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TRADE-OFF BETWEEN CLUTCH SIZE AND EGG MASS,
AND THEIR EFFECTS ON HATCHABILITY AND CHICK MASS
IN SEMI-PRECOCIAL PURPLE SWAMPHEN
Alfonso M. SÁNCHEZ-LAFUENTE*
SUMMARY.—Trade-off between clutch size and egg mass, and their effects on hatchability and chick mass
in semi-precocial Purple Swamphen.
Aims: The effects of food availability, habitat structure, laying date and laying order on clutch size and egg
mass variation in the Purple Swamphen (Porphyrio porphyrio) are analyzed.
Location: Data were obtained from a Purple Swamphen population in Alto Guadalquivir Natural Park
(Jaén, Southern Spain) in two consequtive yeas (1990-1991).
Methods: General and generalised linear models (GLM, GLZ) were used to account for relationships among
variables and variance partitioning. Models included nested effects (eggs within nests), fixed effects (clutch
size) and covariates (food availability, habitat structure, laying date and laying order, where appropriate).
Clutch size and egg mass were used as dependent variables. Repeated measures ANOVA’s were used for detailed analyses on the effect of laying order on egg mass variation.
Results: Food availability around the nest was the most important determinant of clutch size and egg mass variation. A significant negative relationship between clutch size and egg mass was found, with larger clutches
consisting of smaller eggs. Egg mass was also negatively affected by laying order. The slightest eggs in the
clutch were more likely to fail hatching than earlier, larger ones, and they usually produced smaller chicks.
Conclusions: Clutch size and egg mass variation seem to be highly influenced by environmental traits,
particularly food sources, which may be a limiting factor in this wetland area compared to others in southern
Spain.
Key words: Clutch size, egg mass, food availability, laying order, semi-precocial birds, territory quality.
RESUMEN.—Relación entre tamaño de puesta y peso del huevo, y sus efectos sobre la probabilidad de
eclosión y el peso de los pollos, en el Calamón Común.
Objetivos: Se analizan los efectos de la disponibilidad de alimento, la estructura del hábitat, fecha de puesta
y orden de puesta sobre la variabilidad en el tamaño de puesta y el peso del huevo en el Calamón Común
(Porphyrio porphyrio).
Localidad: Datos obtenidos de la población de Calamón Común del Paraje Natural del Alto Guadalquivir
(Jaén, sur de España) en dos temporadas consecutivas (1990-1991).
Métodos: Se usaron modelos lineares generales y generalizados (GLM, GLZ) para evaluar las relaciones entre variables y la partición de la varianza. Los modelos incluyeron efectos anidados (huevos dentro de nidos),
efectos fijos (tamaño de puesta) y covariables (abundancia de alimento, estructura del hábitat, fecha de
puesta y orden de puesta, según fueran apropiadas). El tamaño de puesta y el peso del huevo fueron las variables dependientes. Se usaron ANOVAs de medidas repetidas para analizar en detalle el efecto del orden de
puesta sobre el peso del huevo.
Resultados: La disponibilidad de alimento alrededor del nido es el factor más importante para determinar la
variación en el tamaño de puesta y el peso del huevo. El tamaño de puesta y el peso del huevo estuvieron negativamente relacionados, decreciendo el peso medio del huevo conforme aumentaba el tamaño de puesta. El
peso del huevo estuvo también negativamente relacionado con el orden de puesta. Los huevos más ligeros, los
últimos en ser puestos dentro de cada puesta, tuvieron menos probabilidades de eclosionar que los más pesados (más tempranos), y normalmente produjeron pollos más pequeños.
Conclusiones: La variación en tamaño de puesta y peso del huevo parece estar determinada en gran medida
por efectos ambientales, particularmente de disponibilidad de alimento, que puede ser un factor limitante en
este humedal comparado con otros humedales del sur de España.
Palabras clave: Aves semiprecociales, calidad del territorio, disponibilidad de alimento, orden de puesta, peso del huevo, tamaño de puesta.
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INTRODUCTION
Clutch and egg size variation in birds have
received considerable attention in the scientific
literature since Lack’s hypotheses on food limitation to clutch size (Lack, 1947, 1954). However, Lack’s hypotheses have not been supported by evidence in many cases (Vander
Werf, 1992; Murphy, 2000), and in particular
have been disregarded for precocial species
(e.g. Winkler & Walters, 1983) because these
do not feed their offspring. Consequently, a
number of alternative hypotheses have been
proposed to explain variation in clutch and egg
size within and between species (including
costs of reproduction to parents, nest size variation, incubation capacity, or nutritional constrains to laying females; see Vander Werf,
1992; Lepage et al., 1998; Murphy, 2000; and
references therein).
However, the role of food as determinant of
clutch and egg size variation cannot be fully
disregarded (Martin, 1995), because current
body of evidence suggests that acquisition of
resources for egg formation may be more
costly to females than egg production itself
(Monaghan & Nager, 1997; Murphy, 2000;
Dawson & Bortolotti, 2002) and as costly as rearing chicks. Thus, even clutch size in precocial
species may be constrained by food availability
if this becomes a limited resource for egg formation. Moreover, within-species variation in
egg size may be an important component of
fitness, as it may be directly related to the probabilities to hatch, survive and recruit into the
population (Whitehead et al., 1990; Amundsen
et al., 1996; Perrins, 1996; but see Leblanc,
1987a; Williams et al., 1993a); and, as recently
demonstrated, conditions experienced during
early life may be an important factor accounting, in turn, for future reproductive traits (Sedinger et al., 1995; Potti, 1999).
In this paper, the components of variation in
clutch and egg mass, in a semi-precocial bird
species (the Purple Swamphen Porphyrio
porphyrio spp. porphyrio) in southern Spain
are analyzed. Available data suggest that food
availability may be the most important cue considered by this species when selecting a breeding territory (Sánchez-Lafuente et al., 1998),
even more than habitat structure as protection
against predators. Thus, it is hypothesised that
food may become an important, maybe limiArdeola 51(2), 2004, 319-330

ting, factor for reproduction in general and egg
production in particular. Although some experimental approaches in related species have not
found significant enhancements of clutch size
(e.g. Hill, 1988) or egg mass (e.g. Horsfall,
1984) when food availability was increased
(but see also Arnold, 1994), subtle additive inter-seasonal variations in such reproductive
traits may turn into selection and enhanced fitness over time. Thus, if food quality may minimally enhance annual breeding success (e.g.
through early effects on clutch and egg size
and their subsequent relation to offspring survival), at the same time reducing the reproductive cost to parents (see Monaghan & Nager,
1997; Dawson & Bortolotti, 2002), food may
become an important determinant to enhance
fitness by the end of the birds’ reproductive lifetime.
The following questions were addressed specifically: 1) how variables are clutch size and
egg mass in the study area?; 2) to what extent
are food availability, habitat structure, laying
date and laying order important factors accounting for clutch and egg mass variation in
the study area?; 3) is there a trade-off in resource allocation between number and mass of
eggs laid?
MATERIAL AND METHODS
The Purple Swamphen in Europe is restricted to a few countries in southern Europe. Typical habitats are natural or artificial wetlands
with suitable water levels and palustrine vegetation. At the time this research was carried
out, the species was considered in danger in its
European range. Currently, the species is expanding after been threatened for decades (Sánchez-Lafuente et al., 1992, 2001). The study
was conducted in spring-summer of 1990 and
1991 in Doña Aldonza lagoon (ca. 61 ha), part
of a reservoir in the Alto Guadalquivir Natural
Park (Jaén province, Andalusia, south-eastern
Spain). This artificial wetland exemplifies
many of the areas where the species occurs in
Europe (Sánchez-Lafuente et al., 1992, 2001).
During the breeding season, each pair or
group defends a territory where several nests
are built, but only one is eventually selected for
egg laying. The first records of communal breeding in this subspecies were obtained in this
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wetland (Sánchez-Lafuente, 1993), although
this behavior seems unusual (but see Craig,
1980 for spp. melanotus). In the study site, breeding may extends from February to September,
depending on the environmental conditions.
Eggs are laid daily and incubation usually starts
with the second egg (pers. obs.). Incubation takes 24-34 days (mean ± SD = 29.36 ± 2.35, n =
106 eggs, data from several years pooled). While extra birds never participate in territory acquisition, laying or incubation, they help feeding chicks (unpub. data). Thus, chicks can be
considered semi-precocial, as they are able to leave the nest for short periods (ca. 24 h) after
hatching, and feed themselves after 5-6 days,
although other birds may feed them for several
weeks (pers. obs). Food is obtained from within
the nesting territory, because territorial behavior during the breeding season precludes birds
from invading neighboring territories without
been fought off (pers. obs.).
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mental quality and food sources acquired by
the females, especially for precocial species
(Magrath, 1992). After the first chick hatched,
nests were visited daily until the last chick
abandoned the nest (ca. 5-6 days after hatching). Chicks were weighed the day of hatching (± 0.05 g). In 1990, 8 nests were totally
or partially predated (20 eggs lost). In 1991,
no nests or eggs were predated. Predated nests
were excluded when analyzing hatching probability and chick mass variation. In 1990, 40
chicks hatched from 48 eggs in 11 nests; in
1991, 55 chicks hatched from 63 eggs in 16
nests (95 chicks overall). Although the number of chicks fledged may be a better fitness currency than hatching success, given the precocial nature of chicks and the difficulty of
detecting them in dense vegetation, hatching
success and chick mass at hatching were used
as reliable estimators of fitness.
Statistical analyses

Nests, eggs and chicks identification
and measuring
Palustrine vegetation was searched weekly
from February to September in 1990 and 1991.
Nests were tagged with a flag (10 m away) and
visited every second day to check for a clutch.
Nests selected to lay (‘clutch nests’, SánchezLafuente et al., 1998), were visited daily until
the clutch was completed, then every 4-5 days
until hatching. Overall, 157 nests were found
(88 in 1990, 69 in 1991), but only 35 eventually became clutch nests (19 in 1990, 16 in
1991). Second or replacement clutches were
rare in the study years (3 out of 19 in 1990,
none in 1991), most likely due to environmental conditions (namely, wetland dessication).
Given the threatened status of the species in
the study area, experimental manipulation of
adults, eggs and chicks was disregarded, and
data acquisition was restricted to egg and chick
measuring and marking. Eggs were weighed
(± 0.05 g), measured (length and maximum
breadth, ± 0.01 mm) and tagged with a waterproof marker. All manipulations were done in
the first 24 h after each egg was laid. Overall,
141 eggs in 35 nests were tagged (78 in 1990,
63 in 1991). There was especial focus on egg
mass since the mass of newly laid eggs may
be considered a good estimator of the environ-

Since birds could not be identified between
years, and in order to avoid pseudo-replication,
data from 1990 and 1991 were not pooled. Two
estimators of habitat quality for nesting birds
have been considered: 1) a variable accounting
for the «habitat structure»; i.e., the nesting habitat as physical support and concealment for
nests; 2) a variable accounting for the role of
the habitat as a «food source» (see SánchezLafuente et al., 1998). Vegetation cover in the
study area is almost exclusively comprised by
Cattail Typha domingensis stems (both newly
emerged ones and dry, dead ones, remaining
from previous years). Further, newly emerged
cattail stems represent 95% of the diet of purple
swamphens in the study area during the breeding months (unpub. data). I considered both
type of cattail stems to conform «habitat structure»; hence, this variable was estimated as the
total number of plant stems/m2 in a given area
around the nest (see below). However, since
only newly emerged stems are suitable as food
as they grow, and the emergence of newly
stems mostly depends on the number of stems
from previous years (most likely due to competition for light; see Sánchez-Lafuente et al.,
1998), «food source» was better estimated as a
ratio between new and old cattail stems
(N cs/N ps, where Ncs is the mean number of
Ardeola 51(2), 2004, 319-330
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newly emerged stems/m2 in the current year,
and Nps is the number of dead stems/m2 remaining from previous years). Both variables were
estimated in 16 sampling points located at 6
and 12 m (8 sampling points at each distance)
around each target nests in four perpendicular
directions. A 50x50 cm square was placed on
each sampling point, and two replicates registered. Further justification and details on these
and other habitat variables can be found in Sánchez-Lafuente et al. (1998).
Two linear models (GENMOD in SAS 8.02)
were used to test the relationship between
clutch size and mean egg mass per nest and three predictor variables (laying date, habitat
structure and availability of food sources).
When testing the model for clutch size (multinomial distribution), egg mass was included as
a predictor variable. The opposite was done
when testing the model for egg mass (normal
distribution), in order to detect any trade-offs
between mass and number.
Within-clutch egg mass variation was analyzed by generalized linear mixed models
(GLIMMIX in SAS 8.02). Eggs were tested
within nests and these within their corresponding clutch size. The effects of food source,
habitat structure and laying date were included
as covariates. The laying date of each egg was
converted to a continuous variable by considering the number of days passed from 1 January
until each egg was laid. Only clutch sizes of 3,
4 and 5 eggs were used, because only one nest
with 6 eggs was found (this nest has been disregarded in all analyses including clutch size as
a factor). To further evaluate the effect of laying order on egg mass, within-clutch egg mass
variation was analysed for those nests not predated and for which the whole laying sequence
was known (n = 30). Repeated measures ANOVA was used to test the effect of clutch size
(between-subjects effect) and laying sequence
(within-subjects effect) on egg mass. In order to
make nests with different clutch sizes comparable, mass of the central eggs in clutches of 4
and 5 eggs was averaged, thus reducing the
number of categories to 3 for all nests (first,
intermediate and last eggs; see Jover et al.,
1993). Two dependent variables were obtained
from the 3 order categories established for nests
with 3, 4 and 5 eggs (first, intermediate and
last eggs; see above and Jover et al., 1993, for a
similar approach and a critical review of diffeArdeola 51(2), 2004, 319-330

rent methods to analyze egg size variation).
These variables were calculated as the absolute
differences between the first egg and the intermediate eggs (Dif FI), and between the intermediate eggs and the last egg (Dif IL). Laying
order was unknown for 6 eggs in 4 nests (3 in
1990, 1 in 1991). These nests were disregarded
when analyzing the effect of laying order.
To asses within- and among-nest components of variance in hatching probability (a binomial variable: egg hatched vs. unhatched)
and chick mass (normally distributed) as dependent variables, two generalized linear mixed
models were used. In each model, the dependent variable was nested within its corresponding clutch (random factor), and this within a
clutch size category (fixed factor). Food source,
habitat structure, laying date and egg mass were
included as covariates. Years were analyzed
separately.
RESULTS
Clutch size and egg mass correlates
Mean clutch size (Mann-Whitney U = –0.50,
P = 0.62, n1990 = 19, n1991 = 16) nor mean egg
mass (t = 0.31, P = 0.76, n1990 = 78, n1991 = 63)
did not differ between years. Mean egg mass
(g) was 4.14 ± 0.31 (n = 78) in 1990 and 3.94 ±
0.17 in 1991 (n = 63). Clear trends are revealed, with individual egg mass decreasing along
the laying sequence and, eventually, mean egg
mass decreasing as clutch size increases
(Fig. 1). The analyses showed the existence of
a trade-off between clutch size and egg mass
(Table 1). This trade-off seems to be consistent between years (Fig. 1). Food availability
was positively related to both dependent variables, suggesting that clutches were larger and
eggs heavier in areas were food sources were
more abundant (Table 1). On the other hand,
habitat structure and laying date were not significantly related with either clutch size or egg
mass (Table 1).
Within-clutch variation in egg mass
Variance components in egg mass are shown
in Table 2. Egg mass varied significantly
among, but particularly within, clutches while
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FIG. 1.—Variations in egg mass categorized by clutch size. Black squares and solid lines indicate mean ± SE
values for all eggs in a given position in the laying sequence and in each size class. Dotted lines indicate mean
egg mass for all the clutches in each size class. Years analyzed separately.
[Variaciones en el peso del huevo categorizadas por tamaño de puesta. Los cuadrados negros y las líneas
contínuas indican la media ± ES para todos los huevos en una determinada posición en la puesta y en cada
clase de tamaño de puesta. Las líneas punteadas indican el peso medio de todos los huevos de una puesta según cada tamaño de puesta. Los años se han analizadon por separado.]

TABLE 1
Linear models relating clutch size (A) and mean egg mass per nest (B) to laying date, habitat structure and
food availability. Years have been analyzed separately.
[Modelos lineares de relación entre tamaño de puesta (A) y peso medio del huevo (B) con fecha de puesta, estructura del hábitat y disponibilidad de alimento. Los años se han analizado por separado.]
A-Clutch size
[Tamaño de puesta]
Egg mass [Peso del huevo]
Laying date [Fecha de puesta]
Food source [Abundancia de alimento]
Habitat structure [Estructura del hábitat]
B-Mean egg mass
[Peso medio del huevo]
Clutch size [Tamaño de puesta]
Laying date [Fecha de puesta]
Food source [Abundancia de alimento]
Habitat structure [Estructura del hábitat]

1990
(n = 19)
Z ± SE[Z ± ES]
χ2
–0.86 ± 0.34
0.02 ± 0.02
4.16 ± 1.93
0.05 ± 0.03

5.72
0.83
7.94
0.02

1990
(n = 19)
Z ± SE[Z ± ES]
χ2
–1.43 ± 0.61
0.01 ± 0.01
3.07 ± 0.60
–0.02 ± 0.01

4.72
0.04
15.75
0.81

P
0.02
n.s.
0.005
n.s.

P
0.03
n.s.
0.001
n.s.

1991
(n = 16)
Z ± SE[Z ± ES]
χ2
–0.81±0.39
–0.04 ± 0.04
3.50 ± 2.13
–0.03 ± 0.02

7.71
0.23
6.61
1.70

1991
(n = 16)
Z ± SE[Z ± ES]
χ2
–2.53 ± 0.76
–0.10 ± 0.06
2.04 ± 0.92
–0.05 ± 0.01

7.83
2.50
4.06
5.59

P
0.005
n.s.
0.02
n.s.

P
0.005
n.s.
0.05
0.02
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TABLE 2
Variance components of egg mass within and between nests of different clutch sizes. Egg laying order, habitat
structure and food sources were included in the analyses as covariates. Years analyzed separately.
[Componentes de la varianza en el peso del huevo dentro de nido y entre nidos de diferentes tamaños de puesta. Orden de puesta, estructura del hábitat y abundancia de alimento fueron incluidos en los análisis como covariables. Los años se analizaron por separado.]
1990
Random effects [Efectos aleatorios]

1991

Wald Z

P

Wald Z

P

Within clutches [Dentro de puesta]
Among clutches [Entre puestas]

5.06
2.87

0.001
0.04

4.80
2.15

0.001
0.02

Fixed effects [Efectos fijos]

F2,12

P

F2,10

P

Among clutch sizes [Entre tamaños de puesta]

0.19

0.83

0.13

0.87

Covariates [Covariables]

F1,46

P

F1,41

P

Laying order [Orden de puesta]
Food source [Abundancia de alimento]
Habitat structure [Estructura del hábitat]

35.73
25.40
2.97

0.001
0.001
0.09

48.01
9.66
2.59

0.001
0.004
0.11

no effect of clutch size was detected on this
variation. Among the covariates, laying order
and food availability yielded the most significant effects, while habitat structure was not significant. These results were consistent between
years, and indicates (1) that egg mas variation
is most important within nests along the laying
sequence, with mass tending to decrease as laying progresses (coefficient estimates: Z1990 =
–1.66 ± 0.27; Z1991 = –1.73 ± 0.25; see Fig. 1)
and (2), that food sources in the nesting habitat
are directly related to egg mass (coefficient estimates: Z1990 = 3.05 ± 0.60; Z1991 = 3.49 ± 1.12).
Detailed analyses on differences in egg mass
within clutches along the laying sequence are
presented in Table 3. As expected, laying order
significantly affected egg mass, these differences being consistent for all clutch sizes (clutch
size and the interaction between clutch size and
laying sequence were not significant). Overall,
in nests with 3 eggs, differences between first
and intermediate eggs (Dif FI) were 0.03 ± 1.62
g (mean ± SE), while differences between intermediate and last eggs (Dif IL) were 2.24 ±
0.56 g (n = 8 nests). In nests with 4 and 5 eggs
differences were, respectively; Dif IF: 1.68 ±
0.20 and Dif IL: 2.22 ± 0.33 (n = 15); and Dif
FI: 0.46 ± 0.01 and Dif IL: 2.67 ± 1.10 (n = 7).
Thus, the main differences in mass seemed to
appear between intermediate eggs and the last
egg laid, which was always the slightest one.

Hatching probability and chick mass

Ardeola 51(2), 2004, 319-330

The analysis testing the hatching probability
of eggs (Table 4) indicates significant variations within, but not among, clutches, irrespective of clutch size. Egg mass (which is negatively related to laying order; see above)
had a significant effect among the covariates.
Overall mean mass (± SE) of eggs successfully hatched was 46.48 (± 0.59) in 1990 (n =
40) and 45.76 (±0.44) in 1991 (n = 55). Mean
mass (±SE) of eggs failing hatching was 41.25
(±0.25) in 1990 (n = 8) and 38.94 (±1.12) in
1991 (n = 8). Thus, lighter (hence, later eggs
in the clutch) were more likely to fail hatching
that heavier, earlier ones (according to laying
order). Unlike in previous analysis, food source was not related to hatching probability, and
neither habitat structure nor overall laying dates were significant. Similar results were
found when testing variation in chick mass
(Table 5). Again, differences were significant
within, but not among, nests, and unrelated to
clutch size. Egg mass (negatively related to
laying order) was again significant, suggesting that chicks hatching from heavier eggs
(i.e. earlier eggs in the clutch), are larger that
those from lighter eggs (i.e. later eggs according to laying order) (coefficient estimates:
Z1990 = 0.51 ± 0.11; Z1991 = 0.43 ± 0.09; Fig. 2a
and 2b).
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TABLE 3
Results of the repeated measures ANOVA on differences in egg mass along the laying sequence (within-subject effect) for different clutch sizes (between-subject effect). Years analyzed separately.
[Resultados del análisis de la varianza (ANOVA) de medidas repetidas, sobre diferencias en el peso del huevo a lo largo de la secuencia de puesta (efectos dentro de sujeto) para diferentes tamaños de puesta (efectos
entre sujetos). Los años se han analizado por separado.]
1990

1991

Effects [Efectos]

F2,14

P

F2,12

P

Clutch size [Tamaño de puesta] (C)
Laying order [Orden de puesta] (L)
C x L [C x L]

1.46
5.56
1.36

0.28
0.04
0.29

1.84
7.34
0.56

0.20
0.03
0.57

TABLE 4
Generalized linear mixed model testing the hatching probability of eggs according to clutch size. Egg mass,
laying date, habitat structure and food availability used as covariates. Years analyzed separately.
[Modelo linear generalizado de la probabilidad de eclosión de los huevos de acuerdo con el tamaño de puesta. El peso del huevo, la fecha de puests, la estructura del hábitat y la disponibilidad de alimento se usaron
como covariables. Los años fueron analizados por separado.]
1990
Random effects [Efectos aleatorios]

1991

Wald Z

P

Wald Z

P

Within clutches [Dentro de puesta]
Among clutches [Entre puestas]

3.87
0.89

0.001
0.15

5.20
1.00

0.001
0.15

Fixed effects [Efectos fijos]

F2,12

P

F2,10

P

Among clutch sizes [Entre tamaños de puesta]

0.26

0.77

0.63

0.55

Covariates [Covariables]

F1,31

P

F1,38

P

Egg mass [Peso del huevo]
Laying order [Orden de puesta]
Food source [Abundancia de alimento]
Habitat structure [Estructura del hábitat]

6.95
0.02
0.06
0.06

0.03
0.89
0.81
0.80

7.55
0.84
0.50
1.32

0.02
0.36
0.48
0.25

DISCUSSION

heavier, earlier eggs in the clutch having higher
chances to hatch and produce larger chicks than
later, lighter eggs.
Two main conclusions arise from the results:
1) according to previous results addressing the
importance of food sources within the nesting
territory to select a nesting habitat in this species (Sánchez-Lafuente et al., 1998), this paper
suggests that food availability may play an important role in different stages along the breeding cycle, particularly during egg laying; 2)
assuming that one of the measures of territory
quality may be food availability, clutch and

The results indicate that, in this Purple
Swamphen population, there is a significant
trade-off between clutch size and egg mass.
Differences among nests in clutch size and egg
mass were positively affected by food available
to breeders within their territories, while within-clutch egg mass variation was negatively
affected by laying order. Hatching probability
and chick mass (as a measure of chicks’ body
condition) were related to egg mass, which decreased within nests as laying progressed, with
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TABLE 5
Differences in chick mass variability within and between nests of different clutch sizes. Egg mass, laying date,
habitat structure and food availability used as covariates. Years analyzed separately.
[Diferencias en la variabilidad en el peso del pollo dentro de nidos y entre nidos con diferentes tamaños de
puesta. El peso del huevo, la estructura del hábitat y la disponibilidas de alimento se usaron como covariables. Los años se analizaron por separado.]
1990
Random effects [Efectos aleatorios]

1991

Wald Z

P

Wald Z

P

Within clutches [Dentro de puesta]
Among clutches [Entre puestas]

3.74
0.89

0.001
0.15

4.50
1.58

0.001
0.07

Fixed effects [Efectos fijos]

F2,33

P

F2,47

P

Among clutch sizes [Entre tamaños de puesta]

0.17

0.87

1.67

0.24

Covariates [Covariables]

F1,31

P

F1,38

P

Egg mass [Peso del huevo]
Laying order [Orden de puesta]
Food source [Abundancia de alimento]
Habitat structure [Estructura del hábitat]

20.08
0.09
0.98
0.01

0.001
0.76
0.33
0.96

22.07
0.27
0.45
0.02

0.001
0.60
0.51
0.90

egg mass variation in this population seems to
be determined by the quality of the nesting territory.

a constraint to breeders, particularly if these levels are too low, thus increasing predation risks
(see Sánchez-Lafuente et al., 1998).
2. Laying order. Patterns of intraclutch egg
mass variation along the laying sequence were
consistent among nests. Thus, egg mass progressively decreased, the last egg laid being
significantly the slightest, irrespective of the
final clutch size. Hatching probability and chick
mass were positively related to egg mass. Since
egg mass and laying order were negatively correlated, these results indicate that last eggs laid
were the most likely to fail and produce the
smallest chicks.
Although this might be interpreted as an
adaptive mechanism towards brood reduction
(Slagsvold et al., 1984; Williams et al., 1993b),
such a mechanism would be feasible only when
clutch size is related with mass lost by eggs
along the laying sequence, which is not the case
(differences in mass among consecutive eggs
do not vary with clutch size; Tables 2 and 3).
Consequently, egg mass variation along the laying sequence might be better explained by
physiological constraints on laying females,
which can be adaptative or not (see Leblanc,
1987b; Jover et al., 1993; Williams et al.,
1993b; Viñuela, 1997). While this latter hypotheses would not sustain if intermediate eggs

Determinants of clutch and egg mass
variation
1. Laying date. Laying date did not have any
effect on clutch size and egg mass variation.
This result does not agree with those relating
early breeding to larger clutches or eggs (e.g.
Verhulst et al., 1995; but see Sjöberg, 1994). A
likely explanation may be that there is no peak
in the availability of food resources in this area
(which could result in a temporal concentration of clutches according to the cycle of resources available). Since birds feed upon plant
stems themselves (these are pulled from the
ground and consumed), the food supply is continuously available to breeders as long as new
stems are sprouting. However, delaying breeding beyond a certain point may be eventually
disadvantageous, as plant stems become costly
to obtain, because of their height and thickness, and unsuitable as a food source as they
senesce. Also, water levels, which are usually
manipulated according to irrigation requirements as spring-summer advance, may impose
Ardeola 51(2), 2004, 319-330
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Figure 2A

Figure 2B

FIG. 2.—(A) Relationship between chick weight and egg mass in both study years. Black dots and solid line
(ellipse containing 95% of the observations) for 1990. Empty circles and dotted line for 1991. (B) Mean ± SE
mass of chicks hatched from successful eggs according to their position in the clutch. F= first egg laid, I= intermediate eggs, L= last egg laid. See text for further details on egg categorization. Years analyzed separately.
[(A) Relación entre peso del pollo y del huevo en ambos años de estudio. Puntos negros y línea contínua (elipse conteniendo el 95% de las observaciones) para el año 1990. Círculos blancos y línea punteada para 1991.
(B) Peso medio (media ± ES) de los pollos nacidos de acuerdo con la posición del huevo en la puesta. F=
primer huevo puesto, I= huevos intermedios, L= último huevo puesto. Ver el texto para mayores detalles. Los
años se han analizado por separado.]
Ardeola 51(2), 2004, 319-330
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were larger than first and last eggs (e.g. Birkhead, 1984; Leblanc, 1987b; Swennen & Van
Der Meer, 1992; Williams et al., 1993b), the
present study shows that egg mass consistently
decreased from the first to the last egg laid.
Thus, since food availability seems to be a key
determinant for egg mass variation, and egg
mass may be constrained by access to suitable
resources (e.g. Mizuta, 2002), this latter hypotheses cannot be disregarded (see also Slagsvold & Lifjeld, 1989). However, further work
is needed to clarify if within-clutch egg massvariation may be explained by adaptive or nonadaptive strategies.
3. Breeding habitat as food and concealment.
While habitat as a physical substrate to support and conceal the nests (see Sánchez-Lafuente et al., 1998) did not have any effect on
clutch size nor egg mass variation, habitat as
food was the most significant predictor of both
variables (see Alisauskas & Ankney, 1985;
Slagsvold & Lifjeld 1990; Perhsson, 1991; Bolton et al., 1993; Erikstad et al., 1993; Blomqvist et al., 1997). Thus, clutches were larger
and eggs heavier in nests close to habitat patches representing abundant food sources. Yet,
food abundance may not be the only concern
for breeding birds. Available data indicate that
purple swamphens may lay significantly larger
clutches in other areas of southern Spain (6-8
eggs in Doñana; Hidalgo, 1973; J. A. Amat &
M. Mañez, pers. obs.). While in the present
study area the diversity of food sources used by
swamphens is extremely low (95% of the food
intake consist of plant matter, mainly Typha
domingensis; unpub. data; see Rodríguez &
Hiraldo, 1975), diet in the other areas may
more diverse, regularly including animal matter, richer in fat and protein contents (e.g. eggs
from other waterfowl or red swamp crayfish
Procambarus clarkii; Hidalgo, 1973; Rodriguez & Hiraldo, 1975; J. A. Amat, pers. obs.;
see also Steinbruck et al., 1982). Diet diversity is known to affect egg production (e.g.
Murphy, 1986; Kennamer et al., 1990; Pehrsson, 1991; Bolton et al., 1992; Perrins, 1996)
and, consequently, clutch size in the study population might be constrained by a lack of more
suitable food resources used by breeders (Alisauskas & Ankney, 1985; Siikamäki, 1995,
1998). Food availability was also related to egg
mass, and the causal relationship between these
variables has been suggested as an indirect meArdeola 51(2), 2004, 319-330

asure of energy limits. But also, food availability may have indirect effects on egg quality
through enhanced parental condition (Martin,
1987). Thus, allocation of resources to egg formation may covary with other effects including parental traits (Blomqvist et al., 1997).
Trade-off between clutch size and egg mass
The existence of a trade-off between the size
and number of eggs laid in precocial species seems to be uncommon (Rohwer, 1988, Pehrsson, 1991; see also Williams et al., 1993a), as it
seems to be the compromise between number
of offspring and their quality (Rohwer, 1985,
Lessells, 1986; Lepage et al., 1998). In the
study population larger clutches actually consist
of smaller eggs, thus supporting the existence
of a trade-off between egg size (mass) and
number. However, unlike other studies that did
not find a relationship between egg size and
hatching success (Reid & Boersma, 1990; Bolton, 1991; Smith et al., 1995), the present study
showed that hatching probability was reduced
in lighter eggs. Thus, hatching failure of lighter
eggs in some nests may modify the strength of
the trade-off at hatching by reducing brood size
while increasing mean chick mass. Despite the
ability of this species to lay larger clutches in
other areas, the trade-off between egg mass and
number in this population suggest that laying
‘one more egg’ may be costly to the whole
clutch and subsequent brood, even in the case
of females nesting in territories with abundant
food sources. Not only one ‘extra’ egg would
be the smallest, but because resources should
be shared among a larger number of eggs, the
mass of earlier eggs may be negatively affected, presumably increasing their probabilities
of failing. According to this, females laying
clutches in which the last egg failed might have
misjudged the size of the clutch that would survive with the available food sources (Legge,
2002). These findings indicate that availability
of food sources may be a key determinant of
egg number and mass in this swamphen population, and agree with hypotheses predicting
that variations in allocation to eggs will adjust,
on the basis of territory quality (i.e. abundance
of food resources), to the optimum offspring
number that breeders could raise (Perrins &
Moss, 1975; Högstedt, 1980).
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