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                             No evidence for long-term effects of reproductive effort on parasite 
prevalence in great tits  Parus major         
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         M. E. de Jong (me.d.jong@gmail.com), R. W. Fokkema, R. Ubels, M. van der Velde and J. M. Tinbergen, Animal Ecology Group, Centre for 
Ecological and Evolutionary Studies, Univ. of Groningen, PO Box 11103, NL-9700 CC Groningen, the Netherlands.                             

  Allocation of resources between the life history traits reproduction and parasite defence are expected because both are 
energetically costly. Experimental evidence for such allocation has been found in short-term eff ects of reproduction 
on parasite prevalence or immune function. However, there is increasing evidence for long-term negative eff ects of 
reproductive eff ort on individuals. h is study investigates whether long-term eff ects of reproductive eff ort on parasite 
prevalence exist. Brood sizes of great tits  Parus major  were experimentally altered in one breeding season and in the 
subsequent breeding season the prevalence of three parasites types (blood parasites, ticks and fl eas) on the surviving 
parents were investigated. We detected no long-term eff ects of brood size manipulation on the prevalence of parasites in 
the next year and therefore provide no evidence for inter-seasonal eff ects of reproductive eff ort on parasite prevalence. 
h e post hoc level of statistical power was reasonable for eff ects on blood parasite and fl ea prevalence, but low for eff ects 
on tick prevalence.   

3) late winter survival of great tits  Parus major  in presum-
ably competitive environments (Nicolaus et   al. 2011). 
Nicolaus et   al. (2011) furthermore suggest that some 
phenotypic traits of the birds are aff ected by their reproduc-
tive eff ort inducing a diff erence in competitive ability 
between birds on the long-term. h ese fi ndings raise the 
question whether eff ects of reproductive eff ort may also 
persist in immune or parasite defence. Infection obtained 
while breeding in one season can persist in the next breed-
ing season. h is is for instance the case with blood parasite 
prevalence, which is often found to decline during winter 
and to be elevated just before the breeding season in tem-
perate regions (Applegate 1971, Schrader et   al. 2003, 
Valki ū nas 2005, Cosgrove et   al. 2008). Since it is unlikely 
that vector populations have already reached their peak 
that early in the year, Cosgrove et   al. (2008) think it reason-
able to suggest that this  ‘ spring relapse ’  in prevalence 
among older birds is attributable to a relapse of older 
infections rather than to new transmission. If birds have a 
chronic but latent infection at the start of reproduction, a 
reduction in the immune response, caused by a high paren-
tal eff ort, may lead to a relapse of blood parasites (Richner 
et   al. 1995). 

 In this study, we investigated whether long-term eff ects 
of reproductive eff ort on parasite prevalence exist. We there-
fore experimentally manipulated reproductive eff ort by 
increasing or reducing brood sizes of great tits. Individuals 
that raised smaller broods were expected to have more 
resources to allocate to future defence against parasites. h ese 
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 Life-history theory states that reproduction is costly and 
that individuals will face a tradeoff  between current and 
future reproduction (Williams 1966). h is means that indi-
viduals that invest more in their current reproduction are 
expected to have a decreased survival or future fecundity. As 
a possible physiological link between current and future 
reproduction, parasite defence and immune defence have 
received much attention (Gustafsson et   al. 1994, Fitze 
et   al. 2004, Knowles et   al. 2009, Hegemann et   al. 2012). It 
is thought that because reproduction and immune defence 
are both energetically costly, individuals must divide 
resources between these two life-history traits. h is means 
that individuals that increase their reproductive eff ort will 
face a reduction in parasite defence, resulting in a higher 
parasite prevalence (Gustafsson et   al. 1994, Sheldon and 
Verhulst 1996). As far as we know, all of the studies that 
measured parasitic infections or immune function in the 
context of reproductive costs, performed their measure-
ments shortly after they had experimentally altered parental 
eff ort (reviewed by Knowles et   al. 2009). h ese studies 
therefore only focussed on short-term eff ects of reproduc-
tive eff ort. However, an increasing amount of evidence 
suggests that negative eff ects of reproduction on individual 
characteristics can persist much longer. Eff ects of reproduc-
tive eff ort have been shown to persist in 1) male plumage 
ornamentation of eastern bluebirds  Sialia sialis  in the 
following breeding season (Sieff erman and Hill 2005), 
2) thermoregulatory capacities of blue tits  Cyanistes 
caeruleus  in wintertime (Nilsson and Svensson 1996) and in 
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individuals were therefore expected to have a lower parasite 
prevalence in the following breeding season. We investigated 
the eff ect of brood size manipulation on the prevalence of 
three parasite types in the following breeding season, two 
ectoparasites (ticks and fl eas) and an endoparasitic group 
(the blood parasites  Haemoproteus  spp. and  Plasmodium  spp.), 
to cover a broad range of common parasites on great tits.  

 Material and methods  

 Study site and study species 

 h e study was performed in the Lauwersmeer area, in the 
north-east of the Netherlands (53 ° 23 ′ N, 6 ° 14 ′ E, see map in 
Nicolaus et   al. 2009). Within this area, 12 nest box plots 
were established with 50 nest boxes each. h e nest boxes 
were spaced 50 m from each other. h e plots consisted 
mainly of relatively young (approx. 40 yr old) deciduous 
trees (Nicolaus et   al. 2009).   

 Data collection 

 In all years (2005, 2006, 2011 and 2012), nest boxes 
were checked on a weekly basis and laying date (back-
calculated assuming one egg was laid per day) and clutch 
size were registered. To determine the hatching date 
(day 0), nest boxes were monitored daily two days before the 
expected hatching date. At day 5, the mass of the entire 
brood was measured (mass    �    0.1 g) and at day 6 nestlings 
were weighed (mass    �    0.1 g), ringed with an individually 
numbered aluminium ring and swapped between nests 
according to the experimental setup. At day 7, both parents 
were caught in the nest box using a spring trap, measured 
(tarsus length ( �    0.1 mm) and length of the third primary 
( �    0.5 mm)), weighed ( �    0.1 g) and if necessary ringed 
(Nicolaus et   al. 2011). Furthermore, a small blood sample 
(20  µ l) was taken from the brachial vein and stored in 
100% ethanol for later DNA analysis and in 2012 the 
 number of ticks around the eyes and beak were counted. At 
day 14, the nestlings were weighed again, measured and 
ringed with plastic colour rings, giving all the birds an indi-
vidual colour code. Nest boxes were inspected every day 
from day 21 onwards to determine whether the young had 
fl edged. Nests were removed and checked for dead chicks. In 
2012 nests were collected from the nest boxes on day 21, 
when the young had fl edged. h e nests were stored in sealed 
plastic bags in the freezer ( � 18 ° C) for a minimum of three 
days to kill the fl eas, before sorting out the nest material 
in order to count the fl eas (Heeb et   al. 1996).  

 Blood parasites 
  Haemoproteus  spp. and  Plasmodium  spp. cause avian 
malaria (sensu P é rez-Tris et   al. 2005; see Valki ū nas et   al. 
2005 for an alternative view), a globally distributed 
vector-borne disease (Beadell et   al. 2006).  Haemoproteus  is 
primarily transmitted by biting midges (Ceratopogonidae) 
and louse fl ies (Hippoboscidae) and  Plasmodium  by 
mosquitoes (Culicidae). Parasite transmission is therefore 
dependent on vector activity, which is the highest between 
spring and autumn in temperate regions (Valki ū nas 2005). 

 h e stored blood samples were analysed in the laboratory 
to assess blood parasite prevalence. Blood samples from par-
ents that had their brood size manipulated in the previous 
year, were used for analyses. Data were specifi cally collected 
in 2012 (n    �    55) and in addition a number of samples 
from 2006 (n    �    31) could also be used (based on brood size 
manipulation in the years 2011 and 2005). DNA was 
extracted from adult ’ s blood using a chelex extraction 
method (Walsh et   al. 1991). Blood parasite prevalence 
was detected using a nested PCR-assay as described by 
Hellgren et   al. (2004). h is PCR-assay amplifi es part of 
the cytochrome b gene of the parasites  Plasmodium  and 
 Haemoproteus  using the primers HaemNFI, HaemNR3 and 
HaemF, HaemR2. To assess the occurrence of blood para-
sites, 5  µ l of the fi nal PCR product of each sample was 
run on a 2% agarose gel together with one negative control 
for on average every eight samples. If a 530-bp band was 
 visible on the gel, birds were being scored as infected and 
birds were scored as uninfected when this band was absent. 

 By running 71 samples twice (all samples from 2006 and 
40 samples from 2012), the repeatability of the test was 
estimated. Of these 71 samples 68 showed the same result 
in absence or presence of blood parasites in both runs 
(repeatability    �    95.8%) (Piersma and van der Velde 2012).    

 Ticks 
 Although the tick species were not identifi ed in this study, 
it is likely that most ticks belonged to the species  Ixodes 
ricinus , because great tits are often infested with this species in 
temperate regions (Humair et   al. 1993, Heylen and Matthysen 
2008).  Ixodes ricinus  is a haematophagous ectoparasite with 
a broad range of vertebrate hosts. It is widespread in Europe 
and is known as a key vector of a wide range of 
animal and/or human pathogens (Gray 1998, Jongejan and 
Uilenberg 2005) .  

 Ticks are usually found on the head of birds (Gregoire 
et   al. 2002, Heylen and Matthysen 2008). h erefore, ticks 
were counted around the eyes and bill while holding 
the beak of the bird and brushing and blowing feathers 
apart (Heylen and Matthysen 2008). Ticks were counted on 
all adult birds that were caught by four diff erent observers. 
h e number of ticks counted on the adult birds that were 
caught tending their fi rst clutches, diff ered between the 
observers (Table 2). To correct for this eff ect, observer was 
included in all statistical models.   

 Fleas 
 Hen fl eas  Ceratophyllus gallinae  are haematophagous 
ectoparasites that, instead of living on their host, live in their 
host ’ s nest. Fleas breed during their host ’ s nestling period 
when the host and their off spring are accessible for regular 
blood meals. h e larvae feed on indigested blood excreted 
by the adult fl eas and debris from the nest (Rothschild and 
Clay 1952). Fleas were not identifi ed to the species level in 
this study, but the hen fl ea  C. gallinae  is often found in nests 
of hole nesting birds (Tripet and Richner 1997). 

 After a minimum number of three days in the freezer, 
nests were sieved for one minute using a sieve with a 2 mm 
wire mesh. It turned out that  – 18 ° C for three days did 
not kill all fl eas, because some partly revived when the nest 
was taken out of the freezer. However, freezing stunned them 
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for the time to sieve the nest. h e sieved material thus 
collected, was again stored in the freezer until counting. 
Samples diff ered in size. Small samples were counted in total, 
while large samples were subsampled. A part of the large 
sample was poured on a petri dish and the fl eas were counted 
in one randomly assigned quadrant of that petri dish. h is 
procedure was repeated until no sample remained. Only 
adult fl eas were counted (method for collection, storage 
and counting adapted from Heeb et   al. 1996 and Tripet 
and Richner 1999). h e number of fl eas counted in all nests 
diff ered signifi cantly between the observers (Table 3). To 
control for this eff ect, observer was included in the statistical 
models.    

 Experimental set-up  

 Brood size manipulation 
 h e goal of the brood size manipulation was to aff ect 
parental reproductive eff ort. Here we estimate parental 
eff ort as the amount of food the parents bring to their off -
spring, associated with increased energy expenditure 
(Tinbergen and Verhulst 2000). In the spring of 2011 a 
brood size manipulation experiment was carried out. On 
day 6 after hatching the number of chicks in nests that orig-
inally had the same laying date, comparable brood and 
clutch size was altered by adding or removing three chicks. 
We excluded nests with low hatching success and did not 
compensate for unhatched eggs in the nests used for the 
manipulation. We tried to keep the brood weight at day 5 at 
similar values between the diff erent nests. h e broods were 
altered into  ‘ reduced ’  and  ‘ enlarged ’  broods. In 2011 two 
chicks from an enlarged and two chicks from a reduced nest 
were also exchanged with chicks from a control nest. h e 
brood size in the control nests stayed the same. h us, the 
original brood sizes of the nests were altered by  � 3, 0 or 
   �   3. Smaller broods (less than seven chicks) were altered by 
 � 2, 0 and    �   2. All three nests within one exchange were 
assigned a  ‘ trio-number ’  to facilitate analysis. In the spring 
of 2012, this manipulation was repeated for ongoing 
research. In the year 2005, of which we also used data, 
the brood size manipulation was done in a similar but 
slightly diff erent way. In this year, manipulations of the 
number of chicks were relative to the mean annual popula-
tion brood size in the whole study area, resulting in a vari-
able net number of chicks manipulated and fewer real 
control broods. Average net number of manipulated chicks 
however were comparable between years (2005: reduced 
mean    �     � 2.48, SD    �    1.62, enlarged: mean    �    2.58, 
SD    �    1.39, 2011: reduced mean    �     � 2.85, SD    �    0.36, 
enlarged mean    �    2.85, SD    �    0.36). In 2005 the sex ratio of 
the nest was also manipulated, but we have no indications 
that sex ratio of the nest per se aff ected nestling growth 
(Nicolaus et   al. 2009). As brood mass at day 14 is indepen-
dent of sex ratio, we reason that it therefore did not aff ect 
parental eff ort (for further details for 2005 see Nicolaus 
et   al. 2011).   

 Nest box depth manipulation 
 Nest box depth was altered before the breeding season of 
2012 in favour of an on-going study to investigate the ability 
of birds to acquire a  ‘ high quality ’  nest box. Randomly 

assigned nest boxes were made shallower by placing one or 
two wooden blocks (9.7    �    8.0    �    4.4 cm) inside the 
nest boxes. On top of these blocks a hardboard sheet was 
applied. Unmanipulated nest boxes were also visited and a 
hardboard sheet was put on the bottom of these boxes as 
well. It is known that great tits make smaller nests in shal-
lower nest boxes (Mazgajski and Rykowska 2008, Fokkema 
et   al. unpubl.) and studies by Heeb et   al. (1996) and 
Eeva et   al. (1994) found a positive correlation between the 
number of adult fl eas in nests of great tits and nest mass. 
h erefore, nest box type (zero, one or two blocks) was 
included in the analyses to correct statistically for this eff ect.    

 Analyses 

 To check if we experimentally changed parental eff ort by 
manipulating brood size, the eff ect of the brood size mani-
pulation on the number of young fl edged, brood mass, 
number of second clutches and adult survival was analysed. 
h e eff ect of brood size manipulation on the number of 
young fl edged was analysed using an ANOVA with (for 
2011) trio-number added in the model to control for orig-
inal clutch/brood size and laying date. Brood size manipu-
lation was characterized as  � 1 for reduced, 0 for control 
and 1 for enlarged broods. Diff erences in sample sizes 
between the manipulation categories are due to exclusion 
of nests in which all chicks died before fl edging. h e eff ect 
of the number of chicks manipulated on the brood mass at 
day 14 of the fi rst broods was analysed using a general lin-
ear model (GLM). h e eff ect of brood size manipulation 
on the fraction of successful nests that produced a second 
clutch was analysed using a GLM with a binomial 
error structure. In both of these models the year the birds 
received the manipulation treatment was included (2005 
and 2011). To analyse whether brood size manipulation 
had an eff ect on adult local survival probability a GLM was 
used with a quasi-binomial error distribution to compen-
sate for overdispersion in the data. Adult survival was 
not analysed using mark – recapture models because the 
adult recapture rate if alive is high in this population 
(0.897, SE    �    0.055; Tinbergen and Sanz 2004, Nicolaus 
et   al. 2011). 

 h e experimental eff ects of brood size manipulation 
on blood parasite and tick prevalence were tested using 
generalised linear mixed models (GLMM). In the models 
manipulation treatment in the previous year (reduced, 
control, enlarged) was included as a factor and the nest 
boxes the bird bred in the current and previous year were 
included as random eff ects to account for the fact that a few 
birds had the same partner for the subsequent years. 
Although the variance explained by these random eff ects 
was low, we left the terms in the model. h e eff ect of 
brood size manipulation on blood parasites and ticks was 
tested with a GLMM with, respectively, a binomial and a 
Poisson error structure. h e eff ect of brood size manipula-
tion on fl ea numbers was tested with a GLM with a 
quasi-Poisson error structure to adjust for overdispersion in 
the data. Male and female manipulations of the partners 
from one nest were included as factors. For the analysis 
of blood parasites, catching date relative to the mean 
annual catching date was included to explain variation in 
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 h e fraction of successful nests that produced a second 
clutch diff ered between years (2005: 0.09, 2011: 0.27) 
and was negatively aff ected by brood size manipulation 
(logistic regression, year eff ect:  χ  2     �    18.10, DF    �    1, 
p    �    0.001, eff ect of brood size manipulation:  χ  2     �    9.83, 
p    �    0.002). 

 Brood size manipulation did not aff ect adult local 
survival probability of the parents in both years (survival 
probability: 2011; reduced; 31.8%, control; 27.3%, enlarged; 
37.9%, F 2,197      �     0.84, p    �    0.433, 2005; reduced; 31.3%, 
control; 29.1%, enlarged; 26.0%, F 2,463     �    0.698, p    �    0.498).   

 Blood parasites 

 Brood size manipulation did not have a signifi cant eff ect on 
blood parasite prevalence in the following breeding season 
(Fig. 1, Table 1). Furthermore, there was no diff erence in 
blood parasite prevalence between males and females. Year 
and relative date had a signifi cant eff ect on blood parasite 
prevalence. More birds were infected with blood parasites 
in the year 2012 than in 2006 and birds that bred later had 

prevalence; for the analyses of ticks and fl eas the actual 
catching date was used, because data were from a single year. 
h e models were tested using the lmer function from the 
lmer4 package and glm function in the R package (Crawley 
2007, Zuur et   al. 2009). 

 Model selection was based on the backward elimination 
procedure of the non-signifi cant terms in the order of their 
signifi cance. h e test statistics ( χ  2 - and F-values) and 
p-values are described for both the best models and the most 
relevant non-signifi cant terms (Nicolaus et   al. 2011). h e 
level of signifi cance was set at p    �    0.05. 

 To evaluate the power to detect diff erences between the 
reduced and the enlarged manipulation categories with the 
sample sizes that were used, we calculated what post hoc 
level of statistical power could be obtained. We used the R 
pwr package to calculate the post hoc power of the blood 
parasite data using the power calculation for proportions 
for two samples with diff erent sample sizes (Cohen 1988). 
h e post hoc power of the tick and fl ea data was calculated 
using the algorithm of Przyborowski and Wilenski 
(1940). h e post hoc power analyses of the fl ea data used the 
average sample size of the reduced and enlarged categories 
for manipulated males and females. 

 We obtained the 95% confi dence interval on the 
binomial probability using the binom.confi nt function 
from the R binom package and the Agresti – Coull method 
(Agresti and Coull 1998). h e 95% confi dence intervals for 
the (quasi-)Poisson data were calculated using the confi nt 
function in the R MASS package (Crawley 2007). For the 
fi gure, the average fl ea number per nest was categorized 
according to sex and the treatment of the parents in the 
previous year. In 24 out of 89 cases both parents were manip-
ulated in the previous year, as parent or as young. To calcu-
late the average fl ea number for each category we randomly 
chose one of the two manipulated parents to include in the 
fi gure. All analyses were performed in R ver. 3.0.1.    

 Results  

 Effects of brood size manipulation on brood 
parameters and adult survival 

 h e brood size manipulation experiment (2005) resulted in 
signifi cantly more fl edglings in the enlarged broods than in 
the control and reduced broods (reduced; n    �    103, 
mean    �    5.63, SE    �    0.14, control; n    �    27, mean    �    6.89, 
SE    �    0.33, enlarged; n    �    98, mean    �    7.98, SE    �    0.28, 
ANOVA: manipulation eff ect; F 2,225     �    31.2, p    �    0.001). 
Also in 2011, enlarged broods produced more fl edglings 
than control and reduced broods (reduced; n    �    31, 
mean    �    5.354, SE    �    0.18, control; n    �    33, mean    �    8.09, 
SE    �    0.19, enlarged; n    �    32, mean    �    10.22, SE    �    0.30, 
ANOVA: manipulation eff ect; F 2,61     �    162.2, p    �    0.001, 
controlled for trio-number; F 32,61     �    2.4, p     �      0.002). 

 Brood mass increased by 6.55 g per chick added in 
2005 (n    �    228), and in 2011 with 13.7 g per chick 
added (n    �    102). h e eff ect of the number of chicks added at 
day 6 on the brood mass at day 14 diff ered signifi cantly 
between years ( χ  2     �    28.20, DF    �    1). In line with this, mean 
nestling mass was lower in 2005. 
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 Figure 1. h e eff ect of brood size manipulation in the preceding 
year (reduced, control or enlarged) on the average blood parasite 
prevalence in 2006 and 2012. Manipulation had no signifi cant 
eff ect on prevalence. h ere was a signifi cant diff erence in blood 
parasite prevalence between the years. Numbers refer to the number 
of individuals sampled. Error bars represent 95% confi dence 
intervals. 

  Table 1. Final model (GLMM, binomial regression) describing the 
effect of brood size manipulation and covariates on blood parasite 
prevalence in a population of great tits. Brood size manipulation, 
sex, year, and the interaction Manipulation  �  Year were fi tted as 
factors and relative date as a continuous explanatory variable 
with  ‘ reduced ’  manipulation and the year  ‘ 2006 ’  as reference 
categories (n    �    86). The identity of the nest box the bird bred in 
the current and the previous year were included as random effects.  

Variable Estimate ( β )   χ 2 DF p

Intercept  � 8.45
Manipulation
  Control
  Enlarged

 � 4.33
 � 2.91

1.30 2 0.5213
  

Relative date 0.91 20.04 1   �    0.001 
Year
  2012   10.13

14.25 1   �    0.001 

   Rejected terms:   
 Manipulation  �  Year (DF2).   
 Sex (DF1).   
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Age of male and female and the interaction between age 
and manipulation of both sexes did not aff ect fl ea abun-
dance. Furthermore, date and the current brood size 
manipulation in 2012 did not signifi cantly aff ect the num-
ber fl eas in the nest. h e interaction between the previous 
brood size manipulation in 2011 of the male and female 
partners did not have an eff ect on fl ea numbers (Table 3). 
Post hoc power analysis indicates a reasonable power of our 
test (a diff erence between fi ve fl eas in the reduced category 
and 18 fl eas in the enlarged category could have been 

higher malaria prevalence than early breeders. h ere was no 
signifi cant interaction between brood size manipulation 
and year (Table 1). Post hoc power analysis indicates rea-
sonable power (a diff erence between an infection of 0.20 in 
the reduced category and 0.50 in the enlarged could have 
been detected with a power 73%). We conclude that there 
are no indications that eff ort aff ects next year ’ s prevalence.   

 Ticks 

 Brood size manipulation in the previous breeding season 
did not have an eff ect on the number of ticks counted on 
the manipulated birds (Fig. 2, Table 2). h ere was no diff er-
ence in the number of ticks between the sexes. Furthermore, 
the day the ticks were counted did not aff ect the number 
of ticks (Table 2). Post hoc power analysis indicates a low 
power of our test (a diff erence between one tick in the 
reduced category and fi ve ticks in the enlarged category 
could have been detected with a power of 21%).   

 Fleas 

 h ere was no signifi cant eff ect of brood size manipulation 
in the previous breeding season on the number of fl eas in 
the nests of manipulated males or females (Fig. 3, Table 3). 
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 Figure 2. h e eff ect of brood size manipulation in the previous year 
(reduced, control or enlarged) on the average number of ticks 
counted on the parent’s head in the current year. Manipulation had 
no signifi cant eff ect on the number of ticks on a bird. Numbers 
refer to the number of individuals sampled. Error bars represent 
95% confi dence intervals. 

  Table 2. Final model (GLMM, Poisson regression) describing the 
effect of several factors on the number of ticks that were counted 
on the head of great tits for birds that raised a manipulated brood 
in the previous breeding season (n    �    48). Observer, sex and mani-
pulation are fi tted as factors and date as a continuous explanatory 
variable with manipulation  ‘ reduced ’  as a reference category. 
The nest boxes the bird bred in the current and the previous year 
were fi tted as random effects.  

Variable Estimate ( β )   χ 2 DF p

Intercept �0.49
Manipulation
  Control
  Enlarged

  0.41
  0.82

1.62 2 0.444
  

Observer 18.41 3   �    0.001 

   Rejected terms:   
 Sex (DF1).   
 Date (DF1).   

  Table 3. Final model (GLM, quasi-Poisson regression) describing 
the number of fl eas in the nests in relation to several explanatory 
factors for all nests with at least one parent that originated from a 
manipulated nest in the previous breeding season (as parent or as 
young, n    �    89). Brood size manipulation in 2011 and 2012 ( � 1 are 
reduced broods, 0 are control broods and 1 are enlarged broods), 
blocks (1 or 2 blocks), observer, age and the interaction Manipula-
tion 2011    �    Age and the interaction manipulation 2011 female
  �  manipulation 2011 male were fi tted as factors with unmanipu-
lated broods and 0 blocks as reference categories. Date was fi tted as 
a continuous explanatory variable.  

Variable Estimate ( β ) F DF p

Intercept 3.31
Manipulation 2011

  Female
   � 1
  0
  1

  Male
   � 1
  0
  1

  0.08
  0.06

   � 0.23

  0.12
 � 0.31

  0.45

  0.45

  2.12

  3,81

  3,81

  0.719

  0.105
  

Blocks
  1
  2

   � 1.13
   � 1.71

17.33 2,80   �    0.001 

Observer 4.57 2,80  0.013 

   Rejected terms:   
 Manipulation 2011    �    Age for males (DF2, 60).   
 Manipulation 2011    �    Age for females (DF2, 60).   
 Manipulation 2011 female  �  Manipulation 2011 male (DF9, 71).   
 Age male (DF2, 73).   
 Age female (DF1, 72), Date (DF1, 75), Manipulation 2012 (DF3, 78).   
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 Figure 3. h e eff ect of brood size manipulation in the previous 
year (reduced, control or enlarged) on the average number of 
fl eas counted in the nest in the current year. Manipulation had no 
signifi cant eff ect on the number of fl eas in a nest. Numbers refer to 
the number of individuals used for the graph. Error bars represent 
95% confi dence intervals. 
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bird to defend itself against these parasites. h is does not 
seem to be the case. h ere is a lack of examples of pathoge-
nicity of blood parasites in wild bird populations, except 
when blood parasites are introduced in birds that had no 
prior contact with these parasites (Warner 1968, Merino 
et   al. 2000). However, experimentally reducing natural 
infection levels with blood parasites in breeding females of a 
wild population of blue tits through medication, decreased 
nestling mortality and raised fl edging success in comparison 
with females that did not receive medication. h ese results 
suggest that blood parasites reduce female working capacity 
during the feeding period (Merino et   al. 2000). Hen fl eas 
also had negative eff ects on the quality and number of 
great tit off spring when fl ea load was experimentally altered. 
Fleas therefore negatively aff ect host fi tness (Richner et   al. 
1993, Fitze et   al. 2004). h e detrimental eff ect of infesta-
tion by ticks is less clear. Experimental infestation with 
ticks caused anaemia, a depressed cellular immune response 
and the release of acute phase proteins in great tits. How-
ever, this had no eff ect on general body condition of 
the parent birds nor on off spring quality (Heylen and 
Matthysen 2008, Heylen et   al. 2009). Also, great tits do not 
seem to acquire resistance to ticks when experimentally 
infested (Heylen et   al. 2010). On the other hand, observa-
tional data did show an association between tick load on 
the parent and nestling condition (Heylen et   al. 2009). 
Heylen et   al. (2009) proposed that a possible explanation 
for this could be that poor quality parents have a less devel-
oped defence mechanism against ticks and/or attract 
more ticks, as well as feeding their young less food. Other 
explanations were that under circumstances of low food 
ability, when nestling ’ s condition decreases, parents search 
for food in areas with a higher exposure rate or that parents 
spend more time searching for food and less time grooming 
and removing ticks.   

 Not profi table to invest in defence 

 It may not be profi table to invest in parasite defence, 
because the harm of defending oneself or the energy spent 
by preparing oneself for defence is greater than the costs a 
parasite may infl ict. Hosts can deal with parasites in two 
ways: 1) resistance, whereby hosts decrease the parasite 
burden by averting infection or removing parasites that 
have infected, and/or 2) tolerance, whereby hosts alleviate 
the deleterious eff ects of parasites that have infected 
them (Sears et   al. 2011). h e fi tness costs – benefi ts consi-
deration of a resistance or a tolerance response by the host 
probably depends on host-life history. h e virulence of the 
parasite and eff ectiveness of an infl ammatory or anti-
infl ammatory response against a particular parasite have 
also been mentioned to play an important role (Rigby et   al. 
2002, Sears et   al. 2011).   

 Selective disappearance 

 In our study population, selective mortality of the individu-
als that had a higher reproductive eff ort might have already 
taken place before we gathered our data. Possible diff erences 
in the parasite prevalence between parents might thus already 
have disappeared. Nicolaus et   al. (2011) did fi nd a mortality 

detected with a power of 84%). We conclude that there are 
no indications that reproductive eff ort strongly aff ects fl ea 
numbers in the nest.    

 Discussion 

 We did not detect carry-over eff ects of brood size manipula-
tion on the prevalence of three parasite types in great tits in 
the next breeding season. h e hypothesis that inter-seasonal 
eff ects of reproductive eff ort on parasite prevalence exist, is 
not confi rmed. h e post hoc level of statistical power was 
reasonable for eff ects on blood parasite and fl ea prevalence, 
but low for eff ects on tick prevalence. 

 Life-history traits incur costs as well as benefi ts to an indi-
vidual. h e total costs of a parasite defence mechanism, 
whether it consists of behavioural responses by which ani-
mals decrease their exposure risk, behaviours that help con-
trol parasitic infections or internal mechanisms such as 
immune responses, must be weighed against the chance that 
a parasite will challenge it and the fi tness loss infection may 
cause (Sheldon and Verhulst 1996, Parker et   al. 2011, Sears 
et   al. 2011). An eff ect of manipulation on parasite preva-
lence can be an indication for changes in allocation to para-
site defence mechanisms. Short-term eff ects of reproductive 
eff ort on parasite infection and immune response are known 
to exist (Knowles et   al. 2009). 

 We expected that birds that raised reduced broods would 
on the whole be better at defending themselves against para-
sites than birds that raised enlarged broods, whether via 
behavioural responses against parasites or immune defence. 
Apparently, this was not the case on the long-term, because 
no diff erences were apparent in the next breeding season. In 
the following we present some possible reasons why we did 
not detect an eff ect of reproductive eff ort on parasite preva-
lence on the long-term.   

 Effort was not affected by manipulation 

 Using brood size manipulation as a means to increase 
parental eff ort is a common method in life-history studies. 
However, the manipulation may not have succeeded in 
creating diff erences in eff ort in our study, if parents did 
not increase their feeding activity upon receiving more 
young. Nevertheless, experimental studies have demon-
strated that brood size manipulations often aff ect provi-
sioning behaviour (Nicolaus et   al. 2011) and energy 
expenditure (Sanz and Tinbergen 1999, Tinbergen and 
Verhulst 2000, Nilsson 2002). In this study, brood mass at 
day 14 of the fi rst broods increased in both 2005 and 2011 
with the number of chicks manipulated, indicating a 
higher workload. Because experimental groups were cho-
sen randomly with respect to environment, we judge it 
very likely that parents that raised enlarged broods indeed 
had a higher workload than parents that raised reduced 
broods.   

 Parasites are not detrimental 

 It might be that the investigated parasites are not detrimen-
tal to their host and that it therefore does not pay off  for a 
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blood parasite prevalence in the birds (Sol et   al. 2000). 
 Nevertheless, the distribution of vectors may also depend 
on the environment and birds may be able to choose or 
avoid certain environments (e.g. great tits are able to avoid 
roost and nest boxes infected by fl eas; Christe et   al. 1994, 
Oppliger et   al. 1994). In future studies analysing blood 
parasite intensity in addition to prevalence might give more 
information. 

 In conclusion, we did not fi nd any evidence for long-
term eff ects of reproductive eff ort on parasite prevalence. 
Earlier studies have shown eff ects on the short-term and an 
increasing amount of evidence suggests that carry-over 
eff ects of reproductive eff ort on parental traits are apparent. 
At the moment we conclude that long-term eff ects on 
parasite defence do not provide a link between current and 
future reproduction in our model system, the great tit. 
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