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Abstract 
 
 
Direct fitness benefits resulting from delayed dispersal have been suggested to play a key role in the 
formation of families. A prolonged association with the parents has been demonstrated to offer 
nepotistic predator protection, which in its turn improves survival of offspring that remain with their 
parents beyond independence. However, it remains so far unclear how parental nepotism affect the 
feather growth, a measure of phenotypic quality, of retained offspring. Parental nepotism is 
predicted to enhance feather growth of retained offspring. In contrast, unrelated group members 
experience increased aggression of breeders, which may affect their feather growth negatively. 
Here, I investigated the effect of kinship and aggressive interactions on feather growth patterns of 
group members in the Siberian Jay (Perisoreus infaustus). Since predator suppression differs 
between territories I explored as well the role of habitat structure on feather growth of adult birds 
and nestlings. A high proportion of managed forest was predicted to act negatively on feather 
morphometrics. I used feather measurements (length, weight, surface) and daily feather growth 
rates (ptilochronology) to assess individual quality and used behavioural observations to assess 
kinship and aggression levels within groups. My results show that non-kin birds were displaced 
from the feeder more often than kin birds and consequently fed less often. Aggression levels 
correlated negatively with feather growth and feather quality, implying a cost to non-kin 
individuals. Kinship within a group affected feather growth rate and breeders had higher growth 
rates than kin and non-kin individuals. However, kin and non-kin birds did not differ in feather 
growth rate. Feather quality was also affected by the degree of managed forest but in a positive way, 
opposite than predicted by my hypothesis. Nestling feather measurements correlated positively with 
both the degree of managed forest and the relative reproductive success of the natal territory. These 
results suggest that non-kin group members pay a cost through reduced feather quality due to 
aggression by breeders. In contrast, breeders do not show any aggression towards kin individuals 
that enjoy benefits like relaxed feeding conditions. Thus, philopatry offers important benefits for 
offspring that delay dispersal which ultimately results in direct benefits that can select for the 
formation of families.         
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Introduction 
 
 
Group living is a widespread phenomenon in the animal kingdom and comprises a very important 
characteristic of a species’ ecology (Krause & Ruxton 2002). Animals aggregating in groups enjoy 
not only benefits but suffer costs as well. Some of the most important advantages of group living 
arise through improved predator detection (i.e. through increased vigilance; Pulliam 1973), 
increased foraging efficiency (i.e. through group hunting; Creel & Creel 1995), transportation 
efficiency because of energy economization when moving on formations (Weimerskirch et al. 
2001), or mate choice (Westneat et al. 2000). Costs from group living come through intraspecific 
competition, kleptoparasitism (i.e. stealing food from members of the same group) or increased 
conspicuousness of a larger group (Krause & Ruxton 2002). Groups can consist of simple 
aggregations of non-kin individuals such as feeding flocks of birds outside the breeding season or 
family members. In addition to the benefits of group living per se, family members express complex 
social behaviours like cooperative breeding, where non-breeders help the breeding pair to raise 
offspring (Stacey & Koenig 1990, Koenig & Dickinson 2004). Families have the important 
characteristic of genetic relatedness between members so the mechanisms that select for them are 
expected to be different from unrelated groups. 
 
Families form when offspring delay dispersal and stay with their parents beyond independence 
(Griesser & Barnaby 2009). Although offspring do no longer depend on parental care after the 
rearing period, some will remain in their natal territory with their parents in the expense of 
dispersal. Through dispersal, a breeding opening could be acquired to reproduce independently 
(Brown 1987; Ekman et al. 2001). Thus, delayed dispersal is assumed to comprise a fitness cost 
since any missed reproduction attempts in an individual's lifetime translates to a reduced amount of 
its genes passing to the gene pool of the population. Kin selection and the gain of indirect fitness 
benefits when non-breeders help related individuals at the nest has not been adequate to explain 
delayed dispersal and family formation (Koenig & Dickinson 2004). Cooperative breeding and 
indirect fitness benefits are rather a consequence then a cause of delayed dispersal since families 
have first to arise before group members help at the nest. However, individuals which stay in the 
natal territory for the first years of life can gain direct benefits from family living (Brown 1987; 
Stacey & Ligon 1991) and in the long run increase their lifetime reproductive output (Ekman et al. 
1999; Covas & Griesser 2007). 
  
Effect of kinship on costs and benefits of group living 
 
Direct benefits have the potential to select for philopatry (i.e. remain with the parents beyond 
independence) since they give offspring immediate advantages that are related to fitness traits, like 
survival. In the Pied babbler Turdoides bicolor direct fitness benefits arise through behavioural 
interactions that increase foraging efficiency of group members (Radford & Ridley 2007; Ridley & 
Raihani 2006; Radford et al 2009) and promote offspring survival through improved predator 
protection (Radford & Ridley 2006; Raihani & Ridley 2007). Direct fitness benefits can arrive from 
nepotism. In order to uncouple them from group effects it is important that they are tested in species 
that present a variation in the relatedness among members. In the Siberian Jay Perisoreus infaustus, 
retained offspring have increased resource access (Ekman et al. 1994) and enjoy enhanced predator 
protection from their parents (Griesser & Ekman, 2004, 2005). As a result, retained offspring have a 
lower probability of being killed by a predator during the first year of their life than non-kin group 
members (Ekman et al. 2000; Griesser et al. 2006). Non-kin members are restraint of alarm calling 
by the breeding pair (Griesser & Ekman, 2004) and are aggressively prevented sharing food with 
dominant members (Griesser 2003). Consequently, the preferred option for jay offspring is to delay 
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dispersal and as a result competition about delay dispersal arises. Dominant brood members expel 
their subordinate siblings from the natal territory a few weeks after independence (Ekman et al. 
2002). In addition to the benefits of nepotism, retained individuals queue for a high quality territory 
(Ekman et al. 2001). Long-lived species typically have low fecundity and  increase their lifetime 
reproductive output by maximizing their total breeding events (Clutton-Brock 1988). Thus, delay 
dispersal and consequently family living seems to be an adaptive life-history decision especially for 
long lived species (Covas & Griesser 2007). The increased survival which offspring experience due 
to nepotistic behaviours should outweigh the fitness cost of the parents (Hamilton 1964; Ekman & 
Rosander 1992). Family living therefore is predicted to occur only under particular ecological 
conditions such as predictable access to resources (Covas & Griesser 2007). 
 
Effect of aggressive interactions on costs and benefits of group living 
 
Groups and families in most species are characterized by a hierarchical organization where every 
member occupies a specific rank. The dominant members have an unlimited access to resources on 
the territory and can exploit the subordinates and induce them a cost (Krause & Ruxton 2002). As a 
consequence thereof, subordinate group members in the willow tit Parus montanus have been 
shown to be aggressively displaced to the more predator exposed parts of the habitat, resulting in 
higher vigilance rates and lower foraging rates of subordinate group members (Ekman 1987). Under  
conditions with increased energy requirements dominants will claim their priority to food and 
subordinates will not be able to replenish their body reserves by feeding. Consequently, subordinate 
willow tits have larger fat reserves than dominant members as an energy insurance to harsh 
conditions. (Ekman & Lilliendahl 1993). Yet, carrying more body reserves induces a predation cost 
due to worse manoeuvrability and escape ability from an attacking predator (Gosler et al. 1995; 
Lilliendahl 1997; Carrascal & Polo 1999). 
 
Effect of habitat variation on individual phenotypic quality 
 
In addition to costs and benefits through group living per se, resources and exposure to predators 
vary across different habitats. For example, changes in habitat structure due to forestry have been 
shown to affect bird populations through decreased condition of nestlings (Suorsa et al. 2003), 
reduced population size (Carlson 1998) and reducing the abundance of avian species (Villard et al. 
1999). One common forestry practice, thinning, is responsible for the removal of poor quality trees 
and the vegetation in the understorey. Managed forests have reduced species diversity and uniform 
age distribution, while regular thinning makes the forest more open which has been demonstrated to 
increase nest predation rates (Eggers et al. 2005b) and adult mortality (Griesser et al. 2006) in the 
Siberian jay. The reason for this increase in predation rates is that open forests provide enhanced 
hunting conditions for visual predators, such as corvids or accipiter hawks (Griesser et al. 2006, 
2007). An increased predation risk in more open habitat can be expected to induce “stress” on adult 
birds due to higher vigilance rates (Griesser & Nystrand 2009). Kinship and aggressive interactions 
could act in synergy with the effects of a low quality habitat and add extra costs to subordination. 
 
Not only adult birds but also nestlings can be subjected to habitat quality induced nutritional 
deficiencies. Nest predators are more efficient in managed habitats, affecting the feeding behaviour 
of parents. For example, Siberian jays move their nests into denser habitat patches under increased 
predator presence, which increases the thermal costs for the incubating female (Eggers et al. 2006). 
Alternatively birds can as well reduce nest predation rates through altered nest visitation rate in 
response to predator activity. When the predatory activity is high, jays decrease feeding visit rates to 
avoid nest exposure and therefore nest predation (Eggers et al. 2005a). Nutritional condition is 
related to feather growth (Grubb 1989), and deteriorated feather quality or reduced feather length 
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affect flight performance (Williams & Swaddle 2003; Møller 1991). Flight performance can be an 
important factor for predator attack avoidance. Although there may be compensatory efforts in 
nestling food provisioning, poor nutritional conditions early in life have been demonstrated to affect 
important life history parameters such as juvenile survival (Griesser et al. 2006). Thus, low quality 
habitat may reduce the phenotypic quality of group living birds through the amplification of 
predation defence side effects.   
 
Aim and hypotheses 
 
The aim of this study is to determine whether phenotypic quality in Siberian jays is affected by the 
aggression and kinship among group members, as well as habitat quality. The Siberian jay is a 
group living species that lives year round in territories in boreal forests of the Northern Palearctic 
(Ekman et al. 1994). Groups consist of the breeding pair and up to five non-breeding individuals 
(mean group size = 3.05, min = 1, max = 7; Ekman et al. 2002) which are retained offspring (i.e. 
kin) and/or unrelated immigrants (i.e. non-kin). Retained offspring which may delay dispersal for 
up to three years have increased access to food and predator protection, in contrary with non-kin 
group members which do not enjoy such benefits (Ekman et al. 1994; Griesser 2003; Griesser & 
Ekman 2004, 2005). In order to survive the long and harsh winter, jays store food on their territory 
during autumn. Since the species is not a cooperative breeder (Ekman et al. 1994), direct fitness 
effects can be assessed without any confounding effects of indirect fitness benefits that arise from 
helping at the nest. Siberian jays can be found in habitats that are severely altered by forestry to old 
grown stands of pristine character. This offers an opportunity to test for an effect of variation in 
habitat quality on phenotypic quality. Aggression and kinship among group members can be 
assessed by behavioural observations during feeding, a method that is accurate and has been 
compared with birds of known relatedness (i.e. through DNA fingerprinting control) (Ekman et al. 
1994). To assess individual quality I use the amount of faulty growth bars present on a feather and 
the feather growth rate which are both indicators of nutritional condition during feather growth. The 
method to evaluate feather growth is called ptilochronology (Grubb 1989). Several experimental 
and observational studies have demonstrated the relation between feather growth and nutrition 
(Grubb 1989; see Brown et al. 2002 and Grubb 2006 for review). 
 
I first examine how phenotypic quality is affected by kinship. More precisely, I investigate the 
interplay between kinship and the level of aggressive interactions during foraging on feather growth 
and feather quality (i.e. amount of faulty growth bars on feathers). (1) The feathers of adult non-kin 
group members are expected to grow with a lower rate and to be of lower quality than those of kin 
members because the foraging options of non-kin birds are reduced due to aggression of breeders 
(Ekman et al. 1994; Griesser 2003). (2) Furthermore, feather quality and feather growth of all 
individuals are predicted to be negatively affected by the proportion of managed forest on a territory 
since increased predator efficiency in these habitats has been shown to increase the predation risk 
(Griesser et al. 2006) and may suppress foraging competence.   
 
I then explore the relationship between nestling phenotypic quality and habitat type. (3) Given that 
jay parents alter their nestling feeding visitation rates in response to nest predator activity in open 
(i.e. managed) habitats (Eggers et al. 2005a), I expect nestlings that grow up in managed forest to 
have reduced feather growth. (4) In addition, low temperatures have a negative effect on the 
survival prospects of Siberian jay nestling (Eggers et al. 2006), and consequently temperature 
variation during the breeding period is expected to be correlated with feather growth of nestling 
jays. 
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Methods 
 
 
Siberian jays were studied in a natural population outside Arvidsjaur (65°40' N, 19°0' E) in 
Northern Sweden. Jays have been studied in this population since 1989 and more groups have been 
included in the study population the last 10 years, increasing the number of surveyed territories 
from three to 54. All birds are individually banded with unique combinations of one metal and three 
colour rings for individual recognition.   
 
Assessment of kinship and aggressive interaction effects on adult feather patterns 
 
In September 2008, 132 birds on 36 territories were caught with mist nets and their outermost right 
rectrix (i.e. tail feather) was plucked. At the end of October 2008, I visited the study groups for 
behavioural assessment of aggression among group members. From these behavioural observations 
I assessed the kinship and dominance ranks within the groups. A feeder baited with pig lard was 
used in each territory to observe the birds. The feeder allowed up to five birds to feed 
simultaneously and since the birds had to spend some time handling the food, social interactions 
were provoked. After all group members arrived to the feeding site and were identified, I 
commenced a 30 minute observational bout.  
 
The protocol that I used to categorize the behavioural interactions is based on the methodology 
described by Ekman et al. (1994) and the interactions were categorised the following way: 
 
(0) Feeding: number of times a bird visited the feeder and fed and in company of which individuals 
(if any). 
(1) Waiting: the focal individual is waiting within 2 m of the feeder while another bird is feeding. 
To be classified as a “waiting” the bird is waiting having the feeding arena at its sight. When the 
feeding bird leaves the feeder the focal individual will fly to the feeder within some seconds.  
(2) Displacement: the focal bird displaces (i.e. fly on and forces away) another individual from the 
feeder or the area around it.  
(3) Chase: the focal bird initially displaces and then chases away in an aerial pursuit another bird.   
 
In the displacement and chase categories I recorded both the actor and the recipient of the 
interaction. I also kept track of the number of times a bird was submissive and towards whom. 
Submissive behaviour was defined by low body posture joined with wing flapping, avoidance of 
eye contact or care to keep distance from a dominant bird and vocalization that resemble begging 
calls of nestlings. This observational scheme permitted me to assess the hierarchy, kinship as well 
as the intensity of the aggressive interactions within a group.  
 
In March 2009 the same 36 groups were revisited to collect the re-grown feathers. Of the initial 132 
birds 75 birds were caught again. This decrease in number of caught birds was a result of winter 
mortality and since jays are more cautious at the onset of the reproductive period. From the total of 
75 birds, 22 were retained offspring (i.e. kin), 27 were non-kin and 26 were breeders. The collected 
re-grown feathers reflect the nutritional condition of the birds for the period after the feather 
removal. That is approximately 30-40 days, the time that takes a feather to re-grow (Grubb 1989). 
Since the original feathers were plucked within a 10 day period, the replacement feathers developed 
in synchronization, controlling for effects of weather. Thus, I am able to test for factors affecting 
feather growth having in control the environmental conditions and potential stochastic events that 
the population might have undergone during the feather growth period.  
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The re-grown feathers were analysed according to the methodology (ptilochronology) described in 
Grubb (1989). Growth bars are cross-bands on feathers that denote a 24 hour period of growth 
(figure 1). I assessed the feather growth rate by measuring the width of 10 growth bars 3 times with 
a calliper. Thereafter I calculated the average and divided it by 10 to produce the average width of 
one growth bar. The 10 growth bars that were chosen at each feather had their 5th growth bar at the 
point equivalent to 2/3 of the feather's total length. In addition, the number of faulty growth bars on 
each re-grown feather was recorded. Faulty growth bars on the feathers reflect suboptimal growth 
conditions due to nutritional deficiency and can be used as a feather quality measure (Grubb 1989).   
 

 
Figure 1. A re-grown jay feather. The red marking indicates the width of a single growth bar. Growth bars 
represent feather growth during 24hrs period and consist of a dark and a light band. The black dots on the shaft 
of the feather are marks to assist counting. A faulty growth bar can be seen in the centre of the lower part of the 
feather.  
 
The variables I used to explain feather quality and feather growth variation were: the kinship in a 
group (breeder, kin and non kin), the group size, the number of times an individual was displaced 
from another bird during feeding, the number of times a bird fed and the habitat quality. This later 
variable was assessed by the proportion of forest that has not been managed for the last 50 years 
(i.e. not thinned, partially cut or clear cut and re-planted) (Griesser et al. 2006). Unmanaged forest 
patches offered increased visual protection from predators since they have a denser understorey. 
The tarsus length of all individuals was used as a covariate and controlled for body size effect on 
feather growth.   
 
Assessment of habitat effect on nestling feather patterns 
 
To assess the effect of habitat quality on measures of feather growth of nestlings, I used original 
feathers of nestlings from 8 subsequent reproductive periods (1999-2006). These feathers were 
collected in the autumn following the rearing period and they are a reliable indicator of the growing 
conditions in the nest. Since the natal territories of these birds were known, it is possible to assess 
the effect of the habitat type (i.e. proportion of unmanaged forest) on feather growth. The following 
parameters were calculated for each feather: total length (mm), weight (cg) and surface area (mm2). 
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To reduce measurement variation each parameter for every feather was measured 3 times and 
averaged to produce the value used in the statistical analyses. The surface area was calculated by 
scanning the feathers, importing the digital images in Image J software (version 1.41o; National 
Institute of Health) and analysing them according to the protocol described in Reinking (2007).  
 
In addition to the habitat structure (i.e. proportion of unmanaged forest), I included in the statistical 
model the sex, the age and the tarsus length of the nestlings, the nestlings father tarsus length, the 
group size, temperature and the nesting success index (NSI). Temperature data for the 8 years of the 
analyses were obtained from the Swedish institute of Meteorology and Hydrology (SMHI; 
Norrköping) and these data were collected at the airport in Arvidsjaur, about 10 km east of the study 
site. The minimum temperature of May was used to assess the effect of weather conditions on 
nestlings grow given that most nestlings hatch in the first week of May (Eggers et al. 2006). The 
tarsus length of the individuals was used to control for body size since feather growth is expected to 
correlate with it. The use of the father's tarsus length can eliminate potential covariation deriving 
from paternal phenotype, while the NSI (nesting success index) describes the relative reproductive 
success of each territory in the population. The NSI is a measure that allows for direct comparison 
of the reproductive success across territories since it calculates the probability of a nest to be 
successful on average, relative to the population in general (Ekman et al. 2001).      
 
Statistical analyses 
 
The statistical analyses were conducted in Statistica 8 (StatSoft, Inc. 2008). The analyses of the 
habitat effect on the nestlings feather growth was done using General Linear Mixed Models 
(GLMM). GLMM's allow both fixed and random terms to be fitted in the model. Fixed terms 
include the explanatory independent variables as well as potential confounding covariates, here the 
tarsus length of an individual and father tarsus length. Random terms allow for repeated sampling 
of the same individuals. Territory and year were set as random terms since different birds could be 
sampled from the same territories and same birds could be sampled from different years. This way 
all observations are independent of each other. All parameters that were suspected to affect the 
response variable (i.e. feather measurements) were included in the model. A model selection 
procedure, based on the Akaike's Information Criteria (AIC), was then run and produce the final 
model with the most significant explanatory factors. GLMM's with an identity link function were 
used to assess the effect of kinship on re-grown feathers and faulty growth bars. Territory was used 
as a random factor while kinship, number of times a bird got displaced from the feeder, proportion 
of unmanaged forest, group size and tarsus length were used as fixed factors. All models were 
validated by plotting standardised and not standardised residuals against fitted values to assess 
homogeneity, plotting residuals against the theoretical quantiles (QQ-plot) to assess normality, and 
plotting residuals against leverage to assess for influential observations (using the Cook's distance 
function). 
 
 

Results 
 

Effect of kinship and aggressive interactions on feather patterns  
 
Both kinship and the number of times a bird has been displaced from the feeder affected the growth 
rate of re-grown feathers (table 1). Birds that were displaced more often from the feeder developed 
shorter feathers (figure 2) and breeders had a much higher feather growth than both kin and non-kin 
birds (figure 3).  
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Table 1. General linear mixed model showing the effect of model terms on the induced feather's growth rate. 
Sample size for feather re-growth data, n=75 individuals.  
 

model term d.f. estimate s.e. Wald  χ2 p-value 

kinship 2 0.11  0.03 18.83  0.00008 
times displaced from feeder 1 -0.014 0.004 10.64  0.001 
times feeding 1 0.007  0.004 3.17  0.074 
proportion of unmanaged forest 1 0.031  0.06 0.24  0.61 
tarsus length 1 0.007  0.02 0.08 0.76 

 
Figure 2. Relationship of the average growth line width 
of regrown feathers with the number of displacements 
(log transformed values) from the feeder area, 
(GLMM, Wald χ2 =10.64  p=0.001).                                                 

 
Figure 3. Average growth line width of the three 
different kinship levels, (GLMM, Wald χ2 =18.83  
p=0.00008). Bars depict standard errors. 

 
The number of faulty growth bars recorded on the feathers was significantly affected by the 
proportion of unmanaged forest and the times a bird got displaced from the feeder (table 2). Jays 
that regrew the induced feather in territories with a higher proportion of unmanaged forest produced 
more faulty growth bars (figure 4). Displacements affected faulty growth bars in a weak positive 
trend (figure 5).  
 
Table 2. General linear mixed model showing the effect of model terms on the amount of faulty growth bars 
present on re-grown feathers. Sample size for feather re-growth data, n=75 individuals. 

model term d.f. estimate s.e. Wald  χ2 p-value 

proportion of unmanaged forest 1 2.11 0.65 10.57  0.001 
times displaced from feeder 1 0.09 0.04 3.92    0.05 
group size 1 0.63  0.33 3.59 0.06 
rank 2 -3.46  1.74 3.92 0.14 
rank * group size 2 -0.45  0.47 2.81 0.24 
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Figure 4. Effect of the proportion of unmanaged forest 
in the natal territory on the number of faulty growth 
bars of re-grown feathers (GLMM, Wald χ2 =10.57, 
p=0.001).                                                                          

 
Figure 5. Effect of the number of displacements off the 
feeder (log transformed values) on the number of 
faulty growth bars of re-grown feathers (GLMM, 
Wald χ2 =3.92, p=0.05). 

Non-kin group members were displaced from the feeder and the surrounding area more often than 
kin birds and breeders (figure 6, Kruskal Wallis n=68, p<0.0001, Mann-Whitney p<0.001). 
Moreover, they were recorded feeding less times then the rest of the birds (figure 7, Kruskal Wallis 
n=68, p<0.0001, Mann-Whitney p<0.001). 

 

 
Figure 6. Social interactions among group members 
while feeding. Mean number of times birds from the 
three different kinship levels got displaced from the 
feeder and the surrounding area (Mann-Whitney 
p<0.0001).                                                                          
 

 
Figure 7. Mean number of times birds from the three 
different kinship levels were recorded feeding (Mann-
Whitney p<0.0001).  
 
 

 
Effect of habitat structure on nestling phenotypic quality 
 
Feather length of nestling Siberian jays was affected by adult tarsus length, the proportion of  
unmanaged forest and the nesting success index value (NSI) of a territory (table 3). The proportion 
of unmanaged forest affected feather length in the opposite way predicted by the hypotheses (figure 
8) and nestlings from nests in territories with more open forests had larger feathers. The NSI 
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positively correlated with feather length (figure 9) and jays that grew up in a territory where 
reproduction is more successful had a longer feather. Tarsus length strongly affected feather length, 
which was expected since they both present structural characteristics of a bird. 
 
Table 3. General linear mixed model showing the effect of model terms on the feather length of Siberian Jay 
nestlings. Sample size for feather length data, n=88 individuals.  
 

model term d.f. estimate s.e. F value p-value 

proportion of unmanaged forest 1 -3.07 1.06 8.3 0.005 
NSI 1 3.59 1.58 5.16 0.025 
tarsus length 1 1.26 0.29 17.79 <0.0001 
NSI * min temperature May 1 0.58 0.49 1.42 0.23 
min temperature May 1 0.11 0.18 0.39 0.56 

 
Figure 8. Relationship between nestling feather length 
and the proportion of unmanaged forest in the natal 
territory (GLMM, F-value=8.3, p=0.005).              

 
Figure 9. Relationship between nestling feather length 
and the nesting success index (NSI) in the natal 
territory (GLMM, F-value=5.16, p=0.025)

 
Feather weight variation was best explained by tarsus length, the NSI and the group size (table 4). 
Both tarsus length and NSI were positively correlated with feather weight (figure 10). In addition, 
birds living in larger groups grew lighter feathers (figure 11) 
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Table 4. General linear mixed model showing the effect of model terms on the feather weight of Siberian Jay 
nestlings. Sample size for feather weight data, n=88 individuals. . 
 

model term d.f. estimate s.e. F value p-value 

tarsus length 1 0.15 0.02 28.68 <0.0001 

NSI 1 0.45 0.18 6.39 0.013 

group size 1 -0.05 0.02 4.09 0.05 

sex 1 -0.09 0.06 2.13 0.14 

proportion of unmanaged forest * NSI 1 -0.43 0.32 1.80 0.18 

father tarsus length 1 -0.02 0.02 0.99 0.32 

min temperature May 1 0.01 0.01 0.94 0.38 
proportion of unmanaged forest 1 -0.05 0.09 0.39 0.53 

 

 
Figure 10. Relationship between nestling feather weight 
and the NSI in the natal territory (GLMM, F-
value=6.39  p=0.013).                                                  

 
Figure 11. Relationship between nestling feather weight 
and the group size in the natal territory (GLMM, F-
value=4.09  p=0.05). 

 
Similarly to feather length, feather surface correlated with the tarsus length and the habitat structure 
(table 5). Tarsus length strongly covaried with feather surface as predicted (figure 12). Moreover, 
jays that grew up in habitats with a higher proportion of unmanaged forest developed a feather with 
a smaller surface (figure 13).     
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Table 5. General linear mixed model showing the effect of model terms on the feather surface of Siberian Jay 
nestlings. Sample size for feather surface data, n=88 individuals.  
 

model term d.f. estimate s.e. F value p-value 

tarsus length 1 43.42 11.91 13.30 0.0005 
proportion of unmanaged forest 1 -111.8 42.41 6.95 0.013 
min temperature May 1 10.54 5.33 3.91 0.165 

 

 
Figure 12. Relationship between nestling feather surface 
and the proportion of unmanaged forest in the natal 
territory. (GLMM, F-value=6.95  p=0.013).                                                                                     
                                                                                               

 

 
Figure 13. Relationship between nestlings feather 
surface and the tarsus length (mm) (GLMM, F-
value=13.30  p=0.0005).  
 

 
 

Discussion 
 
 
In adult Siberian jays, both the number of displacements from the feeder and the kinship of group 
members affected their feather growth. Birds that were displaced from the feeder more times grew 
shorter feathers while kin and non-kin birds had much shorter feathers than breeders. The amount of 
faulty growth bars on a feather positively correlated with the proportion of unmanaged forest and 
the number of displacements from the feeder. In nestling jays, feather quality was affected by the 
proportion of unmanaged forest, the group size and the nest success index (NSI) of the natal 
territory. The proportion of unmanaged forest in each territory correlated negatively with nestling 
feather quality, while territories with a high reproductive success (i.e. high NSI) produced high 
quality nestlings. Feather growth measurements strongly correlated with tarsus length as expected 
since tarsus length is a trait related to body size. 
 
 
NSI and nestling quality 
 
The positive effect of NSI on nestling phenotypic quality implies that high quality nestling 
production can be an effect of parental phenotype. In that case high quality parents would have a 
higher reproduction success and a production of healthier nestlings. This is supported by a link 
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demonstrated between high breeding success (NSI) and high quality breeders (Ekman et al. 2001).  
 
The results indicate also that feather growth is better in more managed, sparser forest stands. Thus, 
it can be assumed that the NSI should be higher in territories with this type of forest structure. 
However, in sparser forests nest predation rates are higher than denser forests (Eggers et al. 2006). 
In addition to parental quality, reproduction success is also related to nest predator activity and 
habitat structure. Nest predators (mostly other corvids and some raptors) are one of the main causes 
of nest failure in the Siberian Jay and the habitat structure can interact to increase the efficiency of 
these visually orientated hunters (Eggers et al. 2008). Predators use the parental food provisioning 
trips to locate nests, which is facilitated by a more open habitat structure. As a response to an 
increased nest predation risk, the parents lower their nest visitation rates under high nest predation 
(Eggers et al. 2005a) and chose a more concealed nest site (Eggers et al. 2006). Both of these 
strategies are likely to imply costs to nestlings through reduced food provisioning and increased 
thermal expenses for the incubating female (Eggers et al. 2005a, 2006). However, jays decrease the 
nest visitation rate to a lesser extent when the forest is dense, implying a habitat effect on predator 
suppression. In denser forest stands visual predators are less efficient in hunting (Eggers et al. 
2008). Despite the higher nest predation risk and the reduced food provisioning, nestling jays in a 
high risk territory receive the same amount of food as nestlings in a low risk territory (Eggers et al. 
2008). This is because the breeders make use of their expandable throats and adjust their load sizes 
on each visit to compensate for the decreased provisioning rate. Habitat structure may play an 
important role in nest predation success but parental response to high predation risk may be 
efficient enough to keep nestlings properly fed and in good physiological condition.  
 
 
Proportion of unmanaged forest and nestling quality 
 
The proportion of unmanaged forest significantly affected nestling quality, but in the opposite 
direction as expected. Nestlings from nests in more managed and more open, high-risk habitats 
developed bigger feathers than nestlings from nests in low-risk habitats. A possible explanation for 
this pattern are micro-climatic differences between these two habitats. The study site is divided in 
two areas, the managed forest and the pristine forest. The managed forest area includes most of the 
territories with a low proportion of unmanaged forest (mean proportion of unmanaged forest ± SE = 
0.27 ± 0.05) while in the pristine forest area most territories have a high proportion of unmanaged 
forest (mean proportion of unmanaged forest = 0.78 ± 0.1). The managed area is mostly composed 
of forest patches that are intensely used while the pristine forest area is an at least 200 years old 
forest. In boreal coniferous forests, natural, un-thinned stands have mean temperatures of 1-2C° 
lower than thinned forest patches (Hindmarch & Reid 2001). Dense stands obstruct the sun 
radiation from reaching the interior of the forest in a greater degree than thinned patches. Moreover, 
the pristine forest is situated in a valley and is about at a 100 m higher altitude than the managed 
area. Thus, the average temperature in the two parts of the study site differ at least with 2-3C°, 
leading to a week delay in snow melt and less favourable nesting conditions in the pristine part of 
the study site. 
  
Micro-climate differences in temperature may have the potential to affect food abundance and 
availability as well. Delayed melt of the snow from the trees and the ground could make food 
finding hard and in combination with the consumption of the last caches left from the winter, 
nestling provisioning could become problematic. In the study site, temperatures down to -20C° are 
not uncommon during the reproductive period and a colder nest site will increase the energy 
demands for the incubating female and young. Because of that jays try to compensate the heat loss 
by building their nests in the exposed sunny parts of spruce or pine trees. Likewise, cover at the 
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nesting site negatively correlates with brood size, suggesting a cost of breeding in colder, denser 
patches (Eggers et al. 2006). Nevertheless, the ultimate reason for jays to choose denser breeding 
habitats increases their breeding success despite that growing up as a nestling in a dense forest stand 
might induce developmental costs due to micro-climate effects.  
 
 
Group size and nestling quality 
 
Feather weight of nestling jays decreased with bigger group sizes. The presence of non-kin 
members in a group during the breeding season lowers the relative body weight of offspring 
(Griesser et al. 2008). During the breeding period, breeders aggressively chase away kin and non-
kin group members when they approach the nest. A bigger group will require more effort from the 
breeders to chase off all the members. Thus, it is expected to observe a reduced nestling phenotypic 
quality with increasing group size, since the time devoted to nestling care is less. The behaviour of 
the breeders can be explained by the nest defence tactic used by this species. In the Siberian jay non 
breeding group members do not help at the nest (Ekman et al. 1994). Jays are small sized birds that 
are incapable of actively preventing nest predators from reaching the nest. Nest concealment seem 
to be the best defense tactic and keeping the rest of the group members away from the nest is crucial 
in order to not reveal it to predators (Eggers et al. 2005a).  
 
 
Kinship, aggressive interactions and adult quality 
 
Kinship and the number of times a bird got displaced from the feeder significantly affected the 
growth rate of the induced feathers. As predicted, breeders had a much higher average width of 
single growth lines. In Siberian jay groups, the breeding pair is almost always dominant over other 
group members and enjoys unconstrained access to resources (Ekman et al. 1994). In accordance to 
that, in this study breeders and their retained offspring spent significantly more time than non-kin 
birds feeding at the feeder. Both average growth line width and number of faulty growth bars 
variation was partly explained by the number of displacements from the feeding site. Non-kin birds 
were displaced from the feeder much more often than kin birds and breeders and as a result fed on 
fewer occasions. Non-kin individuals are recipients of high aggression levels and pay subordination 
costs. However, non-kin and kin group members did not differ in the growth rate of their induced 
feather (figure 9) and kinship did not explain any of the variation in the amount of faulty growth 
bars. Similar results have been reported for the Tufted titmice Baeolophus bicolor, where the 
nutritional condition of retained offspring did not differ from that of immigrant group members, 
despite that the later ones were exposed to aggression by other group members (Pravosudova et al 
2001). Non-kin Siberian jays may still manage to keep a sufficient nutritional uptake through some 
alternative foraging tactics. Non-kin individuals evade the aggression of breeders by spending more 
time away from the group (Griesser et al. 2006). Moreover, they take more risks when foraging and 
choose more exposed sites to forage, forage in the presence of a predator model and start foraging 
without scanning for predators (Nystrand 2006; Griesser & Ekman 2004, 2005; Griesser 2003). 
Thus, non-kin group members that forage alone may be able to keep their nutritional condition in 
adequate levels but this strategy clearly comes at a higher risk of being killed by a predator 
(Griesser et al. 2006).   
 
The lack of difference between the feather growth rates of kin and non-kin birds may also be related 
to a difference in phenotypic quality. Non-kin individuals on average experience good growth 
conditions and are likely to have better phenotypic quality than retained offspring (Griesser et al. 
2006). High quality territories are more likely to produce more than one offspring and consequently 
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provide more immigrant birds to the population. Non-kin jays have been observed to be dominant 
over female breeders (Ekman et al. 1994) and sometimes over retained offspring (M. Griesser, M. 
Nystrand & J. Ekman 2004, unpublished work). Thus, a potential increased phenotypic quality of 
non-kin jays would mean that the social suppression might not have a severe impact on their 
physiological condition. If to begin with they are of high phenotypic quality then the social 
constraints, aggression and reduced recourse access that they experience could be dropping their 
physiological condition (i.e. feather quality) to the same levels of retained offspring quality.   
 
 
Proportion of unmanaged forest and adult quality 
 
In contrast to the predictions, birds regrew feathers with more faulty growth bars in less intensely 
managed habitats. Less intensely managed habitats are comprised of denser forest patches that 
provide increased protection from visual predators (Griesser et al. 2006). Predator efficiency in 
more managed and thus open forest stands does not seem to affect foraging competence. The effect 
of habitat type on feather quality is present to both nestlings and mature birds. Perhaps this indicates 
differences in food supply between the two different habitat types. Differences in food supply 
between sparse and dense forest stands affected the physiological stress levels of nestling 
treecreepers Certhia familiaris (Suorsa et al. 2003). Although both of the compared forest stands in 
the treecreepers' study were subject to forestry practices and there was no comparison with a 
pristine forest, the sparser patch presented 33% higher density of invertebrate prey items. Food 
supply may be a potential explanation for the habitat type effect in both nestlings and adult jays. A 
study that will assess food supply amongst the different habitat types of the population will further 
clarify this issue.         
 
 
Conclusion 
   
In conclusion, habitat type, kinship and aggressive interactions in Siberian jay groups affect the 
phenotypic quality of individual members. The costs a non kin bird experience include reduced 
access to food and thus decrease in phenotypic quality, energy expenditure because of constant 
efforts to endure aggressiveness of breeders, predation risk when foraging alone and the 
disadvantage of being restricted from predator alarm calling by the breeders (Griesser & Ekman 
2004).  Non-kin Siberian jays pay a fitness cost through a much higher winter mortality than kin 
individuals (Griesser et al. 2006). This study comes to add yet another direct benefit that philopatric 
offspring gain from family living. In contrary to non-kin individuals, retained offspring increase 
their phenotypic quality due to unconstrained access to food. On a proximate level kin and non-kin 
individuals do not differ in phenotypic quality but ultimately the benefits that only philopatric jays 
enjoy will pay for the delayed dispersal. Delayed dispersal and family living seem to be adaptive for 
Siberian jays and direct benefits can have the potential to select for staying at home.    
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