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Abstract 
 

 How parasites influence the population dynamics of their hosts depends on 1) the 

proportion of individuals that carry the infection in the population, 2) what type of individuals are 

most susceptible to infection and 3) the fitness effects of infection. In this study I first investigate the 

frequency of malaria strains transmitted in the African winter quarters or at the European breeding 

grounds in collared flycatchers (Ficedula albicollis). I then zoom in on the relationship between avian 

malaria infection status and condition, expression of sexually selected ornament and reproductive 

performance of male collared flycatchers. I found that female flycatchers are more likely to be 

infected than males and that both sexes have a large bias towards infection with European strains of 

malaria. Infected male flycatchers have higher reproductive success and tend to have larger 

ornaments but there was no detected relationship between malaria infection and male condition. 

This is the first example, that I am aware of, of a positive relationship between malaria infection and 

reproductive success. 

Introduction 
 

Parasitism is one of the most common life-history strategies in nature (de Meeûs et al, 

1998). Since parasites often have negative fitness effects on organisms that they infect, their host 

are generally faced with trade-offs between the investment in an immune response and their 

investments in other costly traits (Sheldon & Verhulst, 1996; Lochmiller & Deerenberg, 2000). Such 

costly traits that individuals have to trade off with their investment in immune functions include 

various aspects of reproductive effort (Bonneaud et al., 2003) and other physiological traits such as 

locomotion. For example, experimentally infected apapanes (Himatione sanguinea) reduced their 

exploratory behaviour (Yorinks & Atkinson, 2000). Moreover, western fence lizards (Sceloporus 

occidentalis) showed decreased stamina when infected with malaria due to reduction in blood 

oxygen concentration but there was no difference between groups in burst running speed 

suggesting that they are trading off predator avoidance with dispersal ability (Schall et al., 1982). 

Malaria is a widespread parasitic disease caused by three main protozoan genera, 

Plasmodium, Haemoproteus and Leucocytozoon and effects many species across taxa (Pérez-Tris et 

al., 2005). Malaria is transmitted by a wide range of insect vectors. Culicoides biting midges are the 

most frequent vectors of Haemoproteus while Anopheles, Culex and other related mosquito genera 

are the most common Plasmodium vectors (Fallis & Wood, 1957; Martinsen et al., 2008). 

Leucocytozoon species are mostly transmitted by Simuliid blackflies (Hellgren et al., 2008; Synek et 

al., 2013). In birds, malaria has been shown to negatively affect a variety of sexually selected traits 
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such as plumage brightness (Hamilton & Zuk, 1982), song complexity (Garamszegi, 2005; Gilman et 

al., 2007) and song duration (Gilman et al., 2007). However, while parasite infection has also been 

shown to reduce parental abilities (Marzal et al., 2005; Ashgar et al., 2011) and survival (de la Puente 

et al., 2010) results have been mixed with strong negative effects in some species like blue tits 

(Cyanistes caeruleus) (Knowles et al., 2010) or limited effects during periods of low resource 

abundance such as reduced fitness in Tengmalm’s owls (Aegolius funereus) during low levels of vole 

abundance (Ilmonen et al., 1999). Other studies have also reported no negative effects in some 

aspects of fitness such as offspring survival (Radwan et al., 2012; Kulma et al., 2014). This disparity in 

reported effects across study systems means that investigations into these processes are still needed 

before wide-scale patterns can be determined. 

Collared flycatchers (Ficedula albicollis) are a migratory passerine bird that breed in central 

Europe and the Swedish islands of Gotland and Öland (Qvarnström et al., 2010). Collared flycatchers 

are sexually dimorphic with males having large white forehead patches (Qvarnström et al., 2010). 

Patch sizes vary widely between individuals and are used by females as signals, advertising the 

quality of the male (Qvarnström et al., 2009). As migratory birds, collared flycatchers are exposed to 

a greater diversity of malaria strains (Zehtindjiev et al., 2008; Kulma et al., 2014) when compared to 

ecologically similar, sedentary species (Ventim et al., 2012). 

It has already been shown that infected and uninfected female collared flycatchers do not 

significantly differ in reproductive performance despite infected birds producing more of their 

nestlings later in the season when food resources are more scarce (Kulma et al, 2014). However, we 

know much less about the effects of malaria infection on the reproductive performance of the 

males. Males not only share the costs of raising offspring with females (Gustafsson et al, 1995) but 

also have significant sex-specific costs during the breeding season such as maintenance of sexually 

selected traits (Qvarnström, 1997), territory defence (Pärt & Qvarnström, 1997) and sperm 

production (Ålund et al, 2013). 

 This thesis aims to answer two main questions: 1) What are the patterns of malaria strain 

infection across sexes and 2) How does malaria infection affect male reproductive success, 

ornamentation and condition. 

Methods 
 

Field Study 
The study was carried out on the island of Öland (57o10’N, 16o58’E), off the Swedish 

mainland in the Baltic Sea. In total, 308 first year birds were sampled from 24 different nest-box 
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areas across the island that were monitored between 2002 and 2013. First year birds (i.e. birds 

returning for their first breeding season) were chosen to help to control for time of infection as 

intensity of malaria infection changes over time (Zehtindjiev et al, 2008) and can have different 

effects depending on the age of the host at infection (Reyburn et al, 2005; Wood et al, 2007). 

Females were caught, ringed and measured during incubation while males were caught, ringed and 

measured once the chicks hatched. Various measurements were taken from each bird including 

forehead patch size, extent of white on each primary feather, mass and tarsus length. 10-30 µl of 

blood was collected from the brachial vein and stored either in 99% ethanol at room temperature; in 

SET buffer and refrigerated or on FTA® cards. Chick fledging success was ascertained by checking 

nest-boxes 15 days after hatching. 

Lab Study 
Blood samples stored in ethanol were processed using the high salt extraction technique and 

stored in 40ml TE buffer (Sambrook et al 1989). Samples stored on FTA® cards were extracted with 

guanidine thiocyanate and stored in 50ml of deionised H20 (Smith & Burgoyne, 2004).  

Extracts were screened for Haemoproteus, Leucocytozoon and Plasmodium presence using 

the nested PCR technique as described by Waldenström et al. (2004). For this method two rounds of 

PCR were conducted each using two different sets of primers. The first round amplified a 572-bp 

fragment of parasite cyt b gene with primers: HAEMNF (5’- CATATATTAAGAGAATTATGGAG-3’) and 

HAEMNR2 (5’- AGAGGTGTAGCATATCTATCTAC-3’) with 1µl DNA extract in a 25µl reaction volume. 

For the second round 1µl of the first round of PCR product was mixed with 2 more primers which 

amplified a 479bp fragment, again with a 25µl reaction volume: HEAMF 

(5’ATGGTGCTTTCGATATATGCATG-3’) and HAEMR2 (5’GCATTATCTGGATGTGATAATGGT-3’). Each 

reaction contained 1µl of extract, 1µl of each primer, 1.5µl of MgCl2, 2.5µl of PCR buffer II, 0.4µl of 

deoxynucleoside triphosphates (dNTP), 0.1µl of AmpliTaq (Applied Biosystems, Foster City, 

California) and 17.5µl of deionised H20 equalling a 25µl reaction volume. Every twelfth sample was a 

negative control (deionised H20) and every fortieth sample was a positive control (Haemoproteus 

majoris infected individual). To help reduce the chance of cross contamination, different areas of the 

lab were used for extractions, pre-PCR and post-PCR. 3µl of each sample was stained with 2 µl of 

GelGreen and then all samples were run on a 1.5% agarose gel. The presence of a fluorescent band 

signals haemosporidian DNA and an infected individual. 

Positive samples were then processed for sequencing using FastAPTM (Fermantas) following 

the manufacturer’s instructions. The subsequent products were sent to Macrogen Inc., Seoul, South 

Korea for sequencing to ascertain malaria strain. The resulting sequences were then compared with 

the MalAvi database (Bensch et al, 2009) using BioEdit© software. 
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Statistical analyses were carried out in R x 3.2.0. Chi-squared tests were used to analyse the 

patterns of strain within and between sexes. Using malaria infection as a binary response, its impact 

on male fitness (number of successfully fledging chicks); a sexually selected trait (forehead patch 

size) and condition (mass/tarsus length residuals) was analysed with mixed effects models with 

random effects of area and year using a binomial distribution. In addition the effect of male 

condition on forehead patch size and fledging success with random effects of area and year and with 

a Poisson distribution was included. 

 

Results 
 

 

 

 

 

Based on samples from 124 first year breeding males and 151 first year breeding females it 

was found that collared flycatchers are significantly more likely to be infected with European malaria 

strains than African strains (χ2 = 54.9, p <0.001) (fig. 1) with Haemoproteus majoris hPHSIB1 being 

overwhelmingly the most common strain in first year males (85% of infected birds). First-year female 

collared flycatchers are significantly more likely to be infected than males (χ2 = 64.3, p <0.001). As 

with males, hPHSIB1 was the most frequent strain with 80% of infected birds carrying the strain (For 

Figure 1. A comparison of strain infection locations between sexes. 

Unknown strains have either been reported in both resident Palearctic 

and Afrotropical species or have only been reported in migratory 

species. 
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full table of malaria strains and frequencies see Kulma et al, 2014). In addition Leucocytozoon was 

found to be entirely absent from this study population.  

 

  Infection   Condition 

  χ2 P   χ2 P 

Patch size 3.42 0.064  0.27 0.603 

Fitness 3.82 0.051  0.26 0.871 
Condition 1.19 0.276   - - 

 

Infected first year males have slightly more successfully fledging chicks (fig. 2a) and tend to 

have a larger patch size (fig. 2b). However, there was no significant difference in condition between 

the two groups of males (fig. 2c) (Table 1.). Male condition had no effect on fitness or the expression 

of sexually selected traits (Table 1.). 

 

 

 

Table 1. A mixed effects model testing association with the effects of 

infection and condition on patch size, fitness and condition. 

Figure 2. The effects of Infection on A) Forehead patch size; B) Fitness; 

C) Condition. 
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Discussion 
 

I found that male and female collared flycatchers have significantly different rates of 

infection with females being more likely to be infected than males. In addition to this, both sexes are 

significantly more likely to be infected with European strains. Since previous studies of this 

population have focused on the effects of malaria infection on female reproductive performance, I 

consequentially zoomed in on males. First year male collared flycatchers have higher reproductive 

success and tend to have larger forehead patches when infected with malaria. However, there was 

no significant relationship between male condition and infection status. 

There are at least three possible reasons why African lineages are so under-represented in 

collared flycatchers. Firstly, it is possible that African lineages are more virulent, causing higher 

mortality in infected birds. Studies in canaries (Serinus canaria) have shown that costs of malaria are 

often more severe during the initial stage of infection, but if successfully combated become less 

acute later in life (Cellier-Holzem et al, 2010). Kulma et al. (2014) showed that collared flycatchers 

showed no negative effects on survival when infected with the most prevalent European strain, 

hPSIB1, which suggests that this common European strain has low virulence. Second, it is possible 

that individuals are trading off immune function with fledging success and ornamental costs during 

the breeding season, which cause higher infection rates in Europe. These two theories are not 

mutually exclusive and could both be contributing towards the highly skewed observed ratio. Finally 

the presence of multiple lineages in collared flycatchers is rare with roughly 1% of birds showing 

mixed infection (Radwan et al, 2012) which suggests that either birds are experiencing high mortality 

when exposed to dual infections (Guy et al, 2000), or that there is interspecific competition between 

parasites causing competitive exclusion. This has been shown in laboratory studies with Plasmodium 

falciparum strains (Chen et al, 2014). The lack of Leucocytozoon in the study population is intriguing 

as it is a frequent haemosporidian in species using similar niches such as tits (Knowles et al, 2010). 

The main vectors of this parasite are blackflies and it is possible that the vectors are rare or absent in 

the areas surveyed due the scarcity of running water, their favoured oviposition sites (Malmqvist et 

al, 2004). 

Male flycatchers are significantly less likely to be infected than females which complements 

the results found by Kulma et al. (2014). There are two main explanations for this. Firstly, there 

could be a difference in mortality rates with females being better at controlling infection. However 

this is unlikely as studies have shown no difference in overall recruitment rate between sexes 

(Sheldon et al, 1998). Secondly, females and males have different behavioural traits with females 

being more sedentary when incubating eggs and young chicks. The added time of being in the nest 
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as a chick and incubating their first clutch leaves them more vulnerable to biting insects which in 

turn leads to higher infection rates. Some studies have shown no evidence of malaria in nestlings 

(Cosgrove et al, 2006). However as they note, the parasites may not have reached a developmental 

stage where they become detectable in the bloodstream or with PCR methods.  

One year old male collared flycatchers that are infected with malaria have higher 

reproductive success and express slightly larger forehead patches than uninfected males (Fig. 2a & 

b). This seems to go against the prevailing view that parasites have a negative effect on their hosts. It 

is possible that birds with higher immune responses (as indicated by a large forehead patch) pay a 

lower price of infection when compared to poor quality birds that do not recruit to the population 

when they are infected, thereby giving the result seen in this study. That the infected males that 

manage to breed show no reduction in reproductive success further supports the same result in 

female collared flycatcher as reported by Kulma et al. (2014). This could be due to males increasing 

their current breeding investment as they are less likely to survive for a second breeding season 

often referred to as terminal investment (Clutton-Brock, 1984). However, this is unlikely in the case 

of collared flycatchers which do terminally invest at a high age as their survival prospects decline 

(Pärt et al, 1992) but not when infected with malaria since there is no associated decline in survival 

prospects (Kulma et al, 2014). 

It is possible that rather than ornament size being driven by infection status, it is the other 

way round with birds with larger forehead patches being more likely to contract malaria. This is 

possible as birds with larger forehead patches are more exploratory and aggressive (Pärt & 

Qvarnström, 1997) leading to increased contact with novel areas and therefore greater exposure to 

malaria vectors. Females prefer to mate with males with larger patches and frequently sneak extra-

pair copulations with males with larger ornaments (Sheldon & Ellegren, 1996), and more exploratory 

males are likely to gain more extra-pair matings (Pärt & Qvarnström, 1997). Therefore infected 

males could potentially have even higher fitness as they are more likely to have extra paternity in 

other nests. 

Male condition has no effect on fledging success or the expression of sexually selected traits 

(table 1). While initially surprising, it is possible that the standard measurement of condition (mass 

divided by tarsus length residuals) is not the best measure to use during this stage of the birds’ life-

cycle. Males need to keep their mass at a low level to maximise efficiency while feeding chicks. 

Other studies using mass/length residuals have had mixed results (Green, 2001; Cotton et al, 2004) 

so a better measure of condition could be speed of response to infection, which has been shown to 

have wide intraspecific variation in organisms when injected with phytohemagglutinin. Such as in 
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house sparrows (Passer domesticus) (Martin et al, 2006) and common wall lizards (Podarcis muralis) 

(Oppliger et al, 2004). 

It is important to remember that males are not the sole carers for chicks. Females also invest 

heavily post hatching with feeding. It is possible that increased maternal effort is contributing to the 

lack of significance in these results if they detect that males have reduced their provisioning rate. 

Such behaviour has been reported in pied flycatchers (Ficedula hypoleuca) and Manx shearwaters 

(Puffinus puffinus) (Hamer et al, 2006; Mänd et al, 2013). 

The aspects of immune function that males are trading off, remain elusive. It is possible that 

infection intensity or the ability to fight off new infections are reduced in flycatchers, which is why 

males appear to show no negative effects when they are already infected with malaria. Pacific hake 

(Merluccius productus) have been shown to have reduced fecundity when presenting higher parasite 

intensities (Adlerstein & Dorn, 1998). While turkeys (Meleagris gallopavo) have been shown to 

trade-off growth and immune response when exposed to two different infections (Guy et al, 2000). 

Male collared flycatchers appear to be the first example of a species to both withstand 

malaria infection and have higher reproductive success and larger ornaments with no costs to 

survival. Further studies are needed to elucidate these results and to find out whether malaria is 

having an actively positive effect on these traits, or whether it has no significant effects and that the 

costs of controlling infections are not significantly great enough to stop individuals of high quality 

from maintaining large ornaments and high reproductive success. Experimental studies are needed 

to disentangle male quality and infection risk to find underlying trade-offs in collared flycatchers. 

Conclusions & relevance in the field 
 

 This study has shown that patterns of malaria infection are not uniform across the sexes and 

across time with males managing to avoid infection better than females, although both sexes being 

much more likely to be infected with European strains than with strains transmitted in Africa.

 Despite many studies showing trade-offs between immune function and reproductive 

success, I did not find one within the scope of this study. Instead I found that male collared 

flycatchers display both costly sexual ornaments and invest heavily in the provisioning of offspring 

when they carry a malaria infection. It is likely that trade-offs are indeed present and that the 

flycatchers are trading off some hitherto uninvestigated aspects of immune response such as 

infection intensity or the ability to fight off novel infections or there could be hidden fitness costs 

such as the quality of offspring.  
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 This study shows that there is still much work to be done in the field of avian-parasite 

relationships. Knowing that all species or individuals in a population do not react the same or have 

the same chance of infection are important, especially in the field of conservation, where, for 

example, malaria is having a major negative impact on the native avian communities in Hawaii (Van 

Riper III et al, 1986) or for as yet unstudied and threatened migratory species such as the aquatic 

warbler (Acrocephalus paludicola). 
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