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1.Introduction

1.1 Sexual conflicts

Males and females often have differing levels of investment in reproduction, each aiming to
enhance their own fitness while still focusing on the success of any resulting offspring (Aloise

King et al., 2013).

Based on Bateman's principle regarding the potential mating rates between the sexes, males
typically invest fewer resources per offspring compared to females (Wedell et al., 2006). This
leads to their higher mating rates, as they are thought to have a natural inclination towards
promiscuity, with their mating opportunities being restricted mainly by access to females
(Bateman 1948, Aloise King et al., 2013). Conversely, females, particularly mammals, invest
significantly in offspring, and their mating rates are constrained by their reproductive biology,
including lengthy periods of pregnancy and lactation (Aloise King et al., 2013). Consequently,
females are expected to be inherently more selective than males when it comes to choosing

mates (Bateman 1948, Aloise King et al., 2013).

Due to this difference in the minimal investment required for a successful offspring, sexual
conflicts arise (Kokko and Jennions, 2008), defined by Parker (2006) as conflicts between the

evolutionary interests of individuals of the two sexes.

1.2 From coercion to social bonds — male and female mating tactics

Male tactics to obtain mating opportunities

A direct example of such a disparity in interests is sexual coercion, which is comprised of forced

copulation, harassment, and intimidation (Clutton-Brock and Parker, 1995).

Although the terminology surrounding involuntary copulation itself is difficult and leads to the
question of the anthropomorphic conception of nonhuman behaviours, what generally
characterises coercion is the exhibition of aggression or intimidation by males towards females

to compel copulation against her will (Gowaty, 2019).

In numerous species exhibiting pronounced intersexual dimorphism, typically characterised by
larger body sizes in males, sexual coercion can emerge as the primary reproductive strategy

employed by males (Clutton-Brock and Parker, 1995). This is observed in various species,
1



including the Sumatran orangutan (Fox, 2002), chimpanzees (Watts, 2022), northern elephant
seals (Le Boeuf and Mesnick, 1991) as well as in non-mammalian vertebrates such as reptiles,
fish and birds (Gowaty, 2019).

South American sea lions (Cappozzo et al., 2008) and sea otters are among the species where
males engage in harassment by repeatedly attempting to copulate with females, which can then
lead to injuries or even death (Clutton-Brock and Parker, 1995, Harris et al., 2010), while
chacma baboons and chimpanzees use intimidation as a form of sexual coercion and
punishment for refusing to mate with them (Clutton-Brock and Parker, 1995, Baniel et al.,

2017).

Female counter strategies

Despite the risk of injury or even death, females tend to resist copulation attempts through

defensive actions such as fighting back, running away, or hiding (Gowaty, 2019).

In some species, females can invest in bonding with certain males as a behavioural strategy to
counter male coercive attempts. For example, female Sumatran orangutans (Wilson and
Mesnick, 1997) and savanna baboons form protective bonds and mate with adult males who

provided protection to them and their offspring (Clutton-Brock and Parker, 1995).

Social bonds in mammals

Affiliative relationships or bonds can develop between males, females, or both, including within
family groups and beyond, while this widespread formation of bonds is thought to be driven by
natural selection (Seyfarth and Cheney, 2012). The benefits of bonds vary widely, ranging from
improved reproductive success (Silk et al., 2010), increased birth rates and offspring survival
(Cameron et al., 2009), to improved stress resistance, and health advantages for all individuals

involved (Yee et al., 2008).

Bottlenose dolphins have been observed to engage in sexual coercion (Scott et al., 2005) as well
as in the formation of temporary consortships (Owen et al., 2002). Consortship, described as a
temporary socio-sexual association between a male and a female during a female's estrus period,
is also observed in rthesus macaques. This consortship can last for several days, following which
females have the opportunity to form new consortships with different males (Weingrill et al.,

2000).



In addition to short-term associations, long-lasting bonds are observed as well. They are present
in many group-living animals such as baboons (Silk et al., 2010) and other cercopithecines
(Smith et al., 2010), chimpanzees (Langergraber et al., 2007), dolphins (Connor, 2007) and
elephants (Moss et al., 2013), as well as spotted hyenas (Kruuk, 1972).

1.3 Bonds in spotted hyenas

Spotted hyenas are highly social animals, living in predominantly female-dominated social
groups, which in hyenas are referred to as clans (Kruuk, 1972). Clans can consist of as many as
130 individuals (Mullioud et al., 2019) and are usually ruled by one alpha female (but see
Davidian and Honer, 2021).

Females have complete control over copulation and can exercise mate choice (Watts et al.,
2009; Vullioud et al., 2019). Reproductive control is possible as a result of extreme
masculinization of the female external genitalia; the spotted hyena is the only extant mammal
in which females have no vaginal opening and mate and give birth through a pendulous penis-
like clitoris, also known as “pseudo-penis” (Cunha et al., 2014). Because of this untypical
anatomy, copulation without the complete cooperation of the female is close to impossible (East
et al., 1993) so males tend to adopt behavioural strategies that align with female preferences by

investing in affiliative relationships (Honer et al., 2007).

Previous studies (Honer et al., 2007) on the spotted hyena found that females show a preference
for males who were either native to or joined their clan subsequent to the female's own birth,
which reduces the chance of inbreeding within the clan. As a result of these preferences, most
males leave their natal clan to breed. Prior to selecting a breeding clan, be it their birth clan or
a new one, adult males undertake exploratory trips into the territories of clans they were not
born into. They do this as a response to the female mate preferences mentioned above, while

also opting for clans with the greatest number of young females (Honer et al., 2007).

It has been proposed that females prefer to mate with males they are familiar or socially bonded
with (Szykman et al., 2001). By choosing a clan with predominately young females, males can
thus form lasting affiliative relationships with females as both parties spend more time together

within the clan, all while their tenure in the clan increases (Honer et al., 2007).



This aligns with a previous study, focusing solely on immigrant males, that noted a tendency
for assortative mating based on female age and male reproductive tenure: old females were
more tolerant of long-tenured immigrant males, while young females were more receptive to
shorter-tenured immigrant males (East and Hofer, 2001; East et al., 2003). Specifically,
younger females were often seen biting or chasing away males with a long tenure in favour of
short-tenured males, whereas older females exhibited more direct aggression towards males
with shorter tenures but were threatening towards both short- and long-tenured males (East and
Hofer, 2001). While East and Hofer (2001) and East et al. (2003) did not consider male
behaviour or the possibility that a male's approach style might reflect his intentions in their
research, Szykman et al. (2003) did note that females tend to react aggressively when

approached by a group of males exhibiting aggressive behaviour, a strategy termed ‘baiting’.

Male hyenas occasionally resort to behavioural tactics to influence female mate selection
through displays of aggression, although the efficacy of these tactics remains uncertain (East et
al., 2003; Szykman et al., 2003), since males who harassed females rarely experienced any

advantages in terms of their reproductive success (East et al., 2003).

1.4 Goals and predictions

So far, no empirical study has examined how males and females develop friendly bonds in
spotted hyenas. My focus was on the context that influences the foundation of any relationship:
the approach between individuals. I explored if males differ in their ability to bond with females
by studying interactions between a male and a female in contexts when a male approached a
female that was either resting (e.g., sitting or lying) or suckling her cubs. This context is
interesting because males tend to approach females when they are limited in their movement
(by lying down or suckling their cubs) and probably less attentive to their surroundings which

makes them more accessible to approaching males.

I focused on characterising male approach styles and identifying the outcome of the interaction,

all while addressing three specific questions.

Question 1: Do male hyenas vary in the way they approach females: can these approaches
correspond to distinct styles and do they correlate with certain types of male behaviours

following the approach?



Prediction 1: Males will exhibit distinct behavioural styles; some may exhibit
approaches characterised by more submissive signals, while others might demonstrate
behaviours that are more assertive or dominant.

Prediction 2: Males who adopt a more aggressive or dominant style of approach are
more likely to display aggression towards females, as noted in Szykman et al. (2003)
who solely focused on immigrant males during baiting, whereas my research

encompasses both immigrant and natal males during habitual approaches.

Question 2: Do females adjust their response according to the male’s approach style?

Prediction 3: Previous studies suggested that females typically react aggressively to
male advances (Szykman et al., 2007), but that the female tolerance depends on the
tenure of the approaching male (East and Hofer, 2001). I predict that female hyenas are
more likely to exhibit aggressive responses when approached by males expressing
aggression or dominance, as opposed to when males employ a more neutral or
submissive approach. Aggressive actions or signals expressed by males during their

approach may allow females to predict a male’s intention and respond accordingly.

Question 3: What are the most important predictors of the outcome of the interaction, whether

or not there is a possibility to bond? Does a male’s approach style matter more than his life

history traits and those of the females?

Prediction 4: When a male invests more time in interacting with a specific female, it
increases the likelihood of mating between them (Szykman et al., 2001). Thus, I
predicted that the outcome of the interaction is more likely to be positive if the approach
is done by a long-tenured male rather than a short-tenured one and by a philopatric male
rather than an immigrant male, due to the pre-existing relationships with females within
the clan.

Prediction 5: Previous studies show that higher-ranking and older females are courted
more (East and Hofer, 2001; Szykman et al., 2007, Davidian et al., 2021). High-ranking
females don't have to accept low-quality males for mating, while lower-ranking females
do not have that benefit (East et al., 2003). Based on these findings, I predicted that
lower-ranking females are more likely to respond positively to any approach, in contrast

to higher-ranking and established females.



e Prediction 6: Females of many species can be very protective of their offspring or show
increased aggressiveness when caring for their young (Gubernick and Klopfer, 1981).
Given the prominent maternal care exhibited by spotted hyenas (Gicquel et al., 2022), I
therefore predicted that females who are suckling when they are approached by a male
should be protective of her cubs and will be more likely to respond aggressively to an

approach, compared to females who are resting.

2. Materials and methods

2.1 Study species

Spotted hyena, often called laughing or bone-crushing hyena, whose full classification can be
seen in Table 1, is a highly social carnivore (Honer et al., 2005; Vullioud et al., 2019). The
spotted hyena belongs to one of the smallest carnivoran families, Hyaenidae, and together with
the striped and brown hyenas, it belongs to the subfamily Hyaeninae. Despite their dog-like
appearance, spotted hyenas actually belong to the feliform suborder, aligning more closely with

cats than dogs (Smith and Holekamp, 2019).

Table 1. Scientific classification of Crocuta crocuta

KINGDOM: | Animalia

PHYLUM: Chordata

CLASS: Mammalia

ORDER: Carnivora

SUBORDER: | Feliformia

FAMILY: Hyaenidae

GENUS: Crocuta

SPECIES: Crocuta crocuta (Erxleben, 1777)

Spotted hyenas are widespread across Africa but primarily found in regions south of the Sahara
Desert. They are notably prevalent in East Africa, on the plains of Kenya and Tanzania (Bohm

and Honer, 2015).



2.2 The study location and data collection

The Ngorongoro Crater covers an area of almost 260 square kilometres and has a diameter of
around 20 kilometres. This impressive crater is located in Northern Tanzania and is adorned
with diverse habitats such as rivers, swamps, grasslands and woodlands (see Figure 1).
Consequently, it is home to one of the highest concentrations of large carnivores and herbivores
in the world such as; African elephant, Grant's and Thomson's gazelle, African buffalo, plains
zebra and many more (Ngorongoro Hyena Project, n.d., Ngorongoro Conservation Area

Authority, n.d.).

/ © Oli;/er aner

Figure 1. Ngorongoro Crater.

From View of the south-eastern side of the Ngorongoro Crater [Photograph], by Oliver Honer, n.d.

And the name of the crater itself has a fascinating story: the combination of the Maasai saying
"orgirra le kkorongorro” which translates as "Big Bowl" and the misspelling of the word
"kkorongorro" led to the current name Ngorongoro Crater (Ngorongoro Conservation Area
Authority, n.d). Most importantly, currently there are eight resident spotted hyena clans
inhabiting the floor of the Crater: Airstrip, Engitati, Forest, Lemala, Munge, Ngoitokitok,
Shamba and Triangle (Ngorongoro Hyena Project, n.d.) (see Figure 2).



Figure 2. Distribution of the territories of the eight study clans of spotted hyenas living on the

floor of Ngorongoro Crater in Tanzania. Adapted from Ngorongoro Hyena Project, n.d.

The Ngorongoro Hyena Project (NHP) has dedicated the past 28 years to monitoring
behaviours, gathering demographic records, and collecting individual life-history data about the
free-roaming hyenas belonging to all eight resident clans in the Crater. Observations take place
from within a vehicle, typically during the hours of 06:00 to 12:00 and 16:00 to 19:00 (Honer
et al., 2005).

2.3 Construction of the ethogram

To facilitate the detailed analyses of behaviours and interactions, I participated in the
reconstruction and revision of the existing ethogram of the NHP. An ethogram can be defined
as a species-specific, detailed catalogue of behaviours and their detailed descriptions (Martin

and Bateson, 2007). Ethograms are widely used in behavioural research (Stanton et al., 2015),
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conservation biology, and as a tool for monitoring species-specific natural behaviours and

assessing the welfare state of an animal in zoos (Watters et al., 2009).

During the review of the ethogram, I conducted a thorough review of existing literature on
spotted hyenas, to align our observational framework with current ethological standards. After
reviewing the current literature, we collaboratively updated the ethogram by introducing new
definitions for behaviours and improving any codes that were deemed ambiguous or unclear. I
have collaborated on the development of functional definitions for observed acts and signals,

standardising the terminology, and enhancing the clarity and consistency of the ethogram.

I also selected videos that provided clear examples of the behaviours mentioned in the digital
ethogram, further contributing to the refinement of the ethogram and ensuring that the dataset

accurately reflected the diversity of male-female interactions as observed in the field.

2.4 Behavioural analyses

Most behavioural analyses were based on video recordings. The majority of male-female
"approach" interactions (N = 1463) were already transcribed and made available for statistical
analysis. I transcribed 191 additional videos and integrated them into this dataset, capturing the
same interactions. The transcription itself consisted of several steps. First, | identified both the
male and the female using the NHP database while recording the date and time of approach and

female activity. After the identification, I transcribed the behaviours.

The entire video transcription can be divided into two steps: male approach and remainder of
the interaction. When the male approached the female, | recorded signals such as the position
of the tail, ears, and penis, as well as the speed at which the male approached and whether he
approached directly or indirectly (changing the path and circling around the female). | used all
the mentioned information and formed a dataset comprised of six active variables (see Table 2

for details) to characterise male approach styles using Multiple Correspondence Analysis.



Table 2. Behavioural categories and functional definitions for each of the six variables used for the

Multiple Correspondence Analysis.

Variable Category Definition Count
Trajectory | Direct Male approaches in a straight line without pausing. 1263

Indirect Male approaches in multiple attempts, with pauses in | 278
between, and may circle around the female before
coming close to her.

Velocity Normal Male approaches the female at average speed. 1097

Slow Male walks at a slow pace, without tiptoeing. 276

Tip-toe Male walks very slowly, with a decomposed rhythm of | 123
the walk. The male lifts his front and hind paws off the
ground and sets them down softly, as if trying to move
silently and "walk on tiptoes".

Fast Male approaches using a fast walk or runs towards the | 45
female.

Angle Back (BK) Approach towards the rear area and/or from a direction | 833
facing the back of the targeted female, i.e., the male
who is approaching may not be visible by the female.

Front (FR) Approach towards the head and/or from a direction | 612
facing the belly or face of the targeted female, i.e., the
male approaching may be visible by the female.

Side (S) A lateral approach, in which a male approaches the | 96
side of the targeted female or faces her side rather than
approaching directly from the front or back.

Tail Tail normal (TN) Tail relaxed pending along hind legs. 882

Tail down (TD) Tail tucked between hind legs. The bum is often held | 463
low. Submissive signal.

Tail wagging (TW) | Tail rapidly swings from one side to other, similar to | 151
the motion used to swat away flies.

Tail up (TU) Tail in upward position. Tail may be either tensed with | 23
compact hairs, bristled (tail fully extended and bushy),
or hooked (fluffy tip that hangs down). Dominant
signal.

Tail horizontal (TH) | Tail in horizontal position, tensed. Aggressive signal. | 22

Ears Ears normal (EN) Ears relaxed and round. 893

Ears forward (EF) | Ears cocked toward front and in direction of where | 393
male is looking. Aggressive/dominant signal.

Ears back (EB) Ears pulled backwards. Submissive signal. 255

Penis Penis normal (PN) | Penis in its default, resorbed position. It is hardly | 1463
visible.

Penis relaxed (PR) | Penis elongated and pending. 43

Penis erect (PE) Penis fully grown and straight, close to the belly. 35

If it was possible to discern the direction of the wind, I noted whether the male approached

downwind (where the female potentially cannot smell him) or upwind (where the female

potentially can smell him). Because precise determination of the direction of the wind on video
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recordings can be challenging, most of the coded interactions did not include the direction of

the wind, and I did not use the wind direction in further analyses.

The remainder of the interaction between a male and a female was systematically divided into
four parts: the first response of the female, the first reaction of the male, the second response of
the female, and the second response of the male (if applicable). Recording data in this way
allowed me to easily extract information on the initial response or reaction from the female to
the male approach. It also allowed me to track the progression of the interaction, specifically in
terms of aggressive behaviours, and what the final outcome was. Additionally, a separate
category that solely focused on whether there was body contact, helped me as well while
categorising the final outcome of each interaction.

2.5 Definition of covariates of interest

2.5.1 Social rank

The social rank of the mother is of extreme importance; offspring acquire social ranks just
below that of their mother (Hofer and East, 2003). Hyenas are ranked by using dyadic agonistic
interactions. The individual with the greatest number of victories in these interactions receives
the top ordinal position of 1, while the one with the fewest victories is assigned an ordinal

position that matches the total count of clan members (Davidian et al., 2021).

Ordinal ranks are converted into proportional ranks, to accounts for changes in the clan size and
allows comparisons between clans of different sizes, using the formula: Proportional rank; =
([number of clan members — ordinal rank;] / ([number of clan members — 1]/2)) — 1. The range
of proportional rank extends from -1, representing the lowest, to +1, indicating the highest.
Based on their position within this range, both males and females can be categorised into three
distinct groups: those in the upper third are deemed high ranking, those in the middle third are
considered medium ranking, and those in the lower third are classified as low ranking (Davidian
et al., 2021). Spotted hyenas usually maintain their maternal rank as long as they stay in their

natal clan (Holekamp and Smale, 1993).
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2.5.2 Dispersal status

In spotted hyenas, most males leave their natal clan (Honer et al., 2007). Adult males can
therefore be classified into two categories: philopatric males, who remain and reproduce within
their natal clan, and immigrant males, who depart from their natal clan and choose to reproduce
within a different clan (Davidian et al., 2016). It is considered that a male has chosen his clan
if he has shown sexual interest in females and/or has taken steps to integrate into the social

hierarchy of sexually active males during a period of at least three months (Davidian et al.,

2016).

2.5.3 Tenure

The date of clan choice is defined as the date of first observation of sexual behaviours for
philopatric males and of first sighting in the new clan territory for immigrant males. This as
well defines the start of a male tenure in his chosen clan (Davidian et al., 2021). When an
immigrant male joins a new clan, he occupies the lowest rank of the hierarchy (East and Hofer,
2001), and he can rise in rank over time, due to a queuing convention, when a higher-ranking

male leaves the clan or dies (East and Hofer, 2001; Holekamp et al., 2012).

2.5.4 Age

The longevity (the difference between the date of last sighting and the individual's date of birth)
of hyenas in the wild is up to 19 years (Ngorongoro Hyena Project, n.d, Gicquel et al., 2022).
Individual date of birth is estimated with an accuracy of & 7 days, based on behaviours, size of
the cub and the fur when seen for the first time, as the cubs can be seen shortly after birth (Golla
et al., 1999). To ensure a valid comparison of my results with those from earlier studies (East
and Hofer, 2001, East et al., 2003), I used the commonly accepted criteria for categorising
female age (East and Hofer, 2001; East et al., 2003; Honer et al., 2007). In line with the
categorization employed in prior research, females are categorised as either young (less than

five years of age) or old (five years of age or older).
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2.5.5 Identifying hyenas

As the name suggests, the spotted hyena generally has light or dark brown fur with dark spots
all over its body. Each individual has a unique pattern of spots that does not change during life,
but the colour of the fur and its length are variable. Cubs are characterised by black fur (see
Figure 3), which fades after one month of life, and with the fourth month of life, a characteristic
dotted pattern appears. It is precisely because of this dotted pattern that individual identification
is possible using "ID cards" that are made by the NHP for each individual hyena. Each "ID
card" includes photos showing both sides of the individual's body, as well as their name and
date of birth. In addition to the mentioned fur, scars and ear notches are also commonly used
for identifying individuals. Identifying individuals usually happens on-site, either immediately

or afterwards through examining photos or videos (Ngorongoro Hyena Project, n.d.).

Figure 3. Mother carrying her cub. The image shows an age-related distinction in fur colour: the

cub's coat is solid black, while the mother's is distinctly spotted, indicative of her age.

From Hyena mother carrying her cub [Photograph], by Oliver Honer, n.d.
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2.5.6 Defining aggression

Based on previous studies on aggression in hyenas (Yoshida et al., 2016; McCormick and
Holekamp, 2022) I modified and established a framework to identify aggressive behaviour in
both male and female hyenas. Although it is possible to distinguish various intensity levels of
aggressive behaviours (Yoshida et al., 2016; McCormick and Holekamp, 2022), my research
concentrated solely on determining the presence or absence of aggression. My main interest
was to determine whether the male had the opportunity to bond with the female, while
recognising that the occurrence of aggression prevents such bonding. Therefore, aggressive
behaviours that range from threatening gestures (head jerks, jaw snapping, lunges) up to forms
of attack (biting, chasing) were all collectively classified under the broad term of aggression.
While determining the presence of aggression, I focused solely on acts/postures and excluded
signals from the analysis. I focused solely on acts and postures as direct indicators of aggressive
intent because they can potentially harm and incur costs to the target. This approach allows for
amore direct description of aggression without the ambiguity that could arise from the inclusion

of signals in analyses.
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3. Statistical analyses

3.1 Dataset overview

The combined dataset encompasses 1654 recorded interactions, involving 175 unique female
individuals and 159 unique male individuals. 53 interactions were excluded from the analyses
because the identities of the involved female (N=52) and male (N=2) individuals were
unknown. Table 3 provides a summary of descriptive statistics for the number of repeated

interactions involving the males, females and male-female pairs.

Table 3. Number of interactions involving a given male, female or male-female pair. Provided are
the range, mean and standard error of such repeated interactions. Numbers in brackets indicate the

number of distinct individual or pair.

Min Max Mean SE

Male (159) 1 111 10.13 1.41
Female (175) 1 91 9.15 1.26
Male-female pair (695) 1 19 2.30 0.09

While preparing the dataset for the Generalized Linear Mixed-Effect Models (GLMM), 1
excluded 236 observations due to incomplete or non-applicable data in one or more of the key
categories, such as male tenure, male dispersal status, female rank, and female age.

Consequently, the dataset for the GLMMs consists of 1,418 interactions.

All analyses were conducted using R Statistical Software (R Core Team, 2023). For inferential

statistics, [ used p < 0.05 as the threshold for defining statistical significance (Andrade, 2019).

3.2 Characterizing approach styles using Multiple Correspondence Analysis

To define approach styles, I performed a Multiple Correspondence Analysis (MCA). MCA is a
descriptive method that is applied to tables where individuals are listed in rows and where
multiple variables are subdivided into multiple categories and placed in columns (Husson et al.,

2017; Ogunsakin et al., 2021). The key objective of an MCA is to describe relationships among
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distinct categories of two or more nominal variables and to synthetize as much of the existing

variance in the original dataset in a reduced dimensional space (Moschidis et al., 2022).

MCA is similar and build upon principal components analysis (PCA), but differs primarily in
the type of variables it handles: MCA is designed for categorical variables, whereas PCA is
used for continuous variables (Atkinson, 2024). MCA is conducted using an N x K indicator
matrix. N represents the number of data samples (number of male individuals, here, N=1541),
and K is the number of features that describe these samples (variables, here, N=6 which were
further divided into categories, N=20). In this matrix, each cell at position (n, k) contains
information about an individual (n) and the specific category (k) associated with the variable.
Using this data, MCA allows us to analyse and visualise the links between individuals and
categories. MCA produces three clouds of points: the cloud of individuals, the cloud of
variables, and the cloud of categories of variables (Le Roux and Rouanet, 2010). Given the
substantial number of individuals, variables, and categories present in my dataset, a detailed
analysis of each one individually is impractical. Therefore, my attention has been directed
towards the categories, as they hold the most significance for my goal of characterizing
approach styles by identifying which categories frequently co-occur in the majority of

approaches.

The amount of deviation from independence among the categories is quantified using the inertia
metric. This metric measures the dispersion of individual profiles around the mean profile. As
the differences among individual behaviours increase, the inertia metric increases
correspondingly (Husson et al., 2017; Moschidis et al., 2022). Importantly, the inertia of the

cloud of variables is calculated on the basis of active variables (Husson et al., 2017).

In the process of deciding how many dimensions to emphasise, alongside inertia, eigenvalues
offer essential information. Eigenvalues reveal the extent to which each dimension contributes
to capturing categorical data. A higher eigenvalue signifies a greater overall variance in the
contributions of variables within that dimension (and it's standardised to 1, signifying the total
information of all variables across all dimensions) (Das and Sun, 2016; Rodriguez-Sabate et

al., 2017).

Due to the matrix setup needed for MCA, its unique properties are lost if some of the data is
missing, and the widely accepted way to address this problem is to remove the rows that have
missing data (Josse et al., 2011; Ochoa Muiioz et al., 2019). Among the total interactions (N =

1654), I excluded 113 due to missing values in one or more of the six active variables of interest,
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which represented approximately 6.83% of the original dataset. As a result, the dataset used to
define approach styles was reduced to 1541 interactions. The dataset comprised of six active

variables: trajectory, velocity, angle, tail, ears, and penis (see Table 2 for more details).

As seen in Table 3, there are repeated interactions among male, female, and male-female pairs
in my dataset. To circumvent the issue of repeated observations for a given male, [ implemented
data weighting. Data weighting ensures that the analysis takes into account the behaviour of
each male in a proportionate manner, thus mitigating the influence and potential distortions
arising from repeated observations of specific males on the overall findings. Weights (w) were
assigned to each observation using the following formula: w = 1/ni, where ni correspond to the

number of observations/interactions/approaches done by a given male i.

I employed the ‘FactoMineR’ and ‘factoextra’ packages, enabling the calculation of MCA
results and the creation of classical factorial maps using the ‘MCA()’ function with default
settings. For 3D visualisation, I employed the ‘plotly’ package. Furthermore, to identify the

variables most correlated within each dimension, I used the ‘dimdesc()’ function.

3.3 Relationship between approach style and aggression

To investigate the relationship between aggressive behaviours across genders and males’ styles
of approach I implemented two models. Model males €xplores whether males who approach with
a certain style are more likely to be aggressive. Model females €xpands on Model maes by
examining if specific approach styles, which are more likely to be linked to male aggression,
influence the likelihood of females displaying aggressive behaviours towards males as a form

of self-defence.

In Model maies I classified the males' first reactions as aggressive or non-aggressive, coding the
response variable as a binary outcome, where 'yes' or '1' indicates aggression, and 'no' or '0'
signifies the absence of aggression. I applied the same classification in Model females, Where the
first female reaction was classified as aggressive or non-aggressive. By classifying the reaction
this way and using only the first reaction, I isolated the effect of the initial interaction from any
subsequent interactions that might unfold between the male and the female. Specifically, for
Model mates, this method let me directly observe how the male's first approach influenced the
interaction before the female responded in a way that might deter the approach. Similarly, for
Model females, using only the first response made it easier to examine the female's reaction before

the male proceeded with any additional actions, allowing the interaction to further unfold.
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I included male approach styles (casual, cautious, and sneaky) which I identified using the MCA
as fixed effects; specifically, [ used "casual" as the reference category, and both male and female

identity were used as a random effect in their respective models.

To explore the connection between aggression across sexes and male approach styles, I utilised
Generalized Linear Mixed-Effect Models (GLMM), with a binominal distribution, using the
‘Ime4’ package (Bates et al., 2015).

I used the function ‘residuals()’ to plot the residuals and to check visually if the assumptions of
normal distribution and homogeneity of variance were met. The dispersion of residuals
remained fairly consistent across various levels of the fitted values in both Model mates and
Model femates No distinct pattern or systematic variation in the spread was apparent, confirming
that the two model assumptions were not violated. I also confirmed the absence of
multicollinearity by examining the variance inflation factors (VIF), all of which were found to

be below the widely accepted threshold of 5 (James et al., 2013).

To calculate parameter estimates, I used Laplace approximation, and the p-values were
calculated using parametric bootstrapped likelihood ratio tests. The coefficients estimated by
the model were log(odds), and I converted them into odd ratios using the formula:
exp[coefficient]. I compared a null GLMM models, which included only random effects,
against full models that incorporated the mentioned fixed effects and random effects to evaluate
the significance of including male approach styles in the model. I then performed a contrast
analysis using the ‘emmeans’ package, examining differences between each approach style
(casual-cautious, casual-sneaky, and cautious-sneaky) while adjusting for multiple comparisons
using the Bonferroni method. I visualised predictions using the ‘ggplot2’ package in R, after

estimating marginal means with the package ‘effects’.

3.4 Outcome of male-female interactions

To explore the outcome of the approach, | introduced a new classification for both male and
female interactions. This classification is unique in that it focuses exclusively on identifying
interactions that result in positive outcomes with respect to the development of social bonds.
An interaction is deemed to have a positive outcome — if the male manages to approach the
female and establish physical contact, engage in investigative sniffing, if they display any
affiliative behaviour like rubbing against each other or touching muzzles, and if the male can

stay close and lie down next to the female without either party showing signs of aggression.
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Additionally, | consider the outcome positive even if the male approaches, sniffs the female,
and then walks away, as this allows the male to get olfactory information on the female and
provides an opportunity for bonding, provided that the female does not react aggressively.

In the Modeloutcome, I incorporated both male and female life history traits, including male

tenure, male dispersal status, female rank, female age, and female activity.

For the Modeloutcome, I used tenure as a continuous and as a quadratic variable. Continuous
tenure alone, may not accurately capture the relationship between tenure and positive outcome.
Therefore, I have also included the quadratic tenure, to account for the potential non-linear
relationship between tenure and the positive outcome. Both continuous and quadratic tenure in
my analyses were expressed in years. Subadult males and adult males who have not yet selected
their breeding clans were excluded from the analysis. I have used only males who have already

selected a clan to reproduce; either their natal (philopatric) or a different (immigrant) clan.

Previous studies showed that young females were more aggressive towards long-tenured males
than short-tenured males, while old females show the opposite behavioural pattern (East and
Hofer, 2001). I therefore included in the model an interaction term between male tenure and
female age to explore if the relationship between positive outcome and male tenure varies with
the age of the female. In the model, I used female rank as a continuous variable and female age
as categorical with two categories (‘young’ and ‘old’ for female <5 years old and > 5 years old,
respectively). Lastly, I included female activity (‘lying’ and ‘suckling’). It was included in the
Modeloutcome to explore whether the presence of cubs, with the assumption that the female will
be protective of her cubs, impacts the female's response to a male approach and, consequently,
the interactions outcome. I included both male and female IDs as random factors in the model.
To address convergence issues arising from this inclusion, I increased the maximum number of

function evaluations to 100,000.

To obtain parameter estimates, I utilised the same approach that was applied to previous two
models using Laplace approximation method and using parametric bootstrapped likelihood
ratio tests to obtain p-values. For every variable I included, I assessed its significance by
comparing a full Modeloutcome against a version without that specific variable. By doing that, I
evaluated the significance of including each variable in the full Modelouwcome. Then, for every
categorical variable I performed a contrast analysis using the ‘emmeans’ package, adjusting for
multiple comparisons using the Bonferroni method. I estimated marginal means using the

package ‘effects’, and used ‘ggplot2’ to create all data visualisations.
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To check for normal distribution and homogeneity of variances, I used the ‘residuals ()
function. The dispersion was consistent, and no noticeable pattern was present, which led me
to the conclusion that the assumption of content variance is met for the proposed model. The
model as well did not show signs of multicollinearity, with values of variance inflation factors

(VIF) below the widespread critical threshold of 5 (James et al., 2013).

To explore the proximate outcome of the approach, I utilised Generalized Linear Mixed-Effect

Model (GLMM), with a binominal distribution, using the ‘/me4’ package (Bates et al., 2015).

After reviewing a study by Siegmann et al. (2021) that utilised multilevel, multinomial
behaviour models in naked mole rats, | attempted to adapt a modified version to my own dataset
to explore weather male life history traits influence the choice of an approach style. However,
due to the intricacies of this statistical analysis, which required familiarity with the
programming language Stan for Bayesian statistics (Carpenter et al., 2017), the model | made
exhibited poor predictive power and failed to produce satisfactory results. As a result, | chose
to omit that model from my thesis.
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4. Results

4.1 Characterising approach styles

The contribution of the variable to a dimension, otherwise known as eigenvalues, consistently
decreased along the first 10 dimensions (see Table 4). The first three dimensions of the MCA
cumulatively contributed to 30.61% of the total variance in the dataset, indicating that the plane
formed by these three dimensions elucidates a significant portion of the overall dataset variance.
In subsequent steps of the MCA, I therefore focused on these three dimensions, as their
eigenvalues exceeded the value of 0.2, as recommended by Hair et al. (2009), indicating that

only they should be included in further analysis and interpretation of the results.

Table 4. Eigenvalue, percentage variance and cumulative percentage variance of top ten

dimensions.
_ Dimension
Eigenvalues
1 2 3 4 5 6 7 8 9 10
Eigenvalue 028 (022 |021 |019 (019 ]0.18 (017 |0.16 |0.15 |0.14

Percentage of

variance 1215 956 | 889| 829 (806 (| 759| 738 6.89| 6.66| 6.19

Cumulative
percentage of 12.15| 21.70 | 30.61 | 38.90 | 46.9 | 54.56 | 61.94 | 68.83 | 75.49 | 81.69
variance

To identify which variable is most correlated with each dimension, I referred to Figure 4.
Variables were positioned using their respective squared correlations (R?) to each dimension as
coordinates. Variables that share similarities are located close together; reciprocally, proximity
between variables indicates a stronger correlation (Ogunsakin et al., 2021). The variables ‘Ear’
and ‘Velocity’ were correlated and make the most significant contributions to the first dimension
(see Figure 3). On the other hand, the variable ‘Angle’ had the most influence on the second
dimension. The ‘Trajectory’ was positioned closer to the centre of the plot and had a relatively
smaller impact on the eigenvalues of these dimensions. To complement the visual findings from
Figure 4, I also calculated eta-squared (n?) values for the first three dimensions, providing a

precise quantification of the correlation between each dimension and the variables. These
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values confirm the patterns observed in the graphical representation and offer a more detailed

correlation analysis (see Table 5).

Table 5. Association strength of categorical variables across MCA dimensions

The table presents the eta-squared (n?) values, quantifying the relationship strength between variables
and the principal dimensions derived from the MCA. This measure of association indicates the
proportion of variance in the dimensional space that is attributable to each categorical variable. High
eta-squared values suggest a strong association, implying that the variable significantly contributes to

the variance explained by that particular dimension.

Categorical variables Eta-squared (n?) values
Dimension 1  Dimension 2 Dimension 3

Trajectory 0.001 0.002 0.098
Velocity 0.676 0.061 0.428
Angle 0.024 0.499 0.114
Tail 0.308 0.408 0.169
Ear 0.605 0.154 0.387
Penis 0.086 0.215 0.048

The Correlation Between Variables And MCA Principal Dimensions
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Figure 4. Plot of all active variables and the principal dimensions. This plot illustrates six specific

features exhibited by male spotted hyenas when they approach a female.

A more detailed representation of the results can be achieved by plotting the categories of
variables. I provide two types of visualisations: a two-dimensional (Figure 5) and a three-

dimensional display (Figure 6).
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Figure 5. Categories factor map (MCA) for the first three dimensions. (A) Categories in the first
and second dimension; (B) Categories in the second and third dimension; (C) Categories in the first and
third dimension. Categories: trajectory (direct, indirect), velocity (normal, slow, tip-toe, fast), angle
(back (BK), front (FR), side (S)), tail (tail normal (TN), tail down (TD), tail wagging (TW), tail up (TU),
tail horizontal (TH)), ears (ears normal (EN), ears forward (EF), ears back (EB)), penis (penis normal

(PN), penis relaxed (PR), penis erect (PE)).

To interpret the graphs generated by MCA, the primary criterion is the spatial proximity
between categories. Proximity among categories within the same variable indicates their
similarity (redundant information) regarding a given dimension. Categories that contribute
equally to the observed variance in the dataset (i.e., are highly similar and redundant) can then
be merged without losing valuable information. In contrast, when categories from different
variables are close, it indicates a meaningful relationship or pattern between those variables,

which in my case can be indicative of a behavioural style.
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Based on the combined information provided by Figures 4-6 and focusing on variables ‘Ear’
and ‘Velocity’ as they are the primary contributors to the first three dimensions, I am able to
distinguish three different clusters of categories and thus identify three distinct male approach

styles. The additional information I provided is derived from my observational data; the patterns

identified align with the behavioural observations recorded in the field
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Figure 6. Three-dimensional representation of the clustering of categories. Points represent acts or
signals that were expressed during male approaches. Points that have the same colour were consistently
grouped together in the MCA. The proximity of similarly coloured points in the three-dimensional space
indicates a strong correlation in their contribution to the dataset's inertia on each axis. Categories:

trajectory (direct, indirect), velocity (normal, slow, tip-toe, fast), angle (back (BK), front (FR), side (S)),
tail (tail normal (TN), tail down (TD), tail wagging (TW), tail up (TU), tail horizontal (TH)), ears (ears

normal (EN), ears forward (EF), ears back (EB)), penis (penis normal (PN), penis relaxed (PR), penis
erect (PE)).
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Figure 7. Approach style ‘sneaky’. The male approaches in a deliberate manner, taking more time to

approach than the other two approach styles. He tries to stay undetected by the female, easily
maintaining the position depicted for an extended period as he stealthily moves closer to the female.
Throughout this approach, he maintains a focused and intense gaze towards the female, all while

displaying a sign of dominance by keeping his ears pointed forward [Photograph by NHP].

Approach style ‘sneaky’ is characterised by velocity tip-toe and ears forward (EF), as depicted
in Figure 6 with colour red. This style is distinguished by a deliberate, almost silent gait, similar
to tiptoeing. Males that adopt this style may minimise noise by purposefully lifting their hind
and front paws off the ground and putting them down gently. Additionally, the clearly dominant
signal of ears forward is displayed as shown in the Figure 7 indicating a focused and alert state.
This approach style reflects a careful, deliberate, and stealthy movement, often associated with
situations where a male aims to avoid detection by the female or navigate discreetly within their

environment.
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Figure 8. Approach style ‘cautious’. The approaching male is distinguished by his ears pointing back,

his tail between his legs and a careful approach. The male in the picture is reaching towards the female,
with his forelegs closer to the female while his hind legs are behind, indicating both insecurity and

submission [Photograph by NHP].

Approach style ‘cautious’, as depicted in Figure 6 with light blue colour, is characterised by
a slow pace, ears back (EB), indirect approach, and tail down (TD). This style is described by
a set of behaviours that collectively convey a hesitant, timid, and non-threatening disposition.
A cautious male approaches indirectly, circling and pausing as he assesses the situation, all the
while clearly signalling submission through the positions of his tail and ears (see Figure 8).
These signals are unambiguous and often displayed during daily agonistic dominance

interactions to clarify a subordinate status within the clan.
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Figure 9. Approach style ‘casual’. Most aspects of this approach correspond to the normal way hyenas

move, regardless of whether they are approaching someone or simply walking around [Photograph by
NHP].

Approach style ‘casual’, depicted in Figure 6 with orange colour, is characterised by a normal
pace, ears normal (EN), direct approach, tail normal (TN), and penis normal (PN). This style is
characterised by relaxed and unhurried behaviours. These include approaching at a standard,
unhurried pace with calm and relaxed ear positioning, indicating both a lack of submission and
aggression (see Figure 9). Similarly, his tail hangs down along his hind legs in a relaxed manner,

while he approaches the female with a direct and uninterrupted approach.
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After defining the approach styles, I used them to explore whether males differed in their
propensity to apply one style over the others depending on their tenure (short- and long tenured)

and their dispersal status (philopatric and immigrant males) (see Figure 10).
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Figure 10. Prevalence of approach styles by tenure and dispersal status. This 100 percent stacked
chart illustrates the prevalence of three approach styles (casual, cautious, and sneaky) in relation to both

tenure (A) and dispersal status (B).

Within the observed population, approach styles exhibit a different distribution
according to tenure length. For the casual approach, 56.5% is attributed to short-tenured males,
while the remaining 43.5% is associated with those of long tenure. In the cautious approach,
short-tenured males represent a larger proportion, accounting for 59.2%, in contrast to long-
tenured males, who constitute 40.8%. Similarly, the sneaky approach is predominantly
exhibited by short-tenured individuals, who comprise 64.2% of this behaviour, as opposed to
the 35.8% exhibited by long-tenured individuals. Figure 10 depicts the prevalence of these three

approach styles across short and long tenures.

Among the philopatric males, 81.1% of approaches are casual, while cautious
approaches account for 13.6%, and sneaky approaches make up 5.3% of their approaches. On
the other hand, among immigrant males, 71.9% engage in casual approaches, 19.4% take part
in cautious approaches, and 8.8% use sneaky approaches. These numbers suggest that the
proportions of each approach style are very similar between philopatric and immigrant males

(see Figure 10).
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4.2 Relationship between approach style and aggression

4.2.1 Male propensity to behave aggressively
Male approach style had a significant effect on the probability of males to express aggression

toward the female they approached (GLMM; LR = 100.25, p <0.001, N = 1418 approaches).

Overall, male aggression was rare. Out of 1418 observed approaches, only 36 instances of male
aggression were observed. Casual approaches resulted in male aggression in only 0.43% of
cases, while for cautious approaches, the rate of aggression was slightly higher at 1.4%. For

sneaky approaches, as predicted by the model, the likelihood rises to 22.5% (see Figure 11).

The post-hoc tests revealed that male likelihood to express aggression does not differ between
casual and cautious approaches. As shown in the Table 5, the probability of male aggression is
pronounced for a sneaky approach (estimate= 4.19, SE = 0.52, p < 0.001), but not for casual
(estimate=-5.44, SE= 0.48, p < 0.001) and cautious (estimate= 1.19, SE= 0.68, p = 0.08). The
odds of expressing aggression were approximately 65 times higher for the sneaky approach

compared to the reference level (see Table 6).
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Figure 11. Predicted probability of male aggression in regards to three styles of male approach.
Values are means with Closy, and were predicted by a GLMM that also considered male identity as a

random factor.
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Table 6. The likelihood of male aggression as a function of male approach style.

Shown are the regression coefficients and standard errors (SE) in natural log units, z ratios, their
corresponding P-values for each predictor variable and calculated odds ratio, as estimated by a
generalized linear mixed-effect model with a binominal distribution (male ID as random factor; random
factor variance = 0.32; N = 1418 approaches of 129 males). The reference category for the approach

style (intercept) is set to the casual style.

Variable Coefficient SE Z value P Odds ratio
Intercept -5.44 0.48 -11.14 p <0.001 0.004
cautious 1.19 0.68 1.75 P =0.08 3.29
sneaky 4.19 0.52 8.00 p <0.001 65.73

4.2.2 Female aggression and male approach style

Male approach style had a significant effect on the probability of females to respond
aggressively to males (GLMM; LR =19.43, p <0.05, N = 1418 females).

Overall, females rarely responded aggressively to male approaches. Out of 1418 approaches,
only 31 lead to female aggression; 1.08% following a casual approach, 1.75 % following a
cautious approach, and 7.98% following a sneaky male approach, as predicted by the model

(see Figure 12).

The post-hoc tests reveal that female propensity to respond aggressively did not differ between
casual approaches and cautious approaches (estimate = 0.479, SE = 0.50, p = 1). However, both
casual (estimate =-2.065, SE = 0.44, p <0.0001) and cautious (estimate = -1.586, SE =0.55, p
= 0.0123) approaches significantly differed from the sneaky approach, even after applying

Bonferroni correction.

The model suggests that when males adopt a sneaky approach, females are significantly more
likely (coefficient =2.06; p <0.001) to respond aggressively compared to when males approach
casually. The intercept coefficient is low (odds ratio = 0.011), indicating that females are more
likely to respond non-aggressively than aggressively when males approach casually (see Table
6 for details). The results also indicate that the probability of cautious approaches triggering an
aggressive response from females does not differ from that of casual approaches. The cautious
approach, while having a positive coefficient (0.48), does not reach statistical significance (p =

0.34), which implies that it had a similar effect on female aggression as casual approaches.
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Figure 12. Predicted probability of aggressive responses by females to three styles of male
approach. Values are means with Closy, and were predicted by a GLMM that also considered female

identity as a random factor.

The probability of female aggression is higher for the sneaky approach, indicating a strong
association between this style and female aggressive behaviour, which is not the case for the
casual and cautious approach styles (see Figure 12). The odds ratio of aggressive response by
a female were approximately 8 times higher for the sneaky approach compared to the casual

style (see values for the intercept; Table 7).

Table 7. The likelihood of female aggressive response as a function of male approach style.

Shown are the regression coefficients and standard errors (SE) in natural log units, z ratios, their
corresponding P-values for each predictor variable and calculated odds ratio as estimated by a
generalized linear mixed-effect model with a binominal distribution (female ID as random factor;
random factor variance = 0.53; N = 1418 approaches, reaction of 152 females). The reference category

for the approach style (intercept) is set to the casual style.

Variable Coefficient SE Z value P Odds ratio
Intercept -4.51 0.42 -10.72 p <0.001 0.01
cautious 0.48 0.50 0.95 0.337 1.61
sneaky 2.06 0.44 4.66 p <0.001 7.88
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4.3 Proximate outcome of male approaches

Male approach style (LR: 43.38, p <0.001), dispersal status (LR: 9.52, p = 0.002), and female
rank (LR: 6.64, p = 0.009), and activity (LR: 4.45, p = 0.003), as well as the interaction term
between male tenure and female age (LR: 15.79, p < 0.001), all significantly affect the

likelihood of a positive outcome (see Figure 13 and Table 8, for more details).
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Figure 13. Factors influencing the likelihood of a positive outcome in a male-female interaction.
Model estimates are presented as odds ratios =Closy, for each covariate as derived from the logistic
regression. The solid vertical line signifies the line of null effect. Asterisks signify the degrees of

statistical significance: *: p < 0.05, **: p <0.01, ***: p <0.0001.

The casual approach had a very high likelihood to lead to a positive outcome (estimate = 0.79,
SE = 0.33, p = 0.015); significantly higher than for both the cautious approach (estimate = -
0.78, SE = 0.16, p < 0.001) and sneaky approach (estimate = -1.18, SE = 0.25, p < 0.001) as
seen in Figure 13. The post-hoc test with Bonferroni correction also reveals that sneaky and
cautious approaches are not significantly different (estimate = 0.40, SE = 0.28, p = 0.459).
Following these results, both cautious and sneaky approaches are significantly less likely to

lead to a positive outcome compared to a casual approach.

Dispersal status had a significant effect with immigrant males being significantly less
likely (35%) to achieve a positive outcome of the interaction compared to the philopatric males

(56%). Females who were suckling their cubs were less likely (27%) to respond positively
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compared to females who were resting (coefficient = -0.52, p = 0.037), when controlling for

other covariates.

Table 8. The likelihood of a positive outcome of a male-female interaction

Shown are the regression coefficients and standard errors (SE) in natural log units, z ratios, their
corresponding P-values for each predictor variable as estimated by a generalized linear mixed-effect
model with a binominal distribution (male and female IDs as random factors; male ID random factor
variance = 0.23; female ID random factor variance=0.04, N = 1418 approaches, of 129 males and 152
females). Coefficients indicate the likelihood of a positive outcome in regards to the intercept and the
reference levels for the categorical variables (approach: casual, year of tenure: 0, female age: young,

dispersal: philopatric, female rank: -1, female activity: lying)

Variable Coefficient SE Z value P
Intercept 0.79 0.33 2.43 0.015
approach: cautious -0.78 0.16 -4.99 p <0.001
approach: sneaky -1.18 0.25 -4.67 p <0.001
Tenure -0.19 0.11 -1.73 0.084
tenure? 0.05 0.01 3.21 0.001
female age: old 0.21 0.17 1.26 0.207
dispersal: immigrant -0.84 0.28 -3.03 0.002
female rank -0.33 0.12 -2.80 0.005
female activity: suckling  -0.52 0.25 -2.08 0.037
female age: old * tenure’  -0.02 0.007 -3.17 0.002

As shown in Figure 14 D, the likelihood of a positive outcome decreased for every one
unit increase in the female rank (see Table 8. for details), which corresponds to a switch from
a low-ranking female to a medium-ranking female or from a medium-ranking to a high-ranking

female.

Tenure modelled with a linear effect did not reach statistical significance (p = 0.084).
Notably, the tenure's quadratic effect varied with female age, as evidenced by the significant
interaction term between quadratic tenure and female age categorised as old (estimate = -0.022,
p =0.0015). While overall, the likelihood of a positive outcome increased with male tenure, the
increase was higher for young females than it was for old female, as evidenced by the negative
— though weak - coefficient of the interaction term (see also Figure 14 E). The difference was

most prominent for males with a tenure of 5 years and more.
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5. Discussion

My thesis aimed at addressing two main objectives: to describe the various styles males adapt
to approach females, and to explore if these interactions lead to different opportunities to bond

with females.

I identified three distinct approach styles: casual, cautious, and sneaky. The results validated
my prediction that there are distinct approach styles that are marked by unique signals. For
instance, the cautious approach is often shown through submissive signals like keeping the ears
back and tail down, whereas the sneaky approach tends to involve more dominant signals, such

as holding the ears forward while fixing a gaze on the female.

| investigated the relationship between aggression and male approach styles across the female
and male sexes. | expected that males who take on a more aggressive or dominant approach
would be more likely to express aggression, and indeed, my results supported this. Males who
used a sneaky approach, characterised by dominant signals, tended to show more aggression
towards females. This indicates that the style of approach truly mirrors the males' intentions.
My results align with those of Szykman et al. (2003), who noted that in the specific context of
one or more males expressing unprovoked aggression towards a single female, the male
aggressors are identified by their ears pointing forward, elevated heads, and tails and manes
bristled. Additionally, my results are in agreement with those of Szykman et al. (2003)
concerning the observation that female hyenas tend to show aggressive reactions when
approached by males displaying aggression. This supports my prediction that aggressive
behaviours or signals from males allow females to react in a corresponding manner, but females

equally do have the opportunity to pre-emptively react based on those signals emitted by males.

| obtained the prevalence of three different approach styles based on the tenure and dispersal
status of male hyenas. However, it is important to acknowledge a limitation of this data set, as
it is made using raw numbers, and the number of approaches involving immigrant males (N =
1286) significantly exceeded the number of approaches made by philopatric males (N = 132).

To achieve more precise data, employing a multinomial model would be necessary.

Considering this limitation, the data suggests that immigrant and philopatric males are similar
in the proportions of using different approach styles, but there is a slightly stronger preference

for casual approaches in philopatric males. This is potentially reflecting a tendency towards
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lower-risk interactions in the context of bonding within their well-known environments and
social circle. Contrary to that, immigrant males show a more diverse choice of approach styles,
with a notable proportion using cautious and sneaky approaches compared to philopatric males.
This variation implies that immigrant males may employ a wider array of strategies, possibly

as a means of adapting to unfamiliar conditions upon integrating into a new clan.

Addressing whether the outcome of the interaction is influenced by the life history traits of both
males and females as well as the approach styles of males, the results show that both factors

play arole.

An interaction is more likely to result in a positive outcome if males adopt a casual approach
devoid of any submissive or aggressive signals. I expected that interactions involving long-
tenured and philopatric males would lead to positive outcomes because of their pre-existing
relationships with the females. This prediction was formed from a study (Szykman et al., 2001)
which indicated that females have a preference for mating with males with whom they have
familiarity or social bonds, which often develops through spending more time with the
prospective mate. And indeed, my results demonstrated that philopatric males have a higher

likelihood of experiencing positive outcomes compared to immigrant males.

To investigate whether the tendency for assortative mating is reflected in the outcome of an
approach, I included an interaction term between male tenure and female age in the analysis.
Generally, the probability of a positive outcome rose with male tenure, in concordance with
findings from earlier research (East et al., 2003). Most male-female bonds in spotted hyena, are
almost always initiated and maintained by males (Szykman et al., 2001). As a male spends more
time within a specific clan and forms a bond with a chosen female, the likelihood of a positive
outcome increases. This suggests that males may change or adjust their approach style as their
tenure in the clan increases. If a male has been associated with a female for an extended period,
there may be no need to use aggression to test her reciprocation, as such tactics pose risks of

injury and are costly for both males and females (Szykman et al., 2003).

Prior studies on male baiting of females demonstrated that females were targeted in all stages
of reproduction, with increased frequencies observed between weaning and conception
(Szykman et al., 2003). In my analysis, the precise reproductive status of the females was not
known. However, as predicted, the presence of cubs influenced the interaction's outcome, based
on the assumption that females would exhibit protective behaviour towards their cubs.
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Ultimately, the question arises: what is the significance of these relationships, aggression and
affiliation? Females possess full control over copulation and can exercise mate choice (Cunha
et al., 2014), thus making it improbable for male hyenas to use aggression as a means to
manipulate female mate selection. East et al. (2003) concluded that harassing females does not
provide reproductive benefits to males, aligning with the findings of Szykman et al. (2001),

who associated a strong bond between male and female hyenas with paternity.

But male aggression still does occur, as mentioned in previous research (East and Hofer 2001;
East et al., 2003; Szykman et al., 2007) and found in this study. It is plausible that male
harassment is used by males to gain attention and forge social bonds with females. This is
corroborated by research on great apes (Laumer et al., 2024), which found that teasing could be
used for capturing attention, is typically initiated by the teaser, and can encompass various

playful as well as aggressive elements.

An idea was put forward suggesting that aggressors should seek appeasement and direct
reconciliatory behaviours towards their targets. Such reconciliations have been observed in over
thirty primate species (Aureli et al., 2002), as well as in other animals such as ravens (Fraser
and Bugnyar, 2011), dogs (Cools et al., 2008), wolves (Baan et al., 2014), and hyenas (Wahaj
et al., 2001).

There is a foundation that may support the hypothesis that teasing and exhibiting aggression
towards females could be a means to build social bonds. Findings from Wahaj et al. (2001)
indicate that greetings and approaches are more common after conflicts, and these affiliative
gestures signal the formation of relationships and the repair of damage resulting from

aggression, but further research is needed to justify these claims.
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6. Conclusions and outlook

In my thesis, I identified three distinct approach styles among males and that these styles could
serve as indicators of potential aggression, affecting both the approaching male and the female
being approached. The outcome of these interactions is influenced by the life-history traits of

both sexes as well as by the approach styles.

Males who use a sneaky approach are exposing themselves to the potential risk of injuries; the
overall result of that approach is less successful than casual and cautious approaches, as the
male cannot approach the female and form a social bond with her. As male tenure increases, the
likelihood of a positive outcome is greater, indicating that long-tenured males do differ from
recent immigrant males in the context of forming socio-sexual bonds. But further research is
needed to shed light on whether life history traits influence the choice of an approach style,
whether it changes as a result of a female's response, and whether males change their approach

style as their tenure increases.

Another exciting opportunity for further research is connected to the question of whether the
approach style, as a proxy of aggression, correlates with the initiation of male reproduction
within the clan. I didn't directly explore this aspect, but it presents a next logical step following

the results of my thesis.

Continuing with the exploration of aggression, there is also an intriguing avenue of research
into its function, further examining whether it acts as coercion or teasing in this highly

interesting social carnivore.
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