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Abstract 

This thesis integrates in three separate chapters some aspects of the breeding biology of the 

Eurasian redwing (Turdus iliacus coburni) and the Eurasian blackbird (T. merula). The 

redwing has been breeding in Iceland for centuries while the blackbird colonized between 

1990-2000 and is still a relatively scarce breeding bird outside SW-Iceland. Both species are 

understudied in Iceland despite many valuable research questions, especially on interactions 

between the species due to the recent colonisation of the blackbird.  

The study was conducted in two consecutive summers in 2017 and 2018, in Fossvogur 

cemetery located centrally in Reykjavik Iceland.  

The first chapter focuses on various aspects of their breeding biology including timing, 

nest site selection and breeding success. The aims were to shed light on their breeding 

biology in Iceland and to see how well these species do when competing for resources in the 

same habitat.  

The second chapter focuses on methods in estimating breeding population densities of 

Icelandic thrushes. The aims were to see if using point counts of singing males would give 

a reliable estimate of density compared to the minimum number of nests in the area. 

The third chapter focuses on the prevalence of blood parasites in Icelandic redwings. 

The aims were to see if blood parasites were present in the blood of Icelandic redwings and 

look for evidence of whether birds get infected within Iceland. 

  

Útdráttur 

Þessi ritgerð tengir í þremur köflum saman þætti í varplíffræði skógarþrasta (Turdus iliacus 

coburni) og svartþrasta (T. merula). Skógarþröstur hefur orpið á íslandi svo öldum skiptir en 

stöðugur stofn af svartþröstum hefur aðeins orpið hér síðan á árunum 1990-2000. 

Rannsóknum á báðum tegundum er ábótavant á Íslandi og sérstaklega samspili þeirra á milli 

frá landnámi svarþrastarins.  

 Rannsóknin var framkvæmd á tveimur árum, sumrin 2017 og 2018 í 

Fossvogskirkjugarði í Reykjavík.  

 Fyrsti kaflinn leggur áherslu á ýmsa þætti í varplíffræði þeirra, þar með talið lengd 

varptíma, val á hreiðurstæði og varpárangur. Markmiðin voru sú að varpa ljósi á varplíffræði 

þessara tegunda á Íslandi og athuga hversu vel þessum tegundum gengur í samkeppni um 

auðlindir sín á milli. 

Annar kaflinn leggur áherslu á aðferðir notaðar við stærðarmat á varpstofni þrastanna. 

Þar voru markmiðin að athuga hvort punkttalningar á syngjandi karlfuglum gefi gott 

stærðarmat miðað við lágmarks fjölda hreiðra sem fundust á sama svæði. 

Þriðji kaflinn leggur áherslu á að athuga hvort blóðsníkjudýr séu til staðar í íslenskum 

skógarþröstum. Markmiðin voru að athuga hvort blóðsníkjudýr finnast í íslenskum 

skógarþröstum og einnig að athuga hvort blóðsníkjudýr smitast í fugla innan íslands. 
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Abstract 

Studies on breeding biology cover a wide range of topics that all contribute to the 

understanding of what is important in a bird’s life during reproduction. Breeding populations 

of birds are under influence of many environmental factors, e.g. nest-site availability, 

predation, competition and density. The aim of this study was to shed light on key parameters 

linked to the breeding biology of Icelandic thrushes living side by side and the breeding 

success of these species.  Data was collected on the Icelandic subspecies of redwing (Turdus 

iliacus coburni) and Eurasian blackbird (Turdus merula). The study was conducted in two 

consecutive summers, in 2017 and 2018 in Reykjavik.  

The redwings in the study area were in overall better breeding condition than the 

blackbirds. Their breeding population densities largely exceeded the size of the blackbird 

breeding population. Redwings utilized more diverse nesting sites than blackbirds, which 

probably lowers the density dependent pressure in competition for available nesting sites. 

The blackbirds had lower breeding success and lower reproductive output than the redwings.  

These results indicate that the blackbird is not doing very well in its competition with 

the redwing for resources. It may be that the blackbird is not very adapted to environmental 

conditions in a subarctic climate, which the redwing on the other hand has been adapting to 

for centuries.   
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Introduction 

Breeding populations of birds are under influence of many parameters in their environment, 

e.g. nest-site availability, predation, competition and density (Newton, 1998). 

Environmental conditions for passerines in Iceland are different from most of Europe e.g. 

due to geographic isolation and lack of trees. Relatively few species of birds, particularly 

passerines, are regular breeding birds in Iceland which may lead to low inter-species 

competition and the potential for species to exploit large niches. The only wild mammalian 

land predators are the arctic fox (Vulpes lagopus) and the American mink (Neovison vison). 

Avian predators that prey on passerines to some extent include the common raven (Corvus 

corax), gulls (Laridae), merlin (Falco columbarius), arctic skua (Stercorarius parasiticus) 

and the Asio owls. In urban environments the introduced domestic cat (Felis domesticus) is 

a common predator.  

Iceland hosts only ten passerine species that are considered regular breeders. The 

redwing (Turdus iliacus) and the blackbird (Turdus merula) are the only Icelandic members 

of the Turdidae family (Petersen & Hlíðberg, 1998). Two subspecies of redwings have been 

described, T. i. iliacus that breeds on the mainland of Europe and Asia and T. i. coburni that 

only breeds in Iceland except for few pairs in the Faroe Islands and Greenland (Clement & 

Hathway, 2000; Birdlife International, 2017). The redwing is considered to be an old 

breeding bird in Iceland that occupied lowland birch forests all around the country. In recent 

years redwings have made good use of the continually expanding conifer plantations found 

across Iceland. The latest estimate of their breeding population in Iceland is 165 thousand 

pairs (Skarphéðinsson et al., 2016).  

The blackbird is a common breeding bird in Europe and Asia, with up to fifteen 

subspecies described (Clement & Hathway, 2000). Blackbirds were found breeding locally 

in SW-Iceland from 1991 until around 2000 when the population started to grow and extend 

its distribution. Now blackbirds can be found breeding in all parts of Iceland although their 

stronghold is in urban areas in the southwest (Guðmundsson & Skarphéðinsson, 2012; 

Skarphéðinsson et al., 2016). The size of the breeding population is not known but could be 

a few thousand pairs (Skarphéðinsson et al., 2016).  

Redwings and blackbirds are closely related and may compete for the same food and 

nesting site resources. In spring and summer they both feed mainly on earthworms but also 

feed on other invertebrates dug up from under leaves and soil, later in summer fruits and 

berries take up a larger part of their diet (Snow, 1958; Tyrväinen, 1969; Guitian et al., 1994). 

They have both been known to use coniferous and deciduous trees as nesting sites 

(Khokhlova & Yakovleva, 2009; Mikula et al., 2014). In urban areas in Iceland both species 

are seen breeding in the same habitat. The blackbird is a well-studied species, both in urban 

and rural environments (Snow D. W., 1958; Ebenman & Karlsson, 1984; Partecke, Hof, & 

Gwinner, 2004; Kurucz, Bertlan, & Puger, 2012). Studies on the redwing are on the other 

hand scarce and have mainly been conducted in rural environments in Norway and Finland 

(Tyrväinen, 1969; Fonstad, Espmark, Lampe, & Bjerke, 1984).  

Information on the breeding biology of redwings and blackbirds in Iceland are 

particularly interesting in the light of recent colonization of blackbirds into the same habitat 

redwings have been utilizing without any direct competition for centuries. Blackbirds are 

larger and physically stronger than redwings but possibly not as well adapted to the 

hyperboreal climate as redwings. Data on the breeding biology of these species living in 

sympatry can shed light on key parameters linked to the breeding success of these species 

and help predicting their success with changes in environmental conditions. In this study an 

emphasis was made on the timing of their breeding, nesting densities, nesting sites and 



6 

breeding success. These parameters are useful to get an overall insight into their breeding 

biology. 
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Methods 

Study area 

The study was conducted in the summers of 2017 and 2018, from the end of April until the 

end of July. The study area was a cemetery in Fossvogur, located centrally in Reykjavík 

(64°07.4'N, 21°54.6'W), the capital of Iceland. The area is 0.25 km2 in size and is densely 

vegetated with old trees reaching up to about 10-15 meters in height. The most prominent 

tree species are, spruce (Picea spp.), birch (Betula spp.) and rowan (Sorbus spp.). The lowest 

branches of most spruce trees have been cut off, so no branches are on the first 2-3 meters 

of those trees. There are also many species off bushes, the most common are, ribes (Ribes 

spp.), honeysuckles (Lonicera spp.) and lilac (Syringa spp.). Most ribes and honeysuckle 

bushes are cut each year, so their height is maintained at around 1-1.5 m. A large part of the 

area has openings through the vegetation, where grass lawns are prominent.  

Other passerines species than redwings and blackbirds in the study area included 

redpolls (Carduelis flammea), goldcrests (Regulus regulus) and white wagtails (Motacilla 

alba). At least one pair of ravens (Corvus corax) was seen around the area and assumed to 

be preying on eggs and nestlings (particularly in 2018). Lesser Black-backed gulls (Larus 

fuscus) were commonly seen in the study area where they are searching for fledglings and 

domestic cats were a daily sight.  

Data collection 

Locating nests  

The cemetery was searched for redwing and blackbird nests about every two weeks from the 

middle of April – July. The cemetery is organized in a grid system, which makes recording 

locations of nests easy (Fig. 1 - 1). Using the grid system as a guide the cemetery was 

searched systematically. In the cemetery rows of trees and bushes alternate with footpaths, 

every row of trees and bushes was searched thoroughly throughout the cemetery. An effort 

was made to monitor every nest, also the ones found at 5 meters and higher. No data was 

recorded in the first two weeks of June 2017. Data was recorded on bird species, nest 

location, approximated height of nest above ground, nesting stage (empty/eggs/nestlings), 

clutch size, and number of hatchlings (when about 7 days old). Each nest was only monitored 

every five days to minimize disturbance, so the maximum number of visits to each nest was 

six. All nest failures were recorded and the reason for failure noted if possible. Predation 

was assumed when eggs or nestlings were missing from nests although parent birds might 

possibly remove dead nestlings. A nest was considered abandoned when a clutch of cold 

eggs was left in the nest. Number of nesting attempts could be recorded for some redwing 

individuals that were colour ringed. The summer in 2017 was the first year that breeding 

birds were ringed in the area, and birds were also ringed in 2018. Some of the birds seen 

breeding in 2017 and 2018, could have made a breeding attempt before being ringed. So, 

there is a bias towards fewer breeding attempts. In 2018, a part of the breeding population 

had been ringed in 2017 and could therefore be monitored over the whole breeding season. 
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Figure 1 - 1: Organization of areas in Fossvogurs cemetery. (Map obtained from the official 

website for cemeteries in Reykjavik, www.kirkjugardar.is). 

 

Ringing and measuring 

Fledged birds were caught in mist nets. Their age was determined with feather examination 

(1cy = juvenile, 2cy = second calendar year, 2cy+ = second calendar year or older) based on 

Svensson (1992). Then they were ringed and standard biometrics obtained including mass, 

wing-, tail- and tarsus length. When nestlings were about 7 days old, they were ringed and 

measured for mass and tarsus length. Age of nestlings from unknown hatching dates was 

roughly determined by examining size and feather growth by eye. Both nestlings and adults 

were in all cases fitted with a uniquely engraved metal ring and a three-digit yellow colour 

ring. An extra uncoded colour ring was used as a cohort marker for the year and the age of 

birds when ringed. No follow up checks on nests were made after the nestlings were ringed 

to minimize the risk of nestlings leaving the nest to early. 
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Data analysis 

To determine the start of egg-laying, the date was back-calculated using the estimated age 

of nestlings and the average 12 days incubation time for redwings (Tyrväinen, 1969) and 14 

days for blackbirds (Ebenman & Karlsson, 1984). Abundance of nests/breeding pairs in the 

area was found by adding together all active nests per week of the breeding season. We used 

status of nests and back-calculations of start of egg laying to determine if nests were active. 

Welch two sample t-tests were made to see if there was a difference in mean clutch and 

brood sizes between years. Nest survival rate was calculated using the method described by 

Mayfield (1961). Nest survival was calculated for the egg period and up to day 7 of the 

nestling period. The combined egg-laying and incubation periods were referred to and 

calculated together as the egg period. Similarly the hatching and nestling periods (until day 

7) were calculated together as nestling period.  

Difference in weight distribution between nestlings in nests with two, three, four 

or five nestling, was found by dividing the lightest/heaviest nestling. Levene’s test was used 

on the data to check for homogeneity of variance in the four groups. One-way ANOVA and 

Tukey HSD were used to check for differences in mass between groups. All calculations 

were performed in R by using (R Core Team, 2018). 
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Results 

Breeding season  

The length of the redwing breeding season in 2017 was a span of 63 days; egg-laying dates 

were between 29th of April and 1st of July. In 2018 the breeding season was longer, a span 

of 77 days and started earlier, 22nd of April and lasted longer or to the 8th of July (Fig. 1 - 2). 

In 2018 there were two big peaks in the start of egg-laying, in the last week of April and the 

last week of May. There was also a small peak in the last week of June. With data missing 

from the first two weeks of June 2017, the distribution of the start of egg-laying for the whole 

summer could not be plotted for that year.  

The length of the blackbird breeding season in 2017 was a span of 45 days; egg-

laying dates were between the 26th of April and 10th of June. In 2018 the breeding season 

was longer, with a span of 68 days. Like with the redwings, the season both started earlier 

(17th of April) and lasted longer (24th of June). There were two peaks in egg-laying in 2018, 

in the third week of April and the third week of May (Fig. 1 - 3). The breeding season for 

redwings was thus longer than for the blackbirds in both years, 2017 and 2018. 

 

 

Figure 1 - 2: Number of redwing nests starting egg-laying split between weeks in 2018. 

(April 3 = the third week of April, etc.). 
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Figure 1 - 3: Number of blackbird nests starting egg-laying split between weeks in 2018. 

(April 3 = the third week of April, etc.). 

Breeding population density 

In 2018, the minimum densities of redwing nests were much greater than the minimum 

number of blackbird nests in the area (Fig. 1 - 4). The density of redwing nests was highest 

in the second week of May (361 nests/km2) and the first week of June (369 nests/km2). For 

blackbirds, the density was highest in the third and fourth week of May and reached 53 

nests/km2 both weeks. So, the size of the redwing breeding population was 6.96 times higher 

than the blackbird breeding population in the area when densities were highest. With data 

missing from the breeding season in 2017, accurate densities could not be plotted for the 

whole breeding season that year. 

 

Figure 1 - 4: Density of redwing and blackbird nests per km2 during the breeding season 

2018. (April 3 = third week of April, etc.). 
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Nest site locations 

Redwings had more diverse nesting site locations than blackbirds (Fig. 1 - 5). For redwings 

the most common nest locations were spruce trees (44%), bush spp. (14%), birch trees (12%) 

and ribes bushes (7%). The most common locations for blackbird nests were spruce trees 

(74%), bush spp. (8%), birch (8%) and willow trees (8%). Redwings had 66.8% of their nests 

in trees, 27.2% in bushes and 6.0% on the ground or on gravestones. Blackbirds had 90.9% 

of their nests in trees and 9.1% in bushes; no blackbird nests were found on the ground or 

on gravestones. 

 

Figure 1 - 5: Nest site locations for redwings (n=431) and blackbirds (n=66) during 2017 

and 2018. *Bush spp. = Honeyberry, elder, juniper, lilac, cypress and willow bushes; *Rose 

bushes = Shiny cotoneaster and rose bushes; *Other = Larch, populus, pine, gravestone.   

The height of redwing nest sites was similar in 2017 and 2018. Even with different sample 

sizes, the percentage of nests in each height range was similar (Fig. 1 - 6). Redwings tend to 

pick nesting places at low heights rather than high up in the trees. In 2017, 32.5% of nests 

were placed at 1 meter or lower from the ground, in 2018 it was 36.7% of nests. In 2017, 

only 27.3% of nests were more than 3 meters from the ground and in 2018 it was 21.3%. 
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Figure 1 - 6: Height of redwing nests in the breeding seasons in 2017 and 2018. 2017(n = 

77), 2018 (n = 329). 

In 2017, the blackbird nests found were all at heights between 0.5-4.0 m high from the 

ground. In 2018, there was more variance in height, nests were found at heights between 0.5-

7.0 m from the ground (Fig. 1 - 7). Still, nests over 4 m high were not common (15.1%). 

 

Figure 1 - 7: Height of blackbird nests in the breeding season in 2017 and 2018. 2017(n = 

9), 2018(n = 53). 

Redwings changed their preference of which type of trees they pick for nest site location 

over the breeding season (Fig. 1 - 8). Early in the season, when little or no leaves are on the 

deciduous trees, the redwing preferably nests in evergreen trees or bushes. The more the 

sprouting of leaves progress, their preference shifts from evergreen trees and bushes to 

deciduous trees and bushes. This change in preference was not seen with the blackbirds’ 

choice in nest site location.  
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Figure 1 - 8: The percent of nests in evergreen trees/bushes compared to the percent of nests 

in deciduous trees/bushes, over the span of the breeding season for redwings in 2017 and 

2018. (April 3 = the third week of April, etc.). 

Clutch and brood size 

Clutch sizes did not differ between 2017 and 2018 for redwing (t = 0.331, df = 71.204, p = 

0.742) or blackbird (t = 0.972, df = 18.836, P = 0.343). The most common clutch size was 

4 eggs for both species in both 2017 and 2018. 

There was a tendency for larger brood sizes for redwings in 2017 than in 2018, but 

the difference was non-significant (t = 1.97, df = 146.77, P = 0.051). The most common 

brood size was 4 nestlings in both years (Table 1 - 2). Brood sizes for blackbirds were the 

same in 2017 and 2018 (t = -0.037, df = 6.276, P = 0.971). In 2017 the most common brood 

size was two nestlings (low sample size) and three in 2018 (Table 1 - 2).  

The reproductive output, number of nestlings at 7 days old, compared to the number 

of eggs laid in each nest, differed between the two species (Fig. 1 - 9). The blackbirds had a 

poorer reproductive output than the redwings in 2018 (�̅�𝑅𝑊 = 0.839, �̅�𝐵𝐵 = 0.625, Wilcoxon 

test, P < 0.001). 

Table 1 - 1: Clutch sizes for redwings and blackbirds during the breeding seasons in 2017 

and 2018. Mean clutch sizes are shown with standard deviations. 

Clutch size 2 3 4 5 6 N Mean 

2017 
       

Redwing 2 6 25 14 1 48 4.13 ± 0.82 

Blackbird 0 0 4 3 0 7 4.43 ± 0.53 

2018        

Redwing 5 39 89 61 2 196 4.08 ± 0.81 

Blackbird 1 6 9 8 2 26 4.15 ± 1.01 
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Table 1 - 2: Brood sizes when hatchlings were 7 days old for redwings and blackbirds 

during the breeding season in 2017 and 2018. Mean clutch sizes are shown with standard 

deviations. 

Brood size 1 2 3 4 5 6 N Mean 

2017  
       

Redwing 2 7 19 29 21 1 79 3.80 ± 1.05 

Blackbird 1 2 1 1 1 0 6 2.83 ± 1.47 

2018         

Redwing 9 20 44 83 28 0 184 3.52 ± 1.05 

Blackbird 2 4 11 3 1 0 21 2.86 ± 0.96 

 

 

Figure 1 - 9: Reproductive output: Mean proportion of the number of nestling compared to 

number of eggs in each nest for redwings and blackbird in the breeding season in 2018. 

Error bars = 95% confidence intervals, redwing (n=140), blackbird (n=19).   

Nest survival and failure 

Nest survival rate was only calculated for the breeding season in 2018. For redwing nests, 

the estimated daily survival rate was 0.957 for the egg period and 0.965 for the nestling 

period. Overall nesting success for the egg and nestling periods until nestling were 7 days 

old, was 46.0%. For blackbird nests the estimated daily survival rate was 0.935 for the egg 

period and 0.949 for the nestling period. Overall nest success for the egg and nesting stages 

until nestlings were 7 days old, was 27.0%. 

In 2017 a total of 16 (17.2%) out of 93 redwing nests failed during the breeding 

season. The most common reason was predation; it was equally as common in the egg period 

and nestling period. Only two nests were abandoned, both in the egg period. In total 56.25% 

of nests were lost during the egg period and 43.75% in the nestling period (Table 1 - 3). In 

2018 a total of 90 (34.48%) redwing nests out of 261 failed during the breeding season. The 

most common cause was predation and second abandonment. Two thirds of the nests were 

lost during the egg period and one third during the nestling period (Table 1 - 3). There was 
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evidence seen around some nests that indicated that either the Common raven (Corvus corax) 

or the domestic cat (Felis catus) were the most likely predators.  

 

 

Table 1 - 3: Nesting failure during egg and nestling period for redwing nests during the 

breeding seasons in 2017 and 2018. 

 
Predation Abandonment Total 

2017    

Egg 7 (43.75%) 2 (12.5%) 9 (56.25%) 

       Nestling 7 (43.75%) - 7 (43.75%) 

 Total 14 (87.5%) 2 (12.5%) 16 

2018    

Egg 36 (40.0%) 24 (26.67%) 60 (66.67%) 

       Nestling 24 (26.67%) 6 (6.67%) 30 (33.33%) 

  Total 60 (66.67%) 30 (33.33%) 90 

 

In 2017, a total of 4 (33.33%) blackbird nests out of 12 failed during the breeding season. 

All nests were lost in the egg stage due to abandonment. In 2018, a total of 19 (50%) nests 

out of 38 failed during the breeding season. Around 74% of the nests were lost in the egg 

period of breeding and 26% during the nestling period. The most common cause was 

abandonment and second predation (Table 1 - 4).  

Table 1 - 4: Nesting failure during egg and nestling period for blackbird nests during the 

breeding seasons in 2017 and 2018. 

 
Predation Abandonment Total 

2017    

Egg - 4 (100%) 4 (100%) 

       Nestling - - - 

  Total - 4 (100%) 4 

2018    

Egg 5 (26.32%) 9 (47.37%) 14 (73.68%) 

       Nestling 1 (5.26%) 4 (21.05%) 5 (26.32%) 

 Total 6 (31.58%) 13 (68.42%) 19 

Nesting attempts 

In the breeding season in 2017, there were 40 colour ringed redwings associated with active 

nests. Out of those, one was seen breeding twice, the other 39 were seen breeding only once. 

In 2018, 71 ringed redwings were associated with active nests. Out of those, 57 were ringed 

in 2017 and 14 in 2018. Five of them were ringed as nestlings and three of them as juveniles 

in 2017. The rest were ringed at the age of 2cy or 2cy+. Out of the 40 seen breeding in 2017, 

24 were seen breeding again in 2018. In 2018, 38 of those individuals were connected to 

only one nest over the breeding season, 23 of them to two nests and six to three nests. Out 

of the six individuals that were seen breeding on three different occasions, four of them had 

successful breeding on all occasions. One individual had a failed attempt the first time and 
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another on the last attempt. Four pairs where both individuals were ringed, were seen 

breeding together on two different occasions in the same breeding season. One pair was seen 

breeding together three times over the breeding season  

Nestling parameters  

Brood sizes of redwings affect the mass of their nestlings. The bigger the brood size, the 

bigger the difference in mass of the lightest and heaviest nestlings in the nest (Fig. 1 - 10). 

The mass proportions of nestlings were notably different between nests with two nestlings 

and nests with four and five nestlings (P < 0.001; P < 0.001). There was also a notable 

difference between nests with three nestlings and nests with four and five nestlings (P = 

0.0014; P < 0.001). 

 

 

Figure 1 - 10: Proportional difference between lightest nestling and heaviest nestling in each 

redwing nest depending on brood size (two-five nestlings). Tukey HSD significant codes: 

*** = <0.001, ** = <0.01. 

The slope of the relationship between mass and tarsus length of redwing nestlings at the time 

of ringing was similar between 2017 and 2018 (Fig. 1 - 11) indicating no drastic difference 

in the condition of nestlings between years. In 2018, a higher ratio of smaller nestlings was 

ringed than in the previous year.  
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Figure 1 - 11: Relationship between weight and tarsus length of nestlings when ringed. 
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Discussion 

Important data was obtained on breeding biology of the two Icelandic thrushes where they 

coexist and are in a competition for the same resources.  

The length of the breeding season was different for both species between the two 

study years. The breeding season in 2018, started earlier and lasted longer than in 2017. 

Difference in weather conditions between years could be a likely explanation for this 

difference. The mean spring temperature was higher in 2018. April 2017 had a mean 

temperature of 3°C, which was 2°C lower than the mean temperature in 2018 (Veðurstofa 

Íslands, 2019). Higher spring temperatures have been found to advance the onset of breeding 

in European blackbirds and other Turdus species (Najmanová & Adamík, 2009; Jankowiak, 

Pietruszewska, & Wysocki, 2014). The overall precipitation was also higher in April 2017 

(149.5 mm) than in 2018 (57.9 mm) (Veðurstofa Íslands, 2019). Higher precipitation levels 

have been reported to delay the onset of breeding in British ring ouzels (Turdus torquatus) 

(Beale et al., 2006). The breeding season of redwings in Iceland is longer, compared to other 

studies conducted in subarctic climate (Tyrväinen, 1969; Slagsvold, 1977; Fonstad et al., 

1984; Meilvang, Moksnes, & Roskaft, 1997). That could be explained by this study being 

conducted one and two latitudinal degrees south of the other studies. Which could result in 

higher spring temperatures that can lead to earlier onset of breeding. The onset of egg-laying 

for blackbirds in this study was earlier than for the redwings. The start of blackbird breeding 

season in this study is very similar to studies conducted on blackbird populations in Sweden, 

Norway and Scotland (Slagsvold, 1977; Rydén, 1978; Cresswell, 1997). But the more south 

their breeding population reaches, their onset of breeding seems to progress (Snow D. W., 

1958; Russ, Lučeničová, & Klenke, 2017). It could be that the start of observations in this 

study started relatively late to observe the start of the blackbird breeding season, as nest have 

been found as early as March in Reykjavik in previous years (per. comm.). 

Breeding population densities of redwing in this study reached 369 nests/km2 which 

is much higher compared to other studies (Tyrväinen, 1969; Fonstad et al., 1984). Little 

information has been published with proper density estimates of redwing breeding 

populations in Iceland. However, a study conducted on redwing densities in a young birch 

forest in East Iceland got a comparable result, the density there reached 373 pairs/km2 

(Nielsen, 2003). If redwings can reach such high densities in both urban and rural areas it 

indicates that they can utilize diverse areas as suitable breeding habitats. Densities of 

blackbirds in this study were considerably lower than the densities of redwings in the area. 

Compared to breeding populations in urban areas in England and Sweden, their densities are 

very low (Karlsson & Källander, 1977; Mason, 2003). Many environmental variables 

influence the population densities of birds. Such as nest-site availability, food resources, 

predation pressure and competition within and between species (Newton, 1998). Blackbirds 

are known to lower their feeding rates in the presence of competition for food, even when 

prey availability is high (Cresswell, 1997b). Considering that the blackbird has lower 

densities in the area compared to the redwing environmental pressures on their population 

could be higher.  

Nest-site selection of Icelandic redwings in this study corresponded with previously 

known information on nest sites of redwings in Europe (Tyrväinen, 1969; Khokhlova & 

Yakovleva, 2009). They have been found to show high plasticity in nest building behaviour 

and a genetic disposition to pick nesting sites regardless of previous experiences (Khokhlova 

& Yakovleva, 2009). Redwings commonly use the ground as a nesting site (Tyrväinen, 1969; 

Fonstad et al., 1984; Khokhlova & Yakovleva, 2009), which was not the case in this study. 

The most common nesting site in this study was spruce trees, which is the same as in a 
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Finnish study (Tyrväinen, 1969). Lack of suitable nesting sites on the ground in the 

cemetery, because of cemetery maintenance and predation from cats, could explain why the 

redwings don’t utilise that option more. The most common height of redwing nests in this 

study (0.1-1 m) does correlate with other results, that redwings pick nesting places close to 

the ground. But the percentage of nests higher than one meter are relatively high in this study 

compared to others (Khokhlova & Yakovleva, 2009; Tyrväinen, 1969). The absence of the 

lowest branches on a big portion of spruce trees in the cemetery, could explain the high 

percentage of nests over 1 meter. The redwings in this study changed their preference from 

coniferous to deciduous trees or bushes the later it got in the season. Their use of coniferous 

trees early in the season, is probably explained by deciduous trees having close to no cover 

early in the season. This indicates that nest cover is an important factor in deciding suitable 

locations for nests, as a protection against predation. This change in preference has been 

reported before in Russia, but rather than picking deciduous trees over coniferous, the 

redwings nested on the ground instead (Khokhlova & Yakovleva, 2009). Blackbirds did not 

have as much variation in nesting sites as the redwings, possibly due to more conservative 

nest site preferences. Previous publications on blackbird nest site usage, have different 

reports on the proportion of their use of coniferous versus using deciduous trees or bushes 

(Cresswell, 1997; Vogrin, 2000; Grégoire et al., 2003; Mikula et al., 2014; Karakaya & 

Arikan, 2015). Those results are probably very dependable on the study environment. In this 

study they preferred using conifer trees rather than deciduous trees or bushes. Their nesting 

height was in accordance with other publications. They did not nest on the ground, and are 

not known to nest on the ground in urban or rural habitats (Vogrin, 2000; Grégoire et al., 

2003; Zeraoula, et al., 2016). But they have been found to pick higher nesting sites in urban 

areas than in rural areas (Vogrin, 2000). For redwings being able to utilize more diverse 

nesting sites than blackbirds, probably gives them an advantage and lowers their density 

dependent pressure in competition for available nesting sites. 

Clutch sizes of redwings were relatively low compared to other studies, about one 

egg lower (Tyrväinen, 1969; Fonstad, Espmark, Lampe, & Bjerke, 1984; Demidova, 2011). 

Comparisons of brood sizes also show that the brood size of the Icelandic redwings is lower 

than in a Norwegian study (Fonstad, Espmark, Lampe, & Bjerke, 1984). Blackbird clutch 

sizes were about the same as the redwings. Their clutch size is similar to results from studies 

made in Leipzig and Lund (Rydén, 1978; Russ, Lučeničová, & Klenke, 2017), but are higher 

than in studies from Oxford, Algeria and England (Snow D. W., 1958; Paradis, et al., 2000; 

Zeraoula, et al., 2016). In urban environments, disturbances from artificial light and noise 

are common and they have proven not to influence clutch sizes of blackbirds (Russ, 

Lučeničová, & Klenke, 2017). Brood sizes of blackbirds were relatively lower than their 

clutch size but are similar to other blackbird populations (Snow D. W., 1958; Zeraoula, et 

al., 2016). Even though the clutch size for redwings and blackbird were similar, blackbirds 

produced proportionately fewer nestlings from each egg than the redwing, which results in 

lower reproductive output.  

The overall nesting success for redwing nests (until nestlings reached 7 days old) in 

2018 was around 50% and was relatively higher than nesting success for blackbird nests. No 

comparable studies were found, where survival rates of redwing nests were reported. The 

overall success of blackbird nests was only 27%. The survival rates of their nests were lower 

than reported in other studies, both in the egg period and nestling period (Ebenman & 

Karlsson, 1984; Vogrin, 2000; Paradis, et al., 2000; Kurucz, Bertlan, & Puger, 2012; 

Zeraoula, et al., 2016). Reasons for their bad breeding success can only be hypothesised. 

Blackbirds having lower reproductive output and breeding success than redwings, could 

indicate them having lower fitness to take care of their young. Both species defend a 
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territory, and because the blackbird has lower density in the area they might be less fit 

utilizing the resources in competition with redwings and therefore more sensitive to density 

dependent pressures (Newton, 1998). If there is a high density-related pressure on blackbird 

feeding rates (Cresswell, 1997b), that could result in them not being able to feed their young 

properly. Nestling mass does have a great impact on nestling survival probability, but brood 

size does not seem to have an effect (Magrath, 1991). The summer in 2018 was very wet, 

which benefits worm-eating species (Newton, 1998), like the redwing and blackbird. 

Blackbirds have been found to have higher nesting success when precipitation is high, 

resulting in higher densities of earthworms, which is an important food for blackbirds 

(Ludvig, Vanicsek, Torok, & Csorgo, 1995). So general food availability should have been 

good over the season, and not have affected brood sizes or nesting success. Weather 

conditions in the summer of 2018 were not favourable in relation to nestling survival. May 

had high precipitation levels (128.8 mm) (Veðurstofa Íslands, 2019) and was rather windy. 

Those weather conditions combined require the parents to constantly lay on the nest to keep 

the nestlings warm. A few nests were found with dead nestlings after rainy and windy days. 

The weather could have had a worse impact on breeding blackbirds than on redwings if they 

previously had lower fitness. 

The failure rates for redwing nests in this study were relatively low (17.2% in 2017 

and 34.48% in 2018), compared to other studies where the nest failure reached 50% and 65% 

(Tyrväinen, 1969; Fonstad et al., 1984; Meilvang, Moksnes, & Roskaft, 1997). The most 

common reason for redwing nesting failure was nest destruction by predators, which matches 

other studies (Tyrväinen, 1969; Fonstad et al., 1984; Meilvang, Moksnes, & Roskaft, 1997). 

Reason for lower nesting failure rates in this study could be explained by fewer predators 

and/or high density of neighbouring redwings, which has been shown to have a negative 

effect on predation rates (Meilvang, Moksnes, & Roskaft, 1997). The failure rates for 

blackbird nests were higher than for redwing nests. They were however similar to results 

from other studies performed in man-made environments (Snow D. W., 1958; Grégoire et 

al., 2003; Kurucz, Bertlan, & Puger, 2012; Zeraoula, et al., 2016). Compared to studies 

conducted in cities, the failure rates for the blackbird nests in Reykjavik were low 

(Cresswell, 1997; Vogrin, 2000; Russ, Lučeničová, & Klenke, 2017). The most common 

reason for blackbird nest failure was abandonment. That does not match results from other 

studies, where predation is the most common cause of failure (Cresswell, 1997; Vogrin, 

2000; Grégoire et al., 2003; Zeraoula, et al., 2016; Russ, Lučeničová, & Klenke, 2017). 

Studies of predation rates for thrushes show that percentage of nest concealment does not 

affect their nest predation rates (Götmark et al., 1995; Cresswell, 1997; Meilvang, Moksnes, 

& Roskaft, 1997). Some contrasting results have been reported on difference in nest survival 

between urban and rural areas. Studies have reported lower success rates in city parks (Russ, 

Lučeničová, & Klenke, 2017), and higher predation rates the closer you got to the city centre 

(Mikula et al., 2014). Others did not report a difference in success between urban and rural 

areas (Vogrin, 2000). Difference in predator fauna between the mainland of Europe and 

Iceland, probably has a big effect on the low predation rates seen in this study. Studies from 

Europe report that squirrels are a big predator for redwing and blackbird nests (Tyrväinen, 

1969; Grégoire et al., 2003). Others name species as hooded crows, red foxes, badger, mink, 

magpies, jays and jackdaws (Meilvang, Moksnes, & Roskaft, 1997; Cresswell, 1997). Most 

of those species are not found in Iceland. The most likely nest predators in urban areas in 

Iceland are, ravens and domestic cats. Cats were seen in the area on numerous occasions and 

obvious claw marks were found on some dead nestlings. Ravens were also a common sight 

in the cemetery and a pair of ravens was found nesting about one kilometre away from the 

cemetery (pers. comm.) which is well within their territory size (Rösner & Selva, 2005). 
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That pair of ravens was then confirmed having preyed on nestlings ringed in this study in 

the cemetery, by finding colour rings from nestlings in pellets by their nest.  

Redwings were found to breed up to three times over the breeding season in 2018. 

Other studies have only reported redwings having two broods over the breeding season 

(Tyrväinen, 1969; Fonstad, Espmark, Lampe, & Bjerke, 1984). It indicates good fitness and 

environmental conditions for breeding, that redwings in the cemetery have the capability of 

breeding up to three times over the summer. It was not possible to record the number of 

blackbird breeding attempts because of how few blackbirds have been ringed in the 

cemetery. But blackbirds have been witnessed breeding up to four times over one breeding 

season in Reykjavik (pers. comm.). So, if they are in good condition they should be able to 

breed more often than redwings, especially if they start breeding as early as March. 

Differences in mass of redwing nestlings was greater in bigger broods than in smaller 

ones. That correlates with a study from Finland, where variation in size was greater in larger 

broods, than in smaller ones (Tyrväinen, 1969). It could be a result of asynchronous 

hatching, were the age gap between the youngest and oldest nestlings in larger broods is 

bigger than in smaller ones. For blackbirds, the average mass of nestlings in bigger broods 

has been found to be lower than in smaller broods and smaller nestlings have a lower 

likelihood of survival than bigger nestlings (Magrath, 1991). So, a bigger gap in nestling 

mass between redwing nestlings in larger broods could have affected their likelihood of 

survival. The relationship between mass and tarsus length of redwing nestlings was very 

similar between both years. There seems to be a very consistent connection between growth 

of the tarsus and mass gain in nestling development. Tarsus length has been reported as the 

best predictor for mass in adult redwings (Gosler et al., 1998).  

These results indicate that the redwing is generally in better breeding condition than 

the blackbird. Compared to the European subspecies, the redwings in this study had much 

higher breeding densities, but had lower reproductive output, with fewer eggs and nestlings 

produced. That could be a result from density dependent variables. The blackbirds in the 

cemetery were in relatively bad condition compared to blackbirds in other studies. They had 

low densities, low average number of nestlings and high nest failure rates. But their nest site 

preferences were similar to other blackbirds. In theory the blackbird could have had a 

devastating effect on Icelandic redwing populations when they became regular breeders in 

Iceland. Theoretically they have an advantage in competition with the redwing, they are 

bigger, start breeding earlier, have a longer breeding season and have been reported to nest 

up to four times in one summer in Iceland. They should have little competition for breeding 

sites, as their population is thought to be completely sedentary, compared to the redwing 

population which is almost completely migratory. Now they have been breeding in Iceland 

regularly for almost 30 years and still their breeding population is small and geographically 

restricted in comparison with the redwing population. The present environmental conditions 

in Iceland may be more favourable for redwings than for blackbirds. They are more adapted 

to subarctic conditions than the blackbird, which in Iceland is at the North-Western edge of 

its distribution.  
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Abstract 

Assessing changes in animal populations and population trends is a vital part of 

understanding how animals react to their environment. The aim of this study is to evaluate 

how well point counts of singing males reflect the minimum number of active nests of 

Eurasian redwings (Turdus iliacus coburni) and Eurasian blackbirds (Turdus merula) in an 

urban environment in Reykjavik, Iceland. And evaluate if time of day and time period 

influences the densities of singing males. Surveys were performed twice a day, weekly 

throughout the breeding season.  

Density estimates of singing blackbirds were within the 95% CI of the density of 

nests in 58-83% of counts compared to 42-50% for redwings. However, the linear 

relationship between density estimates and nest density showed better fit for redwings than 

blackbirds. For redwings the density estimates were nominally lower around noon compared 

to the mornings, but the difference was only close to being significant (LM: P = 0.053). No 

change was however in density estimates of blackbirds depending on time of day (LM: P = 

0.830). Logically the densities of singing individuals of both species decreased as the 

breeding season progressed (LM: Predwing <0.001; Pblackbird =0.041). For redwings the 

recommended counting period to include most individuals was roughly estimated 10 May to 

15 June. Blackbirds showed a less clear pattern.     
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Introduction 

Assessing changes in animal populations and population trends is vital for understanding 

how animals react to their environment. Counting every animal in a population is rarely 

feasible and it is therefore appropriate to work in a defined area and survey a sample of the 

population. Population sizes of birds fluctuate between seasons, mostly because of 

reproduction and mortality. Estimation of breeding numbers gives useful information about 

a population, because population sizes of birds reaches an ultimate low at the start of the 

breeding season (Newton, 1998).  

Counting birds has been a base for many discoveries in ornithology and ecology. Many 

counting methods have been developed to either get a relative measure of density (population 

size index) or an estimation of real density. The method that is used is based on the visibility 

of species and the environmental conditions. The most common methods are point counts 

and line transect counts (Ralph & Scott, 1981). Point counts are a common method used to 

estimate density of birds in forest areas. Different methods of point counts are used, based 

on the circumstances for each occasion. Methods can differ e.g. in positioning of points, time 

spent counting and radius size around each point (Ralph, Sauer, & Droege, 1995). When 

counting, researchers can either use a direct or an indirect count method (Ralph & Scott, 

1981). To record a bird in a direct count the observer has to locate and see the bird. In a 

forest area, counting birds directly can prove to be difficult because of minimal visibility. 

As a result, indirect counts may be more suitable to use in a forest environment. Indirect 

counts enable the individual counting to use cues, e.g. auditory signals, nest counts and 

feeding sites (Bull, 1981). Using counts of singing males in a population as an auditory 

signal, is common when trying to assess the number of breeding pairs in an area. Then it is 

assumed, that every singing male in the area is mated and therefore reflects the number of 

breeding pairs (Davis, 1965). But there are uncertainties, and counts of singing males do not 

always reflect the population size or the size of the breeding population. When a census is 

made, there is a probability that a male will not be detected in its territory within the time 

period. Also, the sex ratios between males and females is not necessarily equal (Mayfield, 

1981). These uncertainties can be reduced by picking a species that has consistent singing 

activity, using a counting method that suits the environment well and counting under good 

weather conditions. Many things are known to influence the singing activity of birds, e.g. 

weather, season, time of day, territoriality and breeding conditions (Davis, 1965). Time of 

day and time of season are commonly studied variables on their effect on singing activity. 

Birds that are principally active during the day and rest during the night (diurnal) tend to 

have a higher singing activity early after sunrise and then lowering their activity later in the 

day (Robbins, 1981; Skirvin, 1981). Birds also change their singing activity depending on 

the time of season. Counting relatively early in the breeding season has been found to give 

a higher estimate of densities of singing males than counts late in the season (Skirvin, 1981; 

Selmi & Boulinier, 2003). 

Even though point-counts is a common method in estimating bird densities, the method 

has been found to be inaccurate at times. The accuracy of the results vary depending on the 

species being studied (Howell et al., 2004). Studies have reported that results both under- 

and overestimate the true density of breeding males, but those results are under influence 

from the real density of the breeding population in the area being studied. High and low 

densities can increase the amount of error present in the results (Howell et al., 2004; 

O'Donnell, et al., 2015). 

Counting nests is also a method used to indirectly calculate the size of breeding 

populations of birds. In practise there are a few things that can cause bias in the results of 
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nest counts, e.g. finding fewer nests than are in the area, difference in the start of breeding 

between individuals, individuals having more than one brood and unsuccessful nesting 

attempts. All of these can influence the density estimation of the breeding population in an 

area. It is best to keep in mind that this method works best for species that have conspicuous 

nests (Bull, 1981). Using counts of nests as a measure for real density can give a certain 

amount of reliability in the result. The result can only have one-way error, i.e. the number of 

nests in the area can only be higher than those actually counted, not fewer. 

The study species in this study, meet the criteria for the methods mentioned above 

rather well. The Eurasian Redwing (Turdus iliacus) is a common, small to medium-sized 

thrush that is widely distributed in northern Europe and northern Asia. It migrates south 

during the winter, to southern Europe, northern Africa and the Middle East (Clement & 

Hathway, 2000). The population size of redwings has been declining and is now considered 

near threatened by the IUCN red list (Birdlife International, 2017). Redwings in Scandinavia 

breed from late April or beginning of May to mid-July (Tyrväinen, 1969; Fontstad et al., 

1984; Khokhlova & Yakovleva, 2009). The period when they sing is a bit longer than their 

breeding season, from early April to the end of July (Slagsvold, 1977). A subsong, an 

unstructured low volume song very distinct from true song can be heard over the winter 

months (Clement & Hathway, 2000). Redwings are commonly classified into two 

subspecies; T. i. iliacus that breeds in Europe and Asia and T. i. coburni that breeds in Iceland 

and only a few pairs in the Faroe Islands and Greenland (Collar, Juana, & Sharpe, 2019). 

The coburni subspecies is slightly larger and has a darker pelage than iliacus (Clement & 

Hathway, 2000). In Iceland redwings are common in lowlands all over the country, 

population is roughly estimated 165 thousand breeding pairs (Skarphéðinsson et al., 2016). 

They are mostly migratory, except for a few thousand individuals that overwinter mainly in 

urban areas in SW-Iceland (Náttúrufræðistofnun Íslands, 2018). According to ringing 

recoveries Icelandic redwings migrate to Western Europe with most individuals found in 

western Scotland, Ireland, France and along the Atlantic coast of the Iberian Peninsula 

(Milwright, 2002; Guðmundsson & Auhage, 2014).  

The Eurasian Blackbird (Turdus merula) is larger than the redwing and widely 

distributed in Europe, North Africa and Asia. The population size of blackbirds has been 

increasing and the species is considered a least concern by the IUCN red list (Birdlife 

International, 2016). They breed from early March to September. They only sing during the 

breeding season, but a subsong can be heard during the winter (Snow, 1988). Seven 

subspecies of blackbirds have been identified, breeding in Iceland is the race T.m.merula, 

which is common in Europe. The species has both migratory and sedentary populations 

depending mainly on their latitudinal distribution (Collar & Christie, 2019). In Iceland 

blackbirds are known as common vagrants and since around 1990 they have been found 

breeding annually. Now there is an increasing breeding population in the country that is 

estimated to reach a few thousand pairs and is expanding their distribution every year. The 

population in Iceland is thought to be completely sedentary (Skarphéðinsson et al., 2016). 

With knowledge on point-count methods and possible effects on results in mind, the 

objective of this study was to see if point-counts are an efficient method to estimate 

breeding population sizes of Icelandic thrushes. Both redwings and blackbirds are active 

singers during the breeding season, therefore using counts of singing individuals should 

give a good estimate of density. Their nests are rather conspicuous, so they should be 

easily located. Information on breeding population sizes of these species in Iceland are 

lacking, a census on the breeding population size has never been conducted for blackbirds 

(Skarphéðinsson et al., 2016). The aim of this study is to evaluate how well point counts of 

singing individuals, reflect the minimum number of active nests of redwings and 
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blackbirds in the study area. The second aim is to see if time of day and time period 

influences the densities of singing redwings and blackbirds within the breeding period in 

Iceland.  
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Methods 

Study Area 

This study was conducted in Fossvogur cemetery in Reykjavík, SW Iceland (Fig. 2 - 1). The 

cemetery is about 0, 25 km2 and the area is densely vegetated with most abundant trees being 

spruce (Picea spp.), birch (Betula spp.) and rowan (Sorbus spp.). There are also shrubs where 

the most common are honeysuckles (Lonicera spp.), ribes (Ribes spp.) and lilac (Syringa 

spp.). A large part of the area has openings through the dense vegetation where grass lawns 

are prominent. The cemetery is organized as a grid system, which makes recording locations 

of nests and individual birds easier. Redwing is the most common breeding bird in the area 

followed by blackbird and redpoll (Acanthis flammea). Other breeding passerines include 

goldcrest (Regulus regulus) and the white wagtail (Motacilla alba). Starlings (Sturnus 

vulgaris) are common breeders outside the study area but use it frequently for feeding. 

Eurasian wren (Troglodytes troglodytes) and red crossbill (Loxia curvirostra) are regularly 

seen in the study area but have not been confirmed nesting there. During summer the 

cemetery is busy by workers and visitors causing disturbances for wildlife. 

 

Figure 2 - 1: Study area: Fossvogur cemetery in Reykjavik. Yellow dots mark the 30 points 

that were used for counts in the study. 

Methods of counting 

Point counts 

Point counts were made weekly from May 2nd to July 26th, 2018. Counts were made by 3 

persons twice each day, in the morning (6:00-8:00) and around noon (12:00-14:00). Point 

positions were obtained by finding random coordinates (RANDBETWEEN command in 

Excel) stratified with 100 m spacing over the study area. The first 30 points that were 

positioned within the outlines of the study area were used throughout the study period to 
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allow direct comparison on singing activity. Point counts were made on 30 points, except on 

few occasions when only one individual was counting (then 15 points) or when weather 

suddenly changed to unsuitable conditions (e.g. pouring rain). When performing counts the 

first minute out of five at each point was used as an adaptation period for the birds. When 

counting, all singing redwings and blackbirds were positioned within one of five distance 

intervals, 0-10 m, 10-20 m, 20-30 m, 30-40 m and 40-50 m. A distance meter (Precision Pro 

NX7) was used to estimate distances both directly towards exposed birds and also by reliably 

estimating distances to landmarks where birds were assumed to be singing. 

Counting nests 

The cemetery was systematically searched for nests when weather conditions allowed (no 

rain). The grid system for graves enhanced searching efficiency and consistency allowing 

all areas being searched adequately. Trees, bushes and suitable spots on the ground were 

searched for nests. Before leafing and growth of ground vegetation still being low the 

chances of finding all nests in the study area are high. After leafing of trees, and when the 

vegetation has grown, the odds of finding most of the nests become lower although being 

unknown. Number of counted nests in the cemetery is therefore a minimum estimate of the 

actual number of nests in the study area. When a nest was found, the species it belonged to 

and the status of the nest was recorded. The nests were categorized depending on their 

condition, 1) empty/new, 2) with eggs, 3) with nestlings <6 days old, 4) with nestlings >6 

days old and 5) empty/old(some from the previous summer). Nestling age (<6 or >6 days) 

was determined from hatching dates or roughly determined by examining size and feather 

growth by eye. 

Data analysis 

To estimate how many nests were active each week over the study period, the data on 

conditions of nests was used. If there were eggs or nestlings in the nest, it was defined as 

active. Nests with eggs were only defined as active if a bird was confirmed incubating them. 

Nests that had nestlings when found were back-calculated to estimate the time when 

incubation started. This was done by subtracting the estimated age of the nestlings and the 

mean incubation period for redwings, 12 days (Tyrväinen, 1969) or blackbirds, 14 days 

(Ebenman & Karlsson, 1983).  

Density of singing birds per km2 was calculated for morning and noon counts each 

week using Distance 7.2 release 1 (Thomas, et al., 2010). Models and adjustment parameters 

with the lowest AIC were chosen, except when the density estimate was unrealistic in 

comparison with the data presented. Then the model with the second lowest AIC and a lower 

coefficient of variation (CV) was chosen. Distance provides with density estimates with 95% 

confidence intervals.  

Effects of time of day and time period (weeks) on the number of singing males were 

tested by using general linear models (LM) (Density ~ Time of day + Week) using family 

poisson in R (R Core Team, 2018). An analysis was tested on interacting effects of both time 

of day and time period (Density ~ Time of day x Week), but results not reported because no 

interacting effect was found. Both time of day and time period were considered as categorical 

variables. 
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Results 

Comparison of nest density and density of 

singing males 

The densities of singing redwings varied both between morning and noon counts and also 

between weeks (Table 2 – 1). The confidence intervals for the densities of singing redwings 

encompassed the density of redwing nests on 5 out of 12 (41.7%) morning counts and 6 out 

of 12 (50%) noon counts. Densities of singing redwings in the mornings underestimated the 

number of breeding pairs on 3 out of 12 (25%) counts and overestimated it on 4 out of 12 

(33.3%) counts. Densities of singing redwings at noon, both under- and overestimated the 

number of breeding pairs on 3 out of 12 counts (25%).  

The linear relationship between exact density estimates of singing redwings and 

densities of nests is very similar between morning and noon (R2 = 0.64, R2 = 0.62). Even 

though the fit is slightly better for densities estimated from the morning counts (Fig. 2 – 2).  

The abundance of nests was highest by the end of May and beginning of June, but got 

lower as the breeding season progressed (Fig. 2 - 3). 

 

Table 2 - 1: Density estimates of singing redwings and  redwing nests. Results of Distance 

analysis with model type and adjustment parameters (�̂�km2 = density estimate; AIC = 

Akaike information criterion; 95% CI = 95% confidence intervals). Densities of nests 

denoted with bold letters fall within the confidence interval of the density estimates of 

singing individuals. 

Date 

(dd.mm.yy) 
Visit 

Points 

counted 

# 

Param

. 

AIC �̂�km2 95% CI Model 
Adjustment 

parameter 

Density 

nestskm2 

02.05.18 Morning 30 1 175.74 482 342-697 Uniform simple polynomial 232 
  

Noon 30 0 201.28 293 244-351 Uniform  232 

10.05.18 Morning 30 0 258.00 382 329-444 Uniform  329 

  
Noon 28 1 199.04 450 325-624 Uniform simple polynomial 329 

18.05.18 Morning 30 1 239.29 727 543-973 Uniform cosine 321 

  
Noon 30 0 193.48 272 215-343 Uniform  321 

25.05.18 Morning 30 0 149.34 208 164-263 Uniform  301 
  

Noon 30 1 223.72 485 351-670 Uniform simple polynomial 301 

01.06.18 Morning 30 1 221.38 475 349-646 Uniform simple polynomial 349 

  
Noon 28 0 157.84 255 206-314 Uniform  349 

07.06.18 Morning 30 1 192.55 507 335-767 Uniform cosine 345 

  
Noon 30 0 139.83 199 161-247 Uniform  345 

15.06.18 Morning 30 2 200.67 434 323-584 Hazard rate cosine 301 
  

Noon 30 1 126.79 292 172-498 Uniform cosine 301 

22.06.18 Morning 15 1 62.82 277 159-484 Uniform simple polynomial 196 

  
Noon 15 0 57.37 178 110-290 Uniform  196 

29.06.18 Morning 30 2 172.96 341 235-495 Hazard rate cosine 116 

  
Noon 30 0 113.90 174 129-235 Uniform  116 

05.07.18 
Morning 

30 
2 30.22 103 32-331 

Half-
normal  96 

  
Noon 30 1 3.03 39 5-272 Uniform simple polynomial 96 
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12.07.18 Morning 15 
  0    64 

  
Noon 15 1 9.44 71 17-304 Uniform simple polynomial 64 

26.07.18 Morning 15 
  0    32 

  
Noon 15 

  0    32 

 

 

Figure 2 - 2: Linear relationship between density of singing redwing males and density of 

redwing nests. 

 

 

Figure 2 - 3: Comparison of the minimum number of active nests and estimated number of 

singing redwings in Fossvogur cemetery during summer 2018. Error bars denote 95% CI of 

the estimate based on Distance analysis. 
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The densities of singing blackbirds are shown in Table 2 - 2. The confidence intervals for 

the density of singing blackbirds encompassed the density of blackbird nests on 7 out of 12 

(58.3%) of morning counts and 10 out of 12 (83.3%) of noon counts. Morning counts 

underestimated the density relative to nest density on 2 out of 12 (16.7%) and overestimated 

it on 3 out of 12 counts (25%). Densities of singing blackbirds at noon, both under- and 

overestimated the number of breeding pairs on one occasion (8.3%).  

 The exact density estimates of singing blackbirds and densities of nests followed less 

well the prediction of the linear model for blackbirds than for redwings as shown by the R2 

values being 0.25 and 0.36 for blackbirds and 0.62 and 0.64 for redwings. The fit was not 

good for either count, but better in the morning counts than for the noon counts (Fig. 2 - 4).  

The abundance of nests was highest by the end of May and beginning of June, but got 

lower as the breeding season progressed (Fig. 2 - 5).  

 

Table 2 - 2: Density estimates of singing blackbirds and  blackbird nests. Results of 

Distance analysis with model type and adjustment parameters (�̂�km2 = density estimate; 

AIC = Akaike information criterion; 95% CI = 95% confidence intervals). Densities of 

nests denoted with bold letters fall within the confidence interval of the density estimates of 

singing individuals. 

 

Date 

(dd.mm.yy) 
Visit 

Points 

counted 

# 

Param. 
AIC 

 

�̂�𝒌𝒎𝟐 
95% CI Model 

Adjustment 

parameters 

 Density 

nestskm2  

02.05.18 Morning 30 0 18.18 30 14-65 Uniform  36 

  
Noon 30 0 32.94 51 28-94 Uniform  36 

10.05.18 Morning 30 0 42.64 68 46-101 Uniform  40 

  Noon 28 0 30.89 50 29-87 Uniform  40 

18.05.18 Morning 30 0 9.35 17 7-43 Uniform  40 

  
Noon 30 0 12.05 17 7-43 Uniform  40 

25.05.18 Morning 30 0 13.59 21 9-48 Uniform  60 

  
Noon 30 0 34.31 59 38-93 Uniform  60 

01.06.18 Morning 30 1 45.16 122 56-266 Uniform cosine 52 

  Noon 28 0 25.48 45 27-77 Uniform  52 

07.06.18 Morning 30 0 39.56 59 35-102 Uniform  48 

  
Noon 30 0 24.46 38 22-67 Uniform  48 

15.06.18 Morning 30 0 27.71 51 29-90 Uniform  32 

  

Noon 
30 

1 51.75 129 57-291 

Half-

normal cosine 32 

22.06.18 Morning 15   0    24 

  
Noon 15 0 11.53 34 14-84 Uniform  24 

29.06.18 Morning 30 0 29.86 42 25-72 Uniform  20 

  
Noon 30 0 23.08 30 15-58 Uniform  20 

05.07.18 Morning 30 0 2.55 4 1-23 Uniform  16 

  Noon 30 0 2.55 4 1-23 Uniform  16 

12.07.18 
Morning 

15 
0 4.24 8 1-51 Uniform  8 

  Noon 15   0    8 

26.07.18 Morning 15   0    0 

  
Noon 15 

  0    0 
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Figure 2 - 4: Linear relationship between density of singing blackbird males and density of 

blackbird nests. 

 

 

Figure 2 - 5: Comparison of the minimum number of active nests and estimated number of 

singing blackbirds in Fossvogur cemetery during summer 2018. Error bars denote 95% CI 

for the estimate based on Distance analysis. 
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Effects of time of day and time period 

The density estimates of singing redwings were independent of the time of day counts were 

conducted (Table 2 - 3). The density estimates were nominally lower around noon compared 

to the mornings, but the difference was only close to being significant (P = 0.053). The 

singing activity of redwings showed a negative link between densities of singing individuals 

and time period (P < 0.001). So, as the breeding season progressed the densities of singing 

males got lower. As for the redwings, there was no change in density estimates of blackbirds 

depending on which time of day counts were performed (P = 0.830). The singing activity of 

blackbirds also showed a negative link to time period (P = 0.041). Interacting effects of time 

of day and time period on density estimates were tested, but the results were not significant 

and therefore removed from the model. 

 

Table 2 - 3: Densities of singing redwings and blackbirds analysed with respect to time of 

day and time period based on general linear models. 

Predictor Estimate  Std. Error t value  P 

Redwing       

Intercept 590.136  58.722   10.050    < 0.001 

Time of day -102.333      49.873    -2.052  0.052 

Time period -40.329      7.224   -5.583    < 0.001 

Blackbird       

Intercept 62.655      15.824   3.960    < 0.001 

Time of day 2.917      13.439    0.217    0.830 

Time period -4.229      1.947    -2.173    0.041    
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Discussion 

 

To obtain maximum density estimates for a particular breeding population a researcher will 

not only need a robust method for the estimates but also a knowledge on the appropriate time 

and conditions that would represent the time when most individuals are to be counted in the 

population. For birds it is common that the density of breeding individuals will change in a 

particular area due to the spread of the breeding season. Thus the same breeding area could 

hold different number of breeding individuals depending on the time within the breeding 

season.  

In this study an attempt was made to estimate the reliability of estimating number of 

active nests by counting singing males. The results showed that there was no certain time 

over the study period where density estimates of singing males were the most accurate in 

relation to nest density. Over- and underestimations were made over the whole study period 

and there is no obvious pattern in those results. Density estimates of blackbird nests were 

more often within the confidence interval of the density estimates based on number of 

singing males compared to redwings. This was at least partially due to higher confidence 

intervals of the blackbird estimates because data indicates densities of singing redwings 

better reflected the nest density in the area compared to that of blackbirds.  

Although no clear link was found between time of day and the density estimates there 

was a clear tendency for more singing activity of redwings in the morning compared to noon. 

Song activity for most diurnal birds differs during time of day. It is most common that they 

sing during sunrise and sunset (Grue, Balda, & Johnson, 1981; Silva, Valcu, & Kempenaers, 

2015). In a Norwegian study, both redwings and blackbirds were reported to be active 

singers in the morning and evening (Slagsvold, 1977). Research on the singing activity of 

the wood thrush (Hylocichla mustelina) over the breeding season, show an increase in 

singing activity at sunrise and sunset but little activity between 12:00-14:00 during the day 

(Robbins, 1981). In Iceland during the summer, the days are long and the nights short, the 

sun rises between 2:54 – 4:40 at night (Raunvísindastofnun H.Í.). The day length, could 

influence the song pattern of Icelandic songbirds. A study made on the influence of 

latitudinal location on timing of dawn singing on blackbirds in Finland (65°N), showed that 

blackbirds in Finland started singing earlier than blackbirds in Germany and Spain. 

Blackbirds started singing as early as 3 am in the beginning of May and had almost an 

continuous song from dusk till dawn at the end of May (Silva & Kempenaers, 2017). 

Reykjavik is one latitudinal degree south of the Finland study area, so the same effect may 

be seen here. The timing of morning counts in this study, did however, not follow the timing 

of sunrise, but were instead conducted early in the morning. So, the birds could have been 

more active a few hours before the counts were made. Which may have led to a lower density 

of singing males, compared to if the counts had been conducted at sunrise. A recent summary 

of bird singing activity during the night, showed that a big percentage of birds that vocalized 

at night are diurnal birds. Elevated light levels at night, such as from street lights, moonlight 

and other lightsources could potentially promote this behaviour (La, 2011).  

The densities of these two species in the study area were different which makes 

comparison on the reliability of the estimates difficult. Studies have reported that the true 

density of a species in an area can influence the accuracy of density estimates (Howell et al., 

2004; O'Donnell, et al., 2015). When comparing densities of singing males to the number of 

counted nests, it must be noted that the nest density is still only the minimum number of 

nests in the area. The underestimation from densities of singing males could therefore be 
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even greater than what the data show, and the overestimation could actually be reflective of 

true nest density.  

Our results show the decline in singing activity of redwings and blackbirds as the 

breeding season progresses. The time period did have a greater effect on redwing singing 

activity than blackbird singing activity suggesting that careful timing is more important 

factor when aiming for the highest densities of singing individuals. There was a relatively 

good fit between number of active nests and singing individuals for redwings. Therefore, 

nest density got lower along with the singing activity. That reflects previous knowledge that 

song activity of birds is connected to the breeding season (Ralph, Sauer, & Droege, 1995; 

Snow, 1988). This can be explained by the number of breeding attempts with the highest 

proportion of active breeders having nests early in the summer. It is also possible that new 

birds are coming in later in the season that would cause an underestimation of the breeding 

population. We would suggest a suitable time count period for highest densities of redwings 

to be 10 May – 15 June in our study area.  

Two studies of singing activity of redwings during the breeding season in Norway, 

however, show that the activity got lower after the first egg was laid. The activity then got 

higher again before the second clutch (Slagsvold, 1977; Lampe & Espmark, 1987). The 

results of this study do not show the same trend. It could be because observations were not 

made on the individual level, and therefore change of singing activity could be hidden in the 

masses. Their results, however, show that the singing activity was higher when male 

competition was higher (Lampe & Espmark, 1987). In this study the abundance of redwings 

in the area was high, resulting in high competition between males, that could explain the 

high level of singing activity. Male blackbirds have been known to lower their singing 

activity after the start of egg laying (Slagsvold, 1977) and when the females start incubating 

the eggs (Snow, 1988). But their singing activity did not suddenly lower, rather it got 

progressively lower over the season. Which does not indicate that they stopped singing when 

females started incubating. Pressure from territory defence could be pushing them to keep 

singing activity high. Blackbirds typically start breeding earlier in the season than redwings. 

In Iceland, blackbird nests have been found as early as March (G. Þ. Hallgrímsson, pers. 

comm.). In this study it is possible that point counts of blackbirds started too late in the 

season to get a good assessment on the connection between singing activity and breeding 

status. From these results it looks like counting early in the breeding season, before the 

number of active breeders gets lower would give the highest density estimate. Counts 

performed later in the breeding season reflected the current number of active nests in a way, 

but those counts do not reflect the total number of breeding pairs in the area. 

The results of this study show that density estimates of singing male thrushes in 

Iceland can be very inconsistent between weeks. Therefore, there could be rather big errors 

around the estimates if only a few counts are made in a short period of time. Even so, there 

were consistencies within days, time of day did not have an effect on density estimates for 

both species. Counting early in the season when the density of nests is highest, gives the 

highest density of singing males. Therefore, to get the density of the whole breeding 

population, the best time to count redwings is at the beginning of May until mid-June and 

for blackbirds from early May until early June. Being able to get good estimates of breeding 

densities is of great importance in assessing population trends and their response to 

environmental changes. Observation on population trends of these species breeding in the 

same area is interesting in light of how recently blackbirds started breeding in Iceland. To 

be able to get an estimate that reflects the breeding density better, it is important to get a 

better understanding of the singing activity of these species. For both species, it would be 
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interesting to see if they use sunrise and sunset as cues to sing, even if they are only a few 

hours apart. Doing further research is therefore needed. 
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Abstract 

Haemosporidia is an order of parasites that infect the blood and other tissues of amphibians, 

reptiles, birds, and mammals. Bird haemasporidians use birds as their vertebrate host and 

blood sucking dipteran insects as their vectors. Blood parasite infections from all families of 

common parasites have been identified in redwings (Turdus iliacus) in Europe. Information 

on the prevalence of blood parasites in Icelandic birds is almost non-existent. In Iceland, the 

possibility for transmission of blood parasites could be limited because of few existing 

species of blood sucking dipterans in Iceland.  

The aims of this study were twofold, first to obtain information on prevalence of 

blood parasites in Icelandic redwings. Second, to use information on the prevalence of blood 

parasites in juveniles and nestlings to evaluate whether transmission of blood parasites 

occurs in Iceland. Blood samples were collected from redwings at four different locations in 

Iceland. Samples were taken from adult birds, juveniles and nestlings. Samples were 

examined with qPCR analysis and a few with blood smear examinations. 

Blood parasites were identified in Icelandic redwings. The prevalence was 14.3% in 

the redwings sampled and analysed with qPCR methods. All blood parasites identified under 

microscope examination were of the genus Leucocytozoon, exact species identification was 

not obtained. Parasites were identified in the blood of both juvenile birds and adults, but not 

in nestlings. Finding blood parasites in juvenile birds that have still not migrated from the 

country, confirms that the transmission of blood parasites happens within Iceland.  
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Introduction 

Haemosporidia is an order of parasites that infect the blood and other tissues of amphibians, 

reptiles, birds, and mammals. The order includes three families that are commonly found to 

infect birds, Plasmodiidae, Haemoproteidae and Leucocytozoidae. They have rather 

complicated life cycles and develop in two separate hosts. Bird haemasporidians use birds 

as their vertebrate host and blood sucking dipteran insects as their vectors. The parasite 

families use different types of dipterans as their vectors, Haemoproteus spp. use biting 

midges (Ceratopogonidea) and louse flies (Hippoboscidae), Plasmodium spp. use mosquitos 

(Culicidae), and Leucocytozoon spp. use black flies (Simuliidae) and biting midges. Avian 

blood parasites have a world-wide distribution, except for Antarctica. They are not as 

common in all orders of birds, and the biggest number of blood parasite species have been 

found in passerines (Valkiunas, 2005). In Europe, one fourth of passerines have been found 

to be infected with blood parasites (Scheuerlein & Ricklefs, 2004). Blood parasite infections 

have been identified in individuals of all six species of true thrushes (Turdus) found in 

Europe (Peirce, 1981). Redwings (Turdus iliacus) are among those species and they have 

been identified with infections from all families of common blood parasites (Peirce, 1981; 

Palinauskas, o.fl., 2005).  

Wild birds infected with blood parasites are often found to have low parasitaemia, 

which are thought to have little to no impact on the birds fitness, but infections can 

sometimes cause severe illness and death. Birds with high parasitaemia are rarely caught 

because they become ill and are more likely to become prey for predators. Blood parasite 

infections in breeding birds have been found to effect male competitiveness and decrease 

clutch sizes. Therefore, blood parasites should be considered among factors impacting 

breeding biology. During the breeding season higher energy expenditure can cause the 

immune response to get weaker and infection levels can then increase (Valkiunas, 2005).  

Information on the prevalence of blood parasites in Icelandic birds is almost non-

existent. Results have only been reported on zero prevalence of blood parasites in rock 

ptarmigan (Lagopus muta) in Iceland (Skirnisson, Thorarinsdottir, & Nielsen, 2012). In 

Iceland, the possibility for transmission of blood parasites could be limited because of few 

existing species of blood sucking dipterans in Iceland. Mosquitos have for example not been 

identified in Iceland (Náttúrufræðistofnun Íslands, 2016), and therefore blood parasites from 

the genus Plasmodium should not be able to transmit between individuals within the country. 

But species from other dipteran families, that have been identified as vectors for blood 

parasites have been identified within the country. Four species of black flies have been 

identified, Prosimulium ursinum, Simulium aureum, S. vernum and S. vittatum which is the 

most common species. Biting midges are poorly studied in Iceland and difficult to identify, 

even so seven species have been identified (Erling Ólafsson, pers. comm.). Only one species 

of louse fly is common on Icelandic birds, the Ornithomya chloropus (Skirnisson, 

Thorarinsdottir, & Nielsen, 2012), but another six species have been found (Erling Ólafsson, 

pers. comm.). With the dipterans species found within the country, thus the potential for 

transmission within Iceland exists.  

The aims of this study were twofold, first to obtain information on prevalence of 

blood parasites in Icelandic redwings. Second, to use information on the prevalence of blood 

parasites in juveniles and nestlings to evaluate whether the transmission of blood parasites 

is occurring within Iceland.  
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Methods 

Blood sampling 

Blood samples were collected from redwings in Fossvogur cemetery (64°07.4'N, 21°54.6'W) 

located centrally in Reykjavik, SW-Iceland during the breeding period in 2017 and 2018. 

Samples were taken from adult birds (2cy = second calendar year and 2cy+ = second 

calendar year or older), juveniles (1cy) and nestlings. In 2018 additional samples were 

collected outside of Reykjavik. In the summer, one sample was taken from an adult at 

Þingvellir national park (64°14'27.6"N 21°02'16.8"W), in October samples from four adults 

and nine juveniles were taken at Bugar, Ölfus (63°54'15.3"N 21°26'11.3"W) in Southwest 

Iceland and samples from 2 adults were taken at Höfn in Southeast Iceland (64°16'02.6"N 

15°11'49.2"W). 

Adult birds and juveniles were caught using mist nets and nestlings were taken from 

nests. Blood samples from adult birds and juveniles were collected either from the brachial- 

or the jugular veins. Blood from nestlings was collected via the medial metatarsal vein. 

Blood samples were stored in 96% ethanol. Blood smears were prepared on glass slides, air 

dried and fixed in ≥ 99.9% methanol for 30 seconds and stained with Giemsa stain.  

Molecular analysis 

DNA extractions were made from 117 redwing blood samples taken from 32 nestlings, 29 

juveniles, 20 2cy and 36 2cy+ birds. Blood was extracted from the ethanol using methods 

from Bailes et.al. (2007). DNA extractions from 68 of the samples failed and the qPCR 

results from those samples were therefore not usable. Successful DNA extractions and qPCR 

results were made for the other 49 samples (24 nestlings, 10 juveniles, 3 2cy and 12 2cy+). 

The DNA was isolated in 1.5 mL Eppendorf tubes. 2-3 µL of blood was added to each tube 

with a sterile toothpick and waited until the ethanol had evaporated from the blood samples. 

Tubes were loaded with 0.4 mL of cold STM buffer (64 mM sucrose, 20 mM Tris Cl, pH 

7.5, 10 mM MgCl2, and 0.5% Triton X-100) and held on ice. Then samples were pelleted at 

1,000 x g for 5 min. Tubes were inverted and allowed to drain the STM buffer briefly on a 

paper towel. Then, 190 µL of Tris-EDTA-NaCl (10mM Tris-Cl, pH 8.0, 1mM EDTA, 10 

mM NaCl) + 10 µL of pronase solution was added to the tubes. Tubes were incubated for 

1.5 h at 37°C with shaking in an Eppendorf ThermoMixer®. Then at 65°C for 15 min to 

inactivate the pronase. The DNA strength in each sample was measured with NanodropTM 

1000 Spectrophotometer. The strength was then diluted with molecular grade water, so each 

sample had 25 ng/µL of DNA. 

 The qPCR analysis was made to screen for Haemoproteus spp., Plasmodium spp. 

and Leucocytozoon spp. infections. Using the forward primer R330F and reverse primer 

R480RL which amplify a 182 bp fragment of the conserved RNA region of the 

mitochondrial genome (Bell, Weckstein, Fecchio, & Tkach, 2015). Total volume of 

reactions was 15 µL, with 7.5 µL of SYBR Green Supermix, 0.6 µL of each primer, 3.3 µL 

of molecular grade water and 3 µL of DNA template. Negative controls were included in all 

runs. Samples were considered positive if they amplified over the threshold line within 35 

amplification cycles.  
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Blood smear examination 

Blood smears were selected non-random from 13 birds were examined, four from 2cy+, two 

from 2cy and seven from juvenile birds. Four of the samples did not have a corresponding 

qPCR result. The smears were examined under a x63 lens and a x10 ocular lens. On each 

slide 40 fields of microscope (about 36,000 cells) were examined to look for blood parasites. 

Intensity of parasitaemia was calculated as number of parasites per 10,000 erythrocytes. 

Pictures of parasites were taken under examination with a x10 ocular lens and a x100 oil 

immersion lens. 
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Results 

The prevalence of blood parasites was 14.3% out of the 49 samples. Two samples from 2cy+, 

one from a 2cy and four from juvenile birds were positive (Fig. 3 - 1). No amplification was 

found in blood samples taken from nestlings.  

 

 
Figure 3 - 1: Positive results from qPCR analysis of redwing (Turdus iliacus coburni) blood 

samples, testing for prevalence of heamosporidian blood parasites. 

From examination of blood smears, blood parasites were identified in 9 out of 13 smears 

(Table 3 - 1). Parasites were identified in three 2cy+ individuals and in six juveniles. All 

parasites were identified as Leucozytoon spp., but the exact species could not be identified 

(Fig. 3 - 2). Some discrepancies were between the results of the blood smear examination 

and the qPCR results. Nine samples were examined with both methods, four of them got the 

same results with both methods, four got negative results from qPCR but a positive from 

blood smear examination and one sample was positive with qPCR but negative from blood 

smear examination.  

Table 3 - 1: Number of parasites per 10,000 erythrocytes in 13 redwings sampled in 

Reykjavik, in Höfn and at Bugar south Iceland. (-) = negative qPCR results, (+) = positive 

qPCR results. 

Sample nr. Sample date # parasites Age Sample 

location 

qPCR 

1 22.06.2017 4.4 2cy+ Reykjavik  

2 17.05.2017 0 2cy Reykjavik  
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3 07.07.2017 0 2cy Reykjavik  

4 12.10.2018 0.555 2cy+ Höfn  

5 05.10.2018 0 2cy+ Bugar (-) 

6 05.10.2018 0 Juv Bugar (+) 

7 05.10.2018 0.277 Juv Bugar (+) 

8 05.10.2018 0.277 2cy+ Bugar (-) 

9 05.10.2018 0.833 Juv Bugar (-) 

10 05.10.2018 2.222 Juv Bugar (+) 

11 05.10.2018 0.277 Juv Bugar (-) 

12 05.10.2018 0.277 Juv Bugar (+) 

13 05.10.2018 0.555 Juv Bugar (-) 
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Figure 3 - 2: Leucocytozoon parasites in blood from redwings (Turdus iliacus coburni) (1-

13). Smears are stained with Giemsa-stain. Numbers represent identification number of the 

samples (cf. Table 3-1).  
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Discussion 

This study is the first to report that blood parasites have been transmitted to birds within 

Iceland.  

The prevalence of blood parasites in this study was about 50% lower than was 

reported in a summary article for birds that breed all over Europe (Peirce, 1981; Scheuerlein 

& Ricklefs, 2004). The majority of Icelandic redwings migrate to western Europe for the 

winter, but the number of birds that are non-migratory is increasing (Skarphéðinsson et al., 

2016). In theory, the most likely way for Icelandic redwings to get infected with blood 

parasites is on their wintering grounds, where passerine birds are known to be commonly 

infected with blood parasites (Peirce, 1981). So, when a sample is taken from an adult bird 

which could have migrated before sampling, the source of its infection can’t be confirmed. 

Having identified blood parasites in juvenile redwings confirms that blood parasites are 

transmitted to birds within Iceland. Juveniles are too young to have migrated, therefore the 

source of their infection must have been in Iceland. Concerning samples from nestlings, 

because of their young age when they were sampled, limits the likelihood of identification 

of parasite infections. Blood parasites have been identified in nestlings of several bird 

species, but samples were taken from those nestlings around the age of two weeks (Ashford 

et al., 1991; Merino & Potti, 1995; Merino J. A., 2004). One study which sampled red-

winged blackbirds (Agelaius phoeniceus) found no infections in nestlings at the age of six 

or seven days old (Weatherhead & Bennett, 1991). It takes blood parasites time to be visible 

in the blood of birds. Their life cycles start in other tissues and then moves over to the blood 

stream, where they are then measurable and visible. It takes Heamoproteus spp. about 11 

days and up to three weeks to enter the blood stream, and Leucocytozoon spp. about five 

days (Valkiunas, 2005). Heamoproteus spp. could therefore not be visible in nestlings at the 

age of seven days, even if they were infected. Leucocytozoon spp. species could 

hypothetically be seen in seven-day old nestlings but, that’s unlikely unless they would get 

infected straight after hatching. 

Some discrepancies were found in the results between the two screening methods 

used in this study. The q-PCR method used is a relatively new developed method that was 

found to be as effective as other standard molecular screening methods (Bell, Weckstein, 

Fecchio, & Tkach, 2015). Both methods, PCR and blood smear examinations are known to 

slightly underestimate the prevalence of infections in birds, usually in birds with low 

parasitaemia (Valkiunas, et al., 2008). The number of cells screened per smear in this study 

was relatively low compared to Valkiunas et al. (2008) recommendations, but it is unknown 

if false negatives are present in the results. A few samples that were negative from PCR, 

were found to be positive in blood smear examination. It could be that more false negatives 

were acquired from PCR analysis that from blood smear examination. 

Insufficient knowledge on blood parasite species-recognition led to the results 

lacking identification of the exact species of Leucocytozoon, and if more than one species 

was found. Redwings have been identified with L. majoris and L. dubreuili infections 

(Palinauskas, o.fl., 2005). It could therefore be those species identified in this study. Only 

one species of Leucocytozoon is known using biting midges as vectors, and that species has 

only been found in domestic chickens in south Asia (Valkiunas, 2005). Therefore, the most 

likely vectors in Iceland are of the family Simuliidae. A known vector of L. dubreuili is the 

blackfly Simulium aureum (Valkiunas, 2005), which is a species of black fly found in Iceland 

(Erling Ólafsson, pers. comm.). The vectors which L. majoris uses is still unknown 

(Valkiunas, 2005).  
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With this new information on the presence of blood parasites in Icelandic redwings 

and that birds are getting infected in Iceland, opens a new plethora of questions that need to 

be explored. It would be interesting to gather more information on blood parasite prevalence 

in breeding redwings and see if infections have a negative effect on breeding success. Also, 

a good starting point is to identify the exact Leucocytozoon spp. found in this study, and 

what Simulium species are likely vectors and further research on the extent of blood parasite 

infections in Icelandic birds is needed. 
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