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ABSTRACT

Sexual segregation is a common phenomenon among social animals. It is
characterized by the separation of the sexes outside the breeding season. One of the
species to exhibit this phenomenon is the red deer, our study species. This ungulate is
known to be vastly distributed around the world, and the largest mammal in both Portugal

and Denmark.

In this study, we aim to compare the patterns of sexual segregation of different red
deer populations and interconnect them with population and environmental factors. We
used camera-traps as our field method and placed them in various sampling points
scattered in Lousd Mountain (Portugal) and Central Jutland (Denmark).

Our results showed a significant difference in the mean number of individuals per
group and a different aggregation period during the breeding season, in both countries.
With the information obtained, we found that when different red deer populations are
subjected to distinct environmental factors, changes in the start and duration of the rut
season may arise. Globally, our results provide support to both the predation-risk
hypothesis and the forage-selection hypothesis, as they provide an explanation for some

of the observed sexual segregation patterns.

In conclusion, we recognise that environmental factors, such as latitude, day-
length and temperature can be crucial to better understand red deer grouping dynamics.
In the future, further research, to comprehend the riddles behind sexual segregation and
the triggers to rut, and a better assessment of the species’ activity patterns is necessary,

as well as a comparative large-scale survey between various populations.

Keywords: Red deer; Sexual segregation; Grouping patterns; Camera-traps;

Environmental factors.
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RESUMO

z

A segregacdo sexual é um fendmeno comum entre animais sociais. E
caracterizado por uma separacdo dos sexos fora da época de reproducédo. Uma das
espécies a exibir esse fendbmeno € o veado, a nossa espécie em estudo. Este ungulado
€ conhecido por estar amplamente distribuido pelo Mundo, sendo o maior mamifero em

Portugal e na Dinamarca.

Neste estudo, pretendemos comparar os padrbes de segregacdo sexual de
diferentes populacdes de veados e interliga-los com fatores populacionais e ambientais.
Utilizamos camera-traps como método de campo e colocdmo-las em varios pontos de
amostragem dispersos na Serra da Lousd (Portugal) e no Centro da Jutlandia
(Dinamarca).

Os nossos resultados mostram uma diferenca significativa no nimero médio de
individuos por grupo e um periodo de agregacéo diferente durante a época reprodutiva,
em ambos os paises. Com as informagdes obtidas, descobrimos que, quando diferentes
populacdes de veados estdo sujeitas a fatores ambientais dispares, podem ocorrer
mudangas no inicio e na duragdo da brama. Globalmente, 0os nossos resultados
fornecem suporte para a hip6tese predation-risk e a hip6tese forage-selection uma vez

gue permitem explicar alguns dos padrBes de segregacao sexual observados.

Em concluséo, reconhecemos que fatores ambientais como latitude, duracdo do
dia e temperatura podem ser cruciais para entender melhor a dindmica de agrupamento
dos veados. No futuro, pesquisas adicionais, para compreender 0s enigmas por tras da
segregacdo sexual e os estimulos para a brama. De igual forma, é necessaria uma
melhor avaliacdo dos padrfes de atividade da espécie, bem como um levantamento

comparativo em larga escala entre vérias populagoes.

Palavras-chave: Veado; Segregacado sexual; Padrdes de agrupamento; Camera-

traps; Fatores Ambientais.
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CHAPTER 1 - INTRODUCTION

1.1. Sexual segregation
1.1.1. Concept

Sexual segregation is a common phenomenon among social mammals and is
described as the male and female separation outside the breeding season (Ruckstuhl,
2007; Ruckstuhl & Neuhaus, 2002). It is a behavioural pattern that occurs at different
time and spatial scales and ecological scenarios, on top of having important

management and conservation implications (Main, 2008; Main et al., 1996).

Many hypotheses have been proposed to explain sexual segregation in ungulates,
but a complete agreement is lacking in the scientific community (Alves et al., 2013b;
Bonenfant et al., 2007; Bonenfant, Loe, et al., 2004; Ruckstuhl, 2007). The ability to
reach an understanding is delayed by the various terminologies presented, combined
with an absence of measurement ability (Bonenfant et al., 2007), and standardized field
methodologies.

In polygynous ungulates, like our study species, Cervus elaphus, functional and
causal explanations can be used to interpret sexual segregation. These are influenced
by social, spatial, and temporal factors such as the periodicity of mating opportunities,
population densities, resource distribution, and environmental conditions (Main et al.,
1996; Ruckstuhl & Neuhaus, 2000). These factors affect the degree of sexual
segregation, causing it to be highly variable between populations (Putman & Flueck,
2011).

1.1.2. Hypotheses

Five main hypotheses were described to explain sexual segregation. These
hypotheses are mostly based on (1) sex-differences in vulnerability to predation or
reproductive strategies (predation-risk or reproductive strategy hypothesis); (2) sex-
differences in digestive abilities and consequently forage selection (forage-selection
hypothesis); (3) sex-differences in activity budgets (activity-budget hypothesis); (4)
differences in social preferences (social-affinity hypothesis) and (5) differences in social-

factors (social-factor hypothesis) (Ruckstuhl, 2007).

The predation-risk hypothesis (or reproductive strategy hypothesis — RSH) predicts
that male exploit areas where nutritious forage is always abundant (except in the

breeding season), even if these areas have a high predation risk (Main et al., 1996; Main
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& Coblentz, 1996; Ruckstuhl, 2007). The females, on the other hand, choose areas with
higher security to offspring (e.g., areas with vegetation cover or escape habitats),
considering that the latter is more vulnerable to predation (Bonenfant, Loe, et al., 2004;
Main, 2008; Main et al., 1996; Ruckstuhl & Neuhaus, 2000, 2002). The areas chosen by
females also have to present optimal conditions to ensure offspring survival, such as the
presence of water during parturition and lactation (Main et al., 1996; Main & Coblentz,
1996). This type of segregation peaks around calving time (birth of offspring) and it is
ultimately attributed to sex differences in reproductive strategies (Bonenfant, Loe, et al.,
2004; Ruckstuhl, 1998, 2007). The female’s reproductive strategy is dictated by the
offspring’s survival, whereas the male’s is dictated by an increase in energy reserves, in

preparation for the breeding season (Main et al., 1996; Ruckstuhl & Neuhaus, 2006).

The forage-selection hypothesis (FSH) assumes that the sexes segregate due to
differences in body size, which lead to different energy requirements and therefore
different forage selection (Ruckstuhl & Neuhaus, 2000). This hypothesis states that
females, because of their smaller body size and therefore lower digestive efficiency,
need higher quality foods, in opposition to males, that feed on abundant, low-quality, and
high-fibre forages (Bowyer, 2004; Han et al., 2020; Main et al., 1996; Main & Coblentz,
1996; Ruckstuhl, 2007). This type of segregation peaks when differences in the spatial
distribution of high- and low-quality forages are highest (Main et al., 1996), and can also
happen between lactating and non-lactating females (Bowyer, 2004; Main & Coblentz,
1996; Ruckstuhl & Neuhaus, 2006).

The activity-budget hypothesis (ABH) presumes that a social group can only be
cohesive if all its members have synchronized activities (e.g. foraging and resting)
(Conradt & Roper, 2000). It also expresses that mixed-sex groups have a lower level of
activity synchrony between their individuals than single-sex groups, resulting in
intersexual differences in activity rhythm (Bonenfant, Loe, et al., 2004; Conradt, 1998).
This assumption leads to different activity-budgets in males and females, even when
feeding on the same plants and in the same habitat (Ruckstuhl & Neuhaus, 2000). As a
consequence, mixed-sex groups are more likely to segregate (except in the breeding
season) than single-sex groups, which are more stable in terms of homogeneity in
activity patterns (Bonenfant, Loe, et al., 2004; Conradt, 1998). That happens because
activities synchronization in mixed-groups may be too costly to maintain, therefore
animals with similar body size and energetic needs (same age, sex-classes and
reproductive status) form groups to minimize this cost (Bon & Campan, 1996; Ruckstuhl
& Neuhaus, 2000, 2006).
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The social-affinity hypothesis (SAH) proposes that there is an innate preference
for the sexes to group, leading males to interact more with other males and females to
do the same with other females (Bon & Campan, 1996; Ruckstuhl, 2007). According to
this hypothesis, the sexes display a different social motivation to interact, leading to
behavioural incompatibility (Alves et al., 2013b). Even if the group contains individuals
with very dissimilar behaviours (e.g. females and offspring), they stay together, because
the individuals have a shared motivation and carry their maintenance activities
(Ruckstuhl & Neuhaus, 2006). However, even though this assumption increases group
cohesion within single-sex groups, similarities in nutritional requirements and activity-
budgets are more likely to hold this cohesion (Bon & Campan, 1996; Ruckstuhl, 2007;
Ruckstuhl & Neuhaus, 2000).

The social-factor hypothesis (SFH) invokes an aspect of aggression of one sex
towards the other (Main et al., 1996; Ruckstuhl, 2007; Ruckstuhl & Neuhaus, 2006), as
well as, a necessity, in males, to interact with other males (Alves et al., 2013b; Main et
al., 1996). This stems from the fact that males develop fighting skills, evaluate rivals and
establish hierarchies, more efficiently, when in only male groups (Wang et al., 2018). In
fact, sexual segregation may simply be a consequence of male-group preferences
without any direct function (Ruckstuhl, 2007; Ruckstuhl & Neuhaus, 2000). The
aggression aspect of this hypothesis explores the fact that males become more
aggressive with each other, in the presence of females, therefore becoming less social
to avoid costly social interactions with other males (Ruckstuhl, 2007; Ruckstuhl &
Neuhaus, 2006; Wang et al., 2018; Weckerly, 2001).

As previously mentioned, the literature has many explanations for sexual
segregation in ungulates. To facilitate the understanding process and therefore present
a better overview of the hypotheses, a summary of the assumption associated with each

of them is shown in Table 1.
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Table 1. A review of the sexual segregation hypotheses and its predictions.

Predictions
Hypotheses Intersexual Intrasexual Habitat Sources
segregation segregation segregation
Females choose (Main et
Males and areas that al. 1996:
Predation females provide food and Main &’
Risk segregate most - water resources, C
: . ; oblentz,
(RSH) during calving and that increase 1990
and lactation security to 19965
offspring
Males and (Barboza
) & Bowyer,
females Non-lactating 2000
segregate females Males choose Beier’
Forage because they segregate from areas with more 1987"
Selection select different  lactating females  ubiquitous and Bo e’r
(FSH) quality food due to their fibrous plants 1;\;33/4, '
(differences in  distinct nutritional than females ’
digestive needs Demment
efficiency) & Soest,
1985)
Males and
females ha_v&_e Females with Females show a
different activity .
offspring greater
. patterns due to ) (Conradt,
Activity . , segregate from proportion of ,
differences in ' L 1998;
Budget ; other females foraging activity,
body size, . Ruckstuhl,
(ABH) ener because they while males 1998)
. gy have different spend more time
requirements and activity patterns ruminatin
digestive yp 9
efficiency
Females do not
Males and segregate due to
females show a differences in
Social preference for  their reproductive (Bon &
Affinity the same sex status; Males of - Campan,
(SAH) groups outside different ages 1996)
the breeding segregate into
season single age
groups
Males and
females
segregate due to Males of different
Social aggressive ages do not (Main et
Factor behaviours, segregate into - al., 1996)
(SFH) which associated single age v
with social groups

preferences lead
to unisex groups

22



1.2. Study species — Red deer, Cervus elaphus
1.2.1. Species distribution

Of the existing 40 species of deer, 15 live primarily in the temperate and cold zones
(30°- 80° latitude) (Gyllensten et al., 1983; Lincoln, 1992).

Red deer is indigenous® within the 30°-65° N latitude zone, with a Holarctic? but
discontinuous distribution (Meiri et al., 2018; Mitchell et al., 1977). It is one of the most
widely distributed mammals in the world, occurring naturally in temperate and southern
Europe, North America, North Africa, and Central and East Asia (Salazar, 2009). In
Europe, red deer occurs throughout most of the continent except in northern
Scandinavia, Finland, and Iceland (Zachos & Hartl, 2011).

There are several subspecies of red deer, such as the British red deer (C. e.
scoticus), Norwegian red deer (C. e. atlanticus), Swedish red deer (C. e. elaphus),
Central European red deer (C. e. hippelaphus) and the Iberian red deer (C. e. hispanicus)
(Baskin & Danell, 2003; Zachos & Hartl, 2011). The subspecies are divided into a
western lineage (Europe, North Africa, and Western Asia) and an eastern lineage
(Eastern Asia and North America) (Meiri et al., 2018).

The largest wild populations of this species, in Portugal, are found in Alentejo,
International Tagus Natural Park, Lousd Mountain, and Montesinho Natural Park
(Coelho, 2018). In Denmark, it is known to be dispersed all over the country (Strandgaard
& Simonsen, 1993).

1.2.2. Morphology and Ecology

Cervus elaphus, known as red deer, is a mammal of the Cervidae family and an
ungulate, meaning that it is a hoofed animal. It is a species characterized by extreme
diversity in morphology, physiology, ecology and geographical distribution (Asher et al.,
2019).

Red deer is a highly sexually dimorphic species with marked segregation of the
sexes (Bonenfant et al., 2007), with males being larger than females. This sexual
dimorphism is described as a morphological differentiation of sexually mature males and
females (Fairbairn, 1997) and is noticeable by their body size and by the presence of

secondary sexual characters. However, sexual size dimorphism is undetectable in

1 A species is indigenous to a region if its presence is the result of only natural processes, with no human
intervention.
2 A biogeographic realm that encompasses most habitats found throughout the northern continents of the world.
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calves (>1 year old) (Lincoln, 1971a; Mattioli et al., 2003), leading to difficulties in sexing

them.

Red deer is the second largest European deer (Peixoto, 2014), varying
considerably in weight throughout their world range (Mitchell et al., 1977; Suttie &
Hamilton, 1983). The Iberian subspecies differs from others mainly due to its smaller size
(Garde et al., 2006).

Males (stags) weigh on average 160 kg, and females (hinds) 108 kg (males are
1.5 bigger than females) (Peters et al., 2019). In Mediterranean regions, stags are
approximately 175-250 cm long, weighing 130-180 kg, and hinds are 160-210 cm long,
weighing 80-120 kg (Garcia, 2016; Soriguer et al., 1994). These differences express a
sexual dimorphism of 37£3% in terms of body size (Alves et al., 2013b). Stags from
eastern Europe are the largest of them all, weighing up to 350 kg (Suttie & Hamilton,
1983).

Within this species characteristics, we can identify an elongated body and snout,
broad robust head with lateral eyes (Peixoto, 2014). Eastern red deer have longer snouts
and shorter foreheads whilst the Danish red deer have larger mandibles (Lowe, 1972).
The tail is short and brown in contrast with the perianal area which has a whiter
colouration (Soriguer et al., 1994).

Red deer calves, up to 2 months of age, have white dorsal spots, which favour
camouflage in the vegetation, as well as a dark streak in the dorsal midline, a
characteristic that they lose around six months of age (Peixoto, 2014). We can also
discriminate the age of an individual up to 3-4 years of age, by studying the gradual

changes in dentition (Azorit et al., 2002).

The individuals of this species alternate between a darker reddish-brown coat
colour in summer and a grey or grey-brown woolly coat in winter that they shed in May
and June (Kay & Ryder, 1978; Ryder & Kay, 1973). This is also affected by body
condition, with impaired animals tending to moult late (Mitchell et al., 1976). The winter
moult, in October, is less noticeable considering that the new coat is growing (Ryder,
1977). Moulting has two functions (1) replacement of worn-out hairs and (2) providing
different coats for each season, allowing appropriate colour changes (in comparison with

the environment) and insulation (Ryder & Kay, 1973).

When mature, stags in good condition cast their antlers in March and April, as the
breeding season (rut) approaches, and also lose their “velvet” skin (Hyvarinen et al.,
1977; Mitchell et al., 1976). This velvet skin (short hairs), when frayed off, by late July
and August, leaves the stags with hard dead headpieces (Goss, 1969a; Kay & Ryder,
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1978; Lincoln, 1971b; Mitchell et al., 1976). These antlers are bony structures that grow
in stags, during the summer months when food is usually abundant (Hyvarinen et al.,
1977; Suttie et al., 1984). Their size is correlated with the males breeding success (Kruuk
et al., 2002) and usually start to develop after the first year of age (Lincoln, 1971a), being
also related to age. At this time, we can also witness the body becoming more robust,
the coat hairier (longer), the neck thicker and the ears more separated than in females
of the same age (Peixoto, 2014; Ryder, 1977).

From autumn to spring, when the animal’s nutrition is poor, the antler bone remains
attached to the pedicle but is now dead and inert (Hyvarinen et al., 1977). It only begins
to grow again once the hinds are carrying new foetuses, allowing the males to spend

more energy in feeding activities (Georgii & Schroder, 1983).

The maximum lifespan in this species is about 20 years (Mitchell et al., 1977) being
the average for males 9-11 years old and for females 11-13 years old (Clutton-Brock et
al., 1986). The life of an individual can be, therefore, divided into three phases (1) <5
years, active growth and development; (2) 5-10 years, maximum body size, condition
and reproductive efficiency; and (3) >10 years, progressive decline (Mitchell et al., 1976).
During the first years of life, while the growth potential is highest, stags grow as large as
they can and as fast as they can (Mitchell et al., 1976; Suttie & Hamilton, 1983). Meaning
that sexual selection will favour faster early growth rates in males, with a greater
allocation of parental resources to juvenile males (Clutton-Brock et al., 1981). This
happens because males have to be heavier than females to have the same chance of

survival (Loison et al., 1999).

1.2.3. Grouping dynamics
Red deer shows marked sexual segregation, and lives mostly in unisex groups,
except in the breeding season (Coelho, 2018; Mitchell et al., 1977; Peixoto, 2014).

Group size is variable between and within populations (Mitchell et al., 1977) and
can vary depending on population density (Baskin & Danell, 2003; Jedrzejewski et al.,
2006). Most red deer prefer to stay in small groups, varying between 1-3 individuals
(Alves, 2013), with the group mean being around 2.4 individuals, in Portugal (Salazar,
2009).

Individuals can be grouped into three age classes (1) calves (<1 year); (2) sub-
adult (between 1-2 years in females and 1-3 years in males) and (3) adult (>2 years for
females and >3 years for males) (Alves, 2013; Garcia, 2016). Based on group

composition (number of animals of each sex and age-class), red deer groups can be

25



classified into five typologies (1) solitary males; (2) solitary females; (3) bachelor groups;
(4) matriarchal groups and (5) mixed groups (formed by at least one adult male and one
adult female) (Alves, 2013; Baskin & Danell, 2003).

Matriarchal groups are the most common group outside the breeding season and
are formed by adult females, sub-adult females and offspring (<1-2 years old males or
females) (Santos, 2009; Soriguer et al., 1994). As soon as mature (adult), females rarely
disperse from their natal group, associating with their mothers and other maternal figures
throughout their lives, with overlapping territories and feeding areas (Carranza, 2017;
Clutton-Brock et al., 1986; Coelho, 2018; Soriguer et al., 1994). The females establish
themselves around the territory occupied by their mother, maintaining a high level of
relationship with each other, due to the bond formed between family members (Baskin
& Danell, 2003; Soriguer et al., 1994).

The opposite happens with males. When they mature, they gradually isolate
themselves, until they are independent of their maternal group, and leave their home
ranges (Georgii & Schroder, 1983; Soriguer et al., 1994). Males join the so-called
bachelor groups, which tend to consist of similarly aged males, fluctuating between 2-7
individuals (Santos, 2009). These males have a strong hierarchy of dominance
established (Carranza, 2017) and invest substantial energy to reach a higher rank
(Esattore et al., 2020, 2021).

Larger and mixed groups can be expected in the breeding season, due to the
species reproductive behaviour. Males and females come together to mate, forming a
harem (group of hinds protected and monopolised by a male) (Jedrzejewski et al., 2006;
Pefia et al., 2021).

Stags aged 7-11 years (prime stags) are the first to hol