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ABSTRACT 

 

Social Network of female reindeer (Rangifer tarandus): 

Do females assort based on relatedness and age during the rut? 

Julienne Therese R. Bonoan, M.Sc. 

Concordia University, 2020 

 

Understanding the drivers of how animals socialize and associate with each other in a population 

has insights into the ecology, biology, and behaviour of its members. Social Network Analysis 

(SNA) has been growing in popularity as a tool to understand the social patterns of animal 

populations, where multiple factors such as age and relatedness affect social patterns. The effect 

of genetic relatedness and age on the social patterns of an animal population exhibiting fission-

fusion group dynamics (i.e. frequent changes in group membership) was assessed using a semi-

domestic herd of female reindeer (Rangifer tarandus), situated in Kaamanen, Finland. Analyses 

were done using SNA in 2009 and 2011 during the breeding season (or rut), using GPS data. We 

found that females had distinct social groups (or communities) and associated non-randomly in 

both years; however, females did not spatially assort into communities based on genetic 

relatedness and age. Although age did not influence community structure, age affected 

association levels, where females socialized with others significantly less after the age of 7. We 

concluded that although genetic relatedness and age may not explain the non-random spatial 

associations between female reindeer during the rut, there may be other factors yet to be 

discovered that could play a role in their social organizations. Overall, our results provided 

insights into the social patterns of a population exhibiting fission-fusion group dynamics.  
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FIGURE LEGENDS 

Figure 1. Visualization of social networks in the year 2009 A) to C) (N = 35), and 2011 D) to F) 

(N = 32) during the Pre-, Peak-, and Post-rut. 

 

Figure 2. Female association levels represented by the simple ratio index (SRI, A and C), mean 

relatedness (B and D), and mean age (E and F) between communities in all periods (Pre-, Peak-, 

and Post-rut) in the years 2009 (ACE, N = 35) and 2011 (BDF, N = 32). 

 

Figure 3. Female association strength represented by individual-level metrics (strength, affinity, 

and eigenvector centrality) as a function of female age (A, C, and E) and age class (B, D, and F) 

in the years 2009 and 2011, combined (N = 67).  
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INTRODUCTION 

Understanding the drivers of how animals in a population socialize and associate with 

each other to form a social system (or network) is of great importance in understanding the 

ecology, biology, and behaviour of its constituent members (Krause et al., 2015). The 

interactions between animals in which patterns describe the relationship between them forms the 

animal social system (Farine and Whitehead, 2015). Therefore, a social network can be defined 

as the social interconnectedness of different individuals based on their relationships and 

visualizes these interaction patterns (Krause et al., 2015). Analysis of social networks can 

provide insights into a multitude of processes that occur in the population, such as migration 

patterns (Guttal and Couzin, 2010), cooperation (Croft et al., 2006), and transmission of 

information (Aplin et al., 2012; Couzin et al., 2005) due to the visualization of the animal 

population’s social patterns. Social network analysis thus has many practical applications, for 

example in disease management (Cross et al., 2004; Krause et al., 2007; Proffitt et al., 2012; 

Wey et al., 2008) or in assessing the success of conservation programs (Haydon et al., 2008).  

Describing the social network of populations, however, has its fair share of limitations 

and challenges. One challenge is describing the social network of populations that exhibit 

fission-fusion group dynamics. The difficulty lies in the fact that fission-fusion groups are 

characterized by individuals temporarily associating and frequently changing associates as 

groups form and disintegrate (Aureli et al., 2008; Chapman et al., 1993; Whitehead, 1997; 

Whitehead and Dufault, 1999). Therefore, fission-fusion groups pose a problem as researchers 

describing the social network must now consider that groups may not always have the same 

group members to base social patterns on. Another challenge in describing the social network of 
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populations is the limitations of field observations that many studies employ. Some limitations of 

field observations include accessibility to the animals as well as the availability of observers 

(Brookes et al., 2018). Field observations thus poses a problem if all individuals cannot be 

observed, creating an inaccurate description of the social network. Therefore, in animal 

populations that experiences both challenges, visualizing their social network could be 

problematic. 

Some solutions to these challenges are the combined utilization of Social Network 

Analysis (SNA) and Global-Positioning System (GPS) telemetry to understand the social 

networks of animal populations (Brookes et al., 2018; Croft et al., 2008; Krause et al., 2007; 

Patzelt et al., 2014; VanderWaal et al., 2017; Wey et al., 2008). The major advantage of SNA is 

that it can predict social networks based on an individual’s association indices with others 

(Krause et al., 2015; Shorrocks and Croft, 2009). SNA has also been used to determine the effect 

of multiple factors on social cohesion and association, such as age (Carter et al., 2013a; Guilhem 

et al., 2000; Manno, 2008), sex (Bouskila et al., 2015; Wolf et al., 2007), reproductive status 

(Bouskila et al., 2015; Manno, 2008; Sundaresan et al., 2007), morphological traits (Croft et al., 

2005), sociability (Lusseau et al., 2006; Manno, 2008), behaviour (Pike et al., 2008), familiarity 

(Hansen et al., 2009; Pinter-Wollman et al., 2009), and kinship (Silk, 2002). The major 

advantage of GPS telemetry, on the other hand, is the ability for a more accurate identification 

and positioning of individuals. Therefore, GPS telemetry coupled with SNA would benefit social 

network studies by providing greater detail and precision in association and network data (Kraus 

et al., 2011; Kurvers et al., 2013).  

Based on the advantages and benefits that GPS-telemetry and SNA provide, we used such 

methods to investigate the effects of genetic relatedness and age in the social organization of 
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female reindeer. The semi-domestic herd used in this study exhibits fission-fusion group 

dynamics (Body et al., 2015a, b) and has been part of a long-term study concerning behaviour 

during the breeding season (or “rut”). To investigate the social network and association patterns 

of reindeer, we addressed three aims: (1) define association patterns and test for non-

randomness; (2) determine if genetic relatedness is a significant predictor of associations; and (3) 

determine if age is also a significant predictor of association.  

Many ungulate species have been found to exhibit fission-fusion group dynamics along 

with having preferential associates, such as wild giraffes (Giraffa camelopardalis) (Bashaw et 

al., 2007; Bercovitch and Berry, 2012; Bercovitch and Berry, 2013a; Carter et al., 2013a; Carter 

et al., 2013b); Konik horses (Equus ferus caballus) (Bouskila et al., 2015); wild boar (Sus scrofa) 

(Podgorski et al., 2014);  Grevy’s zebra (Equus grevyi) and onager (Equus hermionus khur) 

(Sundaresan et al., 2007); and feral goats (Capra hircus) (Stanley and Dunbar, 2013). These non-

random associations were often formed between closely-related individuals (Bashaw et al., 2007; 

Carter et al., 2013b; Podgorski et al., 2014), conspecifics of similar ages (Bercovitch and Berry, 

2013a) and of the same sex (Bercovitch and Berry, 2013b; Bouskila et al., 2015; Carter et al., 

2013a; Carter et al., 2013b; Podgorski et al., 2014). Other factors may include reproductive state 

(Bouskila et al., 2015), demography, phenotype and environmental factors (Sundaresan et al., 

2007).  

Kin selection theory predicts that individuals can obtain indirect fitness benefits by 

cooperating with kin (Hamilton, 1964a, b). Accordingly, multiple studies have observed that 

females tend to associate more with conspecifics of the same sex, for example, as seen in 

barnacle geese (Branta leucopsis) (Kurvers et al., 2013); primates (Silk, 2007); spotted hyenas 

(Crocula crocula) (Smith et al., 2010); and bottlenose dolphins (Tursios aduncus) (Wiszniewski 
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et al., 2010). Several studies on ungulates have also found a significant association between 

mothers and their offspring (Bashaw et al., 2007; Bercovitch and Berry, 2012; Clutton-Brock and 

Guinness, 1982; Festa-Bianchet, 1991; Nituch et al., 2008), including reindeer (Rangifer 

tarandus) (Djaković et al., 2012; Hirotani, 1989a, 1990). Therefore, we predict that spatial 

associations will be positively correlated with genetic relatedness among other ungulate 

populations exhibiting fission-fusion group dynamics. 

Individuals may tend to associate with conspecifics with similar characteristics, also 

known as homophily (McPherson et al., 2001). Mutual and beneficial cooperation could drive 

such associations among similar-aged individuals due to similar needs and interests, such as food 

acquisition and protection from conspecifics (Guilhem et al., 2000; Mitani et al., 2002). Some 

ungulate species like mouflon sheep (Ovis gmelini) (Guilhem et al., 2000), Southdown and 

Dorset Horn sheep (Ovis aries) (Arnold et al., 1981), Thornicroft’s giraffe (Giraffa 

camelopardalis thornicroftii) (Bercovitch and Berry, 2013a), Zebu cattle (Bos indicus) 

(Reinhardt and Reinhardt, 1981), as well as reindeer (Kojola and Nieminen, 1988) were found to 

associate significantly more with similar-aged conspecifics. Guilhem et al. (2000) suggested that 

yearling mouflon sheep associated significantly more with each other due to the harassment 

received from older and more dominant conspecifics, which was observed in reindeer by Kojola 

and Nieminen (1988). Immature female giraffes that matured into young adults also had more 

stable and numerous affiliations with other females, which Carter et al. (2013a) suggested was 

due to an increase in gregariousness. Therefore, it can be predicted that individuals associate 

more often depending on their age.  
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METHODS 

Study Herd and GPS Data Collection 

The study was conducted at the Kutuharju Field Reindeer Research Station in Kamaanen, 

Finland (69°N, 27°E). A semi-domestic herd of reindeer of known pedigree has been 

continuously monitored during the rut since 1996, where the age and sex structure has been 

manipulated every year. We collected data from the Sinioivi enclosure (13.4 km2) with a portion 

of the reindeer population (53 out of 92 in 2009, and 44 out of 93 in 2011), and only analyzed 

data from females (42 females and 11 males in 2009; 34 females and 10 males in 2011). 

In the years 2009 and 2011, majority of individuals (40 of 42 females in 2009 and 33 of 34 

females in 2011) were fixed with Tellus GPS collars (from Followit; URL: 

http://wildlife.followit.se/), and their movement was followed during the rutting season 

(September through October) using the “reality mining” approach described in Krause et al. 

(2013), which is the collection and analysis of animal social behaviour from animal-borne 

technologies with the goal of modelling their behaviour patterns. However, due to malfunctions 

in some of the GPS collars, only 35 females (out of 40) in 2009 and 32 females (out of 33) in 

2011 were included in the analyses.  

The rutting season was divided between periods for further analysis by following the 

method defined by Body et al. (2015a): Pre-rut (September 17-28, 2009; September 10-29, 

2011); Peak-rut (September 29-October 4, 2009; September 30-October 6, 2011); and Post-rut 

(October 5-November 2, 2009; October 7-15, 2011). To ensure that all individuals were being 

analyzed for the same recording period, some GPS recordings in the beginning and end were 

removed for consistency. The GPS collars synchronously recorded reindeer positions every hour 

http://wildlife.followit.se/
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in 2009 and every 15 minutes in 2011. Group composition was also verified by locating groups 

in the field where identification of individuals in the group was accomplished by unique collar 

identification numbers (Body et al., 2015b). Calves were not fixed with identification and GPS 

collars, and were thus excluded from this study. Females in 2009 were between the ages of 1 and 

7, while females in 2011 were between ages 1 and 11. 

Statistical Analyses 

All statistical analyses were conducted using the program R (R Core Team, 2018). 

Aim #1: Define Association Patterns and Test for Non-Randomness 

Before investigating the effect of relatedness and age on the association patterns of 

female reindeer, communities must first be defined. Communities are clusters or social groups of 

well-connected individuals (James, 2015), and if a network is found to have a well-defined 

community structure, we can then determine if age and/or relatedness play a role in this 

organization. 

Communities were based on the association patterns between female dyads, in which two 

individuals belong to the same group if their interindividual distance was below 89 meters (rmax, 

the intragroup maximal distance which represents the distance to the nearest neighbour and in 

which 95% of association patterns can be estimated from; see Body et al. (2015a) for further 

information). Using the R package SPATSOC (Robitaille et al., 2019), association between 

dyads (i.e. edges) was calculated using the simple ratio index (SRI), which is an unbiased 

estimate for the proportion of time individuals are seen together (Cairns and Schwager, 1987; 

Whitehead and Dufault, 1999). SRI can be calculated as follows: 
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SRI = 
x

x+ya+yb+yab
  

where x = the number of sampling periods with both reindeer a and b observed in the same 

group; ya = the number of sampling periods with only reindeer a observed but not b; yb = the 

number of sampling periods with only reindeer b observed but not a; and yab = the number of 

sampling periods reindeer a and b are observed but not in the same group. SRI can range 

between 0 (never seen together) to 1 (always seen together) (Cairns and Schwager, 1987; 

Whitehead and Dufault, 1999).  

Females were then assigned to communities in each period (Pre-, Peak-, and Post-rut) 

based on the most parsimonious division of the network, which provides the most edges within 

communities and the least between, represented as the modularity coefficient, Q (Lusseau et al., 

2008; Newman, 2006). Afterwards, communities were visualized as a social network using the R 

package ‘igraph’ (Csardi and Nepusz, 2006). A social network encompasses every individual in 

a specific population and consists of a set of n nodes representing each individual in the network 

and a set of E edges representing the social link between each individual (James, 2015). 

After defining the communities in the network in each year, it needs to be determined 

whether females were not simply associating at random, and thus producing random 

communities. Null hypothesis significance testing (James, 2015) was used for this purpose and 

was done using a data-stream randomization technique in R using SPATSOC (Robitaille et al., 

2019). Randomization of the data involved swapping individuals and group observations within 

or between temporal groups and individuals (Farine, 2017). Briefly, null hypothesis significance 

testing is done by comparing the observed data to a random set of data while keeping the number 

of individuals and associations the same (Whitehead, 2008b; Whitehead et al., 2005). The 
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coefficient of variation (CV) of the association index (i.e. SRI) was used as a test statistic, where 

significance was based on whether the observed SRI falls in the top or bottom 2.5% of the 

distribution of the random SRI data sets (>0.975 or <0.025, two tailed test), in which it can reject 

the hypothesis that the real value could have arisen by chance (Carter et al., 2013b; Djaković et 

al., 2012; Frere et al., 2010b; Whitehead et al., 2005). 

Aim #2: Effect of Relatedness on Association Patterns 

Blood samples were obtained from all reindeer and was analyzed for 12 DNA 

microsatellite loci to assess relatedness: Re03A, Re16A, Re31A, Re73A, Bm4513A, Re01A, 

Re48A, Re66A, FCB193A, Rt01A, RT7A, and Rt30A. Relatedness (r) was estimated for all 

female dyads with GPS collars for each year using the program GenAlEx v 6.5 (Peakall and 

Smouse, 2006, 2012). Unfortunately, all individuals in the population were not accounted for 

(2009: 53 genotyped out of 93; 2011: 44 genotyped out of 92); therefore, parentage and sibship 

of female dyads were estimated using the software COLONY v 2.0.6.5 (Jones and Wang, 2010). 

Probabilities of sibship was highly correlated with the Lynch & Ritland (1999) mean (LRM) 

relatedness estimator; therefore, LRM was used for the relatedness data. 

General linear models (GLM) were initially used to evaluate the effect of relatedness, 

period (Pre-, Peak-, and Post-rut), and year (2009 and 2011) on female associations (SRI). 

However, due to non-normal and heteroscedastic residuals, generalized least squares (GLS) 

models were used with exponentially transformed SRI (λ = 0.375) based on the Tukey’s Ladder 

of Powers where lambda (λ) represents the power coefficient to transform values (Mangiafico, 

2016). The Akaike Information Criterion (AIC) score was then used to determine the best fitting 
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model. Afterwards, ANOVA was used to determine statistical significance of period and year on 

SRI. 

A logistic regression with a binomial distribution was also used to determine if female 

associations (SRI) and relatedness differed between communities in each period and year. Due to 

non-normal and heteroscedastic residuals during the Peak-rut in both 2009 and 2011, GLS was 

used with exponentially transformed SRI (λ2009 = 0.425; λ2011 = 0.375) and followed by ANOVA 

to determine statistical significance.  Relatedness was also exponentially transformed in both 

2009 (λ = -1.55) and 2011 (λ = -1.125) to achieve normal residuals. 

Aim #3: Effect of Age on Association Patterns 

To investigate how age affects association levels, three individual-level network metrics 

(strength, affinity, and eigenvector centrality) were calculated using SRI in each year using the 

SPATSOC package in R (Robitaille et al., 2019). Strength is the weighted equivalent of degree 

(the number of edges a node is connected to), calculated as the sum of all weights of the edges 

connected to a node (Farine and Whitehead, 2015; James, 2015; Whitehead, 2008a). Strength 

represents gregariousness where individuals with high strength have strong associations with 

others and/or have many associates (Whitehead, 2008a). Affinity is the mean strength of an 

individual’s associates (Whitehead, 2008a). A high affinity value either represents stronger 

relationships made by the individual’s associates or an increase in the number of associates, 

whereas a low affinity value suggests the weakening of relationships with an individual’s 

associates or a decrease in the number of associates (Whitehead, 2008a). Eigenvector centrality 

is the sum of the centralities (how well connected individuals are to others based on degree and 

strength) of an individual’s connections (Farine and Whitehead, 2015). A high eigenvector 

centrality measure (either from a high degree or connections to individuals with high degrees) 
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would indicate that the individual is an important hub for sociality and/or transfer of information 

and disease in the network (Farine and Whitehead, 2015). 

Preliminary analysis with GLM indicated heteroscedastic residuals; therefore, GLS 

models were also used such as in Aim #2 to evaluate the effect of age, period, and year on female 

associations (strength, affinity, and eigenvector centrality). All individual-level metrics were 

exponentially transformed as well to achieve normality of residuals: λstrength = 0.675; λaffinity = -

0.675; λeigenvector = 2.35. Afterwards, Kruskal-Wallis test or Welch’s ANOVA was used to 

determine if female associations were statistically different between ages and age class 

(“Younger” females were between ages 1 and 7; “Older” females were between 9 and 11). 

“Younger” females may not necessarily be considered young, neither are “Older” females 

necessarily considered old; these are just classifications used in our analysis. Affinity was 

exponentially transformed (λ = -0.675), as well as eigenvector centrality (λ = 2.35) to achieve 

normal residuals.  

Finally, to test if age affected community structure, ANOVA/Kruskal-Wallis 

test/Welch’s ANOVA were used to determine if age was statistically different between 

communities in each period and year. Age was exponentially transformed (λ = 0.45) in 2009 for 

the Post-rut, as well as Affinity (λ = -1.45) in 2011 for the Post-rut to achieve normal residuals. 
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RESULTS 

Aim #1: Define Association Patterns and Test for Non-Randomness 

Females had distinct communities of varying sizes during all periods (Pre-, Peak-, and 

Post-rut) in both years (Fig. 1). In 2009, 35 females associated with each other to form three 

communities during the Pre-rut (communities consisted of 10, 12, and 13 females; Fig. 1A) and 

Peak-rut (communities consisted of 5, 14, and 16 females; Fig. 1B), and two communities during 

the Post-rut (communities consisted of 15 and 20 females; Fig. 1C). In 2011, 32 females formed 

four different communities during the Pre-rut (communities consisted of 5, 6, 8, and 13 females; 

Fig 1D) and three communities during the Peak-rut (two communities with 8 females and 

another with 16; Fig. 1E), and Post-rut (two communities with 10 females and another with 12; 

Fig. 1F). 

These communities were also found to be formed by non-random associations based on 

comparing the CV between the observed and random data. The CV of the observed networks 

during Pre-, Peak-, and Post-rut in 2009 (Pre-rut: observed CV = 0.76, random CV = 0.22, p < 

0.001; Peak-rut: observed CV = 0.61, random CV = 0.21, p < 0.001; Post-rut: observed CV = 

0.61, random CV = 0.21, p < 0.001) and 2011 (Pre-rut: observed CV = 1.06, random CV = 0.18, 

p < 0.001; Peak-rut: observed CV = 0.99, random CV = 0.18, p < 0.001; Post-rut: observed CV = 

0.91, random CV = 0.18, p < 0.001) were all significantly higher than the random networks  

Aim #2: Effect of Relatedness on Association Patterns 

We found that relatedness was not a significant predictor of association strength between 

dyads (represented as SRI). The GLS model with the lowest AIC score was found to have a 

weight matrix with variance structure that changes according to period and year. The interaction 
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between period and year was significant (ANOVA: F1,3261 = 26.82, p < 0.001), where mean SRI 

increased from Pre-rut to Peak-rut followed by a decrease from Peak-rut to Post-rut in both 

years. Mean SRI was significantly lower in the Pre-rut in comparison to the Peak-rut (post-hoc 

test, 2009: p < 0.001; 2011: p < 0.001) and Post-rut (post-hoc test, 2009: p = 0.023; 2011: p < 

0.0001). Mean SRI was also higher in the Peak-rut in comparison to Post-rut in 2009 (post-hoc 

test, p < 0.001); however, was not significantly different in 2011 (post-hoc test, p = 0.244).  

Relatedness was not found to be a significant predictor (GLS: t3273 = -0.93, p = 0.354). If females 

preferred to spatially associate with relatives, then mean relatedness would have been 

significantly higher within communities in comparison to between communities; however, this 

was not the case (Fig. 2C and D). 

In 2009, there was no significant difference in dyadic female association (SRI) between 

communities in the Pre-rut (ANOVA, F3,591 = 0.32, p = 0.811, Fig. 2A) and the Post-rut 

(ANOVA, F2,592 = 2.82, p = 0.060, Fig. 2A). However, mean SRI was significantly different 

between communities in the Peak-rut (ANOVA, F3,591 = 552.58, p < 0.001, Fig. 2A). On the 

other hand, there was no significant difference in mean relatedness between communities in all 

periods (ANOVA, Pre-rut: F3,591 = 0.74, p = 0.529; Peak-rut: F3,591 = 0.74, p = 0.529; Post-rut: 

F2,592 = 1.29; p = 0.276; Fig. 2C). Therefore, although females associated with each other more 

within communities in comparison to between communities, female preference may not be due 

to choosing relatives in 2009.  

In 2011, mean SRI was not significantly different between communities in the Pre-rut 

(ANOVA, F4,492= = 1.63, p = 0.165, Fig. 2B) and Post-rut (ANOVA, F3,492 = 0.39, p = 0.764, Fig. 

2B); however, mean SRI was significantly different between communities in the Peak-rut 

(ANOVA, F3,492 = 264.66, p < 0.001, Fig. 2B). On the other hand, relatedness was not 
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significantly different between communities in all periods as well (ANOVA, Pre-rut: F4,491 = 

1.24, p = 0.293; Peak-rut: F4,491 = 1.24, p = 0.293; Post-rut: F3,492 = 0.76, p = 0.515; Fig. 2D). 

Much like in 2009, although females associated more within communities in comparison to 

between communities, females may not have necessarily preferred certain females based on 

relatedness. 

Aim #3: Effect of Age on Association Patterns 

The GLS model with the lowest AIC score was found to have a weight matrix with 

variance structure that changes according to year, period and age for Strength and Affinity, but 

only a variance structure that changes according to year and period for Eigenvector Centrality. 

ANOVA results found that the interaction between period and year was significant for Strength 

(ANOVA, F2,189 = 24.47, p < 0.001) and Affinity (ANOVA, F2,189 = 24.47, p < 0.001), but not 

for Eigenvector Centrality (ANOVA, F2,189 = 0.38, p = 0.682). Mean Strength increased from 

Pre-rut to Peak-rut, followed by a decrease in Post-rut; whereas, mean Affinity had an opposite 

trend with a decrease from Pre-rut to Peak-rut, followed by an increase in Post-rut. This indicates 

that from Pre-rut to Peak-rut, individuals associated with other females more; however, their 

associates had weaker relationships with other females. A decrease in mean strength from Peak-

rut to Post-rut indicates that females has weaker relationships with their associates, while a 

paralleled increase in affinity indicates said associates grew stronger bonds with other females.  

On the other hand, mean Eigenvector Centrality was significantly different between years 

(ANOVA, F1,189 = 22.22, p < 0.001) and periods (ANOVA, F2,189 = 5.47, p = 0.005), in which 

Pre-rut was significantly lower in mean Eigenvector Centrality in comparison to Peak-rut (post-

hoc test, p = 0.026) and Post-rut (post-hoc test, p = 0.033). This indicates that individuals were 

more central in their communities during Peak- and Post-rut in comparison to Pre-rut. A 
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Pearson’s correlation test also found that individual-level metrics (Strength, Affinity, 

Eigenvector Centrality) were highly correlated with each other: Strength and Affinity, r199 = -

0.57, p < 0.000; Strength and Eigenvector Centrality, r199 = 0.75, p < 0.000; Affinity and 

Eigenvector Centrality, r199 = -0.58, p < 0.000. 

ANOVA on GLS models also revealed that age was a significant variable for all 

individual-level metrics (Strength, F1,189 = 34.86, p < 0.0001; Affinity, F1,189 = 34.86, p < 0.001; 

Eigenvector Centrality, F1,189 = 13.16, p < 0.001). Mean Strength was significantly lower in 

females at age 10 in comparison to females at the ages of 1, 3, and 5 (post-hoc test, p < 0.05, Fig. 

3A). This means that females at ages 1, 3, and 5 had either more associates or stronger 

relationships in comparison to females at age 10. Mean Affinity was significantly higher in 

females at age 10 in comparison to females at age 1 (post-hoc test, p = 0.047, Fig. 3C), 

suggesting that females at age 1 were more close-knit with others of similar age in comparison to 

females at age 10. Mean Eigenvector Centrality was significantly higher in females at ages 1-5 

and 7, in comparison to females at the ages of 9 to 11 (post-hoc test, p < 0.005, Fig. 3E), 

indicating that females at ages 1-5 and 7 were more central to the network in comparison to 

females at ages 9 to 11.  

Females were then divided between two age classes: “Younger” (females 1-7 years old) 

and “Older” (females 9+ years old). In comparison to “Older” females, “Younger” females had 

significantly higher mean Strength (Kruskal-Wallis, chi-squared = 19.38, df = 1, p < 0.000, Fig. 

2B), significantly lower mean Affinity (ANOVA, F1,199 = 22.38, p < 0.000, Fig. 3D), and 

significantly higher mean Eigenvector Centrality (Kruskal-Wallis, chi-squared = 34.30, df = 1, p 

< 0.000, Fig. 3F). These results indicate that in comparison to “Older” females, “Younger” 
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females had stronger bonds with their associates, where said associates had weaker bonds with 

neighbouring females; however, focal animals were more central in their networks. 

An ANOVA test found that Age was significantly different between communities during 

the Pre-rut in 2011 (ANOVA, F3,28 = 3.151, p = 0.041); however, a post hoc test determined that 

communities were not significantly different in mean Age (p > 0.05). Age was also not found to 

be significantly different across communities across all periods and years: 2009 (Pre-rut: 

ANOVA, F2,32 = 1.49, p = 0.241; Peak-rut: Kruskal-Wallis, chi-squared = 2.25, df = 2, p = 

0.324; Post-rut: ANOVA, F1,33 = 1.60, p = 0.215; Fig. 2E); and 2011 (Peak-rut: ANOVA, F2,29 = 

1.47, p = 0.246; Post-rut: ANOVA, F2,29 = 2.16, p = 0.133; Fig. 2F).  
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DISCUSSION 

Aim #1: Defining Association Patterns and Test for Non-Randomness 

Our results showed that the reindeer population in both years had distinct and non-

random communities (Fig. 1). In support of our predictions, we found that female reindeer did 

not associate randomly, suggesting that they had preferred associations because the observed CV 

was well above the 97.5% of the distribution of the random data (Frere et al., 2010a). Our 

findings were similar to those by Djaković et al. (2012) on the same experimental population; 

however, in different years and based on field observations. Several authors in ungulate species 

exhibiting fission-fusion dynamics have reported non-random and preferred association patterns 

(Bashaw et al., 2007; Bercovitch and Berry, 2012; Bercovitch and Berry, 2013a; Bouskila et al., 

2015; Carter et al., 2013a; Carter et al., 2013b; Podgorski et al., 2014; Stanley and Dunbar, 2013; 

Sundaresan et al., 2007).  

We found differences in the number of communities between the years (Fig. 1), which 

may be due to the difference in the rate of location recording. In 2009, recordings were made 

every hour while recordings were made every 15 minutes in 2011. Therefore, the data from 2011 

may give a more accurate description of the social network because of the higher rate of 

recording. However, the overall decrease in the number of communities from pre-rut to post-rut 

in both years is supported by the findings from Body et al. (2015a). Indeed, the number of groups 

decreased, and average size of groups increased right before the beginning of the peak-rut.  

The cohesiveness observed in the peak-rut by Body et al. (2015a) as well as an increase 

in the association levels during peak-rut observed by Djaković et al. (2012) supports our findings 

as we observed female associations, represented by SRI and the individual-level metrics 

(strength and eigenvector centrality), to increase from pre-rut to peak-rut (Fig. 2). An increase in 
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strength usually results from stronger association levels or an increase in the number of 

associates (or “degree”) (Whitehead, 2008a). However, degree did not change between periods 

(34 in 2009 and 31 in 2011. The decrease in affinity from pre-rut to peak-rut thus shows that the 

increase in mean strength during this time resulted from stronger association levels rather than an 

increase in number of associates, paralleling the cohesiveness of groups during the peak-rut 

observed by Body et al. (2015a). The increase in mean eigenvector centrality from pre-rut to 

peak-rut would then also be a consequence of the increased cohesiveness observed in the peak-

rut by Body et al. (2015a). 

The decrease in cohesiveness and thus higher fission rate (i.e. increase in group number 

and decrease in average group size) after the peak-rut is also supported by the observed results in 

SRI, strength, affinity, and eigenvector centrality. Mean SRI, strength and eigenvector centrality 

all decreased while mean affinity increased from peak-rut to post-rut. A decrease in SRI, 

strength, and eigenvector centrality suggests that after the peak-rut, focal animals are associating 

with their preferred associates less and becoming less central to their network; whereas an 

increase in affinity indicates that an individual’s associates are spending more time with females 

outside their designated communities. However, the number of communities should have 

increased from peak-rut to post-rut based on the high fission rate, but the number of communities 

either decreased (in 2009) or remained the same (in 2011) from peak-rut to post-rut. This may be 

attributed to solitary females forming groups during this time (Body et al., 2015a), which is 

supported by a higher mean SRI, strength, and eigenvector centrality (and lower mean affinity) 

in the post-rut in comparison to the pre-rut. The non-random preferred associations between 

females could be attributed to several factors, including male herding as suggested by Djaković 

et al. (2012), or female preference for relatedness and/or age, which have been shown to 
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influence the social behaviours of other ungulate species (Bashaw et al., 2007; Bercovitch and 

Berry, 2013a; Carter et al., 2013b; Podgorski et al., 2014). However, we did not find supportive 

evidence that females are spatially assorting based on relatedness and/or age. 

Aim #2: Effect of Relatedness on Association Patterns 

We found that association strength (i.e. SRI) did not vary with relatedness, which is 

contrary to our predictions. We predicted female association levels would be positively 

correlated with increasing genetic relatedness among female reindeer based on multiple studies 

on ungulates (Bashaw et al., 2007; Bercovitch and Berry, 2012; Carter et al., 2013b; Clutton-

Brock and Guinness, 1982; Festa-Bianchet, 1991; Nituch et al., 2008; Reinhardt and Reinhardt, 

1981). Hirotani (1989a, 1990) and Djaković et al. (2012) also found that associations were 

significantly stronger between mother-offspring dyads in female reindeer.  

This could be due to the inability to recognize kin; however, there is reason to believe 

that this is not the case in this reindeer population. Engelhardt et al. (2016b) found evidence to 

support the kin selection hypothesis during the calving period (May to June), where offspring 

were allonursed (nursing of non-offspring) more often by mothers who were closely related as 

opposed to if the mothers were distantly related to each other. This provides evidence that 

females can identify kin and show cooperative behaviour, which may have provided adaptive  

and nutritional benefits to closely related offspring (Engelhardt et al., 2016a). It would then be 

sensible to think that females are able to continue this cooperation between kin during other 

times of the year, including the rut (September to October). However, we found no evidence to 

support kin preference in spatial associations during this time. 

According to the kin selection theory, although genetic relatedness could enhance the 

indirect benefits received by the social group, individuals should disperse to avoid imposing 
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costs on kin (Hamilton, 1964a, b). If reindeer choose not to spatially associate with kin despite 

the ability to recognize them during the rut, there is a possibility that the cost of staying with 

family is greater than the benefits associated with it. There are multiple studies providing 

evidence for the indirect benefits of kin association among females, such as higher reproductive 

success (Pope, 2000; Silk, 2007; Viblanc et al., 2010), increased foraging efficiency (Griffiths 

and Armstrong, 2002), decrease in aggressive encounters (Dobson et al., 2000; Konig, 1994; 

Rusu and Krackow, 2004), increased growth rates (Gerlach et al., 2007), reduction in resource 

competition (Silk, 2007), and increased offspring survival (Dobson et al., 2000; Silk, 2007). 

However, there are also costs to kin association such as lowered chance of survival and mating 

(Reyer, 1984), increase risk of inbreeding (Sugg et al., 1996), or costs of grouping unrelated to 

kin association, for example a decrease in foraging efficiency (Creel et al., 2014; Molvar and 

Bowyer, 1994; Uccheddu et al., 2015).  

A study by Uccheddu et al. (2015) on reindeer during the rut found that an increase in 

group size led to a decrease in foraging efficiency in females. During the rut, a dominant male 

herds females into a group (or “harem”) and drives off satellite/subdominant males that attempt 

to copulate with the females (Uccheddu et al., 2015). However, an increase of 6-7 females in the 

group negates any gains from harassment protection as foraging efficiency decreased. Therefore, 

females may not necessarily be spatially assorting with kin due to the costs that it could impose 

in the form of reduced foraging efficiency.  

Another possible reason for our observed results could be that relatedness may not play a 

role in spatial association because most association studies look at amiable and agonistic 

behaviours within groups/communities, where relatedness may play a role. Djaković et al. (2012) 

and Hirotani (1989b; 1990) found that female reindeer, especially mother-daughter dyads, 
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associated significantly more in comparison to less-related females during the rut. However, 

these results were based on the social behaviours obtained via field observations of groups, 

which do not take into consideration the fission-fusion dynamics of the population. A side 

analysis where I incorporated the relatedness categories Djaković et al. (2012) used (r = 0, r = 

0.0625, r = 0.125, r = 0.25, r = 0.50) also showed no significant difference in mean SRI between 

relatedness categories per period (ANOVA on GLS, F8,3213 = 0.617, p = 0.7643). Although 

relatedness may play a role on the spatial association within communities, we found no evidence 

to suggest that female reindeer prefer to spatially associate with kin on a population-level.  

Aim #3: Effect of Age on Association Patterns 

We also predicted that younger and lower-ranking females would associate significantly 

more with each other due to the harassment from older and higher-ranking individuals. These 

predictions are based on the age-homophily observed in other ungulate species like mouflon 

sheep (Guilhem et al., 2000), Southdown and Dorset Horn sheep (Arnold et al., 1981), 

Thornicroft’s giraffe (Bercovitch and Berry, 2013a), Zebu cattle (Reinhardt and Reinhardt, 

1981), as well as reindeer (Kojola and Nieminen, 1988). Kojola and Nieminen (1988) also 

observed that older and higher-ranking females harassed younger and lower-ranking 

conspecifics, which led to younger females grouping together. However, we did not find 

evidence to support that females spatially assorted or grouped themselves into communities 

based on age. 

If females preferred to be spatially approximate to similar-aged individuals, then we 

would have expected to see communities have significantly different mean ages. However, mean 

SRI was only significantly different between communities during the peak-rut in both 2009 and 

2011 (Fig. 2A and B), and mean age was not significantly different between communities in all 
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periods and years (Fig. 2E and F). Although we did not see females group together or spatially 

assort based on age, we did, however, find that age was still a significant factor in female 

association levels, represented by the individual-level metrics (strength, affinity, and eigenvector 

centrality) (Fig. 3A, C, and E). Significant differences in means were observed when comparing 

females below the age of 7 to those above this age; therefore, we wanted to see if association 

levels differed at this supposed age threshold. 

We found that “Younger” females (ages 1 to 7) were significantly more social than 

“Older” females (ages 9 to 11) by showing higher mean strength, lower mean affinity, and higher 

mean eigenvector centrality (Fig. 3B, D, and F). These results are similar to the observed results 

found by Guilhem et al. (2000) in mouflon sheep, in which inter-individual distance increased 

with age. Our results may be attributed to the social ranks among female reindeer as well as the 

senescence effect. Like other ungulate species, dominance is linearly correlated to age in female 

reindeer (Holand et al., 2004); however, only in females under 8 years of age. No relationship 

between social rank and age was found in females 8 years or older when the senescent effect 

began to hinder reindeer performance (Weladji et al., 2002). Therefore, older females may not be 

associating with other females as much as younger females to decrease competition even though 

older females are still able to hold a high rank. 

We may have also observed older females associating significantly less than younger 

females because of the disparity in sampling number – there were only 12 females above the age 

of 7 in total. There was high variance in the individual-level metrics across ages, where we do 

not often see a significant difference between females under the age of 7 and those above. 

Therefore, although we observed that females above the age of 7 were associating significantly 
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less than females under the age of 7 in the years 2009 and 2011, we may observe different results 

in other years with a more equal age distribution and thus needs to be validated by other studies. 
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CONCLUSION 

We found that a semi-domestic population of reindeer formed non-random communities with 

preferred individuals during the rut; however, relatedness and age were not contributing factors 

in their spatial assortment or grouping behaviour. Despite the possible indirect benefits 

associated with kin association, relatedness may not play a role in spatial associations during the 

rut at the population-level due to the costs that individuals could impose on kin. Also, although 

age did not affect spatial assortment, females above the age of 7 socialized less with 

conspecifics, which could be due to the senescence effect and competition avoidance. These 

social patterns may be observed during the time outside of the rut; however, further analysis 

must be done specific to these time periods.  
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Figure 1. Visualization of social networks in the year 2009 A) to C) (N = 35), and 2011 D) to 

F) (N = 32) during the Pre-, Peak-, and Post-rut. Nodes represent individual females, size of 

nodes is relative to the age of the female, and edge width represents proportion of time dyads 

spent together (i.e. SRI). Optimal community assignment was based on the modularity 

coefficient, Q, differentiated by colors. Social networks were simplified by only showing edges 

above the mean SRI. 
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Figure 2. Female association levels represented by the simple ratio index (SRI, A and C), 

mean relatedness (B and D), and mean age (E and F) between communities in all periods 

(Pre-, Peak-, and Post-rut) in the years 2009 (ACE, N = 35) and 2011 (BDF, N = 32). Periods 

are color-coded. Communities U, V, W, X, Y, and Z represent between-community values, while 

communities A to R represent within-community values. Between-community values were 

included in analysis to compare within-community data to between-community. Mean SRI was 

only significantly different between communities during the peak-rut in both 2009 (ANOVA, 

F3,591 = 552.58, p < 0.001) and 2011 (ANOVA, F3,492 = 264.658, p < 0.001). 
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Figure 3. Female association strength represented by individual-level metrics (strength, 

affinity, and eigenvector centrality) as a function of female age (A, C, and E) and age class 

(B, D, and F) in the years 2009 and 2011, combined (N = 67). Strength is the number of edges 

a node is connected to; affinity is the mean strength of an individual’s associates; and 

eigenvector centrality is how well connected an individual’s connections are to others. Color 

represents the Age Class that the females are categorized under: Younger females (1-7 years of 

age) and Older females (9+ years of age).   


