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ABSTRACT

Investigation of personality in subdominant male reindeer (Rangifer tarandus) and
its relation to somatic cost and reproductive success

Justin S. Strong

Animal personalities are individual behavioural tendencies that are consistent
across time and context. The presence of personality has yet to be assessed in reindeer
(Rangifer tarandus), a species where subdominant males may attempt to gain access to
females within a harem while risking physical confrontation with a dominant male. I
investigated bold-shy personality in subdominant male reindeer based on individual
subdominant male propensity to penetrate into a mating group and flight initiation
distance. I also investigated how boldness related to somatic cost and reproductive
success, respectively. Data was collected at the Kutuharju Reindeer Research Station in
Kaamanen, Finland, where measures of personality were generated using field
observation data based on the relative frequency of dominant male-subdominant male
agonistic interactions over four years and subdominant male flight initiation distance
measured over one year. Individual propensity to penetrate a mating group was not
significantly repeatable and therefore not a personality trait, but instead decreased with
subdominant male weight and group sex ratio, and was best described by a quadratic
relationship with day of the mating season. There was no relationship between propensity
and relative weight loss or reproductive success. Subject to no discernable fitness
consequences related to propensity to penetrate a mating group, individuals do not adopt
personalities and may instead base decisions on proximate factors. Flight initiation

distance increased with starting distance and was negatively related to trial number.



Individual flight initiation distance was significantly repeatable and therefore indicated

personality differences along the bold-shy axis.
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INTRODUCTION

Animal personality

Individual behavioural tendencies that are consistent across time and context are
referred to as animal personality (Dingemanse et al. 2004). Personality traits are not
dichotomous, but rather should be classified along a continuum; an individual phenotype
is not expressed as either “bold” or “shy”, it lies between these two extremes and
describes the individual’s degree of boldness (Réale et al. 2007). Animal personalities are
commonly categorized on the basis of one of five axes: shyness-boldness, exploration-
avoidance, activity, aggressiveness, and sociability (Réale et al. 2007). However, animal
personality research is evolving as researchers broaden their scope of potential
personality traits, expanding upon these main axes to consider a variety of prospective
behaviours within the personality paradigm, specifically those of ecological relevance to
the species (Koski 2014). Consistently correlated yet functionally different suites of
behaviours are known as behavioural syndromes, where individual expression of a
specific behavioural trait appears to be accompanied by the consistent expression of
another behavioural trait (Sih et al. 2004).

Included in an integrative view of animal personality is the understanding that a
given personality trait may be complemented by individual differences in plasticity in
that trait, and effectively illustrated using behavioural reaction norms (Dingemanse et al.
2010). This implies that individual expression of a behavioural trait does not stay fixed
relative to other individuals across contexts, but rather may vary, linearly or non-linearly,
across an environmental gradient and still constitute personality and personality

differences between individuals (Dingemanse et al. 2010). The mechanisms maintaining



animal personality are yet to be clearly substantiated (Réale et al. 2010). From traditional
theory homogenizing selection should work to erode individual behavioural differences
within a population, yet distinct and consistent individual differences exist in a wide
variety of behaviours. Researchers have proposed numerous potential processes by which
such personality differences may be maintained, the most common being a state-
dependent explanation (Réale et al. 2010) which posits that personality traits are linked to
a state condition (i.e. body weight, reproductive value etc.), ultimately relating consistent
differences in behaviour to differences in decision-making in order to maximize fitness
based on an individual’s current state (Dingemanse and Wolf 2010, Wolf and Weissing
2010). However, this assumes the perpetuation of consistent individual differences in
state, and does not elucidate the mechanisms maintaining these state differences nor why
they would be consistent across an environmental gradient (Dingemanse and Wolf 2010).
Relatedly, personality differences have been linked to consistent differences in life
history between individuals, with some researchers positing that personality differences
are maintained due to trade-offs in associated life history characteristics. For example,
Biro and Stamps (2008) elucidate the mechanisms by which personality differences could
be maintained through differences in life history productivity, such as boldness, activity,
and aggressiveness appear to be positively related to food intake, growth rate, and
fecundity in numerous species.

Réale et al. (2007) recommend that studies of animal personality be performed in
an experimental and controlled setting to avoid the inclusion of non-target behaviours.
However, field-based studies of personality may generate a more applied understanding

of the associations between personality and life history and fitness, by observing



ecologically relevant behaviour in a more natural setting. Powell and Gartner (2011)
attest that studies of personality based on recorded behavior in natural environments (i.e.
natural with regard to habitat and social setting) may provide the most thorough and
accurate examination of individual behavioural tendencies. Experimental tests may not be
applicable to personality traits stemming from the interaction of two of more individuals,
and the actual personality traits measured by an experimental behavioural test and how to
interpret the behaviours displayed may be difficult to ascertain (Powell and Gartner
2011).

The term “boldness” represents an individual’s propensity for risky behaviour
including its affinity for exploration in a novel environment (Wilson et al.1994). There
exists a considerably large body of research on a variety of taxa exploring individual
variation along the boldness-shyness continuum, including fish (Biro et al. 2010, Brown
et al. 2014), birds (Barnett et al. 2012, Patrick et al. 2013), reptiles (Carter et al. 2012,
Bajer et al. 2015), amphibians (Brodin et al. 2013, Gonzélez-Bernal et al. 2014),
invertebrates (Tremmel and Miiller 2012, Shearer and Pruitt 2014), and mammals
(Michelena et al. 2009). Within the latter, numerous researchers have examined boldness
and its association to life history and fitness in ungulates. In their study of fallow deer
(Dama dama), Bergvall et al. (2011) observed that boldness was related to foraging
decisions; boldness had a positive effect on the consumption of both novel food in non-
novel situations and non-novel food in novel situations. In addition, Ciuti et al. (2012)
concluded that harvested male elk (Cervus elaphus) were more likely to display risky
behaviour during life than non-harvested elk, which were typically shyer. Réale et al.

(2009) found that boldness was highly heritable in bighorn sheep rams (Ovis canadensis)



and was positively related to survivorship, as well as having a strong positive effect on
reproductive success later in life. In their comprehensive review of the fitness
consequences of personality traits, Smith and Blumstein (2008) show that across multiple

species in captivity, boldness is positively related to reproductive success.

Flight initiation distance

Researchers have also measured flight initiation distance to investigate how
individuals behave in risky situations. Flight initiation distance is the distance between an
individual animal and an approaching observer or other source of perceived risk upon
which the animal chooses to flee, and is an indication of the animal’s tolerance of risk
(Ydenberg and Dill 1986). The distance between the observer and animal at the start of
the approach is called the starting distance, and has been shown to influence flight
initiation distance (Blumstein 2003). Flight initiation distance has been used as a tool to
investigate boldness of individuals and groups of individuals in numerous taxa, including
ungulates (reviewed by Stankowich 2008), as well as life history characteristics that are
associated with such differences (Blumstein 2006). However, a relatively small amount
of research has been dedicated to elucidating consistent individual differences in flight
initiation distance applicable within the personality paradigm. As such, literature on the
subject is divided; Carrete and Tella (2009) observed considerable individual consistency
in flight initiation distance, while Runyan and Blumstein (2009) did not. Petelle et al.
(2013) observed that repeatability of flight initiation distance, and therefore the
emergence of personality, was linked to individual age class in that boldness was

significantly repeatable only in the youngest individuals.



Alternative mating strategies and tactics

In some species males display discrete variation in mating behaviour based on the
use of alternative mating strategies and tactics (Isvaran 2005). A mating strategy is a set
of rules, genetically based, by which an organism allocates its reproductive effort,
displaying one of numerous possible behavioural phenotypes called alternative tactics
(Gross 1996). Numerous mechanisms have been proposed to explain the maintenance of
such variation. Alternative strategies may be maintained by frequency-dependent
selection whereby the average fitnesses of all potential mating strategies are assumed
equal (Gross 1996). Additionally, it has been proposed that the existence of alternative
tactics is maintained by condition-dependence (Andersson 1994), whereby the adoption
of a specific mating tactic is dependent upon internal and external cues received by the
individual and functions to maximize individual fitness (reviewed by Dominey 1984).
Individual males, driven by internal cues based on phenotypic quality (e.g. body size),
may choose to adopt different mating tactics. Consequently variation in mating tactics

will exist so long as there exists variation in male quality in a population (Isvaran 2005).

Mating competition in ungulates

Polygynous mating systems often produce intense male-male competition for
access to mates, with females acting as a limited resource (Darwin 1871, Trivers 1972).
Variation in mating opportunity amongst males can be attributed to phenotypic variation
within a population. Phenotypic variation includes variation in mating behaviour which,
when consistent, may be responsible for consistent differences in mating success between

individuals. The ability of male ungulates to attain mates is highly variable, and



accordingly males may use alternative mating tactics in order to maximize their access to
potential mates (Clutton-Brock and Parker 1992). A hierarchal system is typically
established in ungulate species during the mating season (Gosling 1986, Miller et al.
1987), in which rank therein is closely related to age and phenotypic quality on the basis
of body size, body weight, and the size and complexity of horns and antlers (Epsmark
1964, Rutberg 1986, Lott and Galland 1987). Mating opportunity is determined in part by
social rank (Clutton-Brock 1982, Komers et al. 1997, Wolff 1998); the oldest and most
dominant individuals are typically able to secure more copulations than those
subordinate, creating an unequal distribution of mates and reproductive success amongst

males (Squibb 1985, Hirotani 1994, Reed et al. 2002, Willisch et al. 2012).

Study species

Reindeer (Rangifer tarandus) are a highly polygynous ungulate where both males
and females assume a stratified social system during the mating season in a period known
as the “rut” (Reimers 1972). Dominant males drastically decrease time spent foraging and
invest heavily in reproductive effort during the rut as part of a capital breeding strategy,
unlike young male reindeer (Kojola 1991), who in the presence of intense male-male
competition may invest more in time spent foraging to minimize mass loss during the
mating season (Greenwood 1980).

Dominant males attempt to monopolize access to estrous females in a polygynous
mating system based on female-defense, in which they try to maintain cohesion within
temporary harems by herding and tending females whilst inhibiting subdominant male

access to mates by chasing and displacing encroaching males (Epsmark 1964, Holand et



al. 2013, Body et al. 2014). This dominant male tactic is usually the most successful and
typically produces the greatest reproductive output (Hirotani 1994, Reed et al. 2002)
given that females typically mate with only one male each season (Epsmark 1964).
However, subdominant males do contribute reproductively (Roed et al. 2002, Roed et al.
2005) through the use of alternative tactics (Reed et al. 2002, Holand et al. 2013).
Subdominant males may attempt to gain copulations either by waiting to attain
dominance and control over part or all of a mating group, or through intermittent,
transient attempts on estrous females within a group. Consistent differences in the
propensity of subdominant males to attempt to gain transient access to sexually receptive
females that are centralized within the mating group, while receiving agonistic pressure
from the dominant male may reveal individual personality differences along the bold-shy
continuum (Wilson et al. 1994). Subdominant male boldness-shyness may also be
interpreted using measures of flight initiation distance to assess consistencies in risk
tolerance and aversion between individuals (Petelle et al. 2013). Differences in
subdominant male personality may translate into differences in mating effort and
ultimately somatic costs and reproductive success during the mating season (Smith and

Blumstein 2008, Biro and Stamps 2010)

Objectives

[ am aware of no studies that examine personality in reindeer, nor variation in
subdominant male mating behaviour in this species. Past research has incorporated
measurements of flight initiation distance in reindeer, however an investigation of

consistent differences in flight initiation distances amongst individuals is a novel



approach for this species and is under-examined in antecedent studies of flight initiation
distance as a whole (Stankowich 2008, Reimers et al. 2012). Moreover, this study aims to
elucidate potential fitness consequences of animal personality by means of relating
boldness to somatic cost and reproductive success, building upon previous literature in
order to develop a more comprehensive understanding of the adaptive value of
personality, its maintenance, and its evolutionary implications (Réale et al. 2010).
Relatedly, there is a demand for studies relating boldness to reproductive success in free-
ranging males (Smith and Blumstein 2008).

Using a semi-domesticated reindeer herd, the objectives of this study were to:
1) Develop methods to investigate individual boldness in subdominant male reindeer,
based on relative individual propensity to encroach within a mating group using direct
observation of subdominant males during the mating season, as well as measurements of

subdominant male flight initiation distance.

2) Examine energetic costs related to differences along the boldness-shyness axis.
Somatic costs of male mating behaviour have been previously examined in this
population using relative changes in body weight throughout the mating season (Holand

et al. 2006, Holand et al. 2013, Tennenhouse et al. 2011, Tennenhouse et al. 2012).

3) Investigate the relationship between boldness and reproductive success in subdominant

male reindeer.



Predictions

I predicted that:

1) Based on field observation, subdominant male propensity to encroach upon a defended
harem, as well as flight initiation distance, will be consistently different amongst
individuals; boldness indices will be significantly repeatable and constitute personality

differences between males.

2) Individuals that are bolder based on their propensity to penetrate into a mating group
will incur greater somatic costs during the mating season. Such individuals would likely
make use of energetically costly behaviour (i.e. being chased and displaced by a
dominant male) at a higher frequency than shyer individuals, which will translate into

differences in relative weight loss during the mating season.

3) Individuals that are bolder based on their propensity to penetrate into a mating group
will have higher reproductive success while shyer males, occupying the periphery of the
group, will have a lower chance of reproducing. In studies of domestic and captive
populations, bolder individuals were associated with higher reproductive success than

shyer individuals (Smith and Blumstein 2008).



METHODS

Study area and population

Data was collected at the Kutuharju Reindeer Research Station in Kaamanen,
Finland using a semi-domesticated herd of approximately 100 reindeer during the 2009,
2010, 2013, and 2014 mating seasons. This herd is free ranging for most of the year and
has been monitored during the rut since 1996. Reindeer were housed in one of two
enclosures (Lauluvaara = 13.8 km?, Sinioivi = 13.4 km?) during the mating season
allowing for manual division of the herd and manipulation of the age structure and sex
ratio. All individuals were fitted with VHF radio collars and assigned specific number-

color combinations on each collar for individual identification in the field.

Data collection

Mating groups were located each day using ground tracking by radio telemetry.
Group composition (i.e. the identity of all males and females within the group, as well as
the number of calves) was recorded upon arrival at a group, and following the addition or
departure of individuals to or from the group. As described in previous studies on this
herd (Body et al. 2014), mating group structure is highly dynamic and adult sex ratio
(ASR; the ratio of sexually mature males to sexually mature females) is variable across
relatively short time periods. Such variation in social and environmental context allows
me to assess personality differences between individuals based on consistency of
behaviour across a contextual gradient.

Subdominant male behaviour was recorded using the focal-animal technique

(Altmann 1974). This consisted of 15 minutes of continuous observation, during which

10



activity was classified into one of the following categories at the end of each 15 second
interval: rest, stand, walk, eat, fight, chase male, chase female, chased by male, chased by
female, herd, spar, displace male, displace female, displaced by male, displaced by
female, court, follow, flehmen, attempt copulation, or successful copulation, along with
the individual identity of all individuals involved in each interaction. Data collection
formed part of a long-term study (since 1996) on this herd, and as such, all behaviours
were recorded, including behaviours that were not used in this study. During the mating
season, a dominant male will chase or displace a subdominant male when the
subdominant male encroaches upon his harem or dashes into the group in an attempt to
access females within the interior of the group, who may be farthest along in their estrous
cycles and therefore more sexually receptive than those occupying the periphery (Q.
Holand pers. comm. 2013). The frequency in which a subdominant male is chased or
displaced by a dominant male therefore can be used as a proxy for its propensity to risk
transient attempts for access to potentially estrous females that are guarded by the
dominant male. For each subdominant male, I combined the frequency in which they
were chased or displaced by each dominant male in each group each day and used this
sum as its risk frequency score.

I recorded flight initiation distances for all males during the 2014 mating season.
To measure flight initiation distance I approached individual subdominant males from a
position anterior to them that appeared to be within their line of sight and walked at a
constant speed in a straight line towards each individual. My proximity to the focal
individual at the moment of flight was recorded to the nearest centimeter using a

measuring tape. Starting distance (the distance from the focal individual at which I began

11



my approach), total trial order for each individual male, the order of trials in a group each
day, date, and time were recorded for each trial. Between 5 and 17 trials were performed
opportunistically on each subdominant male over a period of 23 days.

To estimate somatic costs, all males were weighed to the nearest kilogram before
and after each mating season. Relative weight loss for each individual was calculated as
body weight in kilograms at the start of the mating season minus body weight after the
mating season divided by body weight in kilograms at the start of the mating season.

As per previous research on this herd, paternity of calves was inferred using blood
samples obtained from all individuals and analyzed for 16 DNA microsatellite loci as part
of an ongoing progeny testing within this experimental herd (Reed et al. 2002).
Parenthood assignments were analyzed with the simulation program software CERVUS
3.0 (Kalinowski et al. 2007), which is based on likelihood ratios between candidate
parents. Paternity of calves is resolved based on the mismatch of a minimum of two
microsatellite loci for exclusion (Reed et al., 2002), used to determine the number calves

sired by each subdominant male each year.

Statistical analyses

Variation in dominant male aggressiveness was likely to affect differences in the
frequency in which subdominant males were chased or displaced in each group
irrespective of subdominant male propensity to enter a mating group, and therefore was
quantified and controlled for in order to accurately assess subdominant male boldness
using this proxy behaviour. To assign each dominant male an aggressiveness score, |
created a generalized linear mixed model (GLMM) using a negative binomial distribution

(to account for overdispersion in the data) and a log link function with subdominant male

12



risk frequency score as the response variable, plus observation length, year, ASR, age,
day number (day of mating season beginning with first day of data collection each year),
day number?, and body weight as fixed effects, and dominant male identity as a random
effect (N = 683). I extracted the Best Linear Unbiased Predictor (BLUP), or conditional
mean, for the effect of dominant male identity on subdominant male risk frequency score
controlling for all other explanatory variables in the model and assigned these values as
the aggressiveness score for each dominant male. These values represent the individual
tendencies of each dominant male to instigate a chase event irrespective of subdominant
male identity. To assess consistency of risk-taking behaviour and the emergence of
personality in subdominant males during the mating season, I constructed a GLMM using
a negative binomial distribution (to account for overdispersion in the data) and a log link
function, with risk frequency score as the response variable, plus observation length,
year, ASR, age, day number, day number”, body weight, and dominant male
aggressiveness as fixed effects and subdominant male identity as a random effect (N =
683). The BLUP values for the effect of subdominant male identity on risk frequency
were extracted, and assigned to each subdominant male as a boldness score to be used in
subsequent analyses. Day number was included as a power term in both models to
investigate any potential parabolic relationships between male activity and day of the
mating season, based on previous evidence within this herd that male mating effort and
competition is at a maximum mid-way through the mating season, following and
preceding, respectfully, periods of lower activity (Holand et al. 2013). Observation time
was included to control for variation in time spent observing each subdominant male. In

all models body weight was scaled such that values were in hundreds of kilograms and
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day number values was scaled and centered in order to facilitate model conversion. All
models were created and analyzed using SAS software v. 9.3 (SAS 2010) with a
significance level of 0.05.

Using an information-theoretical approach (Burnham and Anderson 2002), I
compared the Akaike’s Information Criterion (AIC) values of linear models with and
without subdominant identity as a random effect to assess if subdominant male identity
contributed significant predictive power in explaining risk-taking behaviour, therefore
potentially suggesting the presence of personality differences in this trait. If the
difference in AIC values between the two models is less than or equal to 2 then the
difference in predictive power between the two models, and therefore the effect of the
inclusion or exclusion of the random effect term, is negligible (Burnham and Anderson
2004). I quantified the consistency of risk-taking behaviour by calculating the

repeatability of the risk frequency score for subdominant males within and across years,

v o _y
me (Vina = between-individual variation, V. =
indTVe

where repeatability is calculated as

within-individual variation; Boake 1989). If the inclusion of the individual random effect
significantly increases predictive power of the model and repeatability is relatively high,
this indicates that this trait is considerably consistent within and distinct amongst
subdominant males, indicating that it forms a personality trait for this species (Boon et al.
2007).

To assess the consistency of flight initiation distance in subdominant males I
constructed a GLMM with flight initiation distance in meters as the response variable,
plus age, body weight, starting distance, trial order for each individual male, and trial

order in each group each day as fixed effects and subdominant male identity as a random
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effect (N = 109). Observation number was included to account for any habituation that
may have occurred in subdominant male response to the observer as a perceived threat
when performing flight initiation distance measurements, as unavoidably I spent time
within the group and was perceived by other subdominant males whilst collecting this
data. Similarly, trial number was included to account for any individual habituation that
may have happened due to repeated measures using the same threat stimulus over an
extended period of time. As with the previous model, I compared AIC values of linear
models with and without subdominant identity as a random effect and calculated the
repeatability of flight initiation distance across individuals to infer any distinction and
consistency of flight initiation responses between and amongst subdominant males.

To investigate the relationship between boldness and somatic costs I constructed a
GLMM using a Gaussian distribution with relative weight loss as the response variable,
boldness (see previous model of risk frequency for calculation of this parameter),
boldness®, and age as fixed effects, and subdominant male identity as a random effect to
account for repeated measures of individuals (N = 50). Relative weight loss was log-
transformed to account for non-normality of data.

To investigate the relationship between boldness and reproductive success I
constructed a GLMM using a negative binomial distribution (to account for
overdispersion) and a log link function with number of calves sired each year as the
response variable and boldness (see previous model of risk frequency for calculation of
this parameter), boldness’, and age as fixed effects. Subdominant male identity was
included as a random effect to account for repeated measures of individuals (N = 40).

Note that for the results of all models, mean estimates are reported with their standard

15



deviations and parameter estimates with their standard errors.
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RESULTS

In total there were 45 individual subdominant males included in this study (Table
1), with a total of 1150 chases over four years (Table 1) in 683 mating groups (Table 1).
ASR of mating groups ranged from 0.1 to 2.0, with a mean ASR of 0.39 + SD 0.17
(Table 1). Subdominant males had a mean age of 2.39 &+ 1.23 years (Table 1) and a mean
weight of 105.12 +21.92 kg (Table 1).

Including individual subdominant male identity as a random effect (AIC =
1879.2) did not significantly increase the predictive power of the model compared to
when it was excluded (AIC=1877. 2; AAIC =2), therefore risk frequency score for
individual subdominant males was not significantly repeatable (repeatability = 0.225)
across years.

Risk frequency score significantly decreased with subdominant male weight (f = -
1.95+ 0.91, p = 0.046; Figure 1) and the group’s ASR (p =-2.50 £ 0.43, p <0.001),
where the presence of more males relative to females (higher ASR) in the mating group
resulted in individual subdominant males being chased less often (Figure 2). The effect of
“day number” on risk frequency was quadratic (Figure 3), with risk frequency increasing
initially (B = 0.10 &+ 0.05, p = 0.048) and decreasing afterward (B =-0.01 + 0.003, p <
0.001) in the latter part of the mating season. Expectedly, the number of chases increased
with observation time (f = 0.22 + 0.02, p <0.001) and dominant male aggressiveness (3
=1.59 £ 0.22, p <0.001). The age of subdominant males was not related to risk frequency
(B=0.11+0.16,p=0.487).

Flight initiation distance data was recorded for 8 subdominant males in the mating

season of 2014. The number of trials per male varied from 5 to 17, for a total of 109
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trials. Mean flight initiation distance was 12.54 + 6.47 m, with mean starting distance of
29.52 + 8.03 m. Mean age of subdominant males for all trials was 2.26 + 1.24 years, with
a mean weight of 108.61 + 27.80 kg. Flight initiation distance was significantly
repeatable (repeatability = 0.231) as subdominant ma le identity added significant
predictive power when included as a random effect in the model (AIC = 647.0) compared
to when it was excluded (AIC = 655.6; AAIC = 8.6).

Flight initiation distance increased with starting distance (B = 0.29 + 0.07, p <
0.001; Figure 4), and decreased with the number of trials performed on each male (f = -
9.78 = 3.30, p = 0.004; Figure 5) as well as the order of trials in each group each day ( =
-4.53 £ 1.40, p = 0.002; Figure 6), yielding smaller flight initiation distances with each
trial.

Relative weight loss during the mating season for subdominant males ranged from
-0.0588 kg to 0.314 kg, with a mean of 0.0935 £ 0.099 kg over all four years (2009:
0.111 +£0.098 kg, 2010: 0.105 £ 0.094 kg, 2013: 0.129 + 0.133 kg, and 2014: 0.008 +
0.043 kg). There was no discernable relationship between relative weight loss and
boldness (p = 0.653), although relative weight loss increased with subdominant male age
(B=0.005 £0.002, p=0.018; Figure 7).

The number of calves sired by each subdominant male was calculated for 35 of
the 45 subdominant males included in this study where blood samples were available,
with some males siring calves in multiple years for a total sample size of N =40. The
number of calves sired by each male ranged from 0 to 15 across all years, with 17 of 40
(42.5%) cases resulting in males siring no calves. The mean number of calves sired was

2.18 £3.37 across all years (2009: 2.13 £ 4.15 calves, 2010: 2.15 + 2.96 calves, and
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2013:2.50 + 2.38). Older subdominant males sired more calves (f =0.81 £0.19, p <
0.001; Figure 8), but there was no discernable relationship between the number of calves

sired by a subdominant male and boldness (p = 0.462).
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DISCUSSION

Assessment of personality

To my knowledge this is the first study examining personality and repeatability of
behaviour in reindeer. My prediction, that individual propensity to penetrate into a mating
group would be consistent enough to constitute a personality trait, was not supported as
this behaviour was not significantly repeatable across years. The repeatability of this
behaviour was slightly lower than average relative to other studies of behavioural
repeatability (Bell et al. 2009). Rather the frequency of this behaviour, what I have
deemed an indication of boldness in this species, appears to be best predicted by
phenotypic and environmental factors and not individual identity. However, individual
flight initiation distance was significantly repeatable and suggests the existence of
personality differences along the boldness-shyness axis. In one of the few published
examinations of individual consistency in flight initiation distance, Carrete and Tella
(2009) yielded similar results with burrowing owls (Athene cunicularia) in which
individuals varied consistently in flight initiation distance, albeit at considerably higher
repeatabilities than in this study. My results therefore present a discord in elucidating
subdominant male personality; one measure represents bold and shy behaviour as distinct

between and consistent within individuals, while the other does not.

Boldness as related to encroachment in a mating group
Risk frequency score decreased as mating group ASR increased (Figure 2), thus
the addition of subdominant males in a mating group resulted in each male making less

transient attempts into the group for access to females. However, previous researchers
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have shown that individual male reproductive effort, including the number of mating
attempts, increases with the number of males in a group (Evans et al. 2003). Resource
defense theory suggests that competition and aggression between males should increase
as the operational sex ratio (OSR; the ratio of sexually active males to fertilizable
females) increases but only up until a certain point, in which male-male aggression peaks
before decreasing in groups with many males compared to females as male-male
aggression becomes too costly to maintain (Brown 1964, Clutton-Brock et al. 2008). In a
previous study on this herd, Tennenhouse et al. (2011) found that mature dominant males
increased the frequency of agonistic interaction with subdominant males as the number of
females in the group increased (and thus ASR decreased), a trend that complies with the
results of my study. In groups with higher ASR (thus fewer females relative to males),
dominant males appear to chase and displace encroaching subdominant males less
frequently than in groups with a lower ASR. This may also be evidence for the “dilution
effect” on harassment, where the presence of more individuals requires the dominant
male to partition harassment between more recipients, necessitating fewer agonistic
interactions for each individual (Clutton-Brock et al. 1992).

In this study, lighter males encroached upon a defended mating group more
frequently than heavier subdominant males, subjecting themselves to more agonistic
pressure from the dominant male (Figure 1). Previous research on this herd has shown
that male reindeer of different ages and weights may show discretely different mating
behaviour (Tennenhouse et al. 2012). Lighter, subdominant males have been shown to
use mating tactics specialized towards “sneaky” copulations (Reed et al. 2002) in which

they maintain subdominant rank and attempt to gain copulations while appearing to try
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and remain inconspicuous within the group. Higher-ranking males of higher phenotypic
quality may be more likely to confront and overtake the dominant male, and may
experience more receptiveness from females. Therefore, heavier males may invest more
in attaining dominance over a group and thus access to a harem of females and less in
transient attempts upon females that are guarded by a dominant male (Holand et al.
2013). As such, lighter males may need to rely more heavily on “sneaky” copulations,
and therefore resort to brief transient attempts on females within a defended harem,
ultimately presenting themselves as bolder.

Mating season in this herd generally occurs between mid-September and late
October, lasting approximately 3 weeks (Tennenhouse et al. 2012). In this study, the
number of transient attempts on females by subdominant males was at a maximum about
one week into a three-week observational period (Figure 3). Male-male competition,
including dominant male intolerance for subdominant males, and mating activity in this
herd have been shown to be at a maximum in a period known as “peak rut”, which may
coincide roughly with this point (Holand et al. 2013, Body et al. 2014). It is in this period
when females are generally later in their estrus cycle and most sexually receptive (Kojola
1986), and as such males likely increase mating effort to maximize their chances of

fertilization.

Boldness as related to flight initiation distance
Flight initiation distance decreased with both the number of previous trials on an
individual in a season (Figure 5) and the number of previous trials in a group in a single

day (Figure 6), indicating habituation in subdominant male flight initiation response with
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repeated exposure. The prevalence and effects of habituation in previous studies of flight
initiation distance in ungulates is inconsistent; in some studies flight initiation distance
shortened with repeated exposure to human observers, while others showed an increased
flight initiation distance with repeated exposure and others showed no effect of human
exposure on flight initiation distance (reviewed by Stankowich 2008). Additionally trials
with larger starting distances yielded larger flight initiation distances (Figure 4), a pattern
mirrored in previous literature (e.g. Blumstein 2003). As such, this emphasizes the need
to account for habituation and starting distance, either manually or by statistical inclusion
of appropriate covariates, to maximize the accuracy and reliability of flight initiation
distance analyses.

Flight initiation distance was strongly positively correlated with boldness as
measured by propensity to penetrate a harem (r= 0.757), such that individuals that were
more likely to risk transient attempts on females (and therefore bolder based on this
measure) chose to flee earlier when confronted by a human observer (shyer based on this
measure). This apparent contradiction may be explained by an increased exposure to risk
from the dominant male; subdominant males that are more willing to penetrate a harem
may need to be more vigilant and sensitive to an approaching threat, such as a dominant
male, in order to ensure their safety and avoid physical harm whilst attempting transient
copulations on guarded females. These males may therefore be more reactionary to
potential threats such as a human observer, proactively avoiding potential harm by

maintaining larger flight initiation distances.

23



Somatic cost and boldness

Boldness did not explain variation in subdominant male relative weight loss
during the mating season. Kojola (1991) indicated that young males who are heavier at
the beginning of the mating season display greater relative weight loss than males that are
lighter, and that time spent eating is inversely related to male initial weight. To
complement this, my results reveal that boldness decreases as subdominant male weight
increases (Figure 1). In consequence, lighter bolder subdominant males may also be
eating more than heavier, shyer males (Kojola 1991), compensating for potential costs
related to being more bold and ultimately masking any discernable relationship between
boldness and somatic cost using relative weight loss during the mating season. Akin to
findings by Kojola (1991), my results indicate that older subdominant males experienced
greater relative weight loss than younger subdominant males (Figure 8). In the presence
of intense male-male competition, as exists in reindeer mating systems, young males may
compensate for lower phenotypic quality by investing more in somatic growth to
maximize competitive ability, compared to older males that would possess greater energy
reserves and be able to invest more in reproduction, ultimately incurring greater somatic
costs (Greenwood 1980). Older, prime-aged male reindeer typically lose more weight
than younger males during the mating season (Mysterud et al. 2003), a pattern also
evident in red deer (Mysterud et al. 2008) and other ungulate species (reviewed by

Mysterud et al. 2004).
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Reproductive success and boldness

Reproductive success based on the number of calves sired was not related to
boldness in subdominant male reindeer. Réale et al. (2009) have presented contrary
results in another ungulate species, bighorn sheep, where bolder males sired more calves,
albeit this relationship being stronger for older rams compared to younger rams. Boldness
appears to be positively related to reproductive success in other taxa as well (e.g.
zebrafish, Danio rerio; Ariyomo and Watt 2012) and in some species there is even
evidence of female choice for bolder males compared to shyer ones (e.g. guppy, Poecilia
reticulata; Godin and Dugatkin 1996). In this study, 27 of 39 (69.2%) subdominant males
sired only one calf or less. Therefore there may be insufficient variation in reproductive
success to reveal any causal relationship between boldness and success in this herd. What
variation there was in reproductive success was explained in part by subdominant male
age; older males sired more calves than younger males (Figure 9). Reproductive success
has been found to increase with age in most iteroparous species (Part 1995), including

reindeer (Roed et al. 2005).

Conclusion and future research

Subdominant male reindeer propensity to penetrate into a guarded mating group
does not manifest itself as a personality trait in this species, and the modest variation that
exists in such tendencies is not related to fitness differences in the form of somatic cost
and reproductive success. Variation in this propensity appears to be better explained by
male weight as well as social and temporal factors. Without any discernable fitness

consequences, a lack of selection pressure on individual propensity to risk confrontation
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with a dominant male could explain why individuals do not display an affinity towards
any consistency in transient attempts upon guarded females, but instead may base such
decisions on proximate factors. Individual consistency in flight initiation distance
however does manifest personality in this species. Consistent differences in individual
susceptibility to human disturbance may arise from differences in exposure to and
experience with human handlers as part of reindeer husbandry efforts using this herd. As
such, individuals may differ in both perceived risk and reaction to such a disturbance
when confronted by a human observer. Personality differences may have consequences
for the ability and efficiency of reindeer herders in handling these individuals, and should
be considered in husbandry efforts.

Future research should examine personality in this species in a more controlled
setting, using a similar framework as previous animal personality research based on
experiment set-ups implemented to reduce environmental variance (Both et al. 2005,
Réale et al. 2007). Greater environmental variance in a relatively uncontrolled field
setting may contribute to greater inter-individual variation in behaviour, masking
personality differences that may otherwise present themselves if personality were
examined in a more controlled and concise way. Such an experiment may be made more
feasible if researchers examined personality based on a behaviour or a combination of
behaviours involving only the focal individual (for example see Réale et al. 2009), as
opposed to incorporating as markers of personality behaviours that require two or more
individuals, as was implemented in this study. Relatedly, future research on this species
should aim to disentangle any relationships between personality and relevant components

of this species’ ecology if they exist, including but not limited to life history and
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reproductive success as examined in this study. Expanding our knowledge of male
reindeer rutting behaviour and reproductive success can benefit our understanding of
reindeer population dynamics (Mysterud et al., 2003). As such, future research of this
kind may have economic implications for reindeer husbandry in northern Europe and
elsewhere. Powell and Gartner (2011) suggest that husbandry programs should consider
the structure and compatibility of personalities within domestic populations. Insight from
this study pertaining to the reproductive potential of certain personality types in male
reindeer may be used to organize the composition of mating groups in ways that will

maximize reproduction; and therefore economic output for reindeer herders.
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TABLES

Table 1: Composition and characteristics of subdominant males and mating groups over four years. ASR = Adult sex ratio.

Number of males by age Average male Average male Total times  Mating

Subdominant weight (kg + age (years % chased by groups  Average
Year males (n) 1 2 3 4 5 6 SD) SD) dom. male (n) (n) ASR = SD
2009 17 3 3 4 4 2 1 110.10£21.37 2.60+1.30 203 300 0.39+0.17
2010 21 4 6 4 5 1 1 104.214+21.34 2.41+1.17 302 275 0.41+0.12
2013 6 1 2 2 0 1 0 97.45£16.67 1.91+0.83 309 47 0.30+£0.27
2014 8 3 2 2 0 1 0 90.66+22.48 1.61+£0.94 336 61 0.41+0.22
Total 45! 11 13 12 9 5 2 105.12421.92 2.39+1.23 1150 683 0.39+0.17

'"Total number of subdominant males over all four years of data does not equal the sum of subdominant males in each year as some males were present
in multiple years.
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Table 2: Parameter estimates + standard errors with corresponding t-values and p-values
for a generalized linear mixed model of subdominant male risk frequency score
(frequency of being chased or displaced by dominant male in each group each day) with
subdominant male identity as random effect. All years are in comparison to 2014. Weight
parameter is scaled to units of kilograms x 100. Bold p-values indicate statistical
significance (a = 0.05).

Parameter Estimate £ SE  t- value  p-value
Year (2009) -1.136+0.318 -3.58 0.002
Year (2010) -0.607+0.315 -1.93 0.071
Year (2013) 0.030+0.351 0.08 0.933
Observation 0.223+0.016 13.60 <0.001
Age 0.113+0.159 0.71 0.487
Day number 0.101+0.051 1.98 0.049
Day number” -0.010+0.003 -3.38 0.008
Avg. sex ratio -2.50+0.426 -5.86 <0.001
Weight -1.95+0.906 -2.15 0.046
Dom. Ag. score 1.59+0.218 7.28 <0.001
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Table 3: Parameter estimates + standard errors with corresponding t-values and p-values
for a generalized linear mixed model of subdominant male flight initiation distance in
meters with subdominant male identity as random effect. Weight parameter is scaled to
units of kilograms % 100. Triall parameter is the trial number of flight initiation trials per
group per day. Trial2 parameter is the trial number of flight initiation trials per
subdominant male for the entire season. Bold p-values indicate statistical significance (o
=0.05).

Parameter Estimate + SE t- value p-value
Weight 8.04+3.49 2.31 0.057
Starting distance 0.287+0.067 4.28 <0.001
Triall -4.538+1.397 -3.25 0.002
Trial2 -9.784+3.303 -2.96 0.004
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Figure 1: Risk frequency as measured by propensity to penetrate into a mating group in
relation to subdominant male weight in kilograms. The black line represents the

model predictions and the grey area represents the 95% confidence interval.
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Figure 2: Risk frequency as measured by propensity to penetrate into a mating group in
relation to the adult ratio of males to females (ASR) in the mating group. The black
line represents the model predictions and the grey area represents the 95% confidence

interval.
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Figure 3: Risk frequency as measured by propensity to penetrate into a mating group in
relation to day of mating season since start of data collection each year. The black
line represents the model predictions and the grey area represents the 95% confidence

interval.
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Figure 4: Flight initiation distance (FID) in meters in relation to starting distance in
meters of each trial. The black line represents the model predictions and the grey area

represents the 95% confidence interval.
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Figure S: Flight initiation distance (FID) in meters in relation to total trial order for each
subdominant male. The black line represents the model predictions and the grey area

represents the 95% confidence interval.
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Figure 6: Flight initiation distance (FID) in meters in relation to the order of trials for all
subdominant males within a group each day. The black line represents the model

predictions and the grey area represents the 95% confidence interval.
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Figure 7: Relative weight loss as a percent in relation to subdominant male age. The
black line represents the model predictions and the grey area represents the 95%

confidence interval.
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Figure 8: Number of calves sired in relation to subdominant male age. The black line
represents the model predictions and the grey area represents the 95% confidence

interval of those predictions from the model.
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