings (Amat et cant after controlling for body condition . Thus,
al . 2001) . Given the relationship between egg size under very favourable conditions, females of bet-
and individual fitness, the low repeatability of ter quality were more able than females of lower
within clutch egg size symmetry was not unex- quality of laying not only slightly larger eggs, but
pected (Price & Schluter 1991) . This suggests that also eggs of more similar size .
most of the variation in egg size symmetry was Especially for low quality females it may be
due to intra-individual variation in response to costly to increase the size of all eggs in the clutch
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and simultaneously laying eggs of similar size. By birds: a test of the differential parental capacity

laying clutches with larger mean egg volume, the hypothesis on Kentish Plovers . Proc . R . Soc. Lond.

time that females took to complete a clutch incre- B 267 : 2171-2176.

ased, and this may be important for a species that Becker W
.A. 1984 . Manual of Quantitative Genetics,

4th ed . Academic Enterprises, Pullman, Washing-
is subject to high levels of clutch failure, like the ton .
Kentish Plover at Fuente de Piedra, and that fre- Bernardo J . 1996 . The particular maternal effect of

quently replace lost nests (Amat et al. 1999a, propagule size, especially egg size: patterns, mod-

2001) . As we have suggested, the fitness benefits els, quality of evidence and interpretations . Amer.

of increasing fecundity (i. e ., number of clutches), Zool
. 36 : 216 236 .

Blomqvist D . & O.C. Johansson 1995 . Trade-offs in
should outweigh the benefits of increasing chick nest site selection in coastal populations of Lap-
survival prospects through increased egg size wings Vanellus vanellus. Ibis 137 : 550-558 .
(Amat et al . 2001). Blomqvist D., O.C . Johansson & F. GStmark 1997 .

Parental quality and egg size affect chick survival
in a precocial bird, the Lapwing Vanellus vanellus.
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