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ABSTRACT 
Population dynamics studies the changes in size and structure in a population and how 
the changes are influenced by different processes.  In order to describe the dynamics and 
predict its future status effectively we need quantitative estimation of survival rates in a 
population. Long-term datasets allow examination of temporal variation in survival 
estimates and its driving factors. A population dynamics study was done based on a 20-
year dataset of the Siberian jays (Perisoreus infaustus) in northern Sweden. We used 
program MARK to calculate survival rates of adult and juvenile jays in summer (adults 
only) and winter. Different models have been fitted into the parameter estimates to 
evaluate effects of age, sex, season, temporal variation, population density, 
winter/summer temperature and predation on survival from mark-recapture encounter 
histories collected during 1989- 2009. We found that Siberian jays experienced higher 
winter mortality during their first year of life and survived better in winter than in 
summer as adults. There was little evidence that survival rates differed between females 
and males. Annual variation in the winter survival of first year birds was strongly 
correlated to an index of predation risk from goshawks (Accipiter gentilis). No cause for 
the annual variation in adult mortality was identified. Our study increases the knowledge 
concerning the population dynamics of the Siberian jay and has implications for the 
projection of the future status of the Swedish population. 
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INTRODUCTION 
What is driving population variation? 
Population dynamics investigates the changes in size and structure in a population and 
how the changes are influenced by processes such as birth, death, immigration and 
emigration. Population dynamics can be affected by two components, deterministic and 
stochastic variation. Deterministic changes are density-dependent, where increasing 
population size has a negative effect on population growth rate, due to limited amount of 
food resource, competition for suitable breeding sites and mates, or high predation 
pressure. Stochastic factors, such as weather conditions, influence survival and fecundity 
independently of population density. If density-dependence does not act in the regulation 
of population, the population is only affected by stochastic variation and the dynamics 
would follow a random walk (Freckleton et al. 2006). To understand bird population 
dynamics, it is important to distinguish between the external (environmental) factors that 
influence the population and the intrinsic (demographic) features that these factors affect. 
Natural limiting factors include food supply, nest-sites, predation, parasites and 
pathogens, weather, inter-specific competition and interactions between different limiting 
factors (Newton 1998). In order to understand the distribution and abundance of a species, 
it is important to know its 1) life history; 2) individual birth/death rate; 3) migration 
pattern; 4) interaction with its own and other species and 5) the effects of the 
environment (Begon et al. 1996).  
 
Aims 
The aims of this study are to 1) test whether survival rates vary by age, sex or season, 2) 
determine winter mortality in adult and juvenile birds, 3) examine the difference between 
winter survival and summer survival, and 4) evaluate the extent to which predation, 
climate and population density influence survival rates. In order to describe the dynamics 
and predict its future status effectively we need quantitative estimation of the vital rates 
such as survival and fecundity of a population. They are the basis for population viability 
analysis (PVA) and provide useful information for conservation management. This study 
may help find out which of the demographic parameters contribute to the population 
growth of the Siberian jay (Perisoreus infaustus) and which of the external factors affect 
the population structure significantly. 
 
Age and survival 
Siberian jays are considered as adults one year after their birth (Griesser 2003). 
Individuals may be more susceptible to variation in conditions affecting survival in their 
first year of life as they are not yet experienced with foraging and avoiding predators. A 
separate analysis of the survival among juvenile and adult groups should therefore be 
appropriate. 
 
Sex and survival 
Survival differs between sexes in many bird species. For instance Payesvsky et al. (1997) 
analyzed 109 data sets representing 70 species from 12 orders and claimed that the 
survival was overall higher for males (80 cases out of 109 sets). Such differences in 
survival between females and males have for instance been considered to be caused by 
sex-specific investment in reproduction and parental behavior (Robertson et al. 2006).  
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Differential survival between the two sexes may result in skewed adult sex ratio, 
threatening the species especially in small and isolated populations (Dale 2001, Donald 
2007). Therefore it may be important to compare male and female survival rates in the 
Siberian jays to see if such pattern exists in the Swedish population. 
 
Predation 
There are two main sources for juvenile mortality in birds, starvation and predation. 
Heske et al. (2001) suggested that predation accounted for the largest share of nest 
failures in most species of neotropical migrant songbirds, while Griesser et al. (2006) 
found that predation was the final cause of all mortality among Siberian jays in winter. 
The majority of this mortality was caused by predation from goshawks (Accipiter 
gentilis).  
 
Low temperature and extreme environmental factors 
Abiotic conditions in the environment affect the population dynamics in many ways. 
Temperature is perhaps the most important condition that determines distribution and 
affects abundance. Usually the range of conditions for reproduction is narrower than that 
for growth, and the conditions for survival have the widest range. Extreme conditions 
make harsh environment for birds to survive in and act as bottlenecks shaping the 
population dynamics, especially during winter when temperature is low, daylight duration 
is short, snow cover is heavy, food resources are limited and density-dependent intra-
specific competition can be strong. 
 
In the Siberian jay, low temperature has strong habitat-mediated influence on 
reproductive success and nest failure rates, which contributes to the annual fluctuations in 
numbers (Eggers et al. 2005). Low temperatures are associated with higher energy 
demands for the offspring requiring more intense parental care. In cold weather, parents 
increase nest visiting rates, becoming more noticeable to visual hunters, thus increasing 
nest predation risk. However, Siberian jays do not only experience stronger predation 
pressure but also suffer directly from extreme weather conditions particularly cold spells 
and thick snow layers during the breeding season. Juvenile jays have a higher risk of 
starvation because their parents cannot find adequate amount of food to feed them 
(Andreev 1982). Severe weather conditions may also increase thermoregulatory costs for 
predators, parents and nestlings substantially (Hafton & Reinertsen 1985, Eggers et al. 
2005).  
 
Density-dependence  
In most populations with a fixed carrying capacity of the habitat, as the population grows 
larger, the strength of intra-specific competition for limited resources gets more intense, 
and the increase in density has a negative effect on population growth.  
 
Social status and energy cost 
In the Siberian jay, breeders are less tolerant to immigrants than to their offspring 
(Ekman et al. 1994). They frequently chase off the unrelated immigrants, especially when 
they are foraging. As a result, the immigrants have much less access to food resource and 
spend more time away from the group (Griesser et al. 2006). Ultimately, the constraints 
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on access to food and the more loose association with the group is linked to lower 
juvenile survival in the role of disperser. However, dispersal does not seem to inflict a 
cost to dispersers through increased mortality. In adults, the energy consumption of 
breeders could increase because of the conflicts with immigrants during the breeding 
season (Griesser et al. 2007a). 
 
 
METHODS 
The species studied 
The Siberian jay is an open-nesting, long-lived bird species typical to boreal forests of 
Eurasia. It inhabits northern taiga habitat which is highly seasonal with cold winters. The 
mean temperature in winter (September to February) is -6.2 ºC and the minimum is  
-41.3 ºC. The mean temperature in summer (March to August) is 8.5 ºC and the 
maximum is 30.2ºC. Siberian jays are group living birds with family members and 
sometimes unrelated immigrants. Groups consist of a socially dominant breeding pair and 
up to 4 additional individuals (Ekman et al. 1994), with a mean clutch size of 3.9±0.1 
(Eggers et al. 2006). Parents are nepotistic towards their offspring by preferential 
treatment such as sharing food and providing protection against predation. Female 
incubates eggs solitarily, but both parents take part in feeding nestlings. Some offspring, 
after reaching independence, leave the parental territory in their first summer of life 
(dispersers), but one third of birds ringed as nestlings postpone dispersal beyond their 
first winter and can remain for up to 3 years (retained juveniles) (Ekman et al. 2002). 
Retained juveniles constrain settlement decisions of most dispersers by aggressively 
chasing them off the territory (Griesser et al. 2007b). 
 
Banding 
The data on encounter histories come from re-observation in a population of color banded 
individuals in the coniferous taiga forests outside Arvidsjaur (65°40' N, 19°0' E), northern 
Sweden. Each bird is given a metal ring with a unique ring number, together with 3 
plastic color rings. The colors of the plastic rings were carefully selected to avoid 
duplicate combination so that the birds can be observed without being caught during field 
studies. The banding information is stored in a database, BirdManager 1.0.1 (developed 
for the Siberian jay project), keeping track of each individual. Juvenile birds born in 
spring are initially banded only with a metal ring. In the following autumn, those still 
remaining in the study area are given another 3 color rings. The birds are considered as 
juveniles until the end of their first year of life. The age category of jays not ringed as 
nestlings can be determined according to the outermost tail feather. Juvenile feathers 
have round shapes, while adult feathers are more pointed. 
 
The study area has contained at most 70 territories for different jay groups (about 35 at 
the beginning and was expanded in 2000). The population has already been studied for 
more than 20 years (since 1988) and each year the population is visited twice (in spring – 
i.e. March to May and in autumn – i.e. September to October). To achieve a reliable and 
standardized capture effort we only used data from 1989. Territories have been stable 
over the study period and 945 individuals of jays were observed in total. For each census, 
birds seen were recorded on flock maps (usually ring colors and sometimes exact ring 
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number if the bird was re-captured). The territories were visited several times during 
study periods and individuals were observed repeatedly. Information of individual ring 
number, color ring combinations, sex, birth time, ringing age, parents (if available), time 
and place of its occurrence, etc is stored in the BirdManager database. I checked the flock 
maps and searched in the database to get the correct ring number and made ‘individual 
encounter history files’, which is the basis for the calculations in program MARK. 
 
Mark-recapture 
Mark-recapture analysis is a widely used ecological method to study population 
dynamics. In this study we are using MARK 5.1 developed by Gary White (White & 
Burnham 1999, Cooch & White 2009). Marked animals can be re-encountered as either 
alive or dead. Program MARK computes the estimates of model parameters by numerical 
maximum likelihood techniques. It is a powerful technique to keep track of the study 
population, especially when it is not possible to detect all individuals in each field census. 
Monitoring of specific individuals can be difficult as they are easily missed during an 
inventory event. A lack of re-observation can be mistaken for mortality and unless the 
carcass is found, we cannot be sure whether the bird has been predated or left the study 
area. A way of solving this problem is to estimate the probability of the individual being 
missed rather than being dead. This is done within the mark-recapture software.  
 
In this study, individual encounter history files (i.e. records of whether an individual has 
been re-observed or not in each census) were put into mark-recapture program MARK as 
juvenile birds and adult birds (philopatric individuals were treated as recruited into the 
adult population once they had survived beyond the juvenile statge) respectively in 
Cormack-Jolly-Seber (CJS: live animal captures that are released alive) model to get 
estimated parameters such as survival rates (phi) and recapture rates (p). All models were 
constructed within logit function. We calculated survival for adults in separately for 
summer and winter, while we could only estimate survival in winter for juveniles. The 
post-fledging dispersal of first year birds prior to their first winter entails that the 
disappearance over summer is a mixture of mortality and emigration. Time interval was 
set to 6 months (between the two censuses each year) as summer period (March to 
August) and winter period (September to February). For example, winter in 1990 is 
defined as the period from September 1989 to February 1990. The two annual census 
periods are of equal length with this delimitation and the estimates of survival rates are 
therefore directly comparable. Birds were also specified by sex to see whether there was 
a difference between female and male survival.  
 
Models and model selection 
Model selection is a process of making inference from a set of models including 
explanatory factors. Different models are compared based on Akaike’s Information 
Criterion (AIC), which aims to reach a balance between precision and parsimony in 
models. AIC value is calculated as 

AIC=2k-2ln(L). 
Models with too many parameters (k) are punished; meanwhile the larger the likelihood 
(L), the lower the AIC value gets. And the model with the lowest AIC value is considered 
as the best model (can be shown to be closest to ‘full truth’). When ∆AICc value is no 
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larger than 2, the two models are considered as having equal support and both models 
should be taken into consideration (Cooch & White 2009). 
 
Before model selection, the most parameterized model, namely the ‘global model’, was 
tested for goodness of fit (GOF) using the bootstrap procedure in MARK. Simulations of 
500 replicates gave a measure of variance inflation ĉ. We then used ĉ to correct for over-
dispersion (if detected) and corrected AIC values for effective sample size (AICc).  
MARK simultaneously gave normalized Akaike weight wi, which represented the 
relative support in the data for model i as the best model in the model set.  
 
AIC based model selection was used to test for the effect of sex, age and season on 
survival. Many environmental variables can cause temporal variation in survival 
estimates and only long-term data sets allow examination of this variation (Boulton et al. 
2009). Data of extrinsic factors such as climate, predation and density were collected and 
fitted into the parameter estimates in search of possible reasons for the population 
variability. The program MARK did not allow for a test of such environmental effects on 
survival. Therefore we tested for their effects using linear regression. Survival rates were 
compared with an index of predation pressure (calculated from the abundance of grouse), 
climate indices and population density. Data of predation (and its delayed effect), 
temperature and density were put into the program SAS 9.2 (SAS Institute Inc. 2009) to 
conduct linear regression separately for juvenile and adult survival, accompanied by 
significance tests of model likelihood. The remaining statistical analyses such as the 
calculation of significance were done in the program Statistica 8 (StatSoft, Inc. 2008). 
 
Previous studies have shown that predation by goshawks is the main mortality factor in 
winter (Griesser et al. 2006). Goshawks largely live on the cyclical populations of 
Willow grouse (Lagopus lagopus). Based on the assumption that goshawk numbers build 
up or the numbers of goshawks become resident when grouse numbers are high we 
therefore took the variation in number of grouse (Anonymous 2009) as an index of 
predation risk for the jays. We obtained Willow grouse winter density data during 1994 
to 2008, and the use of survival data has to be confined to this period. There may be a 
delayed effect of grouse density on predation risk for jays. Goshawks may concentrate on 
grouse when plentiful while they have to shift to jays when the cyclical population of 
grouse is on decline. We correspondingly used jay survival rates from 1995 to 2009 to 
test for such a delayed effect, and correlated the values to grouse numbers in the 
preceding year.  
 
To test for climate effects we used climate data including daily and maximum/minimum 
temperatures from official statistics of the Swedish Institute of Hydrology and 
Meteorology (SMHI). The data came from 4 locations near our study site: (1) Arvidsjaur, 
(2) Glommersträsk, (3) Älvsbyn and (4) Malå (in order of ascending distance). The first 
and nearest place is a civilian airfield about 10 km east of our study site. If data were not 
available in (1), we then used those from (2) ~ (4). There were missing values for daily 
temperatures in October 1991. We replaced them by taking the average of October 
temperatures from 1988, 1989, 1990; 1992, 1993, and 1994 in Malå.  Average summer 
and winter temperatures were calculated according to daily temperatures.  
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Jay population densities are expressed as number per territory. This estimate controls for 
the variation in size of study area. We also adjusted data for the fact that the areas 
included in 2000 had slightly larger group sizes on average. Flock sizes were based on 
counts from flock maps. 
 
 
RESULTS 
1. How has the population changed over the past 20 years? 
Recapture rates 
In our study the MARK program returned estimates for recapture rates which during the 
20-year time period had remained stable at high level with an average of 0.903±0.076 
(p<0.001). The accuracy of mark-recapture estimates is sensitive to the recapture rate. 
Estimates may be biased if it is low. We visited the territories repeatedly in order to track 
as many individuals as possible. If family groups are distributed heterogeneously in space 
and differ in behavior, their detectability can still differ (Freckleton et al. 2006). This is 
also true in our study. Family groups in some territories respond quickly to food bait and 
are therefore easy to detect; whilst others are more inert. Yet, the magnitude of estimate 
bias is marginal at high recapture rates like here. 
 
Age-structure 
The jays are ringed as either juveniles or adults. Individuals are classified as adults one 
year after their birth, so the encounter histories beyond their second spring of life was 
regarded to be representative of the adult stages of their life history, and were hence 
included when calculating adult survival. After running MARK, we got estimates of the 
winter survival rates of adult and juvenile jays respectively. Overall juveniles survived 
less well than adults in winter (Figure 1). In some years (e.g. 1994, 1995 and 1996) adult 
winter survival was twice that of juveniles. Survival rates for adults in 1990, 1991 and 
1997 and for juveniles in 1991 and 1998 were estimated to be 1, which is biologically 
unrealistic. Such estimates are the result of poor power due to low numbers. This happens 
in particular in years with poor reproduction and thus a lack of sufficient number of 
individuals observed in the autumn field censuses (i.e. in autumn 1989: 5 adults; in 
autumn 1990: 10 adults and 3 juveniles; in autumn 1996: 16 adults and in autumn 1997: 2 
juveniles), all of which were seen again in the following spring. Overall the variance of 
juvenile survival rates (0.220) is larger than that of the adults (0.072).  
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Winter survival rates of  adult and juvenile Siberian jays
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Figure 1. Comparison of winter survival rates between adult and juvenile Siberian jays from 1991 to 
2009. Average winter survival rate: juvenile=0.653±0.220, adult=0.878±0.072, d.f.=36,  
t-value=-4.2319, p=0.000152. 
 
Sex and Survival 
There was little evidence (p<0.1) for a sex difference in survival. Among all 945 
individuals that have been observed, the sex of 576 individuals has up to the present date 
been determined using the molecular methods described in Griffiths et al. (1998). Among 
them, 272 individuals are females and 304 are males. I attributed their encounter histories 
to two different models in MARK. I assumed that survival rates vary with both time and 
sex in the first model, and with time alone in the second. There was no sign of a 
difference between female and male survival among adult jays (Figure 2), and according 
to the model AICc values, a model with no sex difference was a better model than sex-
specified survival model (Table 1). The global model phi(t*sex)p(t) fitted well with the 
data (goodness of fit: p<0.001 with 500 replicates), indicating little evidence of over-
dispersion.  
 
Table 1. Models used in Program MARK to determine effect of sex on survival of Siberian jays (both 
adults and juveniles from 1990 to 2009. Only the top 2 mark-recapture models are shown. 
 

Model AICc ∆AICc wi Model likelihood No. Par. Deviance 

{phi(t*sex)p(t)}-no sex effect} 2178.245 0 0.99998 1 37 622.3029 

{phi(t)p(t)}-sex effect 2200.289 22.0437 0.00002 0 74 564.0195 

 
*Model structure: phi=probability of apparent survival; p=probability of recapture; t=time; ‘.’=constant; 
wi=AICc weights; ∆AICc=the difference in the value of the AICc from the model having the lowest AICc. 
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Figure 2. Annual survival rates and their 95% confidence intervals of female and male Siberian jays 
from 1990 to 2009 (e.g. ‘1’ in the time axis indicates the time interval between spring 1990 and spring 
1991). The green line represents females and the black line represents males. Average survival rates: 
female=0.703±0.112, male=0.697±0.117, d.f.=37, t-value=0.1781, p=0.08596. 
 
Seasonality 
Adult encounter histories, including birds ringed as juveniles and which were then 
recruited into the adult population, were entered into MARK to calculate estimates of 
seasonal survival rates. Annual adult survival rates were estimated to vary between 0.5 
and 0.9 with occasional years of poor survival such as in 2000 (Figure 3). The AICc 
values support the model with seasonal difference in adult survival rates over the model 
with no seasonal variation in survival (Table 2). A global model ‘phi(t)p(t)-seasonal 
effect’ showed a good fit to the data (goodness of fit: p=0.012 with 500 replicates), 
indicating little evidence of over-dispersion. Winter offers a harsher environment and 
especially so in this northern habitat. Accordingly the energy budget of birds is expected 
to be stressed by low temperatures coupled with few hours of daylight. Despite these 
harsh conditions our result shows the winter survival rates are overall higher than 
summer survival (Figure 4).  
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Seansonal and annual survival rates of adult Siberian jays
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Figure 3. Summer, winter and annual survival rates of adult Siberian jays from 1990 to 2009. Annual 
survival rate=summer survival rate×winter survival rate. Average annual survival rate=0.616±0.103. 
For the estimates of winter phi=1 in 1990, 1991 and 1997, see explanation above in Figure 1. 
 
Table 2. Models used in Program MARK to determine effect of season on survival of adult Siberian 
jays from 1990 to 2009. Only the top 2 mark-recapture models are shown. 
 

Model AICc ∆AICc wi Model likelihood No. Par. Deviance 

{phi(t)p(t)-seasonal effect} 3099.371 0 0.9919 1 75 1148.884 

{phi(2t)p(2t)-non-seasonal} 3108.999 9.6277 0.00805 0.0081 38 1236.673 

 
*Model structure: phi=probability of apparent survival; p=probability of recapture; t=time; ‘.’=constant; 
wi=AICc weights; ∆AICc=the difference in the value of the AICc from the model having the lowest AICc. 
 
 

Survival rates of adult Siberian jays in winter and summer
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Figure 4. Mean, mean±SE and 95% confidence interval of adult survival rates in winter and summer. 
Average survival rates: winter=0.884±0.075, summer=0.793±0.097, d.f.=39, t-value=3.326, 
p=0.001963. 
 
 
2. Why has the population changed in this way? 
Rather than simply throw all the environmental data we could obtain into the models, we 
tried to think carefully about the possible biological meanings behind models. Otherwise 
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we risk making mathematically perfect models without any biological senses. Especially 
there is a risk of obtaining results from the sheer number of models and variables 
(Freeman’s paradox). The lack of any response in survival rates to the harsh winter 
conditions suggests that the fluctuations in survival rates appear to be primarily 
influenced by biotic factors such as predation, rather than by abiotic factors such as 
climate oscillations. 
 
Predation, temperature and density 
Grouse density as an index of predation risk gives a good prediction of juvenile winter 
mortality (Figure 5). The pattern is particularly strong if the effect of grouse number on 
jay survival is delayed one year. Such a delay would go well with that goshawks have to 
shift more attention towards hunting jays when the cyclical grouse population is in 
decline. The negative relationship between juvenile survival and grouse density explains 
about 60% of the annual variation in juvenile survival (Figure 6). Neither climate 
(temperature sum during winter months) nor density had any predictive significant power, 
either they were tested alone or together in multiple regressions. 
 

Predation & juvenile winter survival
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Juvenile winter survival Vs. grouse density 
(delayed effect)

0

0.2

0.4

0.6

0.8

1

1.2

0 0.2 0.4 0.6 0.8 1 1.2 1.4

grouse density

ju
ve

n
ile

 s
u

rv
iv

al

Figure 5. The relationship between survival rates of 
juvenile Siberian jays and the Willow grouse density in the 
previous year (representing the predation pressure from 
goshawks). Grouse densities (number of grouse per km) 
were scaled (divided by 20) to the same range with jay 
survival rates so that the coupled oscillation is more 
obvious. 

Figure 6. The relationship 
between survival rates of 
juvenile Siberian jays and the 
grouse density in the previous 
year. R2=0.6004; n=14; p= 
0.0011. 

 
For adult survival, we have not been able to identify any factor driving variations in 
annual survival. It was not possible to find any effect in linear regression models 
including predation, temperature or density (d.f.=13, p=0.5221). Yet, the seasonal 
variation points to that adult survival do not merely fluctuate as a ‘random walk’ but they 
are product of some, hitherto unidentified, external factors.  
 
 
DISCUSSION 
Our results show that survival in Siberian jays varied with season and age, but not with 
sex. Female and male jays survived equally well regardless of age. Adult Siberian jays 
displayed different performance in winter and summer with significantly higher winter 
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survival rates. Winter survival rates were significantly higher in adults than in juveniles. 
The intensity of predation from goshawks, as indicated by grouse numbers, had a strong 
effect on juvenile first winter survival. Among all the explanatory factors we tested, 
predation explained most (60%) of the variation in juvenile mortality. A similar study in 
the Fennoscadian mallards (Anas platyrhynchos) using MARK had reflected analogical 
conclusion that predation was the most common cause of natural mortality (Gunnarsson 
2008). 
 
The causes of temporal variation in adult survival rates remain unidentified. Temperature 
and density could not explain any significant amount of variation in survival of neither 
adults nor juveniles, and adult survival showed no link to predation. Winter temperature 
had little indication for mortality in either juvenile or adult Siberian jays. A similar 
insensitivity to winter temperature has for instance been found in the reed bunting 
(Emberiza schoeniclus) where trends of first-year survival and adult survival were 
independent of winter temperature (Peach et al. 1999). Given the higher adult mortality 
in summer there is, however, the possibility of a lasting effect of reproductive 
investments. 
  
Seasonality 
Most species show seasonality related performance (e.g. food storage, migration) in their 
life history. Generally, winter is considered as a bottleneck for survival as a result of low 
temperatures, few hours of daylight and depletion of non-renewing food resources. 
Contrary to our expectations the Siberian jays survived better in winter than in summer. 
This unexpected seasonal pattern in adult survival could be the result of costly 
reproductive investments and in particular reflect the prolonged parental care in this 
species. The reproductive investments may have a lasting effect in as much as Siberian 
jay parents continue to invest in nutritionally independent offspring. This prolonged 
parental care can last for years (Ekman et al. 1994).  The jays are single brooded and 
rarely lay replacement clutches (Ekman et al. 2001). They start to lay and incubate eggs 
in March each year, when the environmental conditions in the study area are still harsh. 
After the reproduction in spring, parents face the long period of feeding nestlings, which 
in many bird species is assumed to be very energetically costly (Linden & Moller 1989). 
Therefore the higher summer mortality rate may be due to the post-breeding energy cost 
in summer. The importance of considering reproductive history when estimating the 
survival probabilities of animals have been emphasized like in studies of the red deer 
(Cervus elaphus) (Moyes et al. 2006). However, we were not able to include any measure 
of reproductive effort or the associated activities. Indeed, the high summer mortality 
suggests that activity may be more of a threat to survival than temperature. During spring 
and early summer breeding birds have to be active to collect energy and construct nests 
while they are active in storing food for the winter during the late summer. In winter, the 
Siberian jays feed on stored food and can be less active with less exposure to predators. 
 
Lower survival rates in summer have previously been found like in the small and medium 
sized cotton rat (Sigmodon hispidus), although they live in an environment with less 
extreme seasonal variation (Reed & Slade 2006). 
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Age and sex 
Age- and sex-specific survival has been shown to be common in many species (e.g. 
ungulates, Loison et al. 1999; birds, Gunnarsson et al. 2008). Using program MARK, 
Piersma et al. (2005) claimed that juvenile survival rates were 13.6% lower than that of 
adults in Eurasian golden plovers (Pluvialis apricaria) during 1980-1997. Higher 
survival rate of males has for instance been found in bellbirds (Anthornis melanura) 
(Sagar & Scofield 2006), while it was lower in 3 species of ungulates (Loison et al. 1999). 
Females and males survived equally well in our study population like in a population of 
Sand Martins (Riparia riparia) (Cowley & Siriwardena 2005).  
 
Our analyses show that juveniles have lower survival than adults in the Siberian jays. 
There was larger variation in juvenile (SE=0.220) winter survival than in adults 
(SE=0.072, Figure 1), suggesting birds in their first year of life are more susceptible to 
variation in environmental factors. This is in accordance with our results for the 
sensitivity in survival to predation (Figure 6) where juveniles were more strongly affected 
than adults. It has been suggested that environmental conditions can have an impact on 
birds in seasonal environments (Eggers et al. 2005). Our results suggest that variations in 
adult numbers are mainly the result of variation in juvenile survival. 
 
Density  
We found no effect of density indicating a regulatory role of jay density on survival in the 
non-breeding season. This could be due to relatively low fecundity in this population. 
Overall nest predation is high and low reproductive rate may keep the population size on 
the level where responses in survival to density become weak and of little importance to 
the regulation of numbers.  
 
Future study 
Population dynamics analysis has important implications for conservation management, 
as it helps to understand which of the demographic parameters are more sensitive to 
restoration efforts and need special care. High variability in a certain vital rate suggests 
that it may respond positively (or negatively) to management activities (Boulton et al. 
2009). Because the Siberian jay is an open-nesting species, the habitat-mediated 
predation has a strong effect on their survival performance. Previous study has shown 
that the forestry practice had caused severe forest thinning in the habitat of the Siberian 
jays, which made prey and nests more visible to predators (Griesser et al. 2007b). This 
long-term population study of the Siberian jay may offer increased knowledge 
concerning life history traits such as sex, age and density; all are important components 
of the jay’s life history. Therefore, it may help provide useful conservation management 
suggestion in various aspects such as for forest thinning refinement. 
 
Griesser et al. (2006) pointed out the importance to measure to what extent benefits from 
delayed dispersal is translated to fitness such as through reduced mortality in philopatry. 
It has been shown that breeder disappearance during winter increased the mortality of 
philopatric offspring but not that of immigrants (Ekman et al. 2000). We suggest future 
study focusing on the effect of relatedness/kinship on survival using pedigree data and on 
the identification of the sources of variation. 
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CONCLUSION 
The long-term population study about survival in Siberian jays revealed both 
deterministic and stochastic changes in the Swedish population. In general survival varied 
with time, age, season and predation pressure (for juveniles only). Adult Siberian jays 
had significantly higher winter survival rates than juveniles. Adults experienced higher 
mortality in summer than in winter. External factor such as predation from goshawk 
influence only juvenile survival. No influence of temperature, density or sex on survival 
has been detected either in adults or juveniles. Their unique patterns of survival in 
summer and winter revealed differential reproductive investment and strength of activity 
in the highly seasonal environment in northern taiga. 
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