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Abstract Theoretical models of parental care predict
differential allocation in relation to the expected fitness
of the offspring. As birds must allocate all the resources
required for embryonic development in self-contained
packages, maternal egg allocation takes a central role in
avian life histories. It is predicted that mothers can
influence offspring performance by varying the size or
composition of their eggs. In this context, T cell-mediated
immune response has been revealed as a valuable tool to
evaluate fledgling fitness. However, little is known about
its relationships to egg mass. I describe a negative
association between egg mass and cellular immune
response in Eurasian kestrel nestlings (Falco tinnunculus)
throughout 3 years. To explore how environmental
conditions could mediate this relationship, I experimentally
supplied food to females before egg formation in the third
study year. I found that this relationship turned to positive
in food-supplied females without any effect on egg size.
This result shows that environmental conditions before egg
formation mediate the relationship between egg mass and
future immune response of the nestlings. I suggest that
females may be constrained in improving the future immune
response of their offspring due to resource allocation trade-
offs determined by their pre-laying condition.

Keywords Egg quality . Female condition . Food
supplementation . Maternal effects . Falco tinnunculus

Introduction

Parental investment theory predicts that breeding strategies
should have evolved to allow differential allocation of
investment by parents in relation to the expected fitness of
the offspring (Clutton-Brock 1991). Oviparous animals in
general, and birds in particular, must allocate all the
resources required for embryonic development in discrete
units at the time of egg formation. Thus, maternal
allocation takes a central role in avian life history
evolution, especially when allocation to eggs could have
an important effect on nestling fitness (Bolton 1991;
Clutton-Brock 1991; Williams 1994). Food availability
during the prelaying period can have a marked influence on
egg production (Martin 1987). Therefore, variable alloca-
tion of resources in response to environmental conditions
before egg formation could potentially influence the fitness
of nestlings and the female’s overall reproductive output.

It has been suggested that larger eggs produce
structurally larger chicks or with larger energy reserves at
the time of hatchling, and this may enhance their future
survival prospects (Williams 1994). Thus, egg size could
be an estimator of fitness at least in early development or
growth (Williams 1994; Smith and Bruun 1998). Several
results support that egg size may be related to hatching
success (Croxal et al. 1992; Magrath 1992), early nestling
survival (Ankey 1980; Bolton 1991), nestling condition
(Cunningham and Russell 2000), fledgling survival
(Blomqvist et al. 1997) or nestling size (Blanco et al.
2003a,b). It has also been proposed that T cell-mediated
immunity may be another valuable tool to estimate nestling
fitness in birds (Tella et al. 2000). However, the relation-
ship between these two different measures of nestling
fitness remains unknown. In this paper, I explore the
relationship between egg mass and nestling Tcell-mediated
immunity, and assess the effect of pre-laying conditions on
this relationship.

In birds, egg size has an important genetic component
(Christians 2002) and the effect of food supply before egg
formation on egg mass is reported to be small (Selman and
Houston 1996; Williams 1996; Nager et al. 1997; although
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see Aparicio 1999). Therefore, if environmental conditions
are poor before egg formation, it is expected that egg
allocation could be compromised rather than egg size
(Reynolds et al. 2003). Egg allocation may be important in
the development of embryo tissues (Parsons 1970; Nisbet
1978; Ricklefs and Starck 1998) and consequently of those
organs involved in the immune system (Apanius 1998).
Egg production is a costly process for breeding females
(Ramsay and Houston 1998; Nager et al. 2001; Visser and
Lessells 2004); thus, the genetic constraint for certain
females to lay bigger eggs could negatively affect the
maternal capacity to make heavy investment in specific
nutritional resources for the embryo, resulting in a negative
association between egg size and maternally-determined
offspring immunity. On the other hand, if egg size is
positively linked to egg composition, we could expect a
positive association between both fitness traits that has not
been previously explored.

In this study, I explore the relationship between egg mass
and nestling immunity over a 2-year period in Eurasian
kestrels, a small-size raptor. I then carried out an experi-
ment to test the effect of food availability before egg
formation on this relationship. The Eurasian kestrel is a
well-known species where T cell-mediated immunity has
been studied previously (Fargallo et al. 2002, 2003;
Laaksonen et al. 2004). However, little is known in the
literature about the effect of egg mass on cellular immunity
and specifically in kestrels. Eurasian kestrels are an ideal
model system for this experiment because food supply does
not affect egg mass in the study population (Martínez-
Padilla et al., unpublished data) suggesting that improving
food before laying may lead to females altering their egg
allocation in ways other than egg size. I therefore predict
that improving environmental conditions before laying
could mediate the relationship between egg mass and
nestling immunity.

Materials and methods

Nest monitoring and egg variables

I carried out this study in Campo Azálvaro (40°40′N, 4°20′
W, 1,300 m.a.s.l.), central Spain, during the breeding
seasons of 2000, 2001 and 2002. The study area is a
mountainous grassland area, where kestrels breed mainly
in nest boxes provided since 1994 (see Fargallo et al. 2001
for more details). I monitored 35 to 55 nest boxes each
year, every 2 days during the prelaying period to control for
laying order. Eggs were marked as they were laid, so laying
sequence was known, and were weighed (to the nearest ±
0.25 g) as soon as they were found. Nests were visited daily
from 4–5 days before the estimated hatching date (25 days
after laying of the last egg), and 2–3 times every day when I
detected the first evidences of hatching (sounds inside
eggshells). To assign each egg to its corresponding
nestling, hatchlings were marked with indelible and
harmless ink in the hatching tooth when eggs were found
during the hatching process, and later every 4–5 days

with ink on the head until banding. Nestlings were
weighed at 24 days of age with Pesola balances to the
nearest ±1 g and their tarsus and wing length measured
to the nearest ±1 mm.

Additionally, I estimated the length of the embryonic
period of each particular egg because it has been suggested
that this variable may be related to the immune response in
birds of prey (Tella et al. 1999). I estimated this variable as
the number of days elapsed between the start of incubation
and the day of hatching following the method described in
Blanco et al. (2003a).

T cell-mediated immunity

Thus, to evaluate the efficiency of the cellular immune
system, an antigen was injected to generate a local
proliferation of circulating T lymphocytes. Therefore,
24 days after hatching, kestrel chicks were injected
intradermically in the left wing web with 0.1 ml of a
solution of Phytohaemagglutinin (PHA, 3 mg of PHA in
1 ml of PBS) after measuring its thickness at the point of
injection. Twenty-four hours after injection, I measured
again the wing web thickness. I followed the method
suggested by Smits et al. (1999) to assess T cell-mediated
immunity because it was shown that a control injection is
not needed though it is recommendable. This procedure
decreases by half the handling time and, thus, handling-
related stress, reduces the probability of errors at injection
time, and it decreases the coefficient of variation due to
measurement inaccuracies (Smits et al. 1999). Thus, the
difference between initial wing web thickness and swelling
was used as a response estimate of T cell-mediated
immunity (Smits et al. 1999). Three measures were taken
with a digital spessimeter (Mitutoyo Absolute ID-112B) to
the nearest 0.01 mm before and after injection. The
repeatabilities of initial (F122,246=275.45, p<0.001) and
final (F122,246=281.58, p<0.001) measurements were high
(Lessells and Boag 1987), so I used the mean values of the
three measurements for analyses.

Food supplementation

I performed a food supplementation experiment before egg
formation in 2002. Pairs were randomly selected at the
beginning of the breeding season and allocated to either
experimental (n=20) or control pairs (n=20). Each experi-
mental pair was supplemented every 2 days with 150 g of
farmed Japanese quail (Coturnix c. japonica) at the
beginning of the breeding season, when pairs were
occupying nest boxes. In all cases, food supplementation
started at least 18 days before egg laying, thus, completely
covering the period required to form eggs in this species
(9 days; see Meijer et al. 1989). Supplementation ceased on
the day when the first egg was laid. Sixteen kestrel pairs
supplemented with food, and 17 of the control pairs,
produced fledgling. Females were captured at the nest
boxes whilst incubating (between a week after laying and a
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week before hatching) to evaluate body condition at the
same stage. Females were weighed with Pesola balances to
the nearest ±1 g and their tarsus and wing length measured
to the nearest ±1 mm.

Statistical procedures

General linear mixed models (GLMM) were carried out to
explore the relationship between T cell-mediated immunity
and egg mass. The response variable (T cell-mediated
immunity) was fitted to a normal distribution and an
identity link function. Because eggs, hatchlings and
fledglings from the same nest had probably more similar
mass than those from different nests due to the influence of
sharing common parents and rearing environments, they
were not considered as independent samples. I, thus,
considered nest as random variable, allowing chick to be
treated as sample unit. Year was also considered as random
variable. Laying order, hatching order and brood reduction
were introduced in the model as fixed effects. I considered
brood reduction when at least one chick died in the brood
after hatching. Laying and hatching order were encoded as
first, middle or last laid egg, to allow a comparison of
differences in egg mass within the laying sequence
between different clutch sizes. Nestling mass, egg mass,
laying date, brood size, clutch size and incubation period
were considered as covariates. Some of the explanatory
variables could covary, so I fitted their effects to the
observed data following a forward stepwise procedure,
testing the significance of each variable and adding only
the variables that resulted in a better fit of the model. The
significance of the remaining variables was tested again
until no additional variable or interaction reached sig-
nificance. ANOVA techniques were used to explore the
effect of the treatment on laying date, clutch size, nestling
mass, egg mass, brood size, percent of chicks died in a
brood, incubation period and female mass. Finally, I
explored the effect of the treatment on the relationship
between egg mass and nestling immunity with GLMM,
where T cell-mediated immunity was considered as
dependent variable, nest as a random term, egg size as a
covariate and treatment as a factor.

Results

Fifty-one pairs were monitored in 2000 (n=22 pairs) and
2001 (n=29 pairs) producing a total of 227 chicks (2000,
n=109; 2001, n=118). Neither clutch size (GLM,
F1,62=0.60, p=0.44; 2000 5.06±1.03, n=34; 2001 4.82±
0.76, n=39) nor egg size (GLMM, F1,178=0.98, p=0.324;
2000 20.68±1.76 g, n=120; 2001 20.99±1.43 g, n=110)
varied among years. The relationship between nestling
mass and T cell-mediated immunity was significant
(GLMM, F1,158=25.51, p<0.001), and the slope was
consistent between years (GLMM, year as factor:
F1,158=29.24, p<0.001; interaction year×nestling mass,
F1,158=0.33, p=0.717). Controlling for the effect of nestling

mass and year (both p<0.001), there was a statistically not
significant relationship at the 0.05 level (GLMM,
F1,158=3.06, p=0.082) between egg mass and nestling
immune response, although it was especially marked for
clutches with four and five eggs (GLMM, F1,111=5.40,
p=0.053, year and nestling mass: both p<0.001) which
represent 80% of our kestrel population. Furthermore,
considering also control pairs in 2002 (59 nestlings of
17 pairs), this relationship was indeed significant
(F1,200=5.53, p=0.019, estimate =−0.125, nestling mass
as covariate and year as random factor, both p<0.001.
Figure 1). Neither laying order, hatching order, brood
reduction, laying date, brood size, clutch size nor incuba-
tion period was related to T cell-mediated immunity (all
p>0.076). In addition, egg mass was not related to
incubation period (GLMM, F1,113=0.54, p=0.466, control-
ling by laying date, laying order and clutch size, all
p< 0.02).

I found no evidence that either laying date, clutch size,
egg mass, egg mass within the laying sequence, incubation
period, fledgling mass or number of fledglings were
affected by the experimental treatment (Table 1). Similarly,
female body mass or body condition during the incubation
period was not affected by food supply (Table 1). Hatching
success and fledgling success were also similar between
groups: from 172 laid eggs, 49 did not hatch (control,
n=23; food supplied, n=26); from 123 eggs hatched, only
12 died before 24 days old (food-supplemented group,
n=5; control, n=7).

Food supplementation before egg formation had a
significant effect on the relationship between egg mass
and nestling immune response (GLMM, interaction egg
mass×treatment, F1,87=5.19, p=0.025. Figure 2). The same
pattern was found when nestling mass was included in the
model (GLMM, interaction egg mass×treatment, F1,86=5.97,
p=0.016; nestling mass as covariate, F1,86=20.04, p<0.001).

Fig. 1 Linear regression between immune response and egg mass
(data from 2000, 2001, and control nests in 2002). The “y” axes
represent the index of immune response obtained eliminating the
random effect of the nest, nestling mass and year (see methods for
more details)
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Within the group of nestlings of supplemented females,
immune response increased with egg mass (F1,43=8.74,
p=0.035, estimate =0.160), whilst the opposite pattern was
found in chicks of control pairs (F1,37=4,64, p=0.0379,
estimate =−0.217). Laying (control group: F2,38=0.41,
p=0.661; food supplemented group: F2,43=0.31, p=0.732) or
hatching order (control group: F2,37=0.08, p=0.922; food
supplemented group:F2,41=0.14, p=0.873) did not alter any of
these relationships.

Discussion

I found that nestling T cell-mediated immunity decreased
with increasing egg mass. However, experimental food

supplementation before egg formation reversed this
relationship. Food supplementation during the pre-laying
period did not result in a modification of breeding
parameters such as laying date, clutch size, brood size,
chick mortality, or the proportion of unhatched eggs, nor
varied body mass of female parents during the incubation
period. A possible reason for the observed weak effect may
lay in the methodological design of this experiment.
Previous studies of food supplementation in Eurasian
kestrels suggest a strong effect on reproductive parameters
(Beukeboom et al. 1988; Aparicio 1994; Korpimäki and
Wiehn 1998; Aparicio 1999). However, food supplementa-
tion in all of these studies was kept until the onset of
incubation (Beukeboom et al. 1988) or usually until the end
of laying (Wiebe and Bortolotti 1994a; Korpimäki and
Wiehn 1998; Aparicio 1999). If female kestrels are ‘income
breeders’, only by providing food whilst laying, females
may have enough resources to develop more follicles and
finally lay an extra egg (Meijer et al. 1989), explaining the
lack of effect of our manipulation in clutch size. This can
also explain why we do not find differences in female mass
or condition during the incubation period. Apart from the
above, our manipulation did not have any effect on egg
mass or size, maybe due to the high genetic component of
egg size in most species (Christians 2002), including
kestrels (Valkama et al. 2002). This manipulation had no
significant effect on other breeding parameters, suggesting
that females adjusted their relative allocation decision
according to the pre-laying conditions (Wiebe and
Bortolotti 1994b).

The results presented in this study suggest that maternal
allocation could play an important role in the relationship
between egg mass and T cell-mediated immunity in kestrel
nestlings because the negative relationship between these
two variables was reversed in pairs that were food-supplied
before egg formation. This suggests that environmental
conditions before egg laying could modulate the reallocation
of maternal resources to eggs. Food supplementation could
eliminate a nutritional trade-off between resources allocated
to eggs that could affect the future immune response. In

Table 1 Effects of food supplementation on reproductive traits of Eurasian kestrels

Control n Supplemented n F p

Laying date 65.46±8.93 95 65.59±10.81 87 0.002 0.969
Clutch size 4.67±0.77 17 4.71±0.77 16 0.023 0.881
Egg mass (g) 21.23±1.64 95 21.03±1.60 87 0.139 0.712
First laid egg 21.75±1.37 12 20.89±1.58 11 1.974 0.175
Middle laid eggs 21.45±1.47 39 21.31±1.91 41 0.130 0.719
Last laid egg 20.72±1.58 15 20.52±2.01 14 0.088 0.768
Brood size 3.28±1.18 17 3.76±1.35 16 1.299 0.263
Chicks died 0.67±1.09 17 0.19±0.54 16 2.547 0.120
Nestling mass (g) 211.43±18.44 58 209.12±15.07 64 0.155 0.697
Female mass (g) 246.88±17.71 12 241.27±22.44 15 0.499 0.486
Female body condition (g) −4.63±18.55 12 2.31±20.84 14 0.554 0.466
Incubation period (days) 31.17±2.98 70 30.88±1.96 68 0.448 0.504

Female parent body condition was corrected by wing length as covariate in a GLM model (see “Materials and methods” for details). Female
parent variables were assessed between 1 week before hatchling and 1 week after laying. Adjusted means±SD are shown

Fig. 2 Relationship between immune response and egg mass for
fledglings hatched in nests from eggs laid by food-supplied pairs
(continuous line and filled circles) and control pairs (broken line and
empty circles) in 2002. The “y” axes represent the index of immune
response obtained eliminating the random effect of the nest
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agreement with this, no increase in body condition was
found in food-supplemented females, suggesting that the
additional food resources allowed them to allocate extra
resources to their eggs without loss of body condition.

Other studies suggest that nestling survival increases
with egg mass (Bolton 1991; Magrath 1992; Blomqvist et
al. 1997; Amat et al. 2001), and that fledgling mass is
strongly related to egg size (Cunningham and Russell
2000; Blanco et al. 2003a,b). On the other hand, nestling
immune response has also been suggested to be a good
estimator of survival (Hõrak et al. 1999; Tella et al. 2000;
Soler et al. 2003). Therefore, larger eggs laid by food-
limited females could be favoured for producing large
nestlings with higher probability of survival (Williams
1994), whereas females producing small eggs could favour
nestling survival by increasing their future immune
response. Larger eggs laid by non-food limited females
could be favoured by both their size and their better
immune response of nestlings. I did not find any effect of
cellular immunity on nestling survival, as could be
expected. However, the studies that show that T cell-
mediated immunity is a good predictor of survival evaluate
return rates rather than short-term survival. Thus, I do not
rule out that my manipulation could have a long- rather
than short-term effect. Overall, my results suggest that
females may adaptively adjust egg investment to increase
benefits for their offspring in terms of growth and survival
during the nestling period (Williams 1994; Bernardo
1996), where a trade-off could emerge between egg mass
and egg quality.

Little is known about the mechanism or the potential
component allocated in eggs that may improve nestling
cellular immunity, possibly because it is difficult to link
egg composition with its effect on nestling fitness
(Christians and Williams 2001; Deeming 2002; Reynolds
et al. 2003). It has been suggested, at interspecific level in
birds in general (Ricklefs 1992) and in raptors in particular
(Tella et al. 1999), that blood parasites could be a result of a
trade-off between embryonic period and nestling immuni-
ty. These studies suggest that species with incubation
periods longer than predicted according to their egg size
might produce more cycles of B stem cells, resulting in a
better immune response against hemoparasites (Ricklefs
1992; Tella et al. 1999). Results in this study do not show a
link between egg mass and embryonic period, as in a
previous study in the same population (Blanco et al.
2003a), and food supply did not modify the length of the
embryonic period. So, I suggest that at an intraspecific
level an alternative explanation should be considered. It has
been suggested that egg quality, considered as higher
nutrient allocation into eggs, is crucial for embryonic tissue
development (Parsons 1970; Nisbet 1978; Ricklefs and
Starck 1998), including those organs responsible for
immune defence such as the Bursa of Fabricius, Thymus
and spleen (Apanius 1998). Nevertheless, little is known
about the effect of different components allocated into eggs
on future embryo tissue development in wild birds and its
partial contribution on nestling or fledgling fitness. Various
studies have, however, shown that lipids (Speake et al.

1998), proteins (Parsons 1970), vitamins (Klasing 2002) or
water content (Tullet and Burton 1982) could influence
embryo development. The food supplementation experi-
ment did not allow me to determine what component was
allocated in eggs that could favour the ontogeny of the
lymphoid system, or the effect on the yolk sac, the main
organ responsible for embryo development to absorb yolk
nutrients (Ricklefs and Starck 1998; Moore 2004). It has
been suggested that proteins could play an important role in
the growth of the immune defence organs (Ricklefs and
Starck 1998), and females supplied with a rich diet of
protein and lipid could allocate more proteins than control
females, rather than modifying egg size (Reynolds et al.
2003). This protein allocation could improve maturation of
the immune defence organs of the embryo, allowing
nestlings to enhance their cellular immunity. Food
supplemented females could eliminate an energetic con-
straint which would limit optimal allocation to bigger eggs.
Further research is needed to elucidate how different
components allocated to eggs affect nestling fitness, as
previous authors suggest using non-destructive techniques
for the measurement of egg composition (Sinervo and
Huey 1990).

Finally, these results suggest that egg size may be
determined by genetic constraints, whilst egg quality,
measured as immune response mounted by resulting
nestlings, may be constrained by female pre-laying condi-
tion. In addition, this study suggests that females face a
trade-off between allocating resources to eggs favouring
offspring immune system organs and those leading to
benefits derived from large egg size.

Acknowledgements I thank J. Moreno (BOS 2001-0587-MCyT
project), J. Viñuela and G.Blanco for financial support for the project
and for improving the original manuscript. I also thank E.
Cunningham and F. Mougeot, who greatly improved the manuscript.
B. Arroyo improved the English and also the manuscript. J.A. Dávila
sexed the nestlings. I thank the Finat family for kindly allowing me to
conduct the study in their property, and C. Marqués, L. Bolonio, J.
San Teodoro for their collaboration in fieldwork. The experiments
carried out comply with the current Spanish laws. I enjoyed a
postdoctoral fellowship during the writing of the manuscript
(Ministerio de Educación y Ciencia. Ref. EX-27-04-04).

References

Amat JA, Fraga RM, Arroyo GM (2001) Intracluth egg-size
variation and offspringg survival in the Kentish Plover
Charadrius alexadrinus. Ibis 143:17–23

Ankey CD (1980) Egg weight, survival and growth of lesser snow
goose goslings. J Wildl Manage 44:174–182

Apanius V (1998) Ontogeny of immune function. In: Starck JM and
Ricklefs RE (eds) Avian growth and development. Evolution
within the Altricial–Precocial spectrum. Oxford University
Press, Oxford, pp 203–222

Aparicio JM (1994) The seasonal decline in clutch size: an
experiment with supplementary food in the Kestrel, Falco
tinnunculus. Oikos 71:451–458

Aparicio JM (1999) Intraclutch egg-size variation in the Eurasian
kestrel: advantages and disadvantages of hatching from large
eggs. Auk 116:825–830

514



Bernardo J (1996) The particular maternal effects of propagule size,
especially egg size: patterns, models, quality of evidence and
interpretations. Am Zool 36:216–236

Beukeboom L, Dijkstra C, Daan S, Meijer T (1988) Seasonality of
clutch size determination in the Kestrel Falco tinnunculus: an
experimental approach. Ornis Scand 19:41–48

Blanco G, Martínez-Padilla J, Dávila JA, Serrano D, Viñuela J
(2003a) First evidence of sex differences in the duration of
avian embryonic period: consequences for sibling competition
in sexually dimorphic birds. Behav Ecol 14:702–706

Blanco G, Martínez-Padilla J, Serrano D, Dávila JA, Viñuela J
(2003b) Mass provisioning to different-sex eggs within the
laying sequence: consequences for adjustment of reproductive
effort in a sexually dimorphic bird. J Anim Ecol 72:831–838

Blomqvist D, Johansson OC, Götmark F (1997) Parental quality and
egg size affect chick survival in a precocial bird, the Lapwing
Vanellus vanellus. Oecologia 110:18–24

Bolton M (1991) Determinants of chick survival in the Lesser black-
backed gull: relative contributions of egg size and parental
quality. J Anim Ecol 60:949–960

Christians JK (2002) Avian egg size: variation within species and
inflexibility within individuals. Biol Rev 77:1–26

Christians JK, Williams TD (2001) Intraspecific variation in
reproductive physiology and egg quality in the European
Starling Sturnus vulgaris. J Avian Biol 32:31–37

Clutton-Brock TH (1991) The evolution of parental care. Princeton
University Press, Princeton, NJ

Croxal J, Rothery P, Crisp A (1992) The effect of maternal age and
experience on egg size and hatchling success in wandering
albatrosses Diomedia exulanus. Ibis 134:219–228

Cunningham EJA, Russell A (2000) Egg investment is influenced
by male attractiveness in the mallard. Nature 404:74–77

Deeming DC (2002) Avian incubation. Behaviour, environment, and
evolution. Oxford University Press, New York

Fargallo JA, Blanco G, Potti J, Viñuela J (2001) Nestbox
provisioning in a rural population of Eurasian Kestrels:
breeding performance, nest predation and parasitism. Bird
Study 48:236–244

Fargallo JA, Laaksonen T, Pöyri V, Korpimäki E (2002) Inter-sexual
differences in the immune response of Eurasian kestrel under
food shortage. Ecol Lett 5:95–101

Fargallo JA, Laaksonen T, Korpimäki E, Pöyri V, Griffith SC,
Valkama J (2003) Size-mediated dominance and begging
behaviour in Eurasian kestrel broods. Evol Ecol Res 5:549–558

Hõrak P, Tegelman L, Ots I, Møller AP (1999) Immune function and
survival of great tit nestling in relation to growth conditions.
Oecologia 121:316–322

Klasing KC (2002) Comparative Avian Nutrition. CABI Publishing,
Oxon, UK

Korpimäki E, Wiehn J (1998) Clutch size of kestrels: seasonal
decline and experimental evidence for food limitation under
fluctuating food conditions. Oikos 83:259–272

Laaksonen T, Fargallo JA, Korpimäki E, Lyytinen S, Valkama J,
Pöyri V (2004) Year- and sex-dependent effects of experimental
brood sex ratio manipulation on fledging condition of Eurasian
kestrels. J Anim Ecol 73:342–352

Lessells CM, Boag PT (1987) Unrepeatable repeatabilities: a
common mistake. Auk 104:116–121

Magrath RD (1992) The effect of egg mass on the growth and
survival of black birds: a field experiment. J Zool 227:639–653

Martin TE (1987) Food as limit on breeding birds: a life history
perspective. Annu Rev Ecol Syst 18:453–487

Meijer T, Masman D, Daan S (1989) Energetics of reproduction in
female kestrels. Auk 106:549–559

Moore MAS (2004) The role of cell migration in the ontogeny of the
lymphoid system. Stem Cells Dev 13:1–21

Nager RG, Monaghan P, Houston DC (2001) The cost of egg
production: increased egg production reduces future fitness in
gulls. J Avian Biol 32:166

Nager RG, Rüegger C, Van Noordwijk A (1997) Nutrient or energy
limitation on egg formation: a feeding experiment in great tits. J
Anim Ecol 66:495–507

Nisbet ICT (1978) Dependence of fledgling success on egg size,
parental performance and egg composition among common
and Roseate Terns, Sterna hirundo and S. dougallii. Ibis
120:207–215

Parsons J (1970) Relationship between egg size and post-hatching
chick mortality in the Herring Gull (Larus argentatus). Nature
228:1221–1222

Ramsay SL, Houston DC (1998) The effect of dietary amino acid
composition on egg production in blue tits. Proc R Soc Lond B
265:1401–1405

Reynolds SJ, Schoech SJ, Bowman R (2003) Nutritional quality of
prebreeding diet influences breeding performance of the Florida
scrub-jay. Oecologia 134:308–316

Ricklefs RE (1992) Embryonic development period and the
prevalence of avian blood parasites. Proc Natl Acad Sci USA
89:4722–4725

Ricklefs RE, Starck JM (1998) Embryonic growth and development.
In: Starck JM and Ricklefs RE (eds) Avian growth and
development. Oxford University Press, Oxford, pp 31–58

Selman RG, Houston DC (1996) The effect of prebreeding diet on
reproductive output in zebra finches. Proc R Soc Lond B
263:1585–1588

Sinervo B, Huey RB (1990) Allometric engineering: an experi-
mental test of the causes of interpopulation differences in
performance. Science 248:1106–1109

Smith HG, Bruun M (1998) The effect of egg size and habitat on
starling nestling growth and survival. Oecologia 115:59–63

Smits JE, Bortolotti GR, Tella JL (1999) Simplifying the
phytohaematogglutinin skin-test technique in studies of avian
immunocompetence. Funct Ecol 13:567–572

Soler JJ, Moreno J, Potti J (2003) Environmental, genetic and
maternal components of immunocompetence of nestling pied
flycatchers from a cross-fostering study. Evol Ecol Res
5:259–272

Speake BK, Murray AMB, Noble RC (1998) Transport and
transformation of yolk lipids during development of avian
embryo. Prog Lipid Res 37:1–32

Tella JL, Blanco G, Forero MG, Gajón A, Donázar JA, Hiraldo F
(1999) Habitat, world geographic range, and embryonic devel-
opment of hosts explain the prevalence of avian hematozoa at
small spatial and phylogenetic scales. Proc Natl Acad Sci USA
96:1785–1789

Tella JL, Bortolotti GR, Dawson RD, Forero MG (2000) The T-cell-
mediated immune response and return rate of fledgling
American kestrels are positively correlated with parental clutch
size. Proc R Soc Lond B 267:891–895

Tullet SG, Burton FG (1982) Factors affecting the weight and water
status of the chick at hatch. Br Poult Sci 23:361–369

Valkama J, Korpimäki E, Wiehn J, Pakkanen T (2002) Inter-clutch
egg size variation in kestrels Falco tinnunculus: seasonal decline
under fluctuating food conditions. J Avian Biol 33:426–432

Visser J, Lessells CM (2004) The cost of egg porduction and
incubation in great tits (Parus major). Proc R Soc Lond B
268:1271–1277

Wiebe K, Bortolotti GR (1994a) Energetic efficiency of reproduc-
tion: the benefits of asynchronous hatching for American
kestrels. J Anim Ecol 63:551–560

Wiebe K, Bortolotti GR (1994b) Food supply and hatching span of
birds: energy constraints or facultative manipulation? Ecology
75:813–823

Williams TD (1994) Intraspecific variation in egg size and egg
composition in birds: effects on offspring fitness. Biol Rev
68:35–59

Williams TD (1996) Variation in reproductive effort in female
zebra finches (Taeniopygia guttata) in relation to nutrient-
specific dietary supplements during egg laying. Phys Zool
69:1255–1275

515


	Prelaying maternal condition modifies the association between egg mass and T cell-mediated immunity in kestrels
	Abstract
	Introduction
	Materials and methods
	Nest monitoring and egg variables
	T cell-mediated immunity
	Food supplementation
	Statistical procedures

	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


