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Abstract 
 

Group and family living is an integral part of many animals’ ecology. Thus the behavior 
became associated with plenty of advantages as well as disadvantages. However, rarely 
has the actual concept of the group been investigated. Questions such as, “What 
constitutes a ‘group’?” and “Do the individuals within these ‘groups’ associate with each 
other frequently enough to actually enjoy the benefits of group living?” are seldom 
asked. With these questions in mind, the aim of this study was to use Siberian jay 
(Perisoreus infaustus) individuals in their territories to explore and shed more light on 
the issue of the extent of group living. A working definition of a ‘group’ was made and 
subsequently the birds were observed in their natural habitat in northern Sweden 
during several seasons. Consequently, a pair-wise coherence index (CI) was created to 
quantify the levels of association between the individuals within each territory in order 
to investigate which possible factors affect the extent of the observed cohesion. Results 
of the study indicate that pair-wise cohesion was strongly dependent on the kinship of 
the birds. Moreover, it was found that the alpha and kin birds had significantly higher 
coherence values than the non kin birds. Thus, within a territory, it was the alpha and 
the kin birds that formed the core of the group with the non kin birds being much less 
associated with the other individuals. This was in contrast to the hypothesis, which 
predicted alpha birds to form the core of the group solely, with kin birds having 
significantly lower coherence. Interestingly, no effect of habitat type and season was 
found on the cohesion of the territorial group. Moreover, further evidence of sub-
grouping was found even on the kinship level, thus suggesting yet more complex 
interplay between group cohesion and the group members.  All in all, with the non kin 
birds having low coherence values, the study casts light on the fact that even if 
individuals are present in a territory, they might not necessarily be a tight unit and as 
such be unable to fully benefit from group living.  
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Introduction 
 

Group living is a behaviour seen throughout the animal kingdom and its occurrence can 
be viewed as a cornerstone of sociality; and as such it is a fundamental aspect of an 
animal’s life (Krause & Ruxton, 2002). Birds in particular illustrate a wide spectrum of 
group formation, ranging from aggregations of non-kin birds in wintering flocks (e.g. 
Great Tit, Parus major, Ekman, 1987) to cooperative breeding, where non-breeding 
close-kin individuals assist in the siring of siblings (e.g. Galapagos mockingbird, 
Nesomimus parvulus, Curry & Grant, 1989). Individuals may aggregate to make use of 
the advantages that are associated with group living, such as; increased predator 
protection through increased vigilance (Pulliam, 1973), increased foraging efficiency (i.e. 
Krebs et al., 1972) or mate choice (Mulder et al., 1994; summarised in Krause & Ruxton, 
2002). On the other hand, there are disadvantages associated with this behaviour as 
well, which include; increased conspicuousness of larger groups, increased food 
competition and increased risk of infection (summarised in Krause & Ruxton, 2002). 
Apart from making the most of the benefits of general group living, family members 
have the added option of choosing to stay within family groups. Complex social 
behaviour like cooperative breeding then becomes possible (Brown, 1987; Emlen, 1995). 
Thus association and cooperation with kin, along with prolonged parental care has the 
potential to augment the benefits of group living (i.e. through access to food: Dickinson 
& McGowan, 2005; predator protection: Griesser, 2003, Griesser & Ekman, 2004, 2005; 
energy conservation: Du Plessis, 2004; finding better breeding opportunities: Brown & 
Brown, 1984).  
 
Family living arises when the offspring delay dispersal and forgo personal reproduction 
to stay in their natal territory and thus associate with their parents. Since the major 
consensus has been that swift dispersal and commencement of reproduction of the 
offspring is the mechanism by which the individual can maximise its lifetime 
reproductive success, delayed dispersal has been viewed as a “best-of-a-bad-job” 
strategy (Ekman, 2006). Naturally, the first studies concentrated on identifying the 
ecological constraints that limit dispersal options (Emlen, 1982). It was hypothesised 
that habitat saturation or environmental variation creates a scarcity of high quality 
territories to which the offspring can migrate, thus delaying the offspring’s dispersal. 
Manipulation studies lent credit to the idea (e.g. creation of new territories for the 
Seychelles warblers Acrocephalus sechellensis: Komdeur, 1992), however, the major 
drawback of this view is that in species such the Parus tits, individuals always disperse 
even when faced with strong ecological constraints (Ekman 1989). In an effort to 
account for this interspecific variation, the next step was to look at the life history 
variables of species that exhibit delayed dispersal (Arnold & Owens, 1998). The result 
was that delayed dispersal was found to be more frequent in long lived species. Since in 
this case the individuals occupy their territories for longer, territory saturation (and thus 
the lack of breeding opportunities) again forces the offspring to delay dispersal. 
However, this theory, inasmuch as it lends a life history component to the issue of 
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delayed dispersal, does not take into account that most of the long lived bird species are 
in fact not cooperative. Also, the resultant mechanism for delayed dispersal relies on the 
same assumptions as the ecological constraint theory discussed above. Thirdly, the idea 
of prolonged parental investment and nepotism (preferential treatment of own 
offspring) has been investigated (Brown, 1987; Ekman et al. 2001b). This hypothesis 
states that the offspring stay in their natal territory in order to gain direct fitness 
benefits through the aid of having parental care and protection (i.e. increased food 
sharing and predator protection). As a result, delayed dispersal was no longer viewed as 
the “best-of-a-bad-job” strategy, but rather a mechanism by which it actually increases 
offspring fitness. Additionally, by explaining why the offspring choose to stay with their 
parents, this theory set the foundation for family cohesion. However, one drawback 
present in the theory is not taking into account the effects of life history characteristics 
on the reproductive decisions of the offspring (i.e. the onset of independent 
reproduction). Ultimately, Covas & Griesser (2007) brought forth a theory that attempts 
to tie these hypotheses together to give a consistent explanation for delayed dispersal. 
They argue that the delayed onset of independent reproduction in long lived species is a 
life history adaptation meant to maximise individual fitness. Additionally, only parents of 
long lived species can afford to invest in prolonged parental care, however, this is only 
possible when the parents have access to predictable supply of resources. Otherwise 
the offspring’s indirect benefits do not outweigh the personal cost to survival and future 
reproduction of the parents. So as a result, the delayed onset of independent 
reproduction along with the prolonged parental investment has the potential to select 
for family living (Covas & Griesser, 2007). This in turn gives “home” a special fitness 
value, which explains why it is the dominant siblings that prefer to stay and postpone 
dispersal (Strickland, 1991, Ekman et al., 2002). 
 

Effect of habitat variation on group cohesion 
 
A study by Nystrand (2006) on the Siberian jay (Perisoreus infaustus) concluded that the 
habitat structure, primarily the level of openness, has the ability to alter the breeding as 
well as the non-breeding activities of the bird. This in turn is brought about as a result of 
predation pressure. Predators hunting Siberian jays (e.g. the goshawk, Accipiter gentilis), 
rely on visual cues therefore the Siberian jay can find more cover and thus escape more 
frequently in a dense forest (Nystrand, 2006). For the individuals of this species, the 
habitat quality can then alter their risk taking behavior as well as the intensity of 
parental nepotism. And as a result, it has the ability to influence the cohesion of a 
group. More specifically, in an open forest the offspring stay closer to cover and are 
expected to take more advantage of feeding in the company of their parents. The 
immigrant individuals, which do not receive preferential treatment by the breeding pair, 
are then expected to take more risks in order to feed in the same type of forest 
(Nystrand, 2006).  
However, the habitat structure also has the potential to alter the amount of resources 
within the territory. A study by Suorsa et al. (2003) found that forest fragmentation 
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decreases the territory quality in the Eurasian treecreeper (Certhia familiaris). In turn, 
poorer food supply in the lower quality habitats caused an increase in corticosterone 
levels in nestlings, which negatively affected body condition and survival. Alterations in 
food supply as a consequence of habitat quality could then have the potential to change 
the balance of cost and benefits of group living. This can be reflected as changes in the 
cohesion of the group. 
 
Living in a group 
 
As mentioned previously, there is a variety in the level of kinship present in a group. Be 
it that all individuals in a flock are non kin (wintering flock of Parus species) or all 
individuals are family (cooperative breeding). An intermediate state can be seen in the 
Siberian jay, where a territorial group consists of a family (breeding pair and retained 
offspring) as well as immigrants (Ekman, 1994). An interesting situation arises in this 
case, because each different individual seeks different optima of co-operation from the 
other group members. For example, the parents provide protection for their offspring 
but not for the immigrants in the group (Griesser et al., 2006). The offspring seek this 
parental nepotism but are in turn hostile towards the immigrants (Ekman, 1994). 
Ultimately, the immigrant individuals seek association with the family purely to seek 
benefits of group living (i.e. take advantage of the protection offered between family 
members as well as the protection inherent in associating in large numbers; Nystrand, 
2006). Consequently, there are varying levels of associations between individuals within 
a territory and the question arises, whether a territory constitutes a tightly knit group, 
or rather just loosely connected individuals. The attempt to quantify cohesion between 
individuals has the practical implication of potentially revealing that a “group” might be 
a very misleading concept, when one finds out that the individuals do not associate with 
each other very often in a given time period. And as such, the theoretical implication is 
that the usual explanations for group behaviour might not necessarily apply all the time.  
 

The study – aim, species & hypothesis 
 

The overarching aim of the study is to investigate and quantify the levels of group 
cohesion within the Siberian jay territories. In addition, also see how these levels of 
coherence differ in response to varying levels of kinship and habitat quality as well as 
exploring the effect of seasonality (weather wise but also more importantly the stage of 
the birds’ breeding cycle) on these levels of cohesion.  
 
The Siberian jay is a sedentary bird species and shows year round territoriality within 
the boreal taiga forest of Northern Sweden (Ekman et al., 1994). Delayed dispersal is 
present in the species and forms an integral part of its ecology (Ekman & Griesser, 2002, 
Ekman et al. 2001a). This situation arises when, due to sibling rivalry, the larger and 
more socially dominant offspring force the inferior siblings out of the territory. These 
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dominant offspring then stay in the natal territory and forgo personal reproduction, 
while still they themselves do not assist in siring subsequent broods – i.e. there is no 
cooperative breeding (Ekman et al., 2002). Consequently, within a territory, the group 
consists of the breeding (alpha) pair as well as any retained offspring (kin) and 
immigrant individuals (non kin) that have dispersed into the group from another 
territory (i.e. the inferior siblings forced to leave their natal territory). Ultimately, apart 
from the breeding pair there can be as many as five non breeding individuals present in 
the group (mean group size = 3.05, min = 1, max = 7, Ekman et al., 2002). There is also 
evidence of parental nepotism, where as a result of preferential treatment by the 
parents, retained offspring experience much lower mortality rates due predator 
protection and higher access to food than the offspring that have dispersed after 
independence and joined a group of unrelated individuals (Ekman & Griesser, 2002, 
Griesser et al., 2006). Further advantage of studying this particular species is that kinship 
within a territory can be determined by detailed observations of feeding behaviour 
among the individuals. More importantly, kinship determination by this observation 
protocol has been shown to be accurate by subsequent DNA fingerprint control (Ekman 
et al., 1994). Moreover, the jays can be found in a variety of habitats, ranging from 
forestry managed woodlands to pristine, unmanaged forest. Previous studies have 
indicated that the particular habitat structure has significant effects on the predation 
pressure, where the juvenile mortality in the open, managed forest is higher than in the 
dense, unmanaged forest (Griesser et al., 2006). This in turn, provides an opportunity to 
study the potential effect of habitat variation on group coherence, in response to 
varying levels of predation. Similarly, one can expect changes in the coherence of the 
group depending on the season, which represents different points in the jay’s breeding 
cycle. Inasmuch as, in different seasons, the offspring might have varying levels of 
motivation to stay with their parents – for example; in late winter/spring (pre-breeding) 
the offspring might be tempted to disperse and seek mates in other territories, while in 
autumn, the new fledglings (retained offspring) do not disperse but rather stay in their 
natal territory and take advantage of the nepotistic behaviour of their parents so as to 
prepare for winter (Ekman et al., 2001a). 
Subsequently, group cohesion within this study is expected to be dependent upon three 
factors: 

(1) Kinship/rank – the alpha pair is expected to have the highest coherence among 
the individuals in a territory. The offspring are expected to have an intermediate 
coherence values while the non kin individuals are presumed to be the ‘loose 
association’ (i.e. have the lowest coherence of all of the individuals). 

(2) Habitat – cohesion among the alpha pair and kin birds is expected to be higher in 
the managed (i.e. more open thus more predator prone) forest than in the 
denser, unmanaged forest. This is because the offspring (kin) are thought to take 
fewer risks in the open forest and rather stay within the protection of their 
parents. Since non kin birds do not receive nepotistic treatment by the alpha 
pair, they are not expected to vary their coherence levels in response to the 
habitat quality.  
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(3) Season – coherence among the kin and alpha birds is expected to be higher in 
autumn than in late winter, because the fledglings are not looking to disperse in 
autumn but rather stay in their natal territory with their parents. Due to the pre-
breeding behaviour of the retained offspring in late winter, they are thought to 
be more independent at this time and thus be less of a cohesive part of the 
group.  

 

Method 
 
Study population  
 
A natural population of Siberian jays was studied outside the town of Arvidsjaur, 
northern Sweden (65°40’ N, 19°0’ E). Jays in this area have been studied since 1989 
(Ekman et al., 1994) and thus the established territories were well known. In addition, 
this long history of surveying ensured that all the birds present in the examined 
territories were banded with a unique colour combination (3 coloured rings plus one ID 
metal ring), allowing easy individual recognition. 
 
The populations were observed at three separate occasions representing three different 
seasons and points in the Siberian jay’s annual cycle. First, in March 2010 (19 days). This 
encompassed the late winter, when temperatures still reached well below 0°C. During 
this period, the birds were active as this was their pre-breeding period and they freely 
came to any offered food. The second set of observations was made in May 2010 (10 
days). During this spring period, the breeding birds have already laid clutches and 
nestlings were present in the nest. Observations of the birds were attempted; however, 
the birds were very secretive and timid during this period. Consequently, rarely did any 
birds come to the offered food and as a result very few observations were made. Due to 
this lack of coherent data, May observations were omitted from the data set. Lastly, the 
third set of observations was carried out in September 2010 (15 days). During this 
period, the fledglings became more independent while the breeding pair was no longer 
secretive owing to the fact that their breeding period has ended. Moreover, during the 
autumn period, the birds start to store food for winter and thus freely come to any 
offered food.  
 
In addition to this, two different types of areas were used in the study, in an attempt to 
include variation in habitat quality. One was an area within a managed forest, where the 
forestry uses the thinning technique to dispose of low quality trees. As a result, the 
forest is more transparent with more open areas. Here, the birds are more exposed and 
therefore territories within this forest have been assumed to be of lower quality. The 
other area was found within a pristine forest in the Reivo nature reserve. The forest is 
left untouched and is denser as a result. The birds have more cover from predators and 
as such, territories within this area have been assumed to be of higher quality. 
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Territories in the managed forest have been visited in all seasons, however, due to 
accessibility and time constraints, the territories in Reivo were only visited for the 
purpose of this study in September.     
 
Field observations 
 
All together 24 different territories have been visited across the two areas: 12 in the 
managed forest in March, 11 in the Reivo unmanaged forest in September and 8 in the 
managed forest in September (7 of which were the same territories visited in March). In 
these territories, a total of 93 birds were observed across both seasons of which 14 birds 
were sighted in March as well as September (in the managed forest area).  
 
For the purpose of this study, a ‘group’ is defined as a set of individuals that share the 
same feeding site within a territory.  
 
To assess the cohesion of a group, a quasi-feeding experiment has been set up. At each 
territory, pig lard was attached to the top of a small tree (no higher than 2m). This 
ensured that the food was visible and accessible to the birds. Wherever possible, the 
same tree was used at each territory for the duration of the study. Once the pig lard has 
been attached, the following observations were recorded: 

1. the time (and therefore the order) of arrival of individuals 
2. the general direction of arrival of each individual  

 
The first observation is the key for the assessment of cohesion. It records whether an 
individual arrives to the food alone or as part of a group. Thus it serves as a proxy of 
cohesion. It is assumed that if individuals come to the feeder more than 2 minutes apart 
that they have come separately. However, constant monitoring of the feeding site also 
allowed the recording of birds that come as part of a group but do not come directly to 
the food. In this case, a bird was noted to have come along with the other feeding 
individual(s) even if it took more than 2 minutes to approach the feeder. The second 
observation allows for a more fine scale determination of whether an individual arrived 
alone or with other birds. More precisely, individuals that come to the food within a 
relatively short time span (e.g. 30 seconds) but come from completely opposite 
directions can be said to have converged on the food and thus did not come as a pair. A 
simple ‘12 hour clock’ scheme was applied to assign the direction of bird’s arrival 
relative to the observer. Where; 12 – arrival of the bird head on, 3 – arrival 90° right, 6 – 
arrival directly overhead, 9 – arrival 90° left with the remaining numbers being the 
intermediates.  
 
Furthermore, from the moment of food provisioning, a 30 minute waiting time limit was 
applied. If the birds did not arrive within this time span, the observer moved on to the 
next territory (if the birds did arrive, the observer stayed for another 30 minutes from 
the point at which the first bird appeared). This was to ensure that all the territories in a 
specific area can be covered within a day. However, due to the tame nature of the birds, 
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the jays mostly arrived to the food within the first 10 minutes. Therefore, the 30 minute 
waiting time was viewed rather as a conservative limit. Moreover, each territory was 
visited only once per day. This was another conservative measure in order to avoid 
autocorrelation (i.e. multiple observations of the same group in the same day might 
potentially result in these observations being auto-correlated).   
 
Assessment of kinship 
 
To determine whether an individual was an alpha, kin or non kin bird, an observational 
bout was required to record the behavioural interactions between the individuals. The 
specific protocol used was based on the technique set out in a study by Ekman et al. 
(1994). A 30 minute observational period of the individuals at the feeder was made that 
characterised the interactions between them. Specifically, an increasing ordinal ranking 
was used to categorise increasing levels of received aggressiveness: 

(0) Feeding – two (or more) birds feeding together on the feeding site showing no 
signs of aggression (i.e. no pecking, bill snaps or begging) 

(1) Waiting – an individual waits within 2m of the feeding site while another bird is 
feeding. Once the bird leaves the feeding site, the focal individual immediately 
flies to the feeder. 

(2) Displacement – the focal bird is chased off the feeder by an individual. This can 
be either by the dominant individual flying onto the feeder and immediately the 
focal bird flies away, or the dominant individual forces the focal bird away by 
pecking and/or bill snapping. 

(3) Chase – a bird gets displaced from the feeder and then gets chased away from 
the feeding area altogether by a dominant individual. 

 
Additionally, begging instances of individuals were noted. In this scenario, the 
subordinate individual displays submissive behaviour, which is characterised by low 
body posture, wing flapping and vocalisation resembling the begging calls of nestlings. 
This observational protocol allowed confident characterization of all individuals within a 
territory as either being the dominant alpha bird (part of a pair), kin or non-kin bird. 
Ultimately, the combination of the above observational recordings allowed the 
gathering of data on the arrival of all the birds within a territory and the assertion of the 
relationship between them.  
 
Assessment of cohesion 
 
Using the arrival data, a pair-wise coherence index (CI) was calculated according to the 
equation:  

st

t

DD

D
Coherence
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where; Dt is the number of times (i.e. observation days) individuals A and B came to the 
feeder together and Ds is the number of days individuals A and B came to the feeder 
separately. 
 
With this index, the coherence between all the individuals in a territory was quantified. 
However, a CI of zero was not included in the analysis as this value represents a 
complete absence of grouping behaviour (i.e. two individuals never seen together).  
 
Ultimately, each pair-wise coherence value was potentially explained by three variables. 
(1) The pair-wise relationship of the individuals (6 different alternatives: alpha-alpha, 
alpha-kin, alpha-non kin, kin-kin, kin-non kin and non kin-non kin), (2) habitat (managed 
or unmanaged area) and (3) season (March – late winter or September - autumn). 
 
Statistical analysis 
 
A general linear model (GLM) was run using Minitab release 15.1 (Minitab, State 
Collage, PA, USA) in order to incorporate the variables of kinship, season and habitat 
and deduce their effect on the pair-wise coherence. Habitat was entered as a random 
term in the model due to the fact that only two possible options were present (managed 
and unmanaged area) from a theoretically infinite population of possible levels. 
Furthermore, due to the nature of GLM’s, the response variable (coherence) in the form 
of an index is unsuited for this type of analysis. Therefore, the coherence index was 
transformed into the Odds ratio (OR) according to the equation: 
 

p

p
OR




1
 

where p is the probability of observing coherence (i.e. CI) Therefore, in the case where 
CI equalled 1, the value was converted to 0.99 to circumnavigate the problem of division 
by 0. The resultant OR was thus not limited to the range 0 to 1, but rather had a 
theoretical range of: 0 < OR < infinity. This hence suited the function as a response 
variable in the GLM.   
 
The overall randomness of coherence was then tested by comparing the CI data against 
a theoretical truncated Poisson distribution (calculated after Cohen, 1960), while the 
difference in coherence level between categories (i.e. alpha vs. kin, kin vs. non kin, alpha 
vs. non kin) was tested with a Kolmogorov-Smirnov test.  
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Results 

 
Group 
Size 
 
Across both seasons and habitats, the group sizes varied between two to five individuals 
with the overall mean being 3.29 individuals per territory (Table 1). However, the 
number of individuals seen per observation rarely comprised all group members. This 
means that only a portion of the whole group (as defined in the method) came to the 
feeder at a time. As a result of this, there was substantial variation in level of coherence 
among flock members. Furthermore, ANOVA test run on the data set revealed no effect 
of season nor habitat on group size (Area: F1,29 = 0.91, p = 0.349; Season: F1,29 = 0.41, p = 
0.527). However, a cautionary note has to be made. Since not all the same territories 
were visited in both seasons, the model variation within the habitat was dependent on 
two factors: the variation in the same groups visited in both season but also the added 
variation in the territories visited only in one season.  
 
In addition, one rather interesting indication of the group size measurement is that the 
group sizes in March were marginally bigger than in September. Due to the breeding 
period occurring between these two measurements, it was expected that the group size 
would have been considerably larger in autumn compared to late winter. Hence, there is 
reason to believe that survival had been poor during the summer. 
 
Table 1. Mean Siberian jay group sizes in the two different habitats and across the two seasons. Mean 
number of individuals seen per observation indicates that on average only a fraction of all the 
individuals present in a territory came to the feeder together. Thus group cohesion was not complete.  
 

Area Mean  
group size 

± SE Mean no. of 
individuals seen 
per observation 

Min† Max‡ No. of groups 

Managed       
March 3.42 0.31 2.19 2 5 12 

September 3.38 0.26 2.40 2 4 8 

Unmanaged       

September 3.09 0.21 2.31 2 4 11 

Total 3.29 0.16 2.29 2 5 31 
† The fewest number of individuals found in any group 
‡ The most amount of individuals found in any group 

 
Interactions 
 
All together, 114 mean pair wise coherence indices were recorded across all territories 
and seasons. The combined group CI data was pooled together and compared to a 
truncated Poisson distribution (since no zero values of CI were recorded), which 



  

12 

 

represented the expected CI distribution if the individuals were associating with each 
other at random (Fig. 1). The resulting Chi squared test indicated a large and significant 
deviation from the expected values (random distribution). This therefore points to sub 
division being present within the territories, where individuals showed preference for 
certain associations.   
 

 
 
Figure 1. The combined observed and expected frequency distributions of the Coherence index (CI) 
grouped across both habitats and seasons for all birds. The chi-square value and the accompanying p-
value indicate the level of difference between the observed and expected distributions. 
 
General Linear Model output 
 
To explore the possible mechanisms behind the sub-grouping observed in Fig.1 a GLM 
was run. The three variables thought to determine the coherence within the group were 
entered in as model terms and the statistical effects of each are summarised in Table 2.  
 
Table 2. General linear model showing the effect of various model terms on the Odds ratio 
(transformed pair-wise coherence index [CI]) of the Siberian Jay. Sample size: n = 114 pair-wise 
interactions. Error df = 106. 

 
Model term df F value P value 

Kinship 5 6.29 <0.001 
Area 1 1.07 0.303 
Season 1 0.23 0.633 

 
After step wise removal of non significant terms (a priori α = 0.05), the final model was 
found to only include the kinship term (p < 0.001) which explained 21.41% of the 
variation in the data set. Therefore, rather interestingly, the habitat quality as well the 
season did not significantly affect the group cohesion in this study. As a result, all data 
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across the habitats and seasons has been pooled together to give a higher resolution for 
the effects of kinship on the coherence of individuals. 
 
Kinship and its influence on group coherence 
 
Overall, kinship had a positive effect on the coherence, with the breeding alpha pair 
having the highest CI (±SD) of 0.83 (± 0.22; Fig. 2). The CI between the alpha birds and 
kin birds was 0.72 (± 0.24) and between the alpha birds and non kin birds was 0.44 (± 
0.23). In addition, the inclusion of kin birds (rather than just the alpha birds) elevated 
the CI levels as well (i.e. the kin – kin and kin – non kin values in Fig. 2).  
  

 
Figure 2. Box and whiskers plot showing the Coherence index (CI) levels for the various kinship 
interactions present in the study (significant effect of kinship: GLM, F-value: 5.88, p<0.001). 
Black dot represents the mean value of CI, top line represents the third quartile (Q3), middle 
line represents the median (Q2), bottom line represents the first quartile (Q1) and the whiskers 
extend to the minimum and maximum data point within 1.5 box heights from the bottom/top 
of the box. Numbers on top of the boxes show sample size (the number of pair-wise 
interactions). 

 
To test whether these observed differences in coherence between the various kinships 
are significant, a one tailed Kolmogorov-Smirnov test was performed (Table 3). In this 
case, one tailed test was preferred because the differences were already anticipated in 
one particular direction (i.e. alpha CI > kin CI > non kin CI). Eventually, the test revealed 
that in fact, the CI distributions of alpha and kin birds were not significantly different (χ2 
= 5.824, p > 0.05). In turn, comparing the CI distribution of the non kin birds to both the 
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alpha and kin birds revealed a statistically significant difference in both cases (non kin-
alpha: χ2 = 24.481, p < 0.001; non kin-kin: χ2 = 22.626, p < 0.001).   
 

Table 3. The test statistics for the one tailed Kolmogorov-Smirnov comparison 
of the CI distributions of the various kinships (calculated after Siegel, 1956). 
 

 Kin birds Non kin birds 

Alpha birds D
+
 statistic 

χ
2 

value 
p value 

0.294 
5.824 
> 0.05 

0.572 
24.481 
< 0.001 

Kin birds D
+
 statistic 

χ2 value 
p value 

 
 
 

0.523 
22.626 
< 0.001 

 
Consequently, the alpha birds along with the kin birds had a considerably higher 
coherence within the study than the non kin birds, but the coherence levels 
between the alpha and kin birds did not differ (i.e. [alpha = kin] > non kin birds).  
 
Further sub-division 
 
As mentioned previously, the final GLM model explained about one fifth of the total 
variation in the data. Thus a substantial amount of variation is still left unaccounted for. 
To shed some more light on this issue, the individual CI distributions of the various 
kinships were plotted against the truncated Poisson distribution as well, in order to see 
if certain evidence of sub-division occurs at these levels too.  The subsequent Chi-
squared test revealed that the CI distribution of all three various kinships were 
significantly different from random distribution (alpha: χ2 = 225.76, df = 12, p < 0,0001; 
kin: χ2 = 175.22, df = 12, p < 0.0001; non kin: χ2 = 568.47, df = 12, p < 0.0001; Fig. 3). This 
indeed indicates that further sub-grouping is present at the individual kinship levels as 
well (for example, some alpha birds preferred to stay together more often than other 
pairs). The study did not measure any more variables that might account for this 
subsequent sub-grouping; however, possible explanations for this occurrence are 
discussed later.  
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Figure 3. The observed and expected frequency distributions of the Coherence 
index (CI) in (a) alpha birds (b) kin birds and (c) non kin birds grouped across both 
habitats and seasons. The chi-square value and the accompanying p-value 
indicate the level of difference between the observed and expected distributions.  
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Discussion 
 

This study showed substantial variation in the cohesion among birds within a territory. 
The average CI was 0.66, which implies that on specific observations around one 
individual less per mean group size was seen. Further exploration found that the 
coherence in Siberian jays was largely dependant on the kinship of the individuals, while 
the habitat in which the territory was found as well as the season showed no effect on 
coherence levels.  
 
It’s all about who you are and who you know 
 
The exact pattern by which kinship was found to affect coherence was, however, 
interestingly different from what was hypothesised at the beginning of the study. The 
expected configuration of the alpha pair forming the core of the group, with the kin 
birds being slightly (but significantly) looser and the non kin birds being even less closely 
attached within the territory was not found. But rather the alpha pair along with the kin 
birds formed the core of the group, with the non kin birds being often away from the 
group. This indicates that the parent-offspring bond is equally strong as the breeder pair 
bond and therefore, this observation lends credibility and follows the parental 
investment theory used to explain delayed dispersal and eventual family living in 
Siberian jays (Ekman & Griesser, 2002). With the offspring being in tight company with 
their parents, they are able to take advantage of the protection and food accessibility 
provided by the parents. In turn, if the family formation would follow the ecological 
constraints (EC) model, the offspring would have been expected to be less coherent 
with the alpha birds and rather float around their natal territory in search of a breeding 
opening somewhere else. Consequently, the kin birds would have been expected to 
have similar coherence levels as the non kin birds.  
 
Implicitly, a fundamentally more challenging result of the study was that with a CI value 
of 0.44, the non kin birds do not appear to associate with the rest of the territorial group 
to the same extent as the other two types of birds. The question arises though, at which 
coherence level does an individual stop being part of a group? At least enough to be 
unable to take advantage of the benefits of associating with group living. In the terms of 
the coherence index used in this study, if the average value of this index falls below 0.5 
it could be said that the individuals on average are more frequently alone than 
associating with the other individuals. The non kin birds were hovering below this 
boundary when compared to the alpha birds, so the fact that they were seen in the 
territory might not necessarily mean that they could have enjoyed the benefits of group 
protection. Alternatively, when the average pair wise coherence between kin and non 
kin birds was examined, it seemed that the non kin birds were associating slightly more 
with the kin birds when compared to the alpha birds (CI of 0.67 vs. 0.44, Fig 3). But this 
result was only based on six observations, so the confidence interval for the mean value 
was rather large. More observations should, however pin point a more precise level of 
coherence among these two kinships and in turn indicate whether non kin birds 
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associate with the kin birds to the extend that they can in fact enjoy the benefits of 
being in a group.   
 
Furthermore, even when the kinship of the birds was found to significantly affect the 
pair-wise coherence, this still explained only one fifth of the total variation. 
Consequently, when the CI distributions of the individual ranks were plotted against a 
truncated Poisson distribution, further sub-grouping was found. This indicates that there 
are further mechanisms by which the birds judge with who to associate. The exact 
aspects of these relationships are beyond the scope of this study; however, certain 
guesses can be made.  For example, the variation in the alpha pair CI could be a result of 
varying lengths of time each breeding pair were together. The established pairs that 
have been together in the same territory for several seasons would be expected to have 
a high pair-wise coherence, while a newly established pair (i.e. due to the death of one 
of the breeders and the filling in of that role by another individual) might have a lower 
coherence due to the relative unfamiliarity between them. Alternatively, the variation in 
the kin CI distribution could be the product of the varying ages of the offspring. Since 
the older, retained offspring are expected to be more independent, they would be more 
likely to arrive to the food alone and in turn lower the pair-wise coherence. On the other 
hand, the young fledglings are expected to be more dependent on their parents (alpha 
pair) in their early life and thus be more tightly associated with them. Therefore, 
knowing the age of the offspring and their genealogy might shed more light on the 
observed variation in coherence of this particular kinship. In the case of the non kin 
birds, this variation might be slightly trickier to explain, due to lack of direct relationship 
between the birds. A possible insight into this variation can be the level of 
aggressiveness shown by the non kin bird. During the study, a couple of non kin birds 
showed relatively high levels of aggression towards the kin birds as well as the alpha 
birds. In this scenario, the non kin birds were not chased away from food and generally 
did not show subordinate behaviour. Subsequently, it appeared as though they forced 
their membership into the family group, thus increasing the overall coherence. The level 
of aggression shown by a non kin bird in the territory could in turn be influenced by the 
age of the bird and how long it has spent living in the territory (i.e. the maturity of the 
bird and its familiarity with the rest of the group). This theory however, remains to be 
tested.  
 
Having three different kinship levels present within a territory along with further sub-
grouping occurring also brings up the issue of kin identification and discrimination. How 
are the birds able to identify which of the individuals are kin and then act accordingly? 
Since the groups are strictly territorial, the judging of relatedness is most probably done 
by familiarity (Griffin & West, 2003). As a result, all immigrants would be treated as non-
kin. However, as Nystrand (2006) showed, 30% of the dispersed Siberian jay individuals 
end up in territories where their relatives are present. This would suggest that these in 
fact kin individuals would be treated as non-kin. If, however, they would be able to 
identify these birds to certain degree as kin, further complication of the interplay 
between cohesion and kinship might arise, since immigrant individuals could have the 
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opportunity to be tightly associated with the core group. This would thus require a 
coordinated effort to match the pair wise coherence to the genetic relatedness of the 
individuals. A study yet to be carried out.  
 
Forest management and its (lack of) effect on group structure 
 
One of the interesting and surprising results of the study was that no effect of the 
habitat type on group cohesion was detected. This is somewhat to the contrast of the 
Nystrand (2006) study which found small scale and large scale effects of habitat on the 
Siberian jay behaviour (i.e. not directly group structure). 
 
A possible explanation for this observation could be that such large scale habitat 
qualification that was used in this study (managed vs. unmanaged forest) was too broad 
to truly detect the important habitat quality within each territory. As such, a more fine 
scale territory quality census might be needed. For example, to calculate the percentage 
of each vegetation type, the amount of open space, the amount of ground vegetation 
inside the forest present within each territory, etc. One possible method of carrying this 
out could be through the use of satellite imagery, a technique already used to predict 
bird species richness by analysing the land characteristics (E.g. Coops et al., 2009). 
 
Alternatively, another possible reason why habitat did not affect group cohesion could 
be due to the lack of intense predation pressure. It has been shown that predation 
pressure on the Siberian jay by the Goshawk is cyclical (Liu, 2010) and so, it could be the 
case that in this particular study year, the predation pressure was relatively low. And as 
such, the habitat quality and its levels of offered shelter from the Goshawk might not 
have played enough of a role to significantly influence the jays to stick together. It would 
therefore be interesting to carry out this coherence study in the following years and 
additionally try to quantify the predation pressure. Consequently, in the years with high 
levels of predation, it could be expected that the birds in each territory within the 
managed forest would be more tightly bound, in order to counter effect the elevated 
predation pressure.  
 
Seasonal let down 
 
Within the study, season also failed to have a serious effect on the group cohesion. Thus 
it could be reasoned that the short term dispersal of the offspring in order to search for 
a mate prior to the breeding period was not enough to alter the coherence of the 
groups. This could however have been confounded by starvation pressure during the 
late winter, where consumption of the supplied food (and therefore indirectly the 
individual’s survival) outweighed the mating pressure. In this case, due to the harshness 
of the winter, it might have been more advantageous for the offspring to stay with their 
parents in order to secure adequate food intake and survival rather then to dissipate 
valuable energy in search of a mate (Covas & Griesser, 2007). To disentangle the issue, it 
would be worth while to carry out the study during a relatively mild winter when 
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starvation risk would be lower and thus the mate search would be expected to increase. 
And as a result, the coherence between the retained offspring and the rest of the group 
would be distinctively lower. Indirectly, such finding might potentially provide some 
leverage for the ‘ecological constraints’ theory about delayed dispersal, since the delay 
of the offspring reproduction would have been constrained by the starvation pressure 
brought about by the weather conditions. On the other hand, if even during the mild 
winter the offspring would mostly stay with their parents, the ‘parental investment’ 
hypothesis might be favoured.  
 
Study issues & possible improvements 
 
One important aspect of the study that has to be addressed is the two minute mark in 
the cohesion observations (see method), which assumes that birds coming to the feeder 
more than two minutes apart came separately. This cut-off point was decided before 
the observational bouts began and as such, it was not based on any previous data. 
Naturally, this two minute mark has the potential to deflate the actual coherence of the 
group. However, from the subsequent field observations, it was perceived that the birds 
mostly came together if they showed up at all (i.e. a number of individuals arrive to the 
feeder together, while the loose individuals in the territory do not arrive at all in the 30 
minute observational bout).  If different birds did arrive to the feeder at separate times 
within the observational period, this was then predominantly with much longer interval 
than two minutes. Thus, it seems as though this choice of cut-off mark has little 
influence on the results of the study. 
 
Ultimately, the arrival of individuals to the feeding site will always remain a proxy of 
total group cohesion. To fully understand how the birds interact with each other in all 
the areas of their territory, a constant monitoring technique could be applied, such as 
radio tracking (e.g. Harris et al., 1990) or GPS mapping (e.g. von Hünerbein et al., 2000). 
Albeit, both of these techniques are labour intensive and would require multiple 
catching events of the individuals, which might prove to be hard especially when it 
comes to the older breeding birds that are relatively cunning at avoiding mist nets 
(personal observation).  
 
Conclusion 
 
To summarise, the study shows that Siberian jays do not form all-round tight groups 
within their territories. Rather, the extent of association and coherence between 
individuals depends on their pair-wise kinship, with the breeding pair and the kin birds 
forming the tight core group while the non kin birds tend to be more loosely associated 
and float within the territory. As such, these results give further support to the ‘parental 
investment’ hypothesis used to explain delayed dispersal in this non-cooperatively 
breeding bird species. With high levels of cohesion between the alpha and kin birds, the 
offspring are able to take advantage of the nepotistic behaviour provided by their 
parents, while at the same time, the non kin birds have elevated predation risk due to 
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lonesome foraging (Griesser & Ekman, 2004). And even though there are indications 
that the complete extent of pair-wise coherence may be dependent of more than just 
the kinship of the individuals involved, this study does show that the term ‘group’ can be 
a rather misleading one, especially when looking in the context of complex, rank-driven 
societies.  
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