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Abstract 
 
Breeding success in Tawny owls is known to be affected by both prey abundances and 
weather conditions. In Finland, an effect of winter conditions on hatching date was found and 
in Hungary it has been shown that snow cover affect chick survival negatively. In this study 
the effect of snow cover on clutch size and egg and chick survival is investigated on a 
population of Tawny owls in Västra Götaland, Sweden. Since rainfall has been shown to have 
a disturbing effect on incubation and breeding, the amount of rainfall during breeding season 
was compared to egg and chick survival. No significant effect on clutch size was found due to 
snow cover. On egg and chick survival, snow cover had a significant negative effect when 
other important factors, e.g. access to prey and the amount of inexperienced and young 
breeders, was controlled.  A significant positive correlation was found between rainfall and 
egg and chick survival, but no significant effect on rainfall was found after controlling for 
other factors such as the amount of caught prey. There was also a significant correlation 
between rainfall and the percentage of birds in prey, where years with more rainfall had less 
birds in prey, a variable that usually is higher during low vole abundances. To support the 
method of using prey found in nest boxes as indicators of prey abundances it was shown that 
the total amount of prey found in nest boxes and the percentage of birds in prey had a positive 
respectively negative significant effect on chick survival. These results indicate that the 
chances of chick survival might be affected before the eggs are laid and that there is an 
indirect positive effect of rain on breeding success due to higher amounts of preferred prey.  
 
 
 
 

Sammanfattning 
 
Både bytestillgång och väderförhållanden har visat sig påverka häckningsframgången hos 
kattugglor. I Finland har en effekt av vinterförhållanden hittats på kläckningsdatum och i 
Ungern finns en påvisad negativ effekt av snötäcke på ungöverlevnaden. I den här studien 
undersöks effekten av snötäckets djup och långvarighet på kullstorleken och ägg- och 
ungöverlevnaden hos en kattugglepopulation i Västra Götaland. Eftersom regn har visat sig 
störa och påverka häckningen, har mängden nederbörd under häckningssäsongen jämförts 
med ägg- och ungöverlevnad. Ingen signifikant effekt på kullstorlek p.g.a. snötäcke hittades. 
På ägg- och ungöverlevnaden hade snötäcket en negativ effekt efter att andra viktiga faktorer 
som bytestillgång och andelen oerfarna och unga, häckande honor var kontrollerad. En 
signifikant positiv korrelation hittades mellan nederbörd och ägg- och ungöverlevnad, men 
efter att ha kontrollerat för andra viktiga faktorer, som mängden fångade byten, hittades ingen 
signifikant påverkan av nederbörd. Det fanns också en signifikant korrelation mellan regn och 
andelen fågel bland byten, där år med mer regn hade en mindre andel fågel i 
bytesfördelningen, en variabel som vanligtvis är högre under låg sorktillgång. För att ge stöd 
åt metoden att använda byten funna i holkar som indikatorer på bytestillgång finns en påvisad 
positiv effekt av den totala mängden funna byten och en negativ effekt av andelen fågel bland 
byten på ungarnas överlevnad. Resultaten indikerar att chansen för ungöverlevnad kan vara 
påverkad innan äggen är lagda och att det finns en indirekt positiv påverkan av regn på 
häckningsframgång p.g.a. en större tillgång av föredragna byten. 
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Introduction 
 
 
Effects of prey fluctuations 
 
Tawny Owls in northern Europe are known to prefer voles as their main prey with their 
breeding success even being used as an indicator of vole abundance (Kostrzewa and 
Kostrzewa, 1991). However, they are able to adapt to environmental changes and change their 
prey composition between different vole species and mice (Petty, 1999; Wendland, 1984 ) and 
supplement their diets with toads and birds when voles become scarce. Wendland (1984) 
noticed that when numbers of Common vole Microtus arvalis, one of the main preys for the 
area, decreased drastically the number of breeding Tawny Owl pairs remained the same. At 
the same time the numbers of breeding Buzzards Buteo buteo decreased from seven to two or 
three pairs and Long-eared Owls Asio otus vanished completely in his study area. 
Furthermore, the analysis of Tawny Owl pellets explain the stability of  the population when 
common prey like voles and toads become scarce with an increase of birds in their diet 
(Wendland, 1984). 
 
Despite the fact that Tawny owls are adaptable and opportunistic, they may refrain from 
breeding at all when voles become scarce (Southern, 1970). Several studies have been made 
about the relationship between Tawny Owls and their access to prey, and voles in particular. 
Vole and mouse abundance can affect the amount of eggs laid, hatched eggs and fledged 
young (Southern 1970). In Finland, hatching date has been shown to occur earlier in the 
spring if vole abundances are high during the previous autumn, whereas brood size is 
positively correlated to vole abundance in the spring (Lehikoinen et al, 2011). Vole 
abundance also affects the annual percentage of survivals of young and adults (Francis and 
Saurola 2004). Ericsson (2007) found that breeding success in Tawny owls was affected by 
food conditions during the adolescence of the chicks mother and grandmother, an effect that 
indicates epigenetical transgenerational responses. To get a clue of what factors that might 
cause inheritable weaknesses, investigating the impacts on probabilities of successful 
reproduction and chick mortality is a good start. 
 
In the study area of this project the most common prey found in Tawny Owl nest boxes 
between 1996 and 2007 was the Bank vole Clethrionomys glareolus followed by the Field 
vole Microtus agrestis. The highest survival of chicks during the same period, 100%, also 
occurred during a peak year of the Bank vole (Ericsson, 2007).  
 
 
Effects of winter weather on survival and breeding performance  
 
Prey abundance is not the only factor to affect breeding success of Tawny owls and other 
boreal owls. Weather conditions have an important role in different aspects of breeding 
performance (Lehikoinen et al, 2011). Temperatures in late winter and early spring are 
negatively related to the timing of breeding which means that eggs are hatched earlier during 
higher temperatures. Unlike the Ural owl which show an adaptation to increased snow depth 
in March by breeding later, the Tawny owl does not seem to adjust laying date according to 
snow depth in March. Neither is there any response of snow depth in March on brood size in 
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Tawny owls (Lehikoinen et al, 2011). Sasvári et al (2004) found a negative effect on breeding 
success during years with snow cover in Tawny owl pairs in Hungary breeding for the third 
time. The unsuccessful breeding during years with snow cover was explained by a lower 
weight on males and females and uneven testosterone levels in chicks. The same effect has 
been shown in other birds of prey. The Eurasian kestrel Falco tinnunculus show lower 
numbers of density and breeding pairs after winters with low temperature or with long and 
deep snow cover (Kostrzewa and Kostrwewa 1991). 
 
The Tawny owl is a relatively new species in southern Finland and Francis and Saurola 
(2004) suggested that the owls might be restrained from further dispersion to the north by 
lower winter temperatures and snow conditions. They also showed that different age classes 
was differently related to winter temperature and snow depth. Snow and winter conditions 
explained 35 % of the variation in survival of the one year olds and 58 % of the variation in 
the adults’ survival. Although snow cover obstructs the owls to reach their main prey voles, 
the effect of snow cover alone seem to be relatively negligible compared to temperature in the 
effect of survival rates (Francis and Saurola, 2004) 
 
While harsh winter weather seems to decrease survival rates for Tawny owls, it affects the 
main prey of the Skaraborg population in the opposite way. The abundance of Bank and Field 
voles in Fennoscandia are positively related to snow depth due to the protection the snow 
cover provides from predators (Hansson and Henttonen 1985). Therefore, it is interesting to 
investigate how Tawny owl reproduction is affected by snow conditions in an area of annually 
varying winter conditions.  
 
 
Rain during breeding season 
  
Nocturnal owls, such as the Tawny owl, are very dependent on good hearing to localize their 
prey in complete darkness (Pettersson, 1984). Southern (1970) mentions that failure in 
hatching eggs or rearing chicks might be due to the influence of sporadic, disturbing rainfall. 
It has been shown that Tawny owls reduce their calling in rainy weather compared to dry 
conditions. The authors suggest it might be due to the fact that rain decreases possibilities of 
communication (Lengagne and Slater 2002) and there is probably also a negative effect on the 
owls capability of localizing prey.  
 
 
Aims 
 
The aims of this study is to provide an understanding if and to what degree (1) snow cover 
and rainfall affect breeding performance in a population of Tawny owls in Skaraborg, Sweden 
and (2) examine how the amount of prey and distribution between different species of prey 
fluctuates in relation to snow conditions in the winter preceding breeding and the amount of  
rainfall during breeding. The possible effects on prey distribution is analysed from data on 
prey found in nest boxes to explain how weather conditions indirectly affect breeding success 
in Tawny owls. Breeding performance is measured in (1) clutch size, the number of eggs laid 
per breeding attempt, to compare the investment in reproduction between different years with 
snow conditions during the preceding winter, and (2) annual number of ringed chicks per eggs 
laid. The second variable shows chick mortality including failure to hatch eggs and will be 
compared to rain during breeding season to see if there is a “disturbing” effect on incubation 
or hunting causing increased chick mortality. Since longer snow cover have been proved to 
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increase differences in testosterone levels between chicks in the same brood and hence 
increased chick mortality (Sasvári et al, 2004), the effect of snow cover on chick mortality 
will be investigated. 
  

 
Methods 
 
Study Area 
 
The study area consists of deciduous and coniferous woodland and farmland. The study 
covers a big area along the west side of the lake Vättern in Hjo, Karlsborg, Tibro, Skövde and 
Töreboda district in Västra Götaland county and Askersund and Laxå district in Örebro 
county. In this area 191 nest boxes for Tawny owls were placed on an average height of 3-4 
meters. 
 
 
Data collection 
 
The nest boxes and two known natural cavities have been checked for eggs every year at the 
end of April since 1995. All breeding attempts (all nest boxes where eggs were found) were 
recorded and eggs were counted. Some nest boxes had obvious signs of predation, usually 
with remains of eggshells, and would be recorded as predation. Since females stay on their 
eggs through the whole incubation period they could be caught during these visits. Unringed 
females were ringed and their age was recorded if possible. Age determination is possible on 
unringed adults of up to 2 years old by the condition of their secondaries (Nilsson L.O, 
Haglund K, Ericsson P. pers. comm. 2011). Females of indeterminable age were recorded as 
4k+ (k = calendar years, 2k = 1 year old). 
 
The chicks were ringed when they were 18-25 days old just before leaving the nest box, 
which usually occurs around the 28th day. Their age was determined according to a scale 
adapted for Tawny owls from measurements of their 4th primaries (see Carlsson and Hörnfeldt 
1994, Eriksson et al 1984, Ericsson P. pers.comm.).  Unhatched eggs, dead chicks and signs 
of predation were also recorded during the second visit. Data on prey abundance comes from 
findings in the nest boxes. During the years of 2000 until 2010 between 52 and 108 breeding 
attempts were recorded every year. In total 948 breeding attempts were recorded, 2197 chicks 
and 223 females were ringed. 
 
Weather data was provided by SMHI (Sveriges metrologiska och hydrologiska institut). The 
ordered data for the years 2000-2010 showed daily measurements of rainfall from April to 
June and snow depth for every day for the whole year. Observations for data on rainfall 
during breeding season was taken from Hjo weather station, situated in the southern part of 
the study area. Data on snow depth was unavailable from Hjo weather station and had to be 
taken from the nearest station, Skövde, situated 10 km west of the study area. 
 
 
Data analysis 
 
Weather was compared to breeding success in four different ways: (1)Total amount of snow 
during winter-months, (2)Days with snow cover, (3)last day with snow cover and (4) amount 
of rain during the breeding season. "Total amount of snow during winter-months" is the value 
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of snow depth from every day from the 1st of December until the last of February added 
together. "Days with snow cover" means number of days with snow cover from the whole 
winter before breeding. Last day with snow cover is a value of  the last day when snow depth 
was at least 2 cm and snow laid for at least two consecutive days. To get a comparable value 
for rain during the breeding season, the total amount of rain is measured from the 15th of  
April until the 15th of June the same year. That period of time covers the time from egg 
controls until the ringing of chicks every year. 
 
Annual average breeding success has been measured in two different ways; (1) number of 
eggs laid per breeding pair and (2) number of ringed chicks divided by the total number of 
eggs found. This value provides a mortality rate including unhatched eggs. It also includes 
death due to predation, since causes of death when chicks are missing is difficult to tell. All 
data on prey comes from findings in nest boxes and were divided in (1) number of bank voles 
per breeding pair, (2) number of field voles per breeding pair, (3) percentage of birds and (4) 
total number of prey found per breeding pair. The amount of birds in prey is higher when 
voles are scarce (Wendland, 1984), and might be an indicator of unfavourable food conditions 
for more than one species of prey.. Numbers of bank– and field voles and total amount of prey 
was divided by number of breeding pairs and not number of chicks since chicks do not 
swallow whole prey items while they are small enough to stay in the nest box (Hambling, 
2008) and chances of finding remains of recently received prey are high. Also, Tawny owl 
males do not increase time spent hunting when brood sizes has been enlarged (Sasvári and 
Hegyi, 2010), and for this study, number of prey found in nest boxes is probably more related  
to the number of breeding pairs than brood size. 
 
Data on breeding success was available from 1996 until 2010 but only the 11 last years, 2000 
– 2010, were used in this study. The first four years had lower numbers of breeding attempts 
with < 65 breeding attempts during good vole years (1998 and 1999) and < 35 breeding 
attempts during poor vole years (1996 and 1997). Good vole years were years with more than 
20 bank voles found in nest boxes (see Ericsson, 2006). After 1999 good vole years had >85 
breeding attempts and poor vole years had >50 breeding attempts. Since Tawny owls stay in 
their territory as long as breeding is successful it is likely that establishing a naturally 
fluctuating population takes several years. 
 
 
Statistical analyses 
 
To test the relation between annual means of weather values and the two categories of 
breeding success Pearson’s correlation was used. Prey abundance was also compared to the 
annual amount of rain and snow with Pearson’s correlation. The variables that seemed to be 
most important to breeding success according to the results of correlation tests and previous 
research results were used in a GLM (General Linear Model). In the GLM for clutch size the 
snow variable with the highest correlation value was included together with variables for 
female experience, percentage of breeding 2k females (2k = 1 year old) and mean age of all 
females. 
 
All variables with a correlation coefficient above 0.4 were added to the GLM for ringed 
chicks. Prey per nest box (all species) was also included to avoid giving the percentage of 
birds in prey an unrealistically big effect on young mortality. Despite its low correlation 
coefficient, snow depth was included since it has been shown to have an effect on chick 
survival (Sasvári et al, 2004). Percentage of inexperienced females and percentage of 2k 
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females was added because of the possible effect on breeding success (Ericsson, 2007). To 
make the variables measured in percent (percentage of birds in prey, inexperienced females 
and 2k-females) more linear to fit in the GLM function, the log-transformation LN(x/(1-x)) 
was used. 
 
After the first two GLM’s were done variables with p-values above 0,2 was deleted and 
another GLM was done. For models of this kind, with several variables included to explain 
the same response variable, including to many variables should be avoided. Including more 
variables than those related to the response variable may result in unrealistic results of the 
effects of included variables. 
 
The correlation between weather and the most common prey, bank and field voles, the whole 
amount of prey per nest box and the percentage of birds in prey were all done with Pearson’s 
correlation. The relationship between bank and field voles was further investigated by 
controlling the effect of inexperience, 2k females and mean age in a GLM. All statistical 
analyses were done in Minitab 16.  
 
 
 

Results 
 
Both snow depth and the number of days with snow cover had higher correlation values with 
clutch size than the values of age distribution and experience (Table 1). Still, no significant 
results were found in correlation between clutch size and weather (p > 0.05). The variable of 
snow cover with the highest correlation to clutch size, “days with snow cover” was included 
in the GLM together with the age and experience variables. The effect of snow depth was not 
investigated further since it was highly correlated to days with snow cover (r = 0.822, T9 = 
4.33, p = 0.002). 
 
Table 1.  Correlation values for clutch size. 
Values from Pearson’s correlation of clutch size = eggs per active nest box. The annual means of 
2000-2010 compared to weather variables and population parameters. “r” = correlation coefficient, “T” 
= t-value of r, is compared to a critical t-value to test the significance of r. “p” = p – value. Df = 9 for all 
tests.  
Clutch size (eggs) r T p 
Snow depth Dec-Feb 0.417 1.376379 0.203 
Days with snow cover 0.434 1.445201 0.182 
Last day with snow cover 0.055 0.16525 0,871 

Percentage of inexperienced females 0.317 1.002714 0.342 

Percentage of 2k-females 0.176 0.536373 0.605 

Mean age of females 0.148 0.448944 0.664 

 
The only significant results of correlation between weather and chick mortality was the 
positive one between ringed chicks and rainfall (p = 0.041) (Table 2, Figure 1). No strong and 
significant negative correlations between weather and breeding success were found. The 
strongest negative correlation was between ringed chicks and percentage of birds in prey 
(Table 2).  
 
 
 
 



6   

 
Table. 2 . Correlation values for ringed chicks per numbers of eggs. 
Values from Pearson’s correlation of ringed chicks/eggs = number of ringed chicks divided by the 
number of eggs laid in the whole population. Annual values of 2000-2010 compared to weather 
variables, prey data from findings in nest boxes and population parameters. “r” = correlation 
coefficient, “T” = t-value of r, is compared to a critical t-value to test the significance of r. “p” = p – 
value. Df = 9 for all tests. 
Ringed chicks/eggs r T p 
Rain 15/4 – 15/6 0.623 2.389348 0.041 
Snow depth Dec-Feb -0.077 -0.23169 0.822 
Days with snow cover -0.018 -0.05401 0.959 
Last day with snow cover -0.114 -0.34424 0.739 
Bank voles per active nest box 0.447 1.499105 0.447 
Field voles per active nest box 0.119 0.359555 0.726 
Percentage of birds in prey -0.479 -1.63702 0.136 
Prey per nest box (all species) 0.206 0.631545 0.543 
Percentage of inexperienced females 0.179 0.545815 0.598 
Percentage of 2k females -0.122 -0.36875 0.720 
Mean age of females 0.073 0.219586 0.832 
 
 
 

R2 = 0,4139
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Figure 1. Annual amount of rainfall compared to ringed chicks between 2000 and 2010. 
Rainfall = total amount of rainfall in m.m. from the 15th of April until the 15th of June. Ringed chicks = 
number of ringed chicks divided by the total number of eggs laid every year. 
 
The GLM for ringed chicks includes rain, snow depth, bank voles per active nest box, 
percentage of birds in prey, prey per nest box (all species), percentage of inexperienced 
females and percentage of 2k females. Adding mean age to the GLM had no effect on the r2-
value of the test and since it also had a very low correlation value, it was not included.  
 
 
Table 3 . The effect of snow and female age and experience on clutch size measured in laid eggs 
between 2000 and 2010. “B” = slope coefficient. “F” = F value of the variable, is compared to a critical 
F-value. “p” = p-value of the variation explained by the variable. Error = 6 df (df for error = N – (number 
of predictor variables)). Df = 1 for all variables. 

Factor B F p 
Days with snow cover 0,013373 4.39   0.081 
Percentage of inexperienced females (log) 0,6894 7.16   0.037 
Percentage of 2k females (log) 0,7887 3.23 0.123 
Mean age of females 0,4757 3.58 0.107 
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No p-values were higher than 0.2 for the GLM of clutch size and hence, no variables were 
deleted. The first GLM of ringed chicks had one variable with a p-value above 0.2, the one for 
rainfall, and another GLM was done after excluding this variable (table 4). The highest and 
only significant effect on clutch size when other important variables were controlled for was 
the percentage of inexperienced females (p = 0.037) (Table 3). For the number of ringed 
chicks, snow depth, prey per active nest box, percentage of birds in prey and the percentage of 
2k females all had a significant effect on their survival (p < 0.05) (Table 4). 
 
Table 4. The effect of snow cover, prey distribution and female age and experience on ringed chicks 
per eggs laid during the years 2000 to 2010. “B” = slope coefficient. “F” = F value of the variable, is 
compared to a critical F-value. “p” = p-value. Error = 4 df (df for error = N – (number of predictor 
variables)). Df = 1 for all variables. 

Factor B F p 
Snow depth -0,000129 28,98 0,006 
Bank voles per active nest box -0,2827 4,07 0,114 
Prey per active nest box (all species) 0,08956 10,12 0.034 
Percentage of birds in prey (log) -0,08538 13,81 0.021 
Percentage of 2k females (log) -0,10926 29,98 0.005 
Percentage of inexperienced females (log) 0,07177 6,70 0.061 
 
 
Snow depth was positively correlated to the amount of field voles found in nest boxes (p = 
0.001) while the bank vole was neither correlated to snow depth nor rainfall (Table 5). Snow 
depth was also positively correlated to prey found in nest boxes (p = 0.003) (Table 5). When 
the annual mean age of females and percentage of inexperienced and 2k females was 
controlled for in a GLM snow depth showed a significant positive effect (p = 0.003) on field 
voles while rain was not significant (p = 0.05). On the Bank vole neither the effect of rain nor 
snow depth were significant after controlling for mean age and the percentage of 2k females 
and inexperienced females. The percentage of birds in prey was negatively correlated to rain 
(p = 0.048) (Table 5) and negatively but not significantly correlated to the total amount of 
prey found (p = 0.072 )(Figure 2). 
 
 
 
Table 5 . Correlation between weather and prey distribution.  
Displays correlation coefficients (r).  * = p < 0.05, ** = p < 0.01, *** = p < 0.001. T-values with degrees 
of freedom displayed below every r-value. 
 Rain 15/4-15/6 Snow depth Dec-

Feb 
Days with snow 
cover 

Last day with snow 
cover 

Bank voles per 
active nest box 
 

0.488 
T9: 1,677276 

0.414 
T9: 1,36442  

0.180 
T9: 0,548966 

-0.047 
T9: -0,14116 

Field voles per active 
nest box 
 

0.238 
T9: 0,735124 

0.868** 
T9: 5,244035 

0.768** 
T9: 3,597471 

0.391 
T9: 1,274459 

Percentage of birds 
in prey 
 

-0.607* 
T9: -2,29143 

-0.331 
T9: -1,05232 

-0.301 
T9: -0,94691 

-0.234 
T9: -0,72205 

Prey found in nest 
box per active nest 
box / (all species) 

0.213 
T9: 0,654008 

0.798** 
T9: 3,972406 

0.539 
T9: 1,91973 

0.135 
T9: 0,408742 
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Figure 2.  Percentage of birds in prey compared to all prey. 
Annual means of the percentage of birds in prey compared to the total amount of prey from all 
species. Data from nest boxes between 2000 and 2010. 

 
 
Discussion 
 
This study shows that both rainfall and snow cover can affect the breeding success in Tawny 
owls. Rain was positively correlated to chick survival and snow cover had a negative effect on 
chick survival after controlling for other factors affecting the breeding success. These results 
agree with previous studies about how several factors, e.g. prey abundance and weather, are 
important for the breeding success in Tawny Owls (Francis and Saurola, 2004, Lehitoinen et 
al, 2011, Sasvári et al, 2004 ). Snow depth showed a significant, negative effect on chick 
survival but the total effect of snow on the population does not have to be very big. The 
negative effect on winter survival of all individuals (Francis and Saurola, 2004) is likely to be 
compensated by the positive effect on prey during spring (Hansson and Henttonen, 1985) and 
make the total effect of snow on the population size relatively small.  
 
The low effect of snow cover on clutch size disagrees with Sasvári and Hegyi (2002) were 
clutch sizes was significantly smaller after winters with snow cover. This could be due to 
different investigation techniques or the fact that most winters in Scandinavia have, to some 
extent, winters with snow cover. It could also be an adaptation in northern populations to store 
more energy during the autumn than populations in central and southern Europe. Lehitoinen 
et al (2011) showed that vole abundance during the preceding autumn had an effect on the 
start of incubation, a behaviour that resembles capital breeders where energy is stored during 
the winter for the upcoming breeding season (Drent and Daan, 1980). This might be why no 
effects where shown on the numbers of laid eggs per breeding female. For further studies on 
clutch size, more attention should be paid to food conditions during the preceding autumn in 
combination with winter weather.  
 
The percentage of inexperienced females, the only significant variable for clutch size, had a 
positive slope coefficient (Table 3). Ericsson (2007) found no significant difference in clutch 
size between inexperienced and experienced females. There could be larger clutch sizes in 
inexperienced females due to their inexperience in adjusting their reproductive investment to 
current food abundances. More likely though, is the possibility of higher prey abundances 
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causing both higher clutch sizes and more females breeding for the first time, and since vole 
abundances are not included in the GLM of clutch size, the percentage of inexperienced 
females give the impression of having a positive effect on mean clutch size. The effect of 
snow cover on chick mortality supports earlier results of higher mortality in chicks due to 
snow cover (Sasvári et al, 2004). For further epigenetical experiments, the effect of snow 
cover should be taken into account. If there is a lower investment in reproduction during egg 
production it could have a negative effect on the gene expression on following generations. 
 
The positive effect of the total amount of prey found in nest boxes and the negative effect of 
the percentage of birds in prey on chick survival (see Table 4) supports the method of using 
prey found in nest boxes as an indicator of prey abundances. The fact that the investigated 
population of Tawny owls catch mostly Bank voles (263 bank voles, compared to 136 field 
voles, the next common prey, for a period of 11 years, see Ericsson 2007) could be because of 
their abundance (that they usually are the most abundant during breeding season) or because 
of a preference due to for example convenience in hunting or its nutritional values . If there is 
a preference to Bank voles, this might be the reason why there was no significant effect of 
weather on numbers of caught Bank voles despite the positive effect of snow cover showed by 
Hansson and Henttonen (1985). The percentage of birds in prey has a significant negative 
effect on chick survival after controlling for the total amount of prey found (Table 4). This 
method provides only a small sample of all prey caught during one season, and there might be 
a higher variance in the number of caught prey than the variance in taxonomic distribution of 
prey caught. Therefore, the percentage of birds in prey could be a better indicator of food 
conditions (Figure 2) than the amount of rodents. Comparable values from trapped voles in 
the same area would be of high importance for deeper analyses on feeding behaviour in this 
population. 
 
Even though rain had the highest correlation value among weather variables on chick survival 
(correlation value 0.623, p = 0.041) (Table 2, Figure 1), there was no significant effect (p > 
0.05) when other factors known to affect the breeding success where included in the model 
(Table 4). However, there was also a negative correlation between rain and the percentage of 
birds in prey (p = 0.048) (Table 5), a variable known to be adversely connected to numbers of 
rodents, a usually more preferred prey (Wendland, 1984). If rain can make breeding females 
stop their incubation as Southern (1970) suggested, it is not common enough to have a 
statistically significant effect on egg and chick mortality. Instead, the positive correlation 
between rain and chick survival and the negative correlation between rain and the percentage 
of birds in prey indicate an indirect positive effect of rain, probably due to increased access to 
rodent prey. 
 
The percentage of 2k females had the highest effect on chick survival (B = -0,10926) (Table 
4) and agrees with earlier studies showing how inexperienced females (all breeding 2k 
females are breeding for the first time) has a lower amount of fledged young (Ericsson 2007, 
Sasvári et al 2004). 
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