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Abstract 

 

Life-history theory is based on the idea that every individual face a limitation of energy, 

nutrients and time in its lifespan. This optimization problem is resulting in trade-offs 

between resource demanding tasks and traits. It has been shown that parasite resistance 

and specific immune response is reduced by increased reproductive effort in birds. 

Reproduction success and malaria infection state were tested on 434 individuals in two 

old and one new breeding area on Gotland. With a high accuracy and fast PCR method, 

three genera of protozoan haemosporidians, which are also known as avian malaria 

parasites, were analyzed in this study to detect host-parasite interactions. The 

reproduction success, indicated as lay-date and fledge, in Rums and OLD areas, Gotland, 

Sweden, did not show any significant relation to infection state. Instead, age (Young < 

2yrs vs Old ≥ 2yrs) was found to be the most influential factor affecting reproduction 

success.  A trade-off between infection state and patch size (secondary sexual traits) has 

not been shown in this study. However, there are still pieces missing in understanding 

how avian malaria parasites affect their host's fitness, such as the host bird immunity 

response to the blood parasite species and intensity levels, which need to be examined in 

future studies.  
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Introduction 

 

In terms of William’s theory (Williams, 1966), the allocation of resource plays a 

considerable role in life history. Due to resource limitations, where and how much energy 

an individual invests drives the characteristics and functions of organisms. William 

proposed the investment to be a possible balance between individual reproductive interest 

and their survival. Life history theory suggests that these fitness gains are subject to a 

trade-off between current and future reproduction (Gustafsson & Sutherland, 1988; Kelly 

& Alonzo, 2010). It has been shown that increased reproductive effort can reduce parasite 

resistance and specific immune response in birds (Nordling & Gustafsson, 1998). 

According to traditional resource allocation-based hypothesis, since both reproduction 

and immune defense is energetically costly (Gustafsson et al., 1994; Lochmiller & 

Deerenberg, 2000; Bonneaud et al., 2003), individuals must allocate resource between 

these two life-history traits; those individuals making a large reproductive effort cannot 

invest as much in immune function, which result in increased susceptibility to parasitism 

(Partridge & Harvey, 1988; Stearns, 1976).  

Typical reproductive efforts include the advertisement activities, or secondary sexual 

characters, that male birds conduct to attract females, which may be either physical (color 

plumage, elaborate ornaments), or behavioral (mating dance, nest building, song 

production), or a combination of both (Andersson, 1994).  Hamilton and Zuk (1982) 

hypothesized that male elaborate secondary sexual characters indicated a type of parasite 

resistance. Their model predicted that changes in parasite fauna over time led to 

frequency dependent changes to host immunity and females that choose the most 

elaborate males benefited by producing offspring with elaborate ornamentation that had 

the necessary disease resistance (Hamilton & Zuk, 1982). Since this ground breaking 

paper some research has shown that species with more elaborate ornamentation have 

higher parasite loads (Scheuerlin & Ricklefs, 2004), however, this is far from conclusive 

(Read & Harvey, 1989). Some previous theoretical work also suggest that female 

preference for reliable males will select traits which are costly to produce and/or hard to 

falsify, males may have exaggerated traits compare to the species with indirect benefits 

(Grafen, 1990a; Price et al., 1993). However, since the costs of producing exaggerated 

signals is high in the species with direct benefits, both Kokko (1998) and Kelly & Alonzo 

(2009) shows that males may produce less exaggerated traits, therefore the ability of a 

male to produce any signal at all become a reliable indicator of male quality for females. 

 

The secondary sexual characters are well studied in Collared flycatchers (Ficedula 

albicollis), (Gustafsson et al. 1995; Ellegren, Gustafsson & Sheldon, 1996; Garant, 

Sheldon & Gustafsson, 2004; Qvarnström, Brommer & Gustafsson, 2006). In addition to 

that males with respect to wing patch size and song versatility have been favored by 

females in pied flycatcher (Sirkiä & Laaksonen, 2009), collared flycatcher male forehead 
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is proposed as an indication of male quality and the ability to resist malaria infections 

(Blomgren, 2011). A female mating with a male with large forehead patch could possibly 

then increase her fitness by gaining direct benefits (Blomgren, 2011), resulting for 

example, that its chicks would be provided more food and/or indirect benefits such as the 

chicks would get better genes to avoid or suppress malaria infections. Blomgrens 

conclusion is supported by a study on house finches (Carpodacus mexicanus) showing 

that female do prefer the brighter colored males and the brighter males did show a higher 

survival rate and those males were providing more parental care than less colored males 

(Hill 1991). However, there was different case from a study of collared flycatcher 

(Ficedula albicollis) in Hungary that showed no correlation between either wing patch 

size or forehead patch size on the presence of malaria infection (Szöllösi et al., 2009). 

The different results shown in different location might imply that the secondary sexual 

characters and their functions differ in populations and even time scales, i.e. long or short 

term. This would be interesting to confirm in a new study. 

 

Early arrival to breeding places is an important factor in fitness, since arrival time affects 

breeding success (Both & Visser, 2001). Lay date is another crucial factor to determining 

reproductive success and productivity of birds. It has been observed in many species that 

the average clutch size decreases as the season progresses. Furthermore, the chances of 

young birds surviving to the next year declines as the fledged date becomes later. Birds 

have evolved to lay their eggs so that the nestlings are hatched when food is available and 

there is food when they leave the nest. A study of cliff swallow (Petrochelidonp yrrhon-

ota) in southwestern Nebraska showed that lay date has a great impact on reproductive 

success (Brown &Brown, 1999).   

 

Malaria parasites (genera of protozoan Haemosporidians, including Haemoproteus, 

Plasmodium and Leucocytozoon) are most often-found blood parasites in birds. Avian 

haemosporidian parasites can affect host body condition, reproductive success and 

survival, even resulting in the extinction of the avian host in extreme cases. Therefore, 

these parasites can exert strong selective forces on their hosts (van Rooyen et al., 2013). 

The common transmitters of Haemosporidians are blood sucking insects such as 

mosquitoes and black flies (Friend & Franson, 1999). They may affect birds’ fitness as 

those discussed above. These malaria parasites are found in saliva of infected female 

mosquitoes. Following a bite from one of these mosquitoes, parasite infects peripheral 

red blood cells and internal tissue such as liver, spleen, bone marrow and brain cells 

Birds participate in the Plasmodium life cycle by acting as reservoirs, parasite reproduced 

and existed in red cells and after entering the bloodstream, they are taken up by feeding 

female mosquitoes. One experiment on house martin (Delichon urbica) population did 

show a significant lower blood parasite(Haemoproteus prognei) intensity in birds treated 

with primaquine, an anti-malarial chemical, result in larger clutch size, higher proportion 

http://www.britannica.com/EBchecked/topic/340003/life
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of hatched eggs and higher fledgling success (Marzal et al., 2004). A Spain population of 

Blue tits (Parus caeruleus) had been observed a decreasing in survival due to infections 

of Haemoproteus (Martinez-de La Puente et al., 2010). Moreover, after a test of anti-

malarial drug Malarone, the medicated infected blue tits (Parus caeruleus) females got 

higher fledging success, by provided more food and hatched more eggs (Knowles et al. 

2009b). Buchanan et al. (1999) has also found that parental care can possibly be 

negatively affected by presence of blood parasites in a population of Sedge warblers 

(Acrocephalus schoenobaenus).  

 

This study aims to investigate if the presence of malaria infection affects reproductive 

success among female and male collared flycatchers in 3 populations of Rums, Fide and 

Tuviken, Gotland, where Rums is a new established nest box area and therefore attracted 

new immigrating birds for the first year. I therefore compare this new established 

population (Rums) with the old populations (Fide and Tuviken). In addition I want to see 

if the forehead patch is a reliable indicator of parasite infection status in my study areas. 

Current knowledge is not sufficient to conclude how avian malaria parasites affect their 

host's fitness (Marzal et al. 2004). We need to increase our understanding for different 

populations and spatial-temporal scales. The amount of white patch size was tested 

against the reproductive success, age, lay date, and clutch size and chick condition. All 

data from Rums, Fide and Tuviken were ranged in the summer 2013. The observation 

schedule followed in Rums is standard as all other plots in Gotland (Cramp & Perrins, 

1993).  

Methods   

 

Field investigation 

 

The study was performed on the southern part of Gotland, the largest island of Sweden in 

the Baltic Sea between late April and early July in 2013. Studies of collared flycatcher 

started 1980 (Gustafsson et al. 1994) in this area and long term data is available from 14 

different sites. 

 

The collared flycatcher (Ficedula albicollis) is small passerine birds belong to Old 

World flycatcher family. The bird is about 12-13.5 cm long. Adult male (2 years and plus) 

is basically black above and white below, with a clear white collar, white wing patches 

and a white forehead patch. The beak and claw is black. This species is good at hunting 

in flight, small insects, caterpillars are the mainly food resource for them in Gotland, 

main habitat is deciduous forest. Female and juveniles male are mainly brownish above 

instead of black, very healthy and/or old female can sometimes have white patch in 

forehead as well. Broods size is usually 5-7 eggs/chicks.  The population in Gotland is 
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isolated from southeast Europe. It comes in spring and spends its winter in Africa and has 

been studied for over 35 years. 

 

The habitat of these 14 different sites is mixed and/or deciduous forest and a high density 

of lower trees and bushes. However only 2 old sites were investigated in this study. Fide 

and Tuviken are two old forests sites for collared flycatcher study. Fide is the densest 

forest with deciduous and lower trees and bushes of the 3 areas in my study. Tuviken is 

more open and mainly pine forest mixed with birches. Rums is a virgin plot with old 

forest of the mixed type. In Rums 187 new wooden bird nest box were put up 

approximately one week before male collared flycatcher settled and started to build nest. 

All wooden nest boxes were brand new and we used GPS to set up, boxes settled in the 

corner of 40 meter × 40 meter in the forest. Furthermore boxes are set on trees about 1.2 

meters in height.  

 

All nest boxes were checked every fifth day, and as corralled flycatcher lay 1 egg per day 

according to pervious study. We calculated the exact laying day of the first egg. Once we 

found eggs were warmish (higher than finger temperature), regular checking stopped and 

the expected hatching date (12 days after first incubation day) calculated according to 

standard schedule (Cramp & Perrins, 1993).  A revisit was done to confirm hatching and 

in negative cases we visited the box every day until it hatched.  

 

Female corralled flycatcher was caught during incubation (4 days after incubation start) 

and the male 5 days after the chicks hatched, to avoid disturbance during their first days. 

Nestling will be ring marked and measured 7 and 12 days after it hatched. 

 

We used a special trap to catch the adults. A plastic/cardboard placed inside the nest box 

with a pin. And ever after bird went inside nest box, it blocked the entrance hole. We 

ringed all birds that were not previously ringed. Rings come from Bird Ringing Centre, 

Swedish Museum of Natural History, made by aluminum with a specific serial number 

engraved. Meantime, basic body data were collected as well as blood samples and 

feathers. The data from the field work include basic body information, lay dates of first 

eggs, hatching dates, and number of fledglings for each breeding pair. 

 

Lab analysis 

 

The blood samples were collected in the field in EDTA tubes and stored in ice box before 

centrifuging (process in the same day). In order to separate corpuscles from blood plasma, 

we followed a protocol for centrifuging: 5 minutes at a speed of 6000 r/min. The plasma 

was removed with a pipette and stored separately. Samples were then kept in a -70°C 

freezer until we got back to the lab in Uppsala University where they were kept in a -80°

C freezer until they were to be analyzed. High Salt DNA extraction is used to deal with 
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blood samples in order to get a suitable concentration of parasite DNA. Every 24 samples 

will be processed at the same time and one control sample (ddH2O instead of blood) was 

included. Concentration of genomic DNA was measured for each sample with 

spectrophotometer, those with a concentration between 20-100μg/μl, were diluted in 1X 

TE buffer, if necessary. DNA quality test was also performed, 5μl extractions samples 

was mixed with 2μl loading dye (Thermo Scientific 6×DNA), and went through 

electrophoresis on agarose gel (1.5% agarose, 900mA, and 40 minute). Agarose plate 

would be put over UV light to make the marked DNA visible. To investigate whether an 

individual bird was infected with Haemoproteus or Plasmodium parasites, the successful 

extractions were analyzed through a nested Polymerase Chain Reaction protocol. This 

technology is high accuracy and fast and even more sensitive than the nested PCR 

technique described by Waldenström et al. (2004), which is improved by Gunilla 

Engström in Animal Ecology lab, Uppsala University. Dreamtaq (Thermo Scientific) is 

used instead of Amplify taq. With the new method of processing PCR, the genuses 

Haemoproteus and Plasmodium can easily and quickly be detected. The final PCR 

products were then handled in the same way through electrophoresis as the DNA quality 

check of the extractions (Blomgren, 2011). If a band showed up in the gel, the bird was 

infected with either Haemoproteus or Plasmodium. Each sample had been tested twice. 

The unsure result (positive and negative once) samples were processed once more. 

Positive and negative controls were used after every 14th sample to control for possible 

procedure mistakes. The negative control consisted of ddH2O and the positive of a known 

positive sample from an infected bird, to ascertain that the outcome of each PCR run was 

not affected by contamination. 

 

Picture analysis  

 

The picture of male collared flycatcher head patch were taken in field while basic data 

collection. There is one more measure for males forehead patch only in Rums. Two 

cameras were used, Sony DSC-W130 and Sony DSC-W80. Males head was placed on a 

red background with a steel ruler as the scale. Picture was taken perpendicular right 

above the bird patch and ruler. Measurements of white patch were performed with the 

software ImageJ 1.47v. The image was opened and scale was set individually according 

to the ruler in the picture. 10 millimeter was used as scale corresponding convert to a 

certain pixels in the picture. After that, only patch area cropped out and by the function of 

Color Threshold, the patch area could be highlight in red color. The last step was to 

analysis particular the size of red area/patch. All pictures’ type is RGB color. 

 

 
Picture 1: The picture of male collared flycatcher head patch 

http://www.iciba.com/perpendicular
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Statistical analyses 

 

JMP vision 11 was used for my statistic analysis. All basic body data as adult wing length, 

tarsus length, tail length and body mass, reproduction data as lay date, hatch date, clutch 

size and fledge and the malaria infection state(1/0) were tested. The residuals between 

weight and tarsus length are a common way of estimating body condition in collared 

flycatchers (Lars Gustafsson pers. com.). Tarsus length and weight among flycatcher 

chicks is positively correlated with food provisioning from rearing parents (Moreno et al. 

2008), and thus can it be used as a measurement of size and/or condition. 

 

There were two type of forehead patch size (only for male) used in my analysis. The 

patch size results from patch height times breadth which was used in my comparison 

between new and old area. Forehead patch size estimated from picture processing was 

used only in Rums (New area).  

 

All tests of male and female quality among flycatchers with respect to forehead patch size 

(only for male) and basic body data was performed using Fit Model. A test of 

reproductive success also got through Fit Model between infected and non-infected group, 

when age, sex and area are controlled.  Such as lay date, average chick weight, clutch size 

and so on was tested as well. T-test used inside modeling. Model specification is Center 

polynomials. The graphs are LS Mean plot from the Fit Model result. It has been 

previously shown that lay date and age may affect reproductive success (Gustafsson et al. 

1994). Consequently, these factors were included as well. The standard 95% CI was used.  

 

Result  

 

Malaria infection 

 

Overall 384 blood samples from both male and female were successfully analyzed in Lab 

to detect the infection of avian malaria (Haemoproteus/Plasmodium). The overall 

infection rate for male is 35.4% and 36.9% for female. The infection rates in the 3 areas 

are shown below (Tab. 1).  

 

Table 1. Infection rate in collared flycatcher in Rums, Fide and Tuviken on Gotland 2013. 

 

Area RUMS OLD 

Plot Rums Fide Tuviken 

Infection rate 

 

Number of blood 

samples 

♂  ♀ ♂ ♀ ♂ ♀ 

27.6% 35.7% 30.7% 50.7% 38.7% 31.8% 

68 87 61 75 49 44 

 

Infection rate was significant different between RUMS and OLD area (Fide and Tuviken) 

when controlling for age (Old (≥2 years)/Young) and sex (n=384, Chi-square=4.785, 
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P=0.0287). Age of bird also had a significant effect on infection state when sex and area 

are controlled for (n=383, Chi-square= 4.615, P=0.0317). However, sex is not a factor 

that effect infection rate (n=383, Chi-square=0.093, P=0.7604). Then I compared age 

group are between Rums and Old areas. Figure 2 shows that there are significantly more 

young birds in Rums than Old area.  

 

  
 
Figure 1. The differences between area and age group on infection state. Red square 

stands for infected (1) and grey square means non-infected (0). The width of the column 

refers to the size of investigated bird population. 
 
 

 
Figure 2. The age difference between Rums and Old area (n=434, Chi-square=7.171, 

DF=1, P=0.0074). The width of the column refers to the size of investigated bird 

population. 

 

 

 

Patch breadth and infection  

 

Under the category of infection states, male’s forehead patch breadth, height and size 

(patch breadth × patch height) were compared. The patch breadth then showed a 
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significant difference between 2 infection state groups, being larger for infected group, 

when controlling for age and area (Figure 3a; Effect test, n=172, DF=3, F ratio=7.5736, 

P=0.0066). The patch breadth in Rums is larger than old area in general when infection 

state and age are controlled (Figure 3b; Effect test, n=172, DF=1, F ratio=24.2614, 

P<0.0001). Elder male have not a larger patch breadth (n=172, DF=1, F ratio=2.5451, 

P=0.1125). Patch size and Patch height are not statistically related to Infection state. 

 

 

  
 
Figure 3. (a) Patch Breadth least square mean comparation by infection state; (b) Patch 

Breadth least square mean value contrast by area. 

 
  

Malaria infection and reproduction success  

 

The breeding season started at the end of April, 2013. The median lay date in Rums was 

about 1 day delay in comparison to the overall median in Southern plots (include Fide, 

Tuviken and other 12 plots). 

 

Table 3. Area effect on reproduction success (1st May is the Day 1) 

 

 Lay date* Clutch size Fledged* Hatch Date 

Old 20.6 6.1 5.4 39.0 

Rums 21.8 6.1 5.7 39.5 

*the data used in analyses to represent Reproduction success 

 

Patch size, patch breadth and/or patch height are tested with reproduction success, such 

as lay date, clutch size, hatch date and fledgling number when area, infection state and 

age are controlled for. However there is no significant result within patch size 

measurements factors to reproductive success. It has been previously shown that lay date 

and age may affect reproductive success (Gustafsson et al. 1994). Figure 4 shows the 

correlation found in fledgling numbers with lay date.  

 

P<0.0001 P=0.0066 

a b 

a b 
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Figure 4.  The correlation between lay date and number of fledglings in 2013 (n=393, 

P<0.0001). Incl. all 3 areas (Rums, Fide and Tuviken) 

The comparison of Lay Date between infected and non-infected birds shows no 

differences between the two groups, Figure 5a, (n=374, DF=1, P=0.1131) when sex and 

age are controlled, but lay date is significant (Figure 5c) later in Rums than Old area 

(n=374, DF=1, P=0.0013) when infection state and age are controlled for. However, 

neither infection state (Figure 5b, n=352, DF=1, P=0.9583) nor area (Figure 5d, n=352, 

DF=1, P=0.0762) have a significant effect on fledgling numbers. 

When controlling for sex, area and infection state, old age group have a significant earlier 

lay date than young (Figure 5e, effect test, n=374, Df=1, F Ratio=7.9886, P=0.0050), as 

well as fledgling numbers, old groups do better than young in general (Figure 5f, effect 

test, n=352, Df=1, F Ratio=14.8472, P=0.0001).  

 

   
 

P<0.0001 

P=0.1131 P=0.9583 

a b 
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Figure 5. The effects of the main factors (infection state, area and age) on lay date and 

fledgling numbers. Each bar refers to least square mean and standard error.    

 

Rums the new colony 

 

Rums is a new colony started in 2013, in general birds are of younger age and have lower 

infection rate in that population breeding in Rums compared to the old areas. In Rums, a 

total of 187 wooden nest boxes were set up, in 98 boxes we found collared flycatcher nest, 

and 51 nests were successfully fledged. Of all chicks, 71.6% survived from egg stage 

until they fledged 14 days old. This rate is higher than the usual 60.0% compare to the 

average over the last decade (Blomgren, 2011).  As the mean fledglings per nest, this 

season produced 5.6 fledglings, higher than the overall mean number of 4.9 fledglings per 

nest (Lars Gustafson unpublished data). Figure 6 is a rough distribution map for infected 

and non-infected male in Rums.  

 

P=0.0013 P=0.0762 

c d 

P=0.0050 P=0.0001 

e f 
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Figure 6. Infection male (Red circle) and non-infection male (Blue square) distribution in 

Rums 

In a separate and different from pervious analyses, I compared the patch size within 

Rums only where the size of the forehead patch comes from the pictures I took in the 

field and analysed with Image J. Patch size then was tested with many factors for male 

condition and reproductive success. Male forehead patch size vary with age as well as in 

previous analyzes on the Rums population (Effect test, n=60, Df=1, Sum of 

square=5.2950, F Ratio=0.4505, P=0.0050) when infection state are controlled (Figure 

7a). Furthermore the patch sizes were on average smaller in the infected group than non-

infected group (Figure 7b), however the differences were not statistically significant 

(Effect test, n= 60, Df=1, Sum of square=8.5712, F Ratio=0.7292, p-value = 0.3968) 

when infection state is controlled. Patch size didn't show any significant effect on males’ 

body weight, wing length and tarsus length. 

   
Figure 7. Patch size against age (a) and infection state (b). 

 

P=0.0050 P=0.3968 

a b 
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Then patch size are tested in relation to lay date, hatch date, clutch size and fledgling 

number. However, patch size is not a key factor with effects on reproductive success.  

 

The female in Rums are also tested with reproduction successes with age and infection 

state. The old female are doing better both in Lay date (Figure 8a, Effect test, n=86, Sum 

of Square= 89.5536, F Ratio=4.1517, P=0.0048) and Clutch size (Figure 8b, Effect test, 

n=86, Sum of Square= 3.3221, F Ratio=7.5088, P=0.0075) than young. Age did not have 

any statistically significant effect on fledgling number, hatch date or average chicks 

weight. Infection states do not show any significant effect on reproductive success as well 

for Rums’ female. 

 

 

 
Figure 8. Age effect on reproduction success for female in Rums 

 

 

Discussion 

The average proportion of avian malaria infection rate in these 3 areas is about the same 

as have been shown before on the island (Lars Gustafson unpublished data). However the 

infection rate in Rums is significant lower than in Olds area. Old areas have more 

parasites, the reason for lower infection rate in Tuviken than Fide is the forest type, dense 

forest, bushes and deciduous forest environment are more appropriate for mosquitoes and 

other parasite carrier. Rums is a mixture forest with both dense area as Fide but also open 

pine forest as Tuviken. Since Rums is a new colony maybe it will take more time for 

parasite vectors host in the area. Age is also a factor that has effects on infection rates. 

Elder birds have had more chances to, at least once, be in an environment with vectors 

and parasites than young birds in their time scale during life span. Old birds also prefer to 

come back to the original breeding forest than to explore a new area. Therefore a larger 

proportion of young birds gathered in Rums. There is no difference in infection rate 

between sexes. Figure 6. Showed no pattern for infection in Rums, infected males are 

randomly distributed.  

 

I attempted to find correlation in forehead patch size between infected and non-infected 

male groups, no significant result was found. Only a tendency shows that even in infected 

group, old birds have a larger patch size than young. However patch breadth do vary with 

a b 
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infection state. Infected males actually have a wider forehead patch breadth. Maybe to 

produce white forehead patch are costly for males, but do not cost as much as I expect. 

Even producing is costly, male are able to manage energy allocation, but individuals need 

to be able to back up what it signals for, which makes it an honest signal. The patch could 

be used to compete for territory, so a poor male with a large patch would probably lose 

any territorial dispute against males of high quality. There is another paper discussing 

that the large patch size male could be a mixture of uninfected birds and infected birds 

with infection kept at a low level and as I did not expect (Andersson, Gustafsson & 

Nordling, Manuscript). Those infected birds do well out of their good immune system 

and which increase the average patch size of infected group. When having only 

prevalence without having intensity levels of infection it makes it more difficult to draw 

conclusions.  

The elder birds have larger patch breadth although it is not significant. However the 

males in Rums do have a significant larger patch breadth than OLD area males even if 

there are more young males in Rums (Figure 3b. age and infection state is controlled). 

Which can be explained as lower nest density and lower infection rate made a relative 

healthier and well-resourced environment for young birds to reproduce and develop 

secondary sexual traits in Rums.  

Laying date as an important factor that has an effort on many potential factors in 

reproductive success. Birds lay later in the season have probably experienced more bouts 

of weather-related food deprivation and thus have lower fat stores. Fledged, first year 

survival and average chick weight may vary a lot due to lay date (Brown C.R & Brown 

M.B, 1999). The correlation between lay date and fledge has been proven again in Rums 

& Old area (Figure 4). To test if infection state has an effect on reproduction success as 

lay date, clutch size, number of fledglings and average chicks weight (as chicks’ 

condition) was tested. But no significant results found in neither of them. Furthermore in 

all factors, old birds do better than young. They lay earlier, their babies hatched earlier 

and they have more fledglings. Which can be understood as experience helps male to 

survive (Doligez,B, et al. Gustafsson, L. 2004). Maybe a male who is older deals better 

with parasite in its blood than younger’s as its immune system is stronger and works well. 

The older male are the ‘lucky guys’ in the whole population, they are the fitter ones who 

can really survive in the harsh environment, who carries a ‘better’ gene to deal with 

parasite. Expenditures on reproduction processes must be in functional correlation with 

others costs and worth the costs (Gustafsson & Sutherland, 1988).   

Even if the male are infected it does feed its chicks as much as it can. As it showed in 

result there is no difference in reproductive success between 2 infection state groups. 

However it is no saying that infection is not costly, the cost may come later. Parents’ 

birds need to be molt before it flying back to Africa. It is also facing the problem to 

survive to next year. This effect comes after survival and these effects can only be 

detected in next year and are not showing in my data or observation. 

 

In general, this study found some interesting result in a new established colony compared 

to the OLD. That presence of malaria affects individual body condition but not directly 
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affect reproduction success. Age as a known factor does affect both secondary sexual 

traits and reproduction success. Further studies are needed to find answers to questions 

mentioned earlier in the discussion.  

 

Acknowledgment 

 

I would like to express my very great appreciation to my supervisor Lars Gustafsson, and 

Kevin Fletcher, Ian Henshaw, Sara Zonneveld, Barbara Alonso, Juho Könönen, Marion 

Germain, Eric Blomgren, Gunilla Engström and Reija Dufva for their patient guidance, 

enthusiastic encouragement and comments on this project. 

 

My sincere thanks are also extended to Svante Holm and Bengt-Gunnar Jonsson for 

giving me this great chance to work with my beloved project.  

 

My special thanks are extended to ShaoJun Xiong and Xuhui Bao for being patient and 

encouraging me for the whole time.  

 

 

  



17 
 

References 

 

References 

 

ABC Bird. Mortality Threats to Birds - Avian Malaria (Plasmodium relictum), 

http://www.abcbirds.org/conservationissues/threats/disease/avian_malaria.html, 

accessed on 10 April 2014. 

ANDERSSON M. 1994. Sexual Selection. Princeton University Press, Princeton, NJ.  

Avian malaria, Encyclopædia Britannica Online, 

http://www.britannica.com/EBchecked/topic/1847626/avian-malaria, retrieved 09 

February 2014, from  

BLOMGREN E. 2011. Avian malaria in Collared flycatchers: Fitness consequence and a 

relation to a secondary sexual character. Master thesis, Uppsala University. 

BONNEAUD C., MAZUC J., GONZALEZ G., HAUSSY C., CHASTEL O., FAIVRE B. 

& SORCI G. 2003 Assessing the cost of mounting an immune response. 

American Naturalist, 161: 367–379. 

BOTH C. & VISSER M.E. 2001. Adjustment to climate change is constrained by arrival 

date in a long-distance migrant bird. Nature 411: 296-298 

BROWN R.C. & BROWN B.M. 1999 Fitness Components Associated with Laying Date 

in the Cliff Swallow. The Condor , 101: 230-245. 

BUCHANAN K.L., CATCHPOLE C.K.,LEWIS J.W. & LODGE A. 1999. Song as an 

indicator of parasitism in the sedge warbler. Animal Behaviour 57: 307-314. 

CRAMP S. & PERRINS C.M. 1993 The Birds of the Western Palearctic Volume VII. 

Oxford University Press, Oxford, New York, p: 49-63 

DOLIGEZ B., DANCHINE E., CLOBERT J, PÄRT T. & GUSTAFSSON L. 2004. 

Availability and use of public information and con-specific density for settlement 

decisions in the collared flycatcher. Journal of Animal Ecology 73: 75-87. 

ELLEGREN H, GUSTAFSSON L, SHELDON B. C. 1996. Sex ratio adjustment in 

relation to paternal attractiveness in a wild bird population. PNAS 93: 11723-

11728. 

FRIEND M. & FRANSON J.C.1999. Field manual of wildlife diseases general field 

procedures and diseases of birds. Biological resource Division, Washington, D.C. 

GARANT D., SHELDON B. C. & GUSTAFSSON L. 2004. Large-scale environmental 

effects on the expression of secondary sexual characters: genetic and 

environmental components. Evolution 58: 634-644 

GRAFEN A.1991 Biological signals as handicaps. Journal of Theoretical Biology 144: 

517- 46 

GUSTAFSSON L. & SUTHERLAND W.J 1988 The cost of reproduction in the collared 

flycatcher Ficedula albicollis. Nature 335, 813-817  

GUSTAFSSON L., NORDLING D., ANDERSSON M., SHELDON B. & 

QVARNSTRÖM A. 1994. Infectious diseases, reproductive effort and the cost of 

http://www.abcbirds.org/conservationissues/threats/disease/avian_malaria.html
http://www.britannica.com/EBchecked/topic/1847626/avian-malaria


18 
 

reproduction in birds. Philosophical Transaction of the Royal Society Series B 

346: 323-331. 

GUSTAFSSON L., QVARNSTRÖM A. & SHELDON B. C. 1995. A trade-off between 

a life-history and a secondary sexual trait. Nature 375 :311-313. 

HAMILTON W.D. & ZUK M. 1982. Heritable true fitness and bright birds – a role for 

parasites. Science, 218:384–387 

HILL G. E. 1991. Plumage coloration is a sexually selected indicator of male quality. 

Nature 350: 337-339. 

JONES, P. J., AND P. WARD. 1976. The level of reserve protein as the proximate factor 

control-ling the timing of breeding and clutch-size in the red-billed quelea Quelea 

quelea. Ibis 118: 547-574. 

KELLY N.B & ALONZO S.H. 2010. Does a trade-off between current reproductive 

success and survival affect the honesty of male signaling in species with male 

parental care? Journal of Evolution Biology 23: 2461–2473. 

Kelly N.B & Alonzo S.H. 2009 Will male advertisement be a reliable indicator of 

paternal care, if offspring survival depends on male care? Proc Biol Sci. 276: 

3175-83 

KNOWLES S.C.L., NAKAGAWA S. & SHELDON B.C. 2009a. Elevated reproductive 

effort increases blood parasitaemia and decreases immune function in bird: a 

meta-regression approach. Functional Ecology 23: 405-415 

KNOWLES S.C.L., PALINAUSKAS V. & SHELDON B.C. 2009b. Chronic malaria 

infections increase family inequalities and reduce parental fitness: experimental 

evidence from a wild bird population. Journal of Evolutionary Biology 23: 557-

569 

KOKKO H. 1998 Good genes, old age and life-history trade-offs. Evolutionary Ecology 

12: 739-750. 

LACK D. 1966. Population studies of birds. Clar-endon Press, Oxford, U.K. p:341 

LOCHMILLER R.L. & DEERENBERG C. 2000 Trade-offs in evolutionary immunology: 

just what is the cost of immunity? OIKOS 88: 87–98 

MARTINEZ-DE LA P.J., MERINO S., TOMAS G., MORENO J., MORALES J., 

LOBATO E., GARCIA-FRAILE S., JORGE B.E. 2010. The blood parasite 

Haemoproteus reduces survival in a wild bird: a medication experiment. Biology 

letters 6: 663-665. 

MARAL A., DE LOPE F., NAVARRO C. & MÖLLER A.P. 2004. Malarial parasites 

decrease reproductive success: an experimental study in a passerine bird. 

Oecologia 142: 541–545 

MORENRO J., LOBATO E., MORALES J., MERINO S, MARTINEZ-DE LA P.J. & 

Tomas G. 2008. Prelaying nutrition mediates maternal effects on offspring 

immune capacity and growth in the pied flycatcher. Oecologia 156: 727-735 

http://alonzolab.yale.edu/publications?f%5bauthor%5d=17
http://alonzolab.yale.edu/publications?f%5bauthor%5d=7
http://alonzolab.yale.edu/will-male-advertisement-be-reliable-indicator-paternal-care-if-offspring-survival-depends-male-care
http://alonzolab.yale.edu/will-male-advertisement-be-reliable-indicator-paternal-care-if-offspring-survival-depends-male-care
http://onlinelibrary.wiley.com/doi/10.1111/oik.2000.88.issue-1/issuetoc


19 
 

NORDLING D.M.S, ANDERSSON, ZOHARI S. & GUSTAFSSON L. 1998. 

Reproductive effort reduces specific immune response and parasite resistance. 

Proceedings of the Royal Society series 265: 1291-1298. 

PARTRIDGE L. & HARVEY H.P. 1988 The ecological context of life history evolution. 

Science 241: 1449-1455  

PERER-TRIS J., HASSELQUIST D., HELLGREN O., KRIZANAUSKIENE A., 

WALDENSTRÖM J. & BENSCH S. 2005. What are malaria parasites? Trends in 

Parasitology 21: 209-211 

QVARNSTRÖM A., BROMMER E. J & GUSTAFSSON L. 2006. Testing the genetics 

underlying the co-evolution of mate choice and ornament in the wild. Nature 441, 

84-86 

READ A.F & HARVEY P.H. 1989. Life history differences among the eutherian 

radiations. J Zool Lond 219:329–353 

SANTOS E. S. A. & NAKAGAWA.S. 2012. The costs of parental care: a meta-analysis 

of the trade-off between parental effort and survival in birds. Journal of 

Evolutionary Biology 25:1911–1917 

SCHEUERLIN A. & RICKLEFS R. E. 2004. Prevalence of blood parasite in European 

passeriform birds. Proc Biol Sci. 271:1363–1370 

SIRKIÄ P. M & LAAKSONEN T. 2009. Distinguishing between male and territory 

quality: females choose multiple traits in the pied flycatcher. Animal Behaviour 

78: 1051-1060 

STERNS C. S., 1976 Life-history tactics: a review of the ideas. Quarterly review of 

biology, 3-47 

SZÖLLÖSI E, ROSIVALLl B, HASSELQUIST D & TÖRÖK J. 2009. The effect of 

parental quality and malaria infection on nestling performance in the Collared 

Flycatcher (Ficedula albicollis). Journal of Ornithology 150: 519-527 

VAN ROOYEN J., LALUBIN F., GLAIZOT O. & CHRISTE P. et al. 2013. Avian 

haemosporidian persistence and co-infection in great tits at the individual level. 

Malaria Journal 12: 40. 

WALDENSTRÖM J, BENSCH S, HASSELQUIST D & ÖTMAN Ö. 2004. A New 

Nested Polymerase Chain Reaction Method Very Efficient in Detecting 

Plasmodium and Haemoproteus Infections From Avian Blood. Journal of 

Parasitology 90: 191-194 

WILLIAM G.C. 1966. Adaptation and Natural Selection: A Critique of Some Current 

Evolutionary Thought. Princeton University Press, Princeton. 

 

http://scholar.google.com/citations?view_op=view_citation&hl=sv&user=qBlLcioAAAAJ&citation_for_view=qBlLcioAAAAJ:u-x6o8ySG0sC

