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Influence of operational sex ratio and male age on mating competition intensity in
reindeer (Rangifer tarandus)

The operational sex ratio (OSR), the ratio of sexually active males to sexually
receptive females, is one of the main measures used to predict the intensity and
direction of mating competition, influencing the opportunity for sexual selection. Here,
we conducted the first experimental study to investigate how OSR and male age impacts
the intensity of mating competition in reindeer (Rangifer tarandus), under semi-natural
conditions during the rut. We manipulated OSR on two levels in two enclosures, a
female biased treatment (32:69 = OSR 0.5) and a sex balanced treatment (33:3% =
OSR 1), over two years with males from two age groups, and with females of various
ages. We found some support for prevailing OSR theory, notably with female
intrasexual competition occurring at lower frequencies in OSR 1 than OSR 0.5, and
male intrasexual competition occurring at higher frequencies in the older male age
group. Courtship behaviour was found to occur at higher frequencies in OSR 1 than
OSR 0.5, however, there was no effect of male age. To successfully pass on genes to
the next generation, one needs access to mates and winning a competitive bout is not
always indicative of successfully accomplishing gene flow. Studies on OSR have the
potential to help us understand the drivers behind sexual competition and how best to

predict breeding outcomes during a rut.

Keywords: sexual selection, animal behaviour, mating systems,

operational sex ratio, Rangifer tarandus, intrasexual competition



44

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

INTRODUCTION

Over the last five decades, there has been a significant body of research
investigating the ecological factors that promote differences in the intensity of sexual
selection, both within and among species. While the intensity of sexual selection largely
depends on the level of competition for mates, the degree of competition depends on
two factors: the difference in parental investment of the two sexes and the operational
sex ratio (Krebs & Davies 1987). Operational sex ratio (OSR) is considered one of the
main predictors for the intensity and direction of mating competition (Kvarnemo &
Ahnesjo 1996), where it represents the ratio of sexually active males to sexually
receptive females, in a given breeding group, at a given time. When the OSR s biased
towards one sex, it is expected that there will be more intense competition among
members of the non-limiting sex for access to the limiting sex (Clutton-Brock & Parker
1992). The intensity and direction of biases in OSR can be influenced by the potential
reproductive rates (PRR) of the sexes (Clutton-Brock & Parker 1992), the spatial and
temporal distribution of the sexes (Krupa & Sih 1993), the adult sex ratio (ASR) of the
population, differences between the sexes in age at maturity (Pitnick 1993),
reproductive longevity, migration schedules, and mortality rates (Iwasa & Odendaal
1984).

Since the recognition of OSR being influenced by sex differences in PRR, there
has been an emphasis in the literature on determining which sex is the most competitive
in a species. The literature which is male biased has resulted in less attention being
focused towards examining differences in intrasexual competition among both sexes,
with respect to OSR (Grant & Foam 2002). Of the few studies that have investigated
competitiveness of both sexes simultaneously, female biases in OSR have been found to
also result in an increase in female-female competition (Debuse et al. 1999; Forsgren et
al. 2004; Grant & Foam 2002; Kvarnemo et al. 1995).

Overall, across various taxa, most studies support the OSR based predictions for
the occurrence of intrasexual competition among males (Emlen & Oring 1977; Janicke
& Morrow 2018; Weir et al. 2011); however, the literature is less consistent when
investigating male courtship behaviour. Traditional OSR theory predicts that male
courtship rates will increase as the OSR becomes increasingly more male biased (Emlen
& Oring 1977; de Jong et al. 2012), however, many studies show the exact opposite
trend (Chuard et al. 2016; Verrell & Krenz 1998; Weir et al. 2011). It has been
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suggested that this trend could simply be due to females being limited in supply within
male biased OSR treatments; therefore, if male competition increases with OSR, there
will be less opportunity to engage in courtship displays (de Jong et al. 2012; Jirotkul
1999).

To date, literature investigating the ability of OSR to predict the intensity and
direction of mating competition has primarily dealt with males of small bodied taxa, in
controlled environments (Weir et al. 2011). Various studies have suggested that the
predictable effects of OSR may not be as generalizable across taxa as previously
thought, proposing that the value of OSR at which a prediction can be made will vary
from species to species (Balshine-Earn 1996; de Jong et al. 2009; Wacker et al. 2013).
Furthermore, very few studies have investigated how an experimentally manipulated
OSR influences mating competition or the opportunity for sexual selection in mammals
(but see: Klemme et al. 2007; Zhang & Zhang 2003).

Among wild populations of mammals, great variation exists in the abundance of
male and females within a group due to sex specific patterns in mortality rates (see:
Berger & Gompper 1999). Ungulate species exemplify this range of variation, such as
with wild goat (Capra aegagrus), where the ASR can be as high as 1.42 males per
female, or as low as 0.22 males per female, as is the case with the African buffalo
(Syncerus caffer; Husband & Davis 1984; Prins & lason 1989). Within cervidae,
reindeer (Rangifer tarandus) represent an ideal opportunity for studying mate
competition in relation to variation in sex ratios. Males of this species exhibit harem
defense polygyny during a well-defined rutting period, where the gregariousness of
females allows males to directly monopolize them (Espmark 1964; Geist 1999;
Melnycky et al. 2013; Skogland 1989). The reproductive success of male reindeer has
been shown to be highly skewed as well, with the older more dominant individuals
siring the most calves (Reed et al. 2002). Sex ratio has also been found to be an
important factor for influencing variance in male reindeer reproductive success. As the
ratio becomes more balanced, older dominant males switch from guarding large groups
of females to restricting access to individual females that are in oestrus (Rged et al.
2002). Due to a lack of paternal care in this species, males can devote a considerable
amount of energy towards reproduction, where they perform intensive fighting and
courting behaviour (Espmark 1964; Skogland 1989). These high energy competitive

interactions between individuals result in considerable somatic costs during the rut
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(Holand et al. 2012; Mysterud et al. 2003). Finally, since reindeer are a semi-
domesticated species and are maintained under semi-natural conditions, they provide an
excellent opportunity to experimentally investigate the influence of OSR on the
reproductive behaviour of a mammalian species.

The aim of the present study was to use an experimental approach to investigate
how the rutting behaviour of 1.5 and 2.5-year-old male reindeer is influenced by either a
balanced OSR (33:39 = OSR 1) or a female-biased OSR (33:69 = OSR 0.5), in an
effort to expand the generalizability of present mating systems theory. Due to the rarity
of studies in OSR literature investigating both male and female reproductive behaviour
simultaneously, we also incorporated female rutting behaviour in our design. Based on
prevailing OSR theory we can make several predictions. (1) Higher frequency of male-
male competition is predicted for the OSR 1 treatment in comparison to OSR 0.5,
whereas the opposite is predicted for the frequency of female intrasexual competition.
(2) Similar to many other ungulate species, reindeer are polygynous and exhibit
conventional sex roles; therefore, it is expected that males will engage in higher levels
of intrasexual competition than females regardless of the OSR treatment. And (3) the
frequency of male courtship behaviour is predicted to be higher in OSR 1 due to the
utilization of alternative mating tactics. Similar to various other taxa, male reindeer
exhibit age-dependent differences in reproductive effort and mating tactic utilization
(Tennenhouse et al. 2012), therefore the following predictions can be made on age
specific responses: (i) older males are expected to engage in higher intrasexual agonistic
encounters compared to younger males in OSR 1 and (ii) it is expected that courtship

rate will be higher among the 2.5-year-old males than 1.5-year-old males.

MATERIALS AND METHODS

Ethics Statement

The data collection and safe handling of animals was conducted in accordance
with the Animal Ethics and Care certificate provided by Concordia University (Protocol
number 30000303) and by the Animal Experiment Board in Finland (Protocol number
ESAVI/7711/04.10.07/2016).
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Study Location and Research Herd

Behavioural sampling occurred over the course of two field seasons, at the
Kutuharju Experimental Reindeer Research Station maintained by the Reindeer
Herder’s Association, near Kaamanen in Northern Finland (69°N, 27°E). Sampling for
the first field season utilized 2.5-year-old male reindeer and went from September 29" —
October 15™, 2016. The second field season utilized 1.5-year-old male reindeer, and
sampling occurred from October 1%, 2017 — October 17, 2017. The research station’s
total area is 45 km?. Two fenced enclosures were utilized for each field season, both
with an area of 0.5 km?, and shared 0.4 km of fencing. These areas are largely
characterized by birch (Betula spp.) and Scots pine (Pinus sylvestris) forests, along with

the presence of many bogs and lakes (L'Italien et al. 2012).

Experimental Design

The OSR was manipulated on two levels, a female biased OSR of 0.5 (33:6%)
and a balanced OSR of 1 (37:39), to investigate its impact on inter and intra-sexual
competition. Female ungulates typically exhibit a short and highly synchronous oestrus
(de Vos et al. 1967); therefore, it is expected that the number of females in oestrus will
follow an inverse U — shaped pattern. This results in many females being in oestrus
during peak rut, and very few during early and late rut (Hirotani 1989). In a managed
population, where the number of mature males remains constant, OSR is predicted to
follow an inverse U — shaped pattern, with a maximum during peak rut, resulting in
fewer individuals ready to reproduce during early and late rut. Considering this pattern,
a male biased OSR is likely to put males at risk of injury and was thus omitted as a
possibility in this study to avoid animals being harmed.

A total of 6 male reindeer (either 1.5 or 2.5-years-old) and 27 female reindeer
(mixed age) were included in each field season. To ensure that any effect of treatment
on male behaviour was due to OSR alone, both male age and density were kept
constant, resulting in only 2.5-year-old males being utilized in 2016 and only 1.5-year-
old males being utilized in 2017. Male reindeer in each study year were fitted with very
high frequency (VHF) collars to allow tracking of breeding groups in the enclosures
using radio telemetry. Both field seasons consisted of three trials, each with a duration
of 5 days, and were separated by an acclimation day. At the beginning of each trial, the

same six males were haphazardly ordered into one of two enclosures by local reindeer
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herders, whereas 9 new females were separated at random into either enclosure for each
trial representing either an OSR of 0.5 or 1. Additionally, between each trial, the OSR
assignment for the enclosures was rotated randomly.

Due to the relatively large-scale nature of this study, with many recording
techniques and the use of two enclosures simultaneously, data was collected by two
observers. Prior to the start of each field season, both observers agreed on descriptions
of the behaviours to be examined and a shared ethogram was constructed (Table 1).
During this pre-field season time frame, data was collected simultaneously by both
observers to calculate the index of concordance for behavioural sampling, ensuring both
observers were accurately recording the same behaviours (Martin & Bateson 2007). The
index of concordance was 88% for behavioural sampling and 98.3% for focal sampling
in the 2016 field season. For the 2017 field season, the index of concordance was 93%

for behavioural sampling and 99.5% for focal sampling.

Oestrus Synchronization

To ensure the successful synchronization of female receptivity during the rut, a
two-injection protocol of estrumate® (cloprestenol sodium), a synthetic analogue of
prostaglandin that promotes oestrus in cattle, was utilized (Hardin et al. 1980; Johnson
1978; Odde 1990). Due to its success with cattle species and its wide safety margin for
both the treatment receiving females and produced progeny, estrumate was deemed a
safe treatment for our study species (MSD Animal Health 2013). Females were injected
intramuscularly with 1 mL of estrumate (0.25 mg cloprestenol sodium) by a registered
veterinarian with experience administering the hormone. Once the first injection was
completed, a 10-day lag period commenced prior to receiving a second injection. After
the second injection they were herded into their experimental enclosures. In normal
cycling cattle, oestrus is expected to occur 2-5 days following the second injection. It is
also important to note that females were kept in a separate enclosure away from males

to ensure copulation did not occur before any trial commenced.

Behavioural Observations

Agonistic and courtship data were collected using behavioural sampling,
whereby groups of both sexes were continuously observed for a period of 15 minutes,
with a total of 45 minutes of sampling per hour. For behavioural sampling to occur,
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half the group or more needed to be visible to the observer. A group is defined to be a
cluster of individuals within 100m of each other, comprising of two or more individuals,
regardless of their sex and are separated by 100m from another group (Tennenhouse et
al. 2011). The behaviours of interest for this sampling were: chase, spar, fight, displace,
head threat, attempted copulation, copulation, mate guarding, bush thrashing, scent
marking, sneaking, follow, court, herd, grunt and flehmen (Espmark 1964; Tennenhouse
et al. 2012). Additionally, the identity of the individuals involved were identified and
recorded in the field using binoculars, along with the interaction type, classified as:

male-male (M-M), female-female (F-F), or male-female (M-F).

Statistical Analysis

Generalized linear mixed models (GLMMs) were used to analyze the intensity
of intra- and inter-sexual interactions, and male focal behaviours by using the
‘Ime4’package (Bates et al. 2015). Co-linearity between variables was assessed by
calculating the variance inflation factor (VIF), where if VIF > 2.5, the predictors
involved were removed from the model. Both OSR and male age were found to have
VIF values of 1.0, therefore they were utilized as predictors. Applying a backwards
stepwise approach to model selection fit, we first assessed if any interaction terms were
significant. If the interaction was non-significant, the term was dropped from the model.
All models were fitted with a Poisson distribution and a log link function. If
overdispersion was detected, the GLMMs were fitted with a negative binomial
distribution. Regardless of the behaviour of interest, reindeer ID was assigned as a
random factor in every model to control for non-independence of observations due to
the same six males being observed across the three trials per year (Thiele & Markussen
2012).

In the agonistic models (intrasexual & intersexual), the response variable was
the daily pooled frequency of occurrence of agonistic behaviours (counts), which
included the following behaviours: displace, chase, spar, fight, and head threat. These
GLMMs assessed whether the response variable varied with OSR level (0.5 or 1), male
age (1.5 or 2.5-years-old), sex (male or female), and the interaction terms. The courtship
models included the daily pooled frequency of occurrence of courtship behaviours

(attempted copulation, copulation, mate guarding, follow, court, herd, and flehmen) as
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the response variable. These GLMMs assessed whether male courtship varied between
OSR treatments, male age, or if there was a significant interaction between the two.

All analyses were conducted using R version 3.3.3, with the significance level
set at 0.05 (R Core Team 2017).

RESULTS

Agonistic Interactions

Female intrasexual agonistic interactions were found to occur at significantly
lower frequencies in OSR 1 (parameter estimate = -0.5694, 95% CI = -0.97-1.72, -
0.14182; p<0.05 = 0.015; see Fig. 1a). The frequency of male intrasexual agonistic
interactions were not found to vary significantly with OSR (parameter estimate = 0.12,
95% CI =-0.22, 0.47; p=0.49); however, there was a significant trend for male-male
agonistics to be higher for 2.5-year-old males than 1.5-year-old males (parameter
estimate = -0.50, 95% CI = -0.95, -0.054; p<0.05; Fig. 1b). With respect to male-female
agonistic interactions a marginally significant difference was found for OSR (parameter
estimate = -0.43, 95% CI =-0.86, 0.0092; p = 0.055; Fig. 1c), suggesting that male-
female agonistic interactions occurred at higher frequencies in OSR 0.5. Lastly, the
interaction term for OSR and sex for male and female intrasexual agonistic interactions
was found to be significant (parameter estimate = -0.61, 95% CI =-1.14, -0.091; p <
0.05; Fig. 1d), suggesting that males and females engaged in differing frequencies of
intrasexual agonistic interactions depending on OSR.

Male Courtship

The frequency of occurrence of male courtship behaviours was not found to vary
significantly with male age (parameter estimate = -0.49, 95% CI =-1.22, 0.25; p=0.19).
In contrast, a significant difference was found for the effect of OSR (parameter estimate
=0.56, 95% CI = 0.016, 1.1; p<0.05), with courting behaviours occurring more
frequently in OSR 1 (Fig. 2).

DISCUSSION

Operational sex ratio is thought to be one of the main predictors of the intensity

and direction of mating competition (Kvarnemo & Ahnesjo 1996). In this study, we
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exposed 1.5 and 2.5-year-old male reindeer to two different OSR treatments, to
investigate whether OSR and male age played an important role in the intensity of
mating competition.

We found support for a higher frequency of female-female agonistic encounters
in OSR 0.5 vs OSR 1. Among female mammals, there are high energetic costs
associated with maternal care, such as with gestation and lactation, resulting in direct
resource competition among females (Rosvall 2011). However, it has been shown that
females, like males, do compete for access to mates, through activities such as threat
displays (ex: Vervet monkeys, Chlorocebus pygerythrus; Horrocks & Hunte 1983),
punishment (ex: Cleaner wrasse, Labroides dimidiatus; Raihani et al. 2010), harassment
(ex: Gelada baboons, Theropithecus gelada; Dunbar & Dunbar 1977; ex: Moose, Alces
alces; Miquelle 1991), reproductive suppression (ex: Damaraland mole rat, Fukomys
damarensis; Young et al. 2010), and less commonly, fights (ex: Meerkats, Suricata
suricatta; Clutton-Brock & Huchard 2013; Sharp & Clutton-Brock 2011). In some
ungulates that exhibit harem defense during a well-defined mating season, it is common
for there to be synchrony of sexual receptivity among females, resulting in competition
among females for the attention of males (Bro-Jorgensen 2002, 2011). A strong case for
evidence that mate limitation could drive female competition, as predicted by OSR
theory, was observed in the saiga antelope (Saiga tatarica), after poaching created a
heavily biased sex ratio towards females, resulting in dominant females aggressively
excluding subdominant females from mating (Milner-Gulland et al. 2003).

It has been suggested that one of the main causes for female-female mate
competition among ungulate species arises from sperm limitation, occurring from males
engaging in high rates of mating during peaks of rutting activity. Sperm limitation is
promoted by factors such as female promiscuity, synchronized breeding and strong
female mate preferences, resulting in fewer males being considered as eligible mates
(Ahnesjo et al. 2001; Bro-Jorgensen 2011). Female reindeer exhibit a short and highly
synchronous oestrus, with most females entering oestrus during peak rut.
Approximately 90% of females breed in a 10-21-day period, with calving occurring the
following spring (Bergerud 1975; Dauphiné & McClure 1974; Ropstad et al. 1996;
Rowell & Shipka 2009). Males in this study herd typically copulate with most females
during peak rut (Weladji et al. 2017). We found that 2.5-year-old males engaged on

average in more courting behaviours on day 2 of each trial, coinciding with when
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oestrus was expected to be induced for most of our females. It is plausible that the
higher female-female agonistic encounters we observed in OSR 0.5 supports the idea of
females competing for the fittest mate. Specifically, in OSR 0.5 where males are the
limiting sex, aggressive interference among females might be a strategy for the winner
to successfully acquire the fittest mate’s sperm by avoiding sperm depletion if the fittest
mate first breed other females. Thus, such agonistic encounters between females could
be functioning as a way to gain the attention of desired mates, thereby increasing the
probability of mating for aggressive females (Clutton-Brock 2009; Baniel et al. 2018).
This concept has been proposed with the topi antelope (Damaliscus lunatus jimela),
where females in oestrous who engaged in higher frequencies of agonistic interactions,
increased their chances of mating with the favoured mate (Bro-Jorgensen 2007). This
could also lead to a situation where male choosiness comes into play when male mating
rates are being constrained by female efforts to monopolize mating opportunities with
preferred males (Bebie & McElligott 2006; Bro-Jorgensen 2007, 2011).

While this result increases our understanding of female-female interactions, it is
important to acknowledge, that we did not control for female density or absolute
density, therefore it is difficult to conclude that this effect on female-female agonistic
interactions was entirely due to OSR and not a density related effect or an interaction
between the two. Kokko and Rankin (2006) proposed that competition for mating
opportunities would be correlated with density, where dominant individuals will have
more opportunity to monopolize mates at higher population densities, thereby leading to
an increase in the potential for sexual selection with increased density. Both population
density and OSR are not independent of one another and together likely influence
sexual selection by affecting the encounter rate of mates (Clutton-Brock & Parker
1992). Within the literature, there is contradictory evidence on the influence of density
on competition intensity for mates. Some studies support the predicted increase in
intrasexual competition with population density (Jirotkul 1999; Smith & Sargent 2007,
Lauer et al. 1996), while others appear to oppose or show no clear support of these
predictions (McLain 1992; Head et al. 2008; de Jong et al. 2009).

Though we did not find support for the prediction that agonistic interactions
between males would occur at higher frequencies in OSR 1, male age did significantly
impact the rate of agonistic interactions. Agonistic interactions were witnessed at higher

rates in 2.5-year-old males than 1.5-year-old males regardless of OSR. It is plausible
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that our lack of support for varying OSRs influencing intrasexual competition among
male reindeer could be adding to evidence that suggests the predictive effects of OSR
on mate competition varies between species and may not be as generalizable as
previously thought (e.g.: Balshine-Earn 1996; de Jong et al. 2009; Wacker et al. 2013).
The significant difference in male-male agonistic interactions in 2.5-year-old males
compared to 1.5-year-old males suggest that though both age groups are not fully
considered adults even though they are reproductively active, the additional year of
experience the 2.5-year-old males have during a rut, is significant enough to influence
the intensity of competition for mates more so than the younger males (Mysterud et al.
2003; Mysterud et al. 2004).

Within the literature there is a discrepancy in courtship results when comparing
between laboratory and field studies (see: de Jong et al. 2009). Typically, field studies
support the idea that OSR regulates mating competition, whereas laboratory studies
commonly report results that are contradictory to traditional OSR theory. A meta-
analysis by Weir et al. (2011) revealed that competitive behaviours do not always
increase linearly with an increasing OSR bias towards the competitor’s own sex. This
result highlights that the nature of the relationship is context dependent, and the type of
mating behaviour being investigated can be an example. Denoél et al. (2005) did not
report significant differences in courting behaviour and agonistic interactions of alpine
newt (Triturus alpestris) males between male biased OSRs or balanced OSRs. Contrary
to the findings of laboratory studies and in line with traditional OSR theory in the field,
our research demonstrated that the rate of male courtship was present at higher
frequencies in OSR 1 vs OSR 0.5, independent of male age. In the sex balanced OSR,
OSR 1, males have fewer possibilities to control a harem without other males
challenging them for the same females given the limited availability of mates.
Therefore, it may be possible that in OSR 1 where it is more costly to engage in male-
male agonistic interactions, the mating strategy is to increase the frequency of courtship
displays thereby also providing an opportunity for females to choose their mate. In OSR
0.5 where there are more females to males, it may be too risky to focus on the more
passive courtship displays as opposed to being more aggressive with agonistic
interactions and winning the female over.

Moreover, it was recently suggested that due to the dynamic nature of OSR

during the reindeer rutting season, the intensity of mating competition may not be a
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main driver for male mating behaviour. This was supported by the observation that male
mating behaviour followed a pattern of adjustment in accordance with the time of the
rut and social environment (Weladji et al. 2017). Further suggesting that other factors
should be considered along with OSR as researchers attempt to expand classic
predictions across various taxa. In fact, a myriad of other factors impact competition for
mates, such as mortality (Okuda 1999), the cost of reproduction (Kokko & Monaghan
2001), mate quality (Johnstone et al. 1996), and density (Kokko & Rankin 2006).

In summary, we found support for predictions based on OSR theory with respect
to female-female agonistic encounters occurring at lower frequencies in OSR 1; and that
under the same OSR, male-male agonistic encounters would occur at greater
frequencies compared to OSR 0.5. We did also find support for our prediction of
conventional sex roles based on OSR theory, where the frequency of occurrence of
intrasexual agonistic encounters varied based on the reindeer being male or female and
the OSR treatment involved, with males engaging in higher frequencies overall. We did
not find support for our prediction that male courtship would have lower frequencies of
occurrence in OSR 1 due to a rise in male-male agonistic encounters.

Furthermore, the evidence we presented here, highlighting age contrasts in
behavioural maturity of reindeer males, may serve as a cautionary piece of information
for herd management. While, male reindeer are technically sexually mature by 17-18
months old, their lack of previous rutting experience leaves them at a disadvantage with
respect to acquiring mates (McEwan 1963). Maintaining young male age class structure
and female biased sex ratios, may potentially result in younger males not properly
developing strong courting strategies due to the lack of older and experienced
individuals to learn from, which can lead to delays in calving, lower birth synchrony,
delay the development of body mass, and shifts in offspring sex ratio (Milner et al.
2007).

Although we did observe some support of prevailing OSR theory, our results on
male-male agonistic and male courtship add to a growing body of evidence in the
literature showecasing that the predicted positive relationship between mating
competition and OSR may be an oversimplification (Klug et al. 2010), such that the
value of OSR as a predictor of mating competition likely varies between species and
ecological conditions. Our emerging trends based on male age cohort comparison,

further highlight the importance of considering other factors that impact competition for
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mates, such as prime reproductive age. This is especially true for future research aiming
to expand the generalizability of OSR theory to a wider range of taxa and ecological

conditions.
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Tables

Table 1. An ethogram of agonistic and courtship behaviours exhibited by reindeer

(Rangifer tarandus) in a semi-domesticated population in Kaamanen, northern Finland,

inspired by Espmark (1964) and Tennenhouse et al. (2012). Reproductive behaviour

data based on this ethogram was collected using behavioural sampling, over the course

of two rutting seasons, from September 29" — October 15", 2016, and October 1 —

October 171, 2017.

Behaviour Description Codes

Rest Lying down, sleeping, or ruminating. R

Stand Standing and not showing any movement S
behaviour or foraging behaviour.

Walk Slow movement.

Foraging Eating behaviour. E

Chase Displace an individual and pursue that individual
over time and space.

Herding Perusing a female until she returns to the mating H
group.

Spar Short bouts of locked antlers coupled with SP
agonistic behaviours to determine social rank.

Displace One individual approaches another, and that D
individual retreats.

Court Following a female or walking beside her while CO
performing mating behaviours.

Copulation attempt Mounting without copulation. AC

Copulation Mounting with pelvic thrusting. COP

Bush thrashing The rubbing of antlers against shrubs or small BT
flexible trees.

Sneaking Staying in the outskirts of a group and gaining SK
access to females while the dominant male is
engaged in another mating tactic or agonistic.

Scent marking Urination on hind legs. SM
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606

607

608

Head threat

Grunting

Follow

Flehmen

Mate Guarding

Shaking of head to show off antlers (can lead to
displacement).

A series of low sounding, husky, rapid rattles,
which are brought about by frequent expirations of
air.

Following an individual (behind them).

The upper lip is curled, nose is wrinkled, and the
head is raised and stretched forward. Tongue
undulations are made directed towards a female.
Keeping other males away from a female.

Following her, side by side.

HT

FO
FL

MG

Figures
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Figure 1. The negative-binomial linear model predictions for the average frequency of
occurrence (counts) of pooled agonistic behaviours (displacement, chase, spar, fight and
head threat) with the 95% confidence interval bars of male (1.5- or 2.5-year-old) or
female (mixed age) reindeer (Rangifer tarandus) between OSR treatments: (a) The
relationship between female-female (F-F) agonistics and OSR, independent of male
age, (b) The relationship between male-male (M-M) agonistics, and male age,
independent of OSR, (c) A comparison of male and female intersexual (M-F)
agonistics in relation to OSR, independent of male age, and (d) The relationship

between intrasexual agonistics and OSR, independent of male age.
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Figure 2. The negative-binomial linear model predictions for the average frequency of
occurrence (counts) of pooled courtship behaviours (attempted copulation, copulation,
mate guarding, follow, court, herd and flehmen) with the 95% confidence interval bars
of mixed age female and either 1.5- or 2.5-year-old male reindeer (Rangifer tarandus),

independent of OSR.
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