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ABSTRACT

This study attempted to answer how scent marks funatiterms of aardwolProteles cristatuyear-
round territory maintenance and mating success. étiimal analysis of scent marking in the aardwolf
was conducted in a two and a half year field studystirecording 42 000 paste marks. The anatomy
and histology of the anal pouch revealed an effic@gan for producing copious amounts of long-
lasting fatty pasting secretion, and the apparatuagptying it onto grass stalks. The histology of the
penile pad of aardwolf males was similarly gearegrtmuction and application of secretion, though its
exact function is still not clear. Aardwolves stdrfiractising scent marking motor patterns early in
life, but physiological maturation of secretion was ptate with eight months and independence from
their parents only. Cubs practised paste marking byrmarding scent marks of their parents, adjusting
their mark-rate to that of the adult followed. Aftghysical and behavioural maturation of paste
marking subadults ceased to mark, coinciding with galexggression, and some remained in their
parent’s territories for another year. They stattegaste again only when attempting to establish thei

own territory.

Aardwolves scent marked almost exclusively by pastiiig their anal pouch. Uncovered faeces away
from established middens and urine deposited on nidgmedominately by males during the mating

season, were however likely to act as additionaitsmarking agents.



During the non-mating season scent marking pattenggested that scent marks functioned as a
representation of an aardwolf's claim to a territ@mea and its readiness to resort to physical
escalation. Female and male motivation for tetieitanarking might differ slightly. There was aegt
deal of variation in marking activity due to terrifcsize, individual effort, and territory establishmhe
Aardwolves responded to greater perceived intruderspresby increasing their marking activity.
Midden and den marking and general usage was adagte@ll. Borders where intrusions were most

likely were marked selectively more than others.

Variation in scent marking activity was even stremduring the mating season. Both sexes increased
their rate of marking ouside of their territoriesorder to advertise to neighbouring mating partners in
the weeks around the females’ oestrus. FemalesramBased their mark-rates when not in attendance
by males. Males with high mark-rates scouted intteires of females in pro-oestrus indicating their
determination to mate to both their neighbouring maled females. After the mating season when
resources, mating partners and food, were scarcersegking activity was low to increase again when
re-establishing territorial borders. At least 62% b$earved copulations were extra-pair copulations
(EPCs). Males either tried to mate at the critpm@ht for female fertilisation by aggressive intartien

or by sneaking copulations avoiding physical escalatiéemale encouraged EPCs but still were eager
to copulate longer with their partners. They were dblénfluence the course of the copulation
considerably. By defending an exceptionally largettey, as well as having two females, weakened

one male’s ability to guard his female partners effitiy from EPCs.

In 43 experiment nights the response of aardwolves wastared when finding 164 translocated scent
marks collected from known aardwolves. An increafsgcent marking activity at relevant borders and
the demonstration that intimidation was transmittéthout physical presence of the marker provided
support for the intimidation hypothesis. Aardwolvearded their occupied den in response to it being
scent marked by a same-sex intruder. Translocatet meeks of a female in pro-oestrus were able to
elicit a visitation of her territory by the neighbagimale suggesting sex attractants in female scent
marks. Seasonally the messages transmitted by swaking changed coinciding with a shift in

principally defended resource, food or mating opportunity

The study contributes to the understanding of the fomaif scent marking in the solitary aardwolf, by
exposing their capability to transmit messages effiigieand their ability of interpretation to secure

their food resources and mating opportunities.



“Anyone who has spent days and nights

watching another animal in the wild
will realise that each species
perceives a world of its own -

totally unlike any other”

David Day 1981
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CHAPTER 1

GENERAL INTRODUCTION

The aardwolf Proteles cristatusis a nocturnal carnivore of the African savanndheding almost
exclusively on termites (Richardson 1987a). Its greatiajmation and thus dependence on termites as
a food source is evident in most aspects of itstjifegAnderson 1994). Territoriality was previously
reported in the aardwolf and its primary function ifidved to be in defending this limited resource
from other aardwolves (Richardson 1985). Each aardewaifory, which ranges in size from 100-600
ha, is occupied by a resident pair with their mostnteoffspring. The adults vigorously defend their
territory against any intruders. It is well demaechby means of scent marks which are placed

strategically, especially along borders and next ttdemis and dens (Richardson 1990, 1991).

Territory Maintenance

Many mammals scent mark their territories in otdeadvertise both their presence and ownership of a
territory (Gosling 1982; Gorman & Mills 1984). It is howestill a subject of debate how scent marks
help in maintaining a territory. It is besides displgawhether scent marks actually deter intruders
from entering the territory, or from confrontingetherritory owner. Many carnivores live in large
territories which as a result are difficult to monisieadily. Richardson (1991, 1993) in the recent
resurrection of the ‘intimidation hypothesis’ impli¢dat the function of a territorial scent mark in
carnivores, is to advertise an intrinsic physicadalh to intruders. Thus if an intruder is encountesed
the territory owner physical escalation will alwaysult if the intruding individual does not retreat
immediately. In this way scent marks should helpmiintain the territory in the temporary local
absence of the resident. Despite the large numbdudies which have recently been conducted on
scent marking behaviour in carnivores (Erlirgteal. 1982; Nel & Bothma 1983, Gorman & Mills
1984; Kruuket al. 1984; Clapperton 1989; Smigt al. 1989; Richardson 1990, 1991), all were based
on field observations alone. As such they do notigeoslefinitive evidence to show how scent marks
function in territory maintenance. In addition taeamsive field observations this study aimed to take
this one stage further by experimental manipulation e@ftlarking behaviour of aardwolves to try and

untangle some of the ambiguities posed by previous work.
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The Use of Urine and Feces

Scent marking with anal pouch secretion onto grasdksstis the principal means of scent
communication in the aardwolf (Richardson 1991), wittesemainly buried on middens and urine
voided wherever the aardwolf happens to walk. Intrash feces serve as important scent marking
agents in the other members of the Hyaenidae and igrisignificant in scent communication in many
different carnivore families (Macdonald 1985). Urineyrhowever have a limited scent marking
function in the aardwolf, mainly used by males durilmg hating season (Richardson 1990). This was
tested by examining whether urine and feces are ptigditerately do serve as additional scent marking

agents during certain periods of the year.

The Function of the Anal Pouch

Not only is little known of the behavioural aspectssoént marking, but anatomical and histological
features of the aardwolf related to scent markingehalso not been examined in any detail. In
particular the histology of the aardwolf's scent niagksecretion producing anal pouch and the male’s
penile pad, has not been studied. To establish whestindwolves are limited by their ability to produce
scent marking secretion, a histological study of @hal pouch, and investigation of its anatomical
structure, will help to determine how individual odoan® likely produced and applied onto grass
stalks. It has been suggested that the penile paglalg®a role during the mating season (Richardson
1985). An examination of its histology and anatomy cokdgiefore improve our understanding of its

function.

Ontogeny of Marking

Whether early individual differences in scent magkian be used to predict the status and performance
of scent marking by different individuals during adafid has not been thoroughly studied in carnivores
(Bekoff 1989). In order to establish at what stagehefrtbehavioural development male - female
differences in scent marking behaviour appear and whetiient marking behaviour develops
differently in the sexes one has to observe its empdrom early age on. Our knowledge of scent
marking behaviour after dispersal and prior to teryistablishment in the aardwolf is still incomplete.
The behaviour of subadult non-territorial aardwolves wsamined in order to determine how they
avoided confrontation with territorial residenttf. was predicted that they may be using the residents’

scent marks to avoid confronting them.
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Intersexual Difference in Marking

Male and female aardwolves seem to be marking ttafispgreas, border and internal areas as well as
dens and middens, of their territories differerfychardson 1987b, 1990, 1991). Their scent marking
behaviour will be examined to establish whether thisri® and how their marking behaviour is

influenced by the size of their territories defendad in response to varying intruder pressure.

The role of marking during the Mating Season

For most of the year scent marking advertises wreeship of food resources of an aardwolf territory
and should function to limit intruders from exploitingem (Richardson 1991). In the short winter
mating season a switch in decisive resource frond f@sources to access to mating partners takes
place. At this time scent marking should be usedfendean animals partner against intruders in order
to maximise ones reproductive success. Observationssafiest that female aardwolves paired to
inferior quality male partners seem to advertiser theieptivity not only to their partner but also to
neighbours (Richardson 1987b, Richardson and Coetzee 1988js ifTwas also hypothesised that
individuals may scent mark in a way to gain accesadting partners of neighbouring territories. They
marked along borders of their territory and evenda®f their neighbours territories presumably to
incite visitation by neighbouring males for extra papulations (EPCs). Before females come into
oestrus high quality males scent mark deliberatelyidritsf their territories with the suggested function
of advertising their strength to the females agahdr to intimidate their male partners of neighbouring
territories in order to obtain EPCs with femalesctRrdson 1987b). It has been were suggested that
these scent marks are left especially frequently ems cand middens, serving as focal points for
aardwolf communication (Richardson 1990, 1991). The préiomeg of the strategic moves of both
males and females would imply that female scent maukgt to contain sex attractants during their

oestrus.

Experimental Manipulation of Marking Behaviour

In preliminary experiments aardwolf scent marks wesedlocated from one territory to another, and
most scent marks were found and overmarked quickigh@Rdson 1991). By conducting extensive
translocation experiments much can be learned about dwitottial residents interpret and react to
simulated challenges through scent marks by intrudérglifferent sex and familiarity. The
reproductive competition among male aardwolves dutirgnmhating season suggests that male scent
marks are different from those of females (Richands987b). Due to the shift in defended resources,
from food to mating partners, seasonal differenceshe reaction to scent marks of non-resident

aardwolves’ found by the residents are expected.
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The Importance of Individual Recognition

Another hypothesis, frequently debated in carnivorentsenarking is the function of individual
recognition (Gorman 1976, 1980; Halpin 1986). Scent marksgaividefine a territory boundary and
presumably also used in reproductive competition would becteg & have an individually distinctive
odour (Gosling 1982; Apps 1988) thus allowing differential tieado scent marks of non-residents of
different familiarity. This hypothesis will be tedtéy examining the reactions of aardwolves finding
translocated scent marks of familiar and unfamildentity. Individual differences in mammalian
odours are likely to be based on differences in thaive concentrations of components of complex
mixtures (Gorman 1980). In the case of the aardwolsénies of esters in the anal gland secretion of

the aardwolf would be suited to such a role (Appal. 1989).

The primary aim of this thesis is to establish whassages are contained in scent marks and their
function in maintaining an individual’s territory all as their role in the reproductive behaviour of the
sexes. Furthermore the anatomy and histology ofatie# scent pouch is investigated as well the

ontogeny of scent marking. In order to determhm function of scent marking in the aardwolf the

following key questions are addressed:

KEY QUESTIONS

(1) What is the anatomical and histological structiréhe anal scent pouch of the aardwolf ?

(2) What is the ontogeny of scent marking in aahdeg?

(3) Do urine and feces serve as a means of scemaoication in the aardwolf ?

(4) Do males and females differ in their scent rimarbehaviour ? If so, does this relate to a diffeee

in resources being defended ?

(5) Do females incite visitation by neighbouring malasing the mating season ?

(6) Does the copulation behaviour of males and fermadesmise their reproductive success ?

(7) How do scent marks function in the maintainasfderritories ?
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THE STUDY SPECIES

A brief literature review is given to provide the readith some background.

Evolution and Taxonomy

It is now generally agreed that the aardwolf isemiper of the family Hyaenidae (Wayeeal. 1989;
Wozenkraft 1989; Werdelin & Solounias 1991), though thetiogiship of the Hyaenidae to the
Viverridae and the Felidae within the superfamilyoitia is still unclear. Molecular and biochemical
data suggest that the Hyaenidae are most closalgddo the Viverridae (Waym al. 1989), although
morphological characters propose a closer relationgitipthe Felidae (Wozenkraft 1989; Werdelin &
Solounias 1991). Nevertheless, it is believed that itlsé fiyaenids evolved from non-specialised
viverrid-like ancestors into the more specialisedebomshers of today (Werdelin & Solounias 1991).
Recently it was suggested that ancestral aardwoler® phylogenetically preadapted, via their
viverrid-like ancestors, to tolerate noxious chensiGald hence the defence secretionBrivfervitermes
soldiers (Richardson & Levitan 1994). Ewer (1973) considgcyaenaas the most likely ancestor of

Proteles Like the present day aardwolf it had sharp-poiteeth, ill-adapted to breaking bones.

The sole indisputable ancestor of the aardwolfR.igransvaalensisvhich was described by Hendey
(1974) from late Pliocene deposits at Swartkrans ifthasvaal and can be dated at about 1.5 million
years B.P. (Brain 1981). This animal was larger amtiadlg less degenerate thRncristatus(Hendey
1974). Gingerich (1974) pointed out that the extant aardsolfrtually indistinguishable fronfe.
cristatus of one million years ago, which supports the hyposhéisat Proteles diverged from the

ancestral stock sometime in the Pliocene.

Distribution and Habitat

The aardwolf is endemic to Africa and occurs in tecrete populations (Fig. 1.1). The southern
population P. c. cristatusSparrman 1783) ranges over most of southern Africa, dirgprjust into
southern Angola, southern Zambia, and south-westerraiibique. A 1 500 km gap separates the
southern from the northern populatida. (c. septentrionalidRothschild 1902), which extends from
central Tanzania to north-eastern Uganda and Sanaadd in a narrow strip along the coast of Ethiopia
and Sudan to south-eastern Egypt (Meesteal. 1986; Smithers 1983). Aardwolves are absent from
most of Zambia, southern Tanzania and West AfriceiméPhabitat for the aardwolf is open, grassy
plains, although it occupies most habitats with a meanal rainfall of 100-800 mm. Aardwolves are
most common in areas receiving 100-600 mm of rain aadabsent from forests and pure deserts
(Smithers 1983).
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Figure 1.1 Distribution of Proteles cristatus in Africa (from Koehler and Richardson 1990).
@ P. c. septentrionalig? P. c. cristatus

General Characters

Like the striped and brown hyaenas, the aardwolfehagiscular neck, large pointed ears and a long
erectile mane extending from behind the head dowmittidle of the back to the tip of the tail (Koehler
& Richardson 1990, Fig. 1.2). In southern Africa, adultybodass varies seasonally with the
availability of termites with an average of 8-12 Kghere is no sexual dimorphism in size (Smithers
1983; Richardson & Bearder 1984; Van Jaarsetldl. 1995). Like the hyaena®roteleshas a
sloping back with forelegs longer than the hindlegg] a well developed anal pouch for scent marking
grass stalks. With its striped body it superficiagambles the striped hyaena, thoRgbtelesis less
than 50% of its size, with a more regular stripe pat{Riohardson & Bearder 1984; Fig. 1.3). In
reference to its generic name the aardwolf hasdiiyiés on the front foot and four on the hind, elifig
from the hyaenas which lack the pollex on the framt f(Roberts 1951; Smithers 1983). The most
dramatic differences between the hyaenas and tkevalfir however, are in the skull and dentition, the
whole structure being adapted to the aardwolf's nednsixe diet of termites (Kruuk & Sands 1972;
Richardson 1985). Whereas hyaenas have a powerfuliateiatitd strong sagittal crest to crush large
bones, the aardwolf has a slender skull and the ctesgk are reduced to small, widely spaced,
redundant pegs (Roberts 1951; Smithers 1983). The broadparediel-sided palate extends beyond
the molars providing space for the large, spatulatgumrused to lick termites off the soil surface

(Richardson 1987a). The tongue is covered with largedemed papillae of two different shapes



GENERAL INTRODUCTIONe 7

(Flower 1869; Richardson 1985; Anderseinal. 1992; Anderson 1994). Large submaxillary glands
produce copious amounts of sticky saliva, while the masqwloric area, or muscular tooth of the
stomach probably compensates for the lack of chedk feethe mastication of the termites (Anderson
et al. 1992). Still the aardwolf has disproportionately strgenys and skull with well developed
masseter muscles and a powerful jaw action (Koehl®i&ardson 1990). These features together
with sharp, well developed canines were probably refaioe fighting (Ewer 1973; Smithers 1983),
both in their aggressive territorial disputes anddéfence of their young as they often chase jackals
from their breeding dens (Richardson 1985, 1987b; Richar&s0netzee 1988). In old animals the

canines are often worn down to rounded stumps (Risharti985).

Facial hair is short (1-1.5 cm) and grey, while thente is hairless and grey-black (Smithers 1983), a
presumed adaptation to the sticky terpene secretitimedfrinervitermessoldiers. Aardwolves of the
study area vary in the background colour of their cfat® pale buff to dark grey and their stripe

colour from light brown to black (Fig. 1.3).

Visual, auditory and olfactory senses are all wellettped in the aardwolf, with a noticeably large
external appearance to the eyes and ears, whilealfijethe olfactory lobes and auditory bullae are

also well developed (Flower 1869; Kruuk & Sands 1972; Smith@88; Richardson 1985).

The penis points forwards, containing no baculum, arghé&athed along the ventral surface of the
body. The glans penis is covered with small recusgdes (Flower 1869; Wells 1968; Ewer 1973;

Richardson 1985). At the base of the penis are a paiblohg clusters of pale sebaceous glands
separated by non-glandular tissue (Flower 1869) with unkrfiometion, that were previously not seen

in hyaenas (Wells 1968; but see Chapter 3, Fig. 3.1). Thaldehas two pairs of inguinal teats

(Richardson 1985).

Aardwolves scent mark their territories with a gelish-orange to brownish-black secretion from the
anal pouch (Kruuk & Sands 1972; Nel & Bothma 1983; Richardson X85 et al. 1989) that turns
black with oxidation upon exposure to the atmosphere (Risba 1985). The pouch is situated
immediately above the anus, with which it sharesrancon external aperture. The pouch is T-shaped

and eversible with sebaceous and apocrine gland tiskweef 1869, Pocock 1916).
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Ontogeny and Reproduction

In central South Africa, females come into pro-oestmige a year only, in mid June. Mating usually
takes place in the second half of June and thehi@étof July. Copulation lasts from one to four and a
half hours with ejaculation, indicated by pelvic thmgtand tail bobbing, usually after one hour and
again at approximately hourly intervals. During théelapart of copulation the female walks back
towards her den with the male clinging to her (Higl). There is no copulatory tie. Females remain

receptive for one to three days and will recycleoif fertilised (Richardson 1985, 1987h).

After a gestation period of approximately 90 days arlitetwo to five young is born from mid
September through December in South Africa (Shortridge 1$3dart 1981; Richardson 1985;
Koehler & Richardson 1990). Further north in Botswamé Zimbabwe, the breeding season seems to

be less restricted (Smithers 1983).

After about one month the cubs emerge for the first firam their natal den and start to play around
the den when the adults are present. From six toveeks they play within 30 m of the den (Fig. 1.5).
From nine to twelve weeks they may go foraging withadult and start feeding on termites within a
radius of 100 m from the den. From 12 weeks to four hsottiey forage throughout the territory,
usually accompanied by a parent. Cubs are weaned bydloé #nis period and are accompanied for a
short period of the night up to seven months (Fig. b&)thereafter forage alone. With the birth of the
next year's litter, at one year of age, aggressiom their parents increases and cubs start making
excursions into neighbouring territories and generbllye left their natal territory a month later.
Subsequently they seldom return and enter a transieiod pduring which they search for a vacant
territory. If a parent dies, a cub of the same sex ramain in its natal territory (Richardson 1985,
1987b).

Males may help rearing the young by guarding the damsigblack-backed jackals. Paternal care
varies, some fathers may spend up to six hours / nigdntdang the cubs, while the female is away
foraging (Richardson 1985, 1987b; Richardson & Coetzee 1988plpeis Cub mortality can be as
high as 68 %, depending on drought conditions or lamgters (Richardson 1987a). Captive

aardwolves can attain an age of 15 years (Von Ketelt@66).

Ecology

The diet of the aardwolf is well documented. Itdeeprimarily on nasute harvester termites

(Trinerviterme$. In East Africa onT. bettonianus(Kruuk & Sands 1972)T. rhodesiensisn
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Zimbabwe and Botswana (Smithers 1971), dndrinervoidesin South Africa (Cooper & Skinner
1979; Richardson 1987a). The aardwolf feeds on foragirngepanf termites by licking them off the
soil surface, apparently tolerant of the noxious sexretof the soldier termites (Kruuk & Sands 1972;
Richardson 1987a; Richardson & Levitan 1994), and consumngio 300 000 termites/night
(Richardson 1987a). Termite foraging parties or coluvang in size from about 20-40 cm across and
may contain up to 3 000 individuals. Aardwolves use botflitery and olfactory cues to locate
termites, typically turning to approach columns from dewd (Kruuk & Sands 1972; Richardson
1985). T. trinervoidesis almost entirely nocturnal but by contrast the larharvester termite
Hodotermes mossambicissmainly active by day and during winter (Nel & Hevit969; Hewittet al.
1972; Richardson 1987a). This is fortunate for the aardeedfiuse during the winter months in
central South Africa, it is often too cold f@rinervitermesto emerge at night. At this time aardwolves

become more diurnal in order to feedHodotermesiuring the afternoon (Richardson 1987a).

Richardson (1987a) estimated that an aardwolf consuniegit al05 million termites/year.
Trinervitermes constitutes the overwhelming majority of these witbdotermesbeing of limited
importance during winter. Only traces of other ibsé@ve been observed as being eaten or recorded in
faecal deposits. Other studies (Smithers 1971; Kruuk 8$4872; Kingdon 1977; Cooper & Skinner
1979) have also shown a prevalenceTahervitermessp. in the aardwolf's diet, although with a

broader spectrum of other surface-foraging termitdst véirely recording other insects and arachnids.

During the mid-winter months of June and July in tbethern Cape province, aardwolves consume
only one-fifth the amount of termites per month amgared to outside the winter months, resulting in a
loss of up to 25 % of body mass during this time. Wiidealso the time of highest cub mortality,
suggesting that the aardwolf is highly dependentmervitermesand unable to feed successfully on
the alternative food resources available at this tereept for irregularly occurringdodotermes
(Richardson 1987a, 1987c, 1987d; Anderson 1994).

The aardwolf has a basal metabolic rate of merely 58 Minter (Anderson 1994) and 70 % in
summer of that expected from the allometric Kleiber eudnderson 1994). Dependence on a food
source that is nutritionally low (Redford & Dorea 198#ed with chemical poisons (Prestwich 1983),
and seasonally unavailable (Richardson 1987a) could bensiisigofor the lowered basal metabolic
rate (Richardson 1987c). Active aardwolves maintadorsstant body temperature of 37 °C. Whilst
inactive, and particularly during winter, they are atdedecrease their body temperature as low as

31.2 °C resulting in energy savings of up to 17.7 %. imeraardwolves employ heat-saving postures
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and social huddling to conserve energy and watéhdrthermally stable den environment as well as

spending more time there than in summer (Anderson 1994).

Aardwolves are generally independent of surface wegeriving their water from termites. They drink
during long cold spells only, when termites remaarctive, then often walking long distances in search
of water (Richardson 1985).

As a consequence of the aardwolf's specialisatidts amique diet, it has invaded a trophic niche which
is almost entirely devoid of competitors (Anderson 19924Y¥inervitermesare largely unavailable

during winter and due to a number of physical speciaismtaardwolves are unable to exploit
alternative food sources. Survival during winterdhiaved through a combination of behavioural and

physiological adaptations (Anderson 1994).

Aardwolves occupy home ranges that vary from 100 to 60&haik & Sands 1972; Bothma & Nel
1980; Richardson 1985; this study). Richardson (1985, 1987b; 1990; 1994hdvais that home
ranges, determined by summing up contiguous hectaresiéh an adult pair deposited more than one
scent mark/ha outside the mating season, are apgtgsdefended and scent marked as territories.
Territory sizes vary with the density @finervitermesmounds, each territory having approximately
3 000 mounds, with an average of 55 000 termites/mound (@@ 1985). As the standing crop of
these mounds provides approximately one-half the anmareumption of a family of aardwolves,
presumably these termites have a high production/biomsss to sustain this high predation rate
(Richardson 1985, 1986; 1987a).

Behaviour

Aardwolves are mainly nocturnal (Kruuk & Sands 1972; Batl&Nel 1980; Richardson 1987a) and
in the Northern Cape summer, activity begins halfrte bour after sunset and ends one to two hours
before sunrise. During the winter months activityefbegins one to two hours before sunset, lasting
until termites become unavailable as the air temperatofes to about 9 °C. Aardwolves cover about
1.7 km every hour while foraging, walking eight to twekm/night during summer and, depending on

ambient temperature, three to eight km in winter (Ridaon 1985).

They feed alone except when accompanying their young @uosik & Sands 1972; Bothma & Nel
1980; Richardson 1987a; Richardson & Coetzee 1988). Duringrwinembers of the same territory

may come together in a loose group, when feedingaafotermesmerging from a large colony. When
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they meet another aardwolf from the same territbpth animals raise the mane and hair on the back
and approach each other slowly. When recognising etier they lower the mane and pass by each
other without further interaction. Occasionally, niin a greeting between a mother and her cubs,

two animals briefly sniff each others noses befopassing (Richardson 1985).

An aardwolf pair defends a perennial territory whieit most recent offspring. Apart from aggressive
encounters, these territories are maintained by nmafastent marking (Richardson 1985, 1987b, 1990,
1991; Fig. 1.7), sometimes called "pasting" (Kruuk 1972; Goré&ndills 1984). When marking the
aardwolf first straddles a blade of grass, then tagiguats while everting its anal pouch and wiping a
smear of secretion (Fig. 1.8), about six mm in lengtkg the grass (Kruuk & Sands 1972; Richardson
1985; 1990, 1991). Both sexes scent mark, females about 1.7 tin¥¥0p@a walked and males more
frequently, on average more than two times per 100 kedlalPastings are concentrated along territory
boundaries, dens and middens and may be entireledetatterritory defence and mate acquisition
(Richardson 1985). Nel & Bothma (1983) observed aardwalepssit minute spots of secretion,
apparently related to advertising areas traversett igeding. This latter form of scent marking has
not been recorded elsewhere (Kruuk & Sands 1972; Richad®b, 1987b).

Like hyaenas, aardwolves defecate mostly at mid@eigs 1.9), just sometimes defecating at random
(Nel & Bothma 1983; Richardson 1985, 1990). Middens are usaa#lyto two metres across and

often made of soft, bare sand from the frequentimtigof aardwolves. As many as 20 middens may be
located throughout the territory, but those near the demynare used most frequently (Richardson
1985, 1990). To defecate a narrow trench is dug with atiegnstrokes of the front paws; the animal

then turns around and squats over the trench. Tétedfifecation of the evening may be up to eight
percent of the body mass of the animal (Smithers 19¢haRison 1985). The subsequent two or three
defecations in summer are much smaller. After défezdahe aardwolf fills the hole with sand and

usually deposits a few scent marks onto adjacent @pefese leaving (Richardson 1985; 1990). The
sand content of the faeces may vary from negligiipleéo 40 % in sandy areas (Bothma & Nel 1980;

Cooper & Skinner 1979) or when few termites are avail@®ighardson 1985).

Aardwolves usually urinate into the same hole usediéfecating. But when termites are abundant
they may urinate up to six times a night, by simply singtb urinate on the ground, and then continue
foraging (Richardson 1985). A possible role in commuitinafor uncovered urinations left by males

during the mating season has been suggested by Richdd®90).
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The aardwolf is generally silent, when not undeesstr The lowest form of threat is a soft clucking
sound apparently made by opening and closing the mdinider more stress, aardwolves utter a deep-
throated growl and during fights or when suddenly ssedr give a remarkably loud and explosive roar
(Smithers 1971; Richardson 1985). During fights and chiligemane is often fully erected. When

slightly disturbed, the aardwolf just fluffs out thersadf the tail, as frequently seen in playing cubs.
Outside of the mating season, resident aardwolves alli intraspecific encounters within their

territories, immediately raising their mane andsihg away intruders upon detection (Fig. 1.10). When

these are caught, both animals fall to their knedsbéa each others necks (Fig. 1.11).

As a mated pair occupies the same territory throughosityear, but since copulations are not
necessarily exclusive within the pair, aardwolves tmaygonsidered socially monogamous only. EPCs
regularly occur between the most aggressive malefeamae neighbours. Aggressive neighbours may
gain access to neighbouring females by rigorously soarking the territory of a neighbour during the
pro-oestrus period of the female, subsequently defetliingesident male in a fight when his female
becomes receptive. Cuckolding of less aggressivesrhalds evolutionary implications. Paternal care
necessary for cub survival involves guarding of the fdem jackals, an activity that is energetically
costly to the male. Males should theoretically guards only if some of them are his offspring. It has
therefore been suggested that females should acceptpaitrcopulations only after mating with her
partner (Richardson 1987b; Richardson & Coetzee 1988). daddting litter may have mixed
paternity, thus providing motivation for the cuckoldadle to guard the cubs, although they may also
possess "superior" genes from the more aggressive freden the females’ point of view this should be
a stable strategy, unless the cuckolded male haarh®pportunity of access to a female with whom he
can breed exclusively. In this case he may leaveraisiiscuous female to mate with the alternative

female (Richardson & Coetzee 1988).

Cubs are raised in dens, usually with single entrancBEsese may be old aardvark, or porcupine
burrows, but more often enlarged springhare burrows orvatioas of aardwolves themselves

(Richardson 1985, Anderson 1994). Dens are mostly ovpedhat the entrance, about 32 cm high and
42 cm wide, and rapidly narrowing to 20 by 30 cm insigettinel. They may be up to 6.5 m long

with a chamber (100 x 40 x 25 cm) at the end, usually prayidpace for one adult and her cubs
(Richardson 1985; Anderson 1994; pers. obs.). Dens arentggusded for six to eight weeks before

switching to another, and may be re-occupied 6-18 mdaitéis(Richardson 1985).

Most of our contemporary knowledge about aardwolvanssfeom studies within its southern-central

distributional range in Africa, with its distinct semal and habitat characteristics. Little is knain
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its habits within the more tropical latitudes of EAfica, with their relatively aseasonal environment
Even within southern Africa the influence the dersavannah habitat in the very south and east of
South Africa, or the extreme dry conditions of thdakari and Namib desert, will have on the feeding

ecology, breeding behaviour and the chemical siggadiystem of the aardwolf remain undocumented.
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Figure 1.3 Slightly alarmed female adult aardwolf with black, regular stripes.
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Figure 1.4 Mating pair of aardwolves. The female carries the male on her back, with him
still being inserted, towards her den in order to rid herself of his grip.

Figure 1.5 Four six week old aardwolf cubs playing at the den entrance. The cub on the
left already shows interest in a scent marked piece of root.



GENERAL INTRODUCTIONe 16

Figure 1.6 Six months old male aardwolf cub investigates his mothers scent mark. In the
background a second cub tries to overmark its mother’s scent mark.

Figure 1.7 One aardwolf scent marks a grass stalk with its anal pouch. The second tries to
sniff the grass stalk with the secretion on it
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Figure 1.8 Anal pouch scent mark secretion (pasting) on a grass stalk.

Figure 1.9 Three cubs defecate together with their mother (scratching over) on a midden.
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Figure 1.10 Aardwolves chasing each other on a winter afternoon.

Figure 1.11 Aardwolves fighting on their knees. Two adult males bite each others ears
and radio collars in a fight for mating rights.



CHAPTER 2

MATERIALS AND METHODS

STUDY AREA

Location and General Description

The study was conducted on Benfontein Game Farm (28°88°S0'E), which is situated about six
kilometres south-east of Kimberley in the Northernp€and Free State Province, South Africa
(Fig. 2.1). This same study area was used previouslyidhaRison (1985) and Anderson (1994) in
their studies on aardwolf. Benfontein covers 11 40(ahd,the study site is a 4 000 ha portion in the
eastern part of the farm. Elements of three majomés that converge in the Kimberley area
(Acocks 1975) are present in the study area. In ralaticKimberley the Kalahari biome lies to the
north-west, the grassveld biome to the east, andadheo biome to the south. A large pan is situated in
the north-west of the study area, with more speethlflant communities around it. The vegetation of
Benfontein has been described in detail by Richar(s@8t) and Anderson (1994).

Climate

(1) Rainfall The Northern Cape has a "semi-arid continentalatk" (Schulze & McGee 1978). There
is a distinct dry period during the winter months ancimid period during the summer. In a semi-arid
area, rainfall is the most important factor influegcchanges in vegetation and therefore in the dnima
communities (Louw & Seely 1982), including the termitésilvio aardwolves. In the Northern Cape

rainfall is very variable, both in time and spatiatdbution (Tyson 1986).

Rainfall in Kimberley peaks in the late summer montith March usually being the wettest (Fig. 2.2).
Precipitation is usually in the form of late afternatmindershowers. The mean annual rainfall for
Kimberley is 431+127 mm (Weather Bureau in Pretoria). Thathly rainfall recorded during the
study period was generally lower than the 50 year gesraexcept for the rains in October 1991 and

February 1992, which were much higher.
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Figure 2.1 The farm Benfontein, showing the main study area and the more important
geographical features.
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The monthly rainfall for the study period, May 1991 - Augl@93 (Kimberley Weather Station, B.J.
Vorster airport, Kimberley), compared with the meamthly rainfall for the last 50 years (Weather
Bureau, Pretoria) is presented in Fig. 2.2. Takingdh#all for the first two years of the study period
gave a mean annual rainfall of 347.5 mm (May 1991-April 1992=3#7 May 1992 - April

1993 = 348 mm) which is still within one standard déstadf the mean annual rainfall for Kimberley.
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Figure 2.2. The monthly rainfall for Kimberley for the study period (May 1991 - August
1993) relative to the mean monthly rainfall for the past 50 years (1940-1990).

(2) Temperature The mean minimum and maximum monthly temperatures Her study period

(Kimberley Weather Station, B.J. Vorster Airport, Kienley) are shown in Figure 2.3. The winters
(May to August) are cold and dry and the summers (hMbee to March) are hot. During winter there
is very little cloud cover and the temperature at tnigften drops below freezing. The hottest day

temperature recorded was 39.1°C, the lowest night tetnpenaas - 7.8°C.

Water

After good rains the pan fills with water, creatmdgertile, shallow wetland, with a length of up toese
kilometres. During the study period the pan was maktly being partly filled only in October 1991.
There is a permanent spring in the north-east oftilndy area. During this study the aardwolves used
the spring for drinking and the pan wetland on a nurobeccasions. Following good rains, pools of
stagnant water persist in the veld for a few daps, @ small pan in the centre of the study area held

water for a week or two after a thundershower.



MATERIALS AND METHODS « 22

Ambient temperature (C)

MJJASONDIJIJFMAMIIJIASONDIJIFMAMIIJIA

Months (May 91 - August 93)

Figure 2.3 The mean maximum and minimum temperatures for every month of the study
period (May 1991 - August 1993).

Topography

Benfontein Farm can be divided into five geographiegiions. In the north-west is a large, closed
depression or pan with a substrate primarily consistirmlcium carbonate (calcrete). A calcrete layer
also underlies all the soils surrounding the pan. Adaha pan, rising gradually in altitude, are the pan
slopes (Fig. 2.4). Further away from the pan the grdewels out and a belt of red Kalahari sand
occurs to the south-east, which also has an underbgimareous tufa. Sand depth increases to the
south and east and trees, maiAlgacia erioloba grow here (Fig. 2.5). A few dolerite koppies are
situated along the southern-eastern, southern, ana-western boundaries of the farm, just beyond the
southern-eastern limits of the study area. Two premtidrainage lines run down to the eastern sector

of the pan. They are rather shallow depressions,dbiés being periodically waterlogged.

Indigenous Fauna

From 1891 to 1970 Benfontein was utilised as both a sheegaamel farm (Richardson 1985). Since
then Benfontein has been run primarily as a game fafth,a few thousand hectares in the southern
part of the farm still used for cattle ranching. fEhare approximately 5 000 springb@ommon and
scientific names of all animal species cited intéhe are listed in Appendix Dn the farm making it the
most numerous indigenous ungulate. Other antelopes indlledbok, black wildebeest, steenbok,

common duiker, and greater kudu.
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Figure 2.4 Pan slope vegetation with walking aardwolf in the foreground in winter 1992.

Figure 2.5 Kalahari sandveld in the south of the study area with long grass, termite
mounds and Acacia erioloba trees.
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No large carnivores survive on the farm, but a numbenwfller species still occur. The two largest
are the black-backed jackal and the caracal. Thagsent the aardwolf's sole potential predators on
Benfontein. Other carnivores include the bat-eaceq] €ape fox, black-footed cadtriped polecat
and the small-spotted genet. Other potential preslafoaardwolves in the study area and surrounding

farmland include man (Anderson 1988) and two birds of,gheygiant eagle owl, and martial eagle.

The two mammals most likely to compete, to a vanjtéd extent, with the aardwolf for its food source
are the aardvark (Melton 1976; Wili®t al. 1992), and the bat-eared fox (Nel 1978;
Bothmaet al.1984). The springhare, porcupine, and aardvark are impootaardwolves, since their

burrows are frequently used by them (Willis & Anderson 1990)

GENERAL METHODOLOGY

The general methodology which has been used througfhewgtudy is detailed in this chapter. These
techniques are therefore pertinent to various chapfetise thesis, whilst more specific methods are
described in detail at the start of the relevanptdra. The field work for the study was conducted ove
a period of 28 months, from May 1991 until August 1993. Durirggtitme | visited the study area on

530 occasions, amounting to over 3500 hours of field work.

Mapping of the Study Area

Richardson (1985) used 420 metal stakes to mark aardwdilens, dens and prominent landmarks in
the study area. Anderson (1994) supplemented this withttzef 120 stakes over his study. These

1 m long stakes were marked with self adhesive teguk {ellow, white, green, and blue) which was
visible from distances in excess of 300 m at night inlight of a spotlamp. The stakes were driven
into termite mounds which prevented them from beingcked over by black wildebeest and other
animals. In addition all gates and some poles albadength of the fence-lines were marked. In the
southern study area 50 trees were colour coded witkctigl tape stuck on metal pieces, about 2 m
above ground. During the study the reflective tapeaamiy all the previous markers was replaced and
an additional 94 stakes were placed in the study avemy @ total of 684 marked points (Fig. 2.6).
Richardson’s (1985) map of the area was used as themnefdsence, onto which | plotted Anderson’s

markers as well as my own new marker points.
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PLOT OF THE 684 MARKERS ON BENFONTEIN GAME FARM
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Figure 2.6 Plot of the 684 markers within the study area on Benfontein game farm.
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In 1982 De Beers Survey Department surveyed 50 of Richasd&®85) 420 colour coded stakes,
spaced well out across the northern part of the stueg. a Their localities were plotted onto an
enlargement of a 1:50 000 government survey map and weteassreference points for plotting the
positions of the remaining stakes (Richardson 1985)s Wwhs done by means of a hand-held compass
and triangulation. The coordinates of all the follmy stakes, trees, fence posts and gates were
calculated by Richardson (1985) and later by me in th@fiolg manner. Using the coordinates of the
50 original stakes as reference points a grid mattix %90 m divisions was drawn up to cover the map
of the whole study area (60x80cm). A transparency ofgtiiwas made and fitted over the map of
the study area. The coordinates of all the mankers then estimated to the nearest 10 m (Richardson
1985).

Meteorological Information

Maximum and minimum temperatures, rainfall, wind spead,ralative humidity were provided by the

Kimberley Weather Office at the B.J. Vorster airpartich is about five km west of Benfontein.

Immobilisation and Radio-tracking of Aardwolves

Some aardwolves had been radio-collared by previoesnmasers (Anderson 1994). However it was
occasionally necessary to locate and immobilise vealvés without radio-collars. Animals were

located by parking the vehicle at a good vantage paiat scanning the area through a pair of
binoculars, in the late afternoon in winter and eaigning in summer. At night aardwolves were
searched for by driving along roads, and throughviid, while scanning the area with a handheld

spotlamp.

Aardwolves were immobilised on 32 occasions. Theyewarted from the vehicle when standing still
while foraging or when lying down. The dart wasedi using a Telinject dartgun (Telinject SA,

Randburg, RSA) from distances of 10, 12, or 15 m (Andel€94), after the range was checked
against the focus of a camera’s telephoto lens. dahgun was calibrated using the minimum amount
of pressure needed to dart at these three distaRodsafdson 1985). All 1.5 ml darts were marked

with reflective tape to facilitate recovery at nigRichardson 1983; McKenzie 1989).

The drugs used in the dart were a combination of 12-2Rgkg@tamine hydrochloride (Ketalar, Parke-
Davis Laboratories (Pty) Ltd., Isando, RSA) and 0.15-01®fdkg acetylpromazine (ACP, Centaur
Labs (Pty) Ltd., Johannesburg, RSA) (Anderson & Rigban 1992; Richardson & Anderson 1993).

Immobilisation of aardwolves was usually effectivéniducing anaesthesia within five minutes.
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Individuals remained anaesthetised for between 20-46tegirduring which time they were earmarked,
weighed, measured, blood samples were taken and #reyfitted with radio-collars. The body mass
was recorded using a 10 kg and 2.5 kg spring balanceldP&switzerland). The length of all four
canines was measured as the maximum distance frotip thiethe tooth to the gum on the lateral side
of the tooth, using a pair of callipers. Also thedition of the canines (broken, chipped, or worn) was
recorded. In addition the size of the males’ teastad females’ nipples were measured with callipers and
the secretory condition of both anal pouch and penidegsaessed. The colours of secretions were also
recorded. Radio-collars were fitted to adult aatdesonly. When the aardwolves started recovering
from the drugs they were put out into the veld and kextcfor at least two hours until they were

walking steadily again.

Radio-collars consisted of a SB2-AVM transmitterV{A Instrument Company Ltd, Livermore,
California, USA) in the 148-151 MHz band powered by a 3.6-siZ@ lithium battery. These were
embedded in dental acrylic, whilst the collar itsgis of four centimetres wide industrial conveyor-
belting, which was riveted in place. Several radiltacs transmitted signals for more than two yesrs
a range of more than two kilometres. Most of theeanae, sticking out through the top of the nylon

sheeting, broke off after several weeks reducingitpeal range to between 500 m and 1000 m.

The telemetry equipment used to locate aardwolvesawéaesu FT 290 R Il receiver (Yaesu Musen
Co., Tokyo, Japan) and two three-element Yagi tygermas. The antennae were mounted, facing
forwards, at an angle of 90° to each other, to alnfietene fastened on the back of the vehicle. A
switch box inside the vehicle enabled the driver tdckwirom one antennae to the other, such that an
equal signal strength from each side meaning tlmadndwolf was directly in front of, or behind, the

vehicle.

Marking and Recognition of Aardwolves

Aardwolves were recognised on the basis of (1) thaily stripe patterns, colour of coat, face, (2) their
radio-transmitter frequencies, (3) reflective tapewolon their radio-collars, (4) natural ear cuts and

nicks, and (4) man-made ear markings.

To facilitate later recognition, nearly all aardwes darted for the first time were earmarked. @Gme
two small V(s) were cut from the aardwolf's ear(shgisa sterile scalpel blade. The wounds were

treated (Kemi Spray, C.E. Industries (Pty) Ltd., KesnpPark, RSA) and the animals were injected



MATERIALS AND METHODS « 28

subcutaneously with a wide spectrum antibiotic (CombimyCir. Industries (Pty) Ltd., Kempton
Park, RSA).

Age Classification of Aardwolves

Richardson (1985) distinguished five aardwolf age ctassa the basis of growth and subsequent
damage of the canines. Since aardwolves have etyremduced molars and pre-molars it is not
possible to determine their age on the basis of teathtion and wear, as is done for other carnivores
(e.g. Kruuk 1972; Mills 1981; Lindeque & Skinner 1984). Following thedy of Anderson (1994)

three broad age classes were differentiated; nacodly (<1 year old), sub-adults (1-2 years old) and

adults (>2 years old).

Observation of Aardwolves

After an initial habituation phase of between three aBddays the newly radio-collared aardwolves
were not disturbed by the vehicles presence and this.ligrhey were followed in a 4x4 pickup truck
from distances of 10-30 m. This vehicle proved ideadifg an excellent ground clearance and | sat
fairly high, increasing the visibility in long grasS$tudy animals were followed with the vehicle aeragh

in low range four-wheel drive. In this manner eeginrevs remained fairly low without riding the
clutch or creating too much noise. This also redtisecchance of stalling the vehicle. Being in four-
wheel drive, it was possible to drive out of an aarkil@le without unnecessarily disturbing and/or
losing the study animal. The 55-watt spotlamp usedifgitt observation had a swivel mount and was
attached to a metal frame directly above the dewsmdow. Attached to the lamp was an extended

handle which could be held while resting the armhenvtindow sill.

Observations were recorded on a Phillips pocket plctae, enabling me to keep the animal in visual
contact. A 10x50 pair of binoculars were used for moredleétabservations. All of the aardwolves

were accustomed to the presence of the vehicle ahé sound of my voice. However, they were easily
disturbed when they detected a person standing outsdechicle. During winter, aardwolves were
followed from the time they became active (15h00-17h00)l timty retired to their dens (18h00-

01h00). In summer they were followed from the time thegame active, just after sunset, until 03h00
in the morning. On a number of occasions, particulahgn conducting translocation experiments with
scent marks, aardwolves were followed for theiirerdctive period to determine which middens and

dens they visited and to which den they retired.
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The method used to plot the movements of aardwohaess hased entirely on the use of the coloured
markers. The first observation was made when t fosated the focal animal and subsequently,
whenever it passed near a marker, changed direaiiomhen there was a noticeable change in its
behaviour. On average an observation was made eemryninutes. For each observation the
aardwolf's bearing and distance to the nearest mavlie recorded. Bearings were given by using the
16 points of the compass - N, NNE, NE, ENE, E ect. &ftinations of these bearings were made by
using the sun, moon, Southern Cross, and three twelal-made features. They were a radio tower, a
mine dump, and a mine headgear, 10-20 km from the stedy and lay almost exactly to the east,
north and west. When | was near the extremitiehefstudy area these bearings had to be slightly
adjusted. Distances over 30 m were estimated toeduest 10 m. These data were used to calculate
the coordinates of the aardwolf's position as it etbaround (Richardson 1985, 1987a). For checking
computer calculated distances between consecutive obisasviine odometer reading of the vehicle was

noted to the nearest 50 m at each observation.

Recording of Behaviour

Different categories of behaviour were recorded udimgfantaneous and continuous sampling
techniques (see Martin & Bateson 1986). Those behaviduasmore general nature.§. feeding on

termites, walking) were recorded by instantaneouspbagnat about 10 minute intervals over the course
of the night following the focal aardwolf. Rare bmportant actions such as sniffing and showing
flehmen towards grass stalks, defecation and uoimgtiand also interactions with other animals were
continuously sampled. Thus every time a particular bebawas observed or performed towards

another individual this was noted.

Behaviour was divided into the following categoffi@sthe purpose of the study:

Marking and Eliminative Behaviour

Scent marking while travelling and feedin§l scent marks (pastings) were recorded with a tamin
and whenever the position of the focal animal wasnded, every ten minutes on average, the total

number of marks was noted the aardwolf left sincdatsieobservation (Richardson 1991).

Scent marking on middens and denathen an aardwolf visited a midden or a den anckedbat it,
then these marks were recorded as having been kereeand kept separate from those since the last
observation. Middens were defined as sites wharethvere at least two separate defecations and

which showed signs of sand having been scratchedtbeefeces. Dens were holes large enough to
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sleep in which aardwolves either used during the stuidyad the potential for usage or were visited

regularly.

Defecating and urinatingwhenever an aardwolf defecated or urinated the pogiti the defecation at

or away from a midden was noted, together withtshilag movements or without.

Investigatory Behaviour

Sniffing: when an aardwolf walked up to a grass stalk wittexdsting scent mark and deliberately

sniffed it for more than three seconds this wagdhot an observation.

Flehmen: The act in which the upper lip is drawn up in ordernorease gaseous flow over the

vomeronasal organ in order to assess the scersagra mark, urine, or feces (Estes 1972).

Interactive Behaviour

Four interaction types were combined from 20 differ¢asified behaviours shown during interactions

of aardwolves:

Greeting: Two or more animals approach one another withinnagtiee without raising their dorsal hair,
then simply walked past one another. Sometimeshtiefly sniffed each others’ noses, head, or anal

region.

Hair-raising: Raising (pilo-erection) of the dorsal hair of neald back while approaching each other.
When recognising a resident of the same territorglase quarters aardwolves lowered their hair, and
usually walked off. Sometimes one made a brief lungbeaother, then trotted off. Hai2-raising does

not include any occasions when a chase was involved.

Chasing: Chasing another aardwolf away for a distance déast 10 m. Snapping or bites of the

chaser to the chased hindquarters were included here.

Fighting: Brief fights occurred when aardwolves involved ichase caught up to each other and the
chased would face the chaser. On other occasioasmwolf would face the attacker without prior
chasing. They would fall to the ground biting eadhetd necks, ears, sides and legs, often drawing

blood while kneeling on the ground (Fig. 1.5).
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General Behaviour

Walking or running: These two behaviours were recorded only when theretsd aardwolf did not
feed since the last observation. An aardwolf walkabout three kilometres per hour when not feeding

while a speed in excess of 10 km / hour was recordedrasng’.

Definition of Terms

‘Territory’ will be used in the sense of a spatiderence for dominance (Marler & Hamilton 1966),
but is intended to imply some degree of exclusive occypancenvisaged in the views of territory
advanced by Burt (1943). The term ‘owner’ will be used tf@ individual or group that actively

defends the territory. ‘Intruders’ are animals witthie territory that can potentially replace the awne

Definition of Territory Boundaries

The territory of each aardwolf was defined usingrttethod of Richardson (1990, 1991), except that he
defined territories for aardwolf pairs defending teitory and not for individuals as | hereafted.diA
matrix of 1-ha cells was placed over the study atem &ll the 1-ha cells that had at least one pasting
were plotted on a single map for each aardwolf foheaimmer season separately. After an aardwolf
had been followed for approximately 20 km the outer boundérnys core area was rather clearly
defined simply by the coincidence of the plotted patfollowed. In these cases it was possible to
recognise movements that could be considered as essitsy the animal’s striking off at an angle of >

45° to the core area border.

Aardwolf territories were therefore defined as thlbse ha cells enclosed within the core area, but
excluding cells traversed during excursions only. Wheeeouter path crossed only the inner corner of
a ha cell (covering < 1/8 of the cell area), that wak excluded from the territory. In most cases thi

method clearly defined territory borders, but where torder line was not defined because of
insufficient observations, it was determined by jainimp the cells along the shortest line between the
defined cells on either side. Boundaries were ddfas being fixed for a year, and were redefined afte

the end of each mating season.

Because adjacent same-sex territories often had a nwhigells common to both, and to allow for
slight changes in boundaries, the border zone wasedefis being 200 m wide. Where borders ran

diagonally across cells, the border zone was defawedbeing at least the diagonal width of a cell
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(141m). Internal cells were defined as never beingointact with the border cells of an adjacent
territory. Where this occurred because of overlappaérgtaries, the internal cell concerned was

reclassified as a border cell (Richardson 1990).

Scent Marking Rates

Rates of scent marking were defined as the numbsresft marks deposited by an individual per 100m
travelled. Relative density of scent marks waswated by summing up all the marks deposited by
each adult in each of the two zones of the territtrgn dividing these values first by the zone airea (

ha) and then by the total observation time of thdividual in this zone. These values are, therefore,
corrected for differences in territory area and olm@n time, thus allowing comparisons between
sexes and territories. Differences in the densiifemarks between internal and border cells within
territories were analysed by comparing the observed tmmber of marks in each zone with the

expected values, which were determined by the ardw afune.

Scent Mark Characteristics

Physical characteristics of a number of scent masgte weasured with a 50 cm ruler for the height of
the grass stalk and height of paste secretion abvound, measuring along the length of the stalk to the

nearest mm. Paste length of collected scent nveaksmeasured with callipers to the nearest 0.1 mm.

To determine the dry weight of a paste mark seere?ld grass stalks were collected, each with one
secretion more than 5 mm in length. The grasssstatite dried for six hours in an oven at 90 °C.

Afterwards the grass stalks were cut into smallgmeats with secretion on and weighed on a scale to
the nearest 0.1 mg. Then the secretion was remoitiecivgcalpel blade and the grass stalk segments

weighed again. The difference gave the averagevdight of 20 secretions.

At irregular intervals | left the vehicle to examitie colour of freshly deposited secretion on grass
stalks. This was done several times throughoutdhese of the night following aardwolves of different

age and sex.
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Marking Site

Scent marks were recorded as either being depodirgd a road (r), within one metre of a termite
mound (t), or within two metres of dens (d) or mitklen). When scent marks were not associated with

any of the previous landmarks they were recorded iag Heposited in the veld (v).

Data Management

All observations recorded on dictaphone were trainedrihe next day onto paper. These were later
entered onto computer in the form of database filBpecialised SAS programs (SAS Institute Inc.,
Cary, NC, USA) were used to plot the paths of thewaalk@s. All the data collected during direct
observation, were analysed assuming a uniform speswwément from one observation to the next.
These data were allocated to each hectare in propdcithe mean distance travelled per hectare, when
an aardwolf traversed several hectare blocks simeéast observation. In this way data were colecte
on the scent marking rates, distance travelledimyitime spent within, feeding rates, and visit
frequency for each hectare in each night. The dtier parameters were however not considered for

analysis during this study.

As behavioural data normally violate many of the aggioms of parametric statistical tests (Martin &
Bateson 1986), all analyses were done using non-parametthods as detailed in Siegel (1956),
Siegel & Castellan (1988), and. Sokal & Rohlf (1981). frest commonly used statistical techniques
were the chi-squared test, Kruskal Wallis one-way AMdQMann Whitney U-test, Spearman rank
correlation, and Wilcoxon signed ranks test. Unlatberwise stated all tests were two-tailed. & th

case of the Mann Whitney U, and Wilcoxon signed satiekt Z scores are displayed corrected for ties.



CHAPTER 3

ANATOMY AND HISTOLOGY OF THE ANAL POUCH AND PENILE PAD

OF THE AARDWOLF

INTRODUCTION

Aardwolves maintain territories and may advertikeirt reproductive condition by means of scent
marking (pasting) with their anal pouch (Kruuk & Sands 19R@hardson 1987b, 1991). A small
amount of secretion made up of a complex mixture of fatigls and their esters (Appsal. 1989) is
smeared onto grass stalks (Kruuk & Sands 1972). The gtakk may also be covered with secretion
from an additional cluster of sebaceous glands (FIA86é0; Richardson 1985) between the penis and
testes. Due to its proximity to the male penis itaeehfter referred to as the penile pad (Fig. 3.1). The
anal pouch is characteristic of all the Hyaenidaehil&\in the striped and spotted hyaenas the penile
pad has not been reported (Rieger 1981; pers.comm., H. Kjuitkis present in both males and

females in the brown hyaena (pers.comm., M.D.Andér$arG.L.Mills*; pers. obs.).

Flower (1869) has given an accurate description of tagomy of the aardwolf anal pouch which is
hereafter repeated in order to expand on it in theltee$measurements in inches were replaced by
measures in millimetres): The wide transverseclellior pouch, lies immediately above the anus
sharing with it a common external aperture (Fig 3.1he Pouch is lined by a soft thin membrane of
greenish colour, studded over with minute orificeghda the centre of a small papilla. The pouch is
38 mm in width and 26 mm deep and its walls are glancardrsix millimetres thick. Some of the
longitudinal bands of muscular fibres from the rectum pass the pouch and are inserted into the skin
above it. Circular fibres pass around it, enclosingpthech and anus in a common sphincter. On each
side, about 15 mm from its lateral margins of the poigtan aperture large enough to admit an
ordinary-sized probe to the oval shaped lateral glandizics (length = 45 mm, width = 25 mm). These
thin-walled sacs are encased in an indistinct lagfemuscular fibres and lax cellular tissue and

connected each with the anal pouch by a six millimetccle.

" Dr. H. Kruuk, Institute of Terrestrial Ecology, Kincardihée AB31 4BY, Scotland
T Mark D. Anderson, Northern Cape Nature Conservation, P.Olmgerley, South Africa.
*Dr. M.G.L.Mills, Kruger National Park, Private Bag X4®Xukuza 1350, South Africa.
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Figure 3.1 Sexual organs, anal pouch and penile pad of an adult male aardwolf. (a)
partially sheathed penis; (b) active penile pad; (c) testes; (d) anus; (e) anal pouch.
Photograph by P.R.K. Richardson.

In the same account Flower (1869) described the penileapadell: The skin covering the under
surface of the posterior part of the penis, immedidtelyont of the scrotum (Fig. 3.1) is raised for a
space of 30 mm in length and 25 mm wide, by a pair ofngbttusters of yellowish sebaceous glands,

placed close to the middle line, but with a narrow-glamdular interval between them (Flower 1869).

During the anal pouch pasting an aardwolf bends a gtaisforward by walking over it, sometimes
lifting one fore-leg and turning slightly as it da&s. It continues to move forward until the baséhef t
grass comes to lie between its hind legs and thle rstas forward under its belly. Then the aardwolf,
with its tail vertical in the air and the back leglightly bent, depending on the length of the graak,s
extrudes its anal pouch (Fig. 1.7; Fig. 3.2a), quickly feelshe grass stalk, and upon sensing the stalk
moves forward, pulling the posterior surface of the milascwall of the everted anal pouch along the

grass stalk, at the same time retracting it.
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Figure 3.2 Anatomy of the anal pouch of the aardwolf. (a) aardwolf lifting tail while scent
marking; (b) cross section of aardwolf hindquarters showing position of lateral glandular
sacs and anal pouch with stamp-like surface of posterior fold; (c) enlarged cross-section
showing movement of cornified fold out of the anal pouch to apply secretion onto grass
stalk and cross-section through lateral sac with lobules and central cavity. (a) after

Macdonald 1985, (b) & (c) by Tania Anderson.
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A small amount of fatty secretion is smeared onstladk (Kruuk & Sands 1972; Richardson 1985).
This process normally takes from one to three secandcomplete. If the mark is an overmark

aardwolves exert special care and the pasting procethyr¢éake up to five seconds.

Though numerous studies have concentrated on the swarking strategies of the various members of
the Hyaenidae (Kruuk 1972, 1976; Kruuk & Sands 1972; Millal. 1980; Mills 1990; Richardson
1991) less attention has been given to the anatomy ramdrticular the histology of their scent
producing glands (Flower 1869; Schaffer 1940; Matthews 1939; H®&B; Mills et al. 1980,
Macdonald 1985). As part of a comprehensive long-tetlysof scent marking in the aardwolf the

anatomy, histology and consequently the phylogertigeoscent producing structures was examined.

MATERIALS AND METHODS

The colours of freshly deposited scent marks andolmurs of secretions of immobilised aardwolves

were recorded throughout the study (general methogolog

A freshly road-killed female aardwolf was picked uptba 17th March 1993 and a male aardwolf on
the 21st June 1993 in an area east of the study site bdtimieerley and Perdeberg. The female was
a juvenile of about seven months and the male wasl@haf approximately three years, judging from

tooth-wear (Richardson 1985). In both animals the poiath was excised, and additionally the penile
pad in the male, and tissue samples were fixed for ek wel0% phosphate buffered formaldehyde
solution. Pieces from various parts of the pouch andepead of the glands were dehydrated with
ethanol, embedded in paraplast and sections 2 pmwikiekcut on a microtome. Paraffin sections and
cryocuts were stained according to Table 3.2 and exdmiite an Aristoplan, Leica light microscope.

Representative areas of the glands were stainedhagmatoxylin and eosin and photographed with

Kodak Ektachrome 64 film at magnifications of 4x, 40x a@6x.
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RESULTS

Colours of Secretion

Colours on grass stalks:The secretion colour of marks examined when fredbjyosited onto grass
stalks (n= 1 000) differed between individuals and sexes. The @sangcolours depending on age and
sex of the producing aardwolf are summarised in Table 33knerally the amount of secretion
deposited increased from a thin film in young cubamalkpieces of secretion in 4 - 9 months old cubs.
The largest secretion deposits were produced by adiien freshly deposited secretion was examined
on grass stalks through the course of the night salult females’ secretion changed from dark brown
to greenish - yellow. Variation in secretion colalre to season was also observed. Adult male
secretion seemed to become more black with a bluigingheing the mating season. Scent marks by
adult females were often separated in an upper brighgersecretion piece above a second brownish
piece during this time. After a few hours of exposuréhtoair and sun all scent mark secretions turn

black from oxidisation (Richardson 1985; Apgisal. 1989; pers. obs.).

Table 3.1 Colours of fresh anal pouch secretion on grass stalks deposited by aardwolves
of different ages and sex.

COLOUR
AGE MALE FEMALE
7 weeks yellowish translucent yellowish translucent
4 -5 months orange - light brown orange - light brown
9 months light brown - dark brown orange, greenisfit Ibrown
Adult dark brown - bluish black orange, greenish, llgftwn
to dark brown

Sometimes a thin, barely visible smear of brown sietretas seen on the grass stalks marked by a
male, about 60 mm above the prominent anal pouch secrdtlia.may have stemmed from the active

penile pad, when the stalk was run along the centoakbgluring scent marking.

Colours in anal pouch: The dead young female had small quantities of angar coloured secretion
whilst the adult male had a large amount of blacketieer present in his anal pouch. The penile pad of
the male was producing a reddish-brown secretion. nWéxamining anal pouches of aardwolves
immobilised for radio-collaring, adult males had rhaidark brown to bluish black secretion. Adult

females’ pouches contained secretion in colour fromhbrorange, greenish to light brown. When a
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hand raised female aardwolf started to scent madoth objects for the first time at seven weeks with

her anal pouch the secretion in her anal pouch wasngsli-translucent.

Anatomy of Scent Pouch and Penile Pad

Anal Pouch: The following descriptions are made from observatibtwo dissected aardwolves and
supplement description in the introduction after Flo¢&69): The anal pouch of the aardwolf is of
epidermal origin and through muscle action it can leetest and retracted again. The dorsal part of the
pouch is turned outwards, its hairless cornified surfacéng like a stamp (Fig. 3.2c). The
accumulated mixture of sebaceous and apocrine secretidepasited on the grass stalk. The "stamp"
surface is round and measures about 30 mm across whedeexfor wiping. When the stamp surface
is retracted again it gets daubed anew with secretiorthis resting position most of the secretiams i

the pouch get mixed and are stored ready for the pgikication (Fig. 3.2b).

Penile pad: The penile pad is about 10 mm high with circular musculaedi passing around the
furred base, enclosing the pad in a sphincter. Ircéinére of the non-glandular longitudinal central
grove of the pad is a thick, bristle-like hair. Theaface with the central hair is covered, when agtiv
by dark-brown to reddish secretion of higher visgo#libn the anal pouch secretion. Flower (1869)
must have measured the width of the pad as 25 mm whesiactive for scent deposition, for when
inactive it was just 15 mm wide and the surface wgsadd clean. It was not possible to observe the
deposition of secretion from the pad unless one woale fain under the aardwolf in the process of
pasting. Thus how exactly secretion is applied on grag®ssibly a female’s back during copulation
is open to speculation. Penile pads were seen tofeeedifally active in the same immobilised males
at different times of the year (n = 7; Table 3.2). Dgithe same month of year pads of different males

were differentially active.

Table 3.2 Secretory activity of the penile pad in immobilised aardwolf males during the
non-mating season. W = active, 00 = inactive.

Name November Janiary Februar
Orion O O

Eclipse O [ |
Josep u

Eros O
Lucs O
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Histology of the Anal Pouch and Lateral Glandular Sacs

When making a section through the thick wall of gmich one can see numerous yellowish-white
sebaceous glands close to the epidermal wall surfagebelow them blue-black apocrine glands

(Fig. 3.3). The histology of the sebaceous glandsssdescribed when sectioning the lateral glandular
sacs, containing exclusively sebaceous and no apodaindsg The sacs have a large cavity within and
covered around the cavity a large number of flattgteddular bodies, or lobules, of a brilliant orange
colour separated from each other by a thin layer ohective tissue (Fig. 3.2c; Fig. 3.4). When

making a transverse section each of these cauliflbkeelobules consists of a large number of acini

clustered round a central cavity acting as a resenwdiich communicates by a minute aperture with
the cavity of the large sac. This cavity is efhjifdled with a fatty sebaceous secretion, brightnya

in colour and with the consistency of cream-chedseam the large central cavity of the paired lateral
sacs the secretion is led via the pedicles and thrthegorifices into the anal pouch where it mixes with
apocrine secretion. In the wall of the anal pouchntvgute orifices from the lobule cavities open

directly onto the epidermis of the anal pouch surfaldee mode of secretion of the acini is by holocrine

decomposition of their cells (Fig. 3.5).

Apocrine glands are solely present in the walls & @émal pouch. Underlying the lobules of the
sebaceous glands are numerous well-vascularised stroinghched-out tubular apocrine glands
(Fig. 3.3). Deeply stained secretory granules producapitation secretion into the lumen of the acini
(Fig. 3.6). The secretion is transported from the dirad clusters of the tubular gland into a straight
intra-epidermal duct, in between lobules of the sebacglaugls, to the surface of the anal pouch

epidermis. Both types of glands, sebaceous and apporiginate from the primary epithelial germ.

Histology of the Penile Pad

When making a cross-section through the two halfiéseopenile pad exactly the same arrangement of
sebaceous and apocrine glands relative to its epideumtzice can be seen as described for the anal
pouch wall (Fig. 3.7). Two different positions of thenim pad deforming the glandular mass
composed of sebaceous and apocrine glands, can be Isypedh@-ig. 3.8a = rest, Fig. 3.8b = active).
When the penile pad is actively secreting the lipspaled back, ready to deposit secretion. In the

process of pulling back the lips secretion will be disgbd from the glands to the surface of the pad.
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Histochemical Reaction of Tissues

Tissue from the male aardwolf anal pouch and penile vasl exposed to various histochemical

reactions and the results are displayed in Table 3.3.

Table 3.3 The histochemical reaction of tissues from the aardwolf anal pouch and penile
pad. - no reaction; + to +++ increasingly strong reaction.

Substance Reaction (Pearse 1968) Section Sebaceolypocrine
gland gland
Free lipids Oil Red Frozen +++ -
Polysaccharides Periodic Acid/Schiff Paraffin - ++
Acid muco- Alcian Blue Paraffin - -

polisaccharides

Lipo-fuchsin Schmorl Paraffin - +

Mucus Mucikarmin Paraffin - -
Iron Perle’s method Paraffin - +++
(pigment)

' l 200 pm

—
R LA BTy

Figure 3.3 Histological cross-section of the wall of the anal pouch showing s = sebaceous
holocrine glands, a = apocrine glands, ¢ = connective tissue.
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Figure 3.4 Transverse section of lateral sac lobule showing acini secreting sebaceous
secretion into cavity.

Figure 3.5 Transverse-section detail of anal pouch showing holocrine secretion through
decomposition of acinus gland cells.
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Figure 3.6 Cross-section detail of apocrine glands from anal pouch. Deeply stained
secretory granules =g, produce decapitation secretion into the lumen. b = blood vessels

AR P T B
" I:."-.'-l'? a'i"

Figure 3.7  Cross-section through penile pad showing sebaceous gland (s) lobules
embedded in connective tissue and below glandular tubes from branches of tubular
apocrine glands (a). Also visible are parts of the stiff central hair-bristle (h) opening on the

epidermis (e)
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(@) (b)

.

Figure 3.8 Cross-section through the penile pad showing arrangement of glandular mass
of lobules of sebaceous glands and tubular apocrine glands. Hypothesised positions of pad
during rest and in active position (a) in rest = inactive position. (b) active position with lips
pulled back, ready to deposit secretion. Modified from Ewer (1973) page 93, Fig 3.8 for
Arctictis gland.

DISCUSSION

Aardwolves are able to deposit scent from two sepa@et producing structures, the anal pouch and
the penile pad. The large amount of sebaceous sectaibis stored in the lateral sacs warrants that
secretion availability will not become a limiting fac, since a relatively large sized secretion deépdsi
by the anal pouch onto a grass stalk weighs about 0.00hapi€® 5) only. While assuming a
maximum deposition of 500-600 pastes per night (Richardson I&&hpter 8) this would require
about one gram of secretion. Judging by the sizeeofatieral glandular sacs | estimate that an adult

male aardwolf would have about 10 g of sebaceous secirettorage.

Through the muscle action of everting and retradtieganal pouch sebaceous and apocrine secretions
are discharged from the lateral sacs and the poulif. wehese presumably mix inside the epidermal
pouch during walking to form the secretion that is wipato grass stalks. The different colours of
secretion on grass stalks are presumably due to fieeedif ratios and stages of mixing. The bluish-
black secretion of an adult male is a result of thh piercentage of the accumulations of lipo-fuchsin, a
common metabolite of apocrine tissue (Mélsal. 1980) in the secretion. Females seem to produce less
apocrine scent gland secretion than males, so gheeficoloured fatty sebaceous secretion is more
prominent, giving yellow-orange to greenish, lightdark brown colours. The deposition by females
during the mating season of two spatially separatedetiens of different colours might serve an
additional visual function during this time of the gedt is probably due to the incomplete mixing of the

sebaceous fatty gland secretion, orange in colour ¥vbsh, and the black apocrine secretion.
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Apocrine glands develop their secretory portion amng trecome functional in humans at puberty only
(Pinkus (1972) in Lever & Schaumburg-Lever 1975). This coulda@xphe light coloured solely
sebaceous secretion of juvenile aardwolves, lacking rapiha the dark lipo-fuchsins of apocrine
secretion. Later in life the mixed secretion becnmereasingly thicker and darker with increasing
productivity of both gland types. Up to the age of frufive months male and female cub secretion is
of similar colour. At nine months of age male subadbitve darker secretion than females of the same
age. At that stage the male-female differencepivcene gland production is already pronounced and
remains as such until they reach adulthood. In théwadf as a seasonal breeder testes size was seen
to increase during the mating season (M.D. AndefséhR.K. Richardson pers.comm.; pers. obs.).
The darker blue-black marking secretion of adult maiesng this same time could be a result of
increased apocrine gland activity. The productiosaaint marking chemicals is likely to be related to
the hormonal status of an individual (Ebling 1977). Iditiah the size of testes has been shown to
correlate positively with the volume of the snout sagdands (morrillo) together with higher rates of

scent marking and reproductive success of dominamsniaktapybaras (Herrera 1986, 1992).

The reactions of the stained microtome cuts forsdtgaceous glands of the aardwolf (Table 3.3) and
the brown hyaena (Millst al. 1980) anal pouch are similar. Differences in the reacie mainly due

to differences in strength of reaction. In the ajmecgland tissue of the aardwolf no free lipids were

traceable while in the brown hyaena there was atgkgittion. For acid muco-polisacchides there was
no reaction in the aardwolf apocrine gland whilehia brown hyaena there was good evidence. An
additional test for mucus was also negative in thdve@lf. The reaction on lipo-fuchsin was much less

in the aardwolf than in the brown hyaena, stainimniy the secretory granules in the former. As one
would expect in two different species the compositiommbcrine secretion of aardwolves and brown

hyaenas are slightly different (Milist al. 1980; App<et al. 1989).

The anatomy and use of the anal pouch of the aardfeol§cent marking, compares well with that of
the spotted hyaena (Flower 1869; Matthews 1939; Kruuk & SE®d2; Macdonald 1985; M. Gorman

in Mills 1990). In the striped hyaena the pouch wall dé&arwhich | assume to be sebaceous, are
aggregated to form on either side a pair of auxil@aypd masses opening independently into the pouch
by a number of scattered apertures (Pocock 1916). Indlkanthryaena the auxiliary glands are even
further differentiated (Murie 1871, Millst al. 1980). The pouch in itself is differentiated into an upper

and when everted outer bilobed section on which théshihsecretion of the large sebaceous glands

$M.D. Anderson, Dept. of Environment and Tourism, Provinaga®fNorthern Cape, P.O.Box X6102, Kimberley
” P.R.K. Richardson, University of Pretoria, Dept. of ldgg and Entomology, 0002 Pretoria
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gathers, and on each side of which lies an aresevthe black secretions of apocrine glands accumulate
(Murie 1871, Millset al. 1980).

In contrast to the function and anatomy of the gmaiches the sebaceous gland clusters of the penile
pad have received little attention (Flower 1869, Ricband1985; Koehler & Richardson 1990). Its
presence in the male aardwolf only and in both fenaad male brown hyaena (M.G.L.Mills
pers.comm., pers. obs.) but absence in the other two hyaena sgeckésiuk pers. comrii Wells
1968) raises further questions. Presently we have ap@i@lanation for the function of the penile pad
in aardwolves. Since it is only present in malemight accomplish a function during the mating
season, possibly for marking the genitals of the Ferdaring copulation. This secretion could serve to
inform other competing males that this female heesaaly copulated, and the sniffer could possibly even
identify the male that copulated before by the scehap®r 9). However it was seen to be active as
well in some males outside the mating season, buinnothersand thus could not be linked to a
particular season. However, as no males were immeedhitiuring the mating season, these data do not
preclude the possibility that it is presumably relatedntding. Alternatively its function could be in
adding a further mark to grass stalks supplementatiyatioof the anal pouch. Likewise in the brown
hyaena it was seen to grow larger (fatter) in samieals than others, or even in the same animal at

different times (M.G.L Mills, pers.comm.).

The penile pad’s histology in the aardwolf reveads the sebaceous and apocrine glands are essentially
arranged as in the wall of the anal pouch. The fonatf the bristle-like hair in the central groove is
unknown although it can be assumed that it serves sorgefunction, possibly while feeling for the
grass stalk to be marked. Although actual depositfosecoretion could not be witnessed due to its
hidden location under the belly amidst fur, the thamkdorown smears on grass stalks above the actual
fatty secretion from the anal pouch, could have stairfnoen the pad. The expulsion of the secretion
could function as in the relatively simple perineaing of the Paradoxurinae (Pocock 1915a,b). As
the lips of the pad, acting as a form of storage pdckehe secretion, are pulled back by muscles the
pressure from the pad's deformation exposes the secoftlioth gland types to the pad surface, where

it is wiped off.

" Dr. M.G.L.Mills, Kruger National Park, Private Bag X4®Xukuza 1350, South Africa.
2 Dr. H. Kruuk, Institute of Terrestrial Ecology, Kincardihée AB31 4BY, Scotland
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The penile pad might be a primitive scent producing sirectetained from viverrid-like ancestors of
the aardwolf (Werdelin & Solounias 1991; Richardson &itamn 1994). Otherwise it could be a

recently developed structure that is also present mdmtes in the brown hyaena.



CHAPTER 4

ONTOGENY OF SCENT MARKING

INTRODUCTION

The importance of fully understanding behavioural dgraknt cannot be emphasised too strongly
(Bekoff 1989). Without detailed knowledge of how theavébur of individuals unfolds throughout
their lives, we can only guess at the supposed adaggnificance of various ontogenetic patterns and
how they may be related to the immediate situatiowhith a young animal finds itself and its later
reproductive activities (Tinbergen 1963; Bekoff 1989). Unifaately, there are still only scanty data
on the development of behaviour for most members oCtmmivora (Bekoff 1989). A few studies of
the Hyaenidae contain developmental data of variegsegs of sophistication, mostly for the spotted
hyaena (Golding 1969; Kruuk 1972; Frank 1986a, b; Glicketaal. 1987; Henschel & Skinner 1987;
Mills 1984, 1985, 1989; Mills & Gorman 1987; Woodmanseeal. 1991) and the brown hyaena
(Owens & Owens 1978, 1979, 1984; Mills 1983, 1984, 1989). Specific infiormarh ontogeny of
scent marking in the wild is limited to recordiretfirst observation of the motor pattern of squatting
and wiping the anal pouch region over a grass statkflae onset of secretion of the paste in the spotted
(Kruuk 1972) and the brown hyaena (Owens & Owens 1979; Mills 1990) sex differences in
pasting frequencies of prepubertal spotted hyaenas havdduewl by Mills & Gorman (1987) in the

wild and Woodmansest al. (1991) in a captive colony.

In this chapter | will try to document the developmehthe scent marking motor patterns, the onset of
secretion by the anal pouch, and the spatial and temgdistaibution of paste marking in young
aardwolves. The development of scent marking wiltlescribed from the time when it first appears
until the dispersal of subadults. Further questions askeet (1) Is there individual variation in scent
marking frequencies and when is it shown for thet fime? (I1) Are differences in marking frequescie
of males and females (Chapter 5) already present émijevaardwolves? (lll) Up to what age do cubs

remain in their parents’ territory and what is thmarking behaviour until they leave it?
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METHODS

Observations on cubs and subadults were made sporadaftdly,whilst waiting at dens for the focal
adult to leave. When adult males started guardingube it was recorded when cubs were first seen
above ground and what behaviour patterns they displayiedt of the information on young cubs was
collected from four litters during two summer seasolstotal of 30 cubs and sub-adult aardwolves
were observed during the study period from May 1991 - Aut@@8. Due to early mortality just 24
were named and 13 cubs were immobilised, earmarkedsexied when about four to five months old.
These were followed as focal animals sporadically fan various time periods until they dispersed.
Their scent marking behaviours were recorded anddaiaysed together with their plotted movements.
Mark-rates were calculated from the total distahesfdcal cub was followed divided by the number of
marks deposited and expressed as Marks / 100 m walkedas always recorded if the cubs were
alone or in the company of adults or other cubs. Becafismall sample sizes for individual cubs the

mark-rates of the same individual on different réghere used for statistical testing.

Observations were also made on a female aardwolfwasoabout one week old when her mother was

killed. She was handraised and kept at home by ldiadKT ania Anderson until 9.5 months old.

RESULTS

One - Two Month old Cubs

Cubs of five litters were first observed above ground,still close to the entrance of the breeding den
at about one month old. At this age they startgoldg around the den entrance and tried to sniff the
guarding male around his anal pouch, face, neck and lBgix to seven weeks the first sniffing and

overmarking movements on roots and grass stalksnafive metres of the den, were observed. These
behaviours were stimulated when the attending mal&eadariose to the den, closely observed by the
cubs which approached, sniffed and tried to overmarlstent mark. The motor pattern of squatting
over the object to be marked, as well as their wiphmmyement was still awkward, and cubs often

stumbled in the process. At about seven weeks the diaedrfemale aardwolf started to scent mark
smooth objects on the ground such as the rim of &.glaser anal pouch started to produce a thin
yellowish translucent secretion which smelled sligbheesy but not nearly as powerful as the secretion

of adult aardwolves.
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Three - Four Months

During this period the cubs interest in scent markeased further. From two months of age on they
first tried to feed o rinervitermeswhen within 50 m of the den and in attendance ofranta On one
occasion three cubs who were two and a half monthsaath tried to overmark the male’s scent mark
up to three times in a row. With increasing ager tletursions together with one parent extended over
longer periods and distances of up to 300 m from the di&yey also started to visit middens which lay
further away from the breeding den. By the end iof pleriod cubs started to foray by themselves or

returned alone to the den after accompanying an ad@tfeeding trip.

Hand-raised cub: The female cub showed great interest in the scanksyof wild aardwolves when
taken for walks in the veld by a human caretakere &refully sniffed scent marks for up to two
minutes and tried to overmark them repeatedly. e &tcretion was deposited and she had difficulties in
feeling for and hitting the grass stalk while begdih between her hindlegs. Interestingly for an

aardwolf she alternately sniffed the pastings wéathenostril.

Five - Nine Months

Cubs started to mark on their own increasingly frive fonths age on. By this age cubs foraged
throughout the territory, but not yet beyond its boundanperiodically returning to the den. This is
interesting as it suggests that cubs have learnt twitorial borders. They were normally weaned

with the completion of their fourth month (Richardsk¥85).

Cubs follow parentsWhen an adult left the den between one and four culosvéal it for various
distances and time periods and tried to overmaik seent marks (Table 4.1). The cubs’ mark-rates
were significantly correlated with the mark-rateb the adults they were following (Spearman

Correlation coefficient;s&= 0.583; p < 0.05; n= 16 nights; Table 4.1).

Later the mark-rates of both sexes of cubs were platiaghst the total distance they followed male and
female adults during one evening (Fig. 4.1). There m@data for female cubs following male adults
and female cubs did not scent mark when walking aldfe®m the data displayed three behavioural
patterns, independent of the distance followed, wisible (encircled by ellipses):

(@) Cubs of both sexes marked at similar low ratesnvfbllowing female adults (range: 0.12-

0.34 mks/100m; Mann-Whitney U-test; Z = -0.37, n = 9, p>0.0H]d4.1).

(b) The mark-rate was always higher when male coltsved male adults than when following

female adults (MWU-test: Z = -2.65, n = 11, p<0.01), tholdghrange in mark-rate was much
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greater. For distances of over 1.2 km high mar&sratere reached with up to 30 overmarks

thus resembling the mark-rate of the adult male Werg following.

(c) Once male cubs were more than nine monthshelg marked at a rates resembling those of
adult males (MWU-test: Z = -0.97, n = 16 nights, p>0.05; §4iR; Fig. 4.2a). The mark-rate of
male cubs marking on their own is plotted and erazirfly an ellipse in Fig. 4.1. In contrast nine

month old female cubs very rarely marked when oin tven.

Often the adult paused to look back for the cub wheallibhck more than 30 metres. They waited
until the cub caught them up at a run, having spent tigiegtto find and overmark all the adult’'s
marks. A cub took several times as long as an aolulvérmark a scent mark, often in excess of 10
seconds. Up to the age of eight months the searkfoby a cub was a barely visible smear, often
detectable only through smell by the observer. Atdgis the adult male sometimes showed aggression
towards his sons trying to follow him, grabbing theymnthe ears and neck while shaking them. Male
cubs acted submissively but in spite of these punishmesysstitl continued to follow their father and
overmarked at up to nine months of age. After ihige they ceased to scent mark completely. At nine
months most grass stalks marked by male cubs showss arange secretion. Sometimes they had to

give up trying to overmark the grass stalk with tbelasecretion in order to remain in contact wité th

adult.

Table 4.1 Incidences when cubs followed adults and overmarked their scent marks.
Identity of cubs corresponds to Fig. 4.1.

Cub Age Adult sex  Time Distance Adult # of Adult Cub#of Cub
sex & ID (months) (min) (Km) marks mks/100m marks mks/100m
F1 4.5 F 112 2.52 12 0.48 4 0.19
F2 5 F 26 0.80 3 0.37 2 0.25
F3 5.5 F 134 1.75 6 0.34 3 0.17
F4 5.5 F 60 1.02 11 1.10 2 0.20
M1 5 M 13 0.24 2 0.82 2 0.82
M2 5.5 F 112 2.50 23 1.02 5 0.12
M2 5.5 M 21 0.41 19 4.75 3 0.73
M3 5.5 F 134 1.74 6 0.34 6 0.34
M3 5.5 F 148 2.25 33 1.32 3 0.22
M4 5.5 F 85 1.20 10 0.83 3 0.25
M3 8 M 35 1.20 41 3.42 30 2.50
M3 8 M 13 0.60 22 3.67 11 1.83
M3 8.5 M 20 0.85 22 2.59 20 2.35
M1 9 M 15 0.42 5 1.19 5 1.19
M1 9 M 17 0.65 19 2.92 3 0.46
F5 9 F 27 1.00 18 1.80 3 0.30
Totalsor  6.41 1002 19.62 269 1.80 117 0.85

average
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Marks/100m
N

0 0.5 10 135 2 25 3 35 4 45 5 5.5

Distance moved (Km)

Figure 4.1 Mark-rates (mks / 100 m moved) of male and female cubs when following their
male or female parents and trying to overmark their scent marks or when travelling and
marking alone (Table 4.1 & 4.2). Their age (4.5-11 months) is displayed next to the
symbols. m = male cub follows male adult; O = male cub follows female adult; A= female
follows female adult; O = male cub marking alone, ® = female cub marking alone.

Table 4.2 Marking rates of solitary cubs older than 9 months.

Cub - sex & ID Age Time (min)  Distance (Km) # of marks  ksfi00m
(months)
M1 10 43 1.10 0 0
M1 10.5 129 1.54 0 0
M1 11 45 1.29 0 0
M2 9 26 0.45 10 2.22
M3 10 241 4.12 71 1.70
M5 9.5 105 5.34 157 2.94
M5 9.5 52 1.07 38 3.55
M5 11 372 5.69 0 0
F1 9 32 1.29 0 0
F2 10 181 4.37 0 0
F2 10.5 89 1.75 1 0.06
Total or Average Males 10.2 1013 20.60 276 1.30

Total or Average Females 9.83 302 7.41 1 0.02
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Male -female differencesiVhen the sex of the cubs was known from four to fiantims of age
differences in marking effort were discernible betwegale and female cubs, females always marking
less (Table 4.1; MWU-test: Z = -2.15, n = 16, p<0.05) and ramsly on their own.

Individual differences:Three male cubs, of two litters raised jointly by e female Electra and her
adult daughter Echo, showed differences in their mgr&ffort. Two male cubs (M2 &M3 of Table
4.1, 4.2) seemed to scent mark more diligently, taginegit care and longer time to hit the grass stalks
marked by the adult. They followed their father mieguently and marked more often on their own

than the third male cub (M4). However data wereitaitdd for statistical treatment.

Hand-raised female: At six months the female cub exhibited flehmen repéatafier prolonged
sniffing of wild aardwolves’ scent marks and triedovermark them afterwards, when taken for walks.
Her pasting motions were less secure than that of euibs of the same age. When followed by the
caretaker through the veld at nine months she rafigatigiffed scent marks of strange wild aardwolves
but did not overmark them systematically. In commath wild female cubs her rate of marking

seemed to decrease at this age.

10 - 17 Months

By the end of winter when about ten months old, neales (subadults) ceased to mark completely.
This was probably precipitated by increasing aggressmm the adult male as well as the female
preparing for new cubs. At this age subadult males waseimdependent, sleeping separately in their
own dens (Table 4.2, see M1 & M5). One female cub (Fl)baded to mark on her own with nine

months already and another (F2) did not leave agytsnarks when ten months and older (Table 4.2).

Two male sub-adults (M1 & M5), one radio-collared, wiattowed when older than 10 months. Most

of the other individuals either dispersed or disappmeaaglier whilst some could not be followed due to
the termination of the study. When 11 months old kathadult males still fed and ranged inside their
fathers’ territory and were chased and bitten by Iiogir parents when found. When located on 20
nights and followed for a total of 16.3 km for 20 hours subadult M5 did not scent mark at all until
the start of the next winter when 17 months old (Bi@b). During these months he stayed mainly in
the eastern part of his parents’ territory, littieduented by them, and also made excursions to the north
and south into adjoining territories. By the endhi§ period he appeared to be fully grown and in good

condition.
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18 Months - Dispersal

When 18 months old at the onset of winter M5 staranidrk again. He marked the eastern part of his
parents’ territory and the area to the south-eait dfirst at low mark-rates (0.22 mks/100m) and then
gradually increased his mark-rate over the next 2.3hmdo 3.11 mks/100m, at the time when females
started to come into oestrus (Fig. 4.2c). At thistime and his father often followed the scent mark
trail of the other and overmarked each others seenks. M5 finally disappeared when he was 21
months old and before actual matings took place. ntdigking patterns from nine to 21 months of age

are summarised in Fig. 4.3.

MARKS / 100m

9 10 11 12 13 14 15 16 17 18 19 20 21
M5: AGE IN MONTHS

Figure 4.3 Mark-rates of cub M5 from 9 - 21 months of age.

DISCUSSION

Aardwolf cubs were able to go through the motions ofipgsvhen six to seven weeks old, though their
scent glands were still inactive. This is similarboth spotted and brown hyaenas which start pasting
when six weeks old (Mills 1990). While the ‘black’ sdane is already secreted at four months in
brown hyaena cubs the ‘white’ secretion in the browwelsin spotted hyaenas is secreted only when
over one year old (Kruuk 1972, Mills 1990). Although incnegsimounts of thin secretion were
already visible and detectable by smell in aardwolvemn seven weeks on, the thick yellowish,
sebaceous secretion, seen in adult aardwolves, equival¢hat of the other hyaenas’ ‘white’ paste,
was produced only when they were eight to nine maoiths What we see here is a gradual thickening
of the sebaceous secretion with ripening productiohetebaceous glands. From the previous chapter
(Chapter 3) we understand that in males an additidacddening of the scent marking secretion took
place which probably coincided with increasing productibdark apocrine secretions. The production
of a long-lasting secretion coinciding with thehiats first aggression against the cubs could indicate

the onset of sexual maturity.
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The cubs’ initially low mark-rates, and the fact ttaty seldom marked on their own is probably due to
physiological and behavioural immaturity (Marchintenal. 1990). It is striking that the cubs adjust
their mark-rate to that of the adult they followjoav mark-rate for females and a higher for males.
That juveniles follow their parents, especially makes their fathers, for the purpose of overmarking
their pasted grass stalks and thus learning howfeéotigely scent mark has not been recorded in the
Hyaenidae before. Another reason for the cubs tovidlheir parents could be in order to find food
easier. In addition it was observed both in captipitfoodmanseet al. 1991) and the wild (Mills &
Gorman 1987) that subadult spotted hyaenas’ pasting wdisafadi by the immediately preceding
pasting activities of other hyaenas. The fact thatcubs’ marking pattern followed that of the adults
may just mean that marking by the parent acted dmalgs for the cubs to do the same. However that
cubs tried to overmark each of their parents’ markgeditly, and that they continued to follow them
even when the adult moved away rapidly and was ndinfj food, implies that they do so mainly for

learning how to scent mark.

The case of the hand-raised female offers an Btiegeinsight into the importance of practising the

scent marking motor pattern and learning from tipairents through imitation. Her scent marking

movements were more awkward than that of wild cubanoéquivalent age having less opportunity to
practice and no parent to imitate. In common withl fiémale cubs she did not overmark grass stalks
repeatedly and mark any more when nine months oltstwivalking on her own, followed by the

caretaker through the veld.

This practising of the behaviour patterns involved arking can be compared with some members of
the Viverridae. The carnivore family considere®most closely related to the Hyaenidae (Wane
al. 1989; Werdelin & Solounias 1991). Genets scent markedthdtiperineal glands, though at low
frequencies, at four months of age (Roeder 1984). At 88 alaage the African dwarf mongoose was
seen to mark with the cheek glands for the firaetiwhen 40 days it performs the ‘leg-lift’ type of Bna
marking and finally the ‘hand-stand’ anal markirtig6@ days (Rasa 1973). The Mustelidae provide
more data for comparison. Anal drag was alreadyopedd by sexually immature stoats at two and a
half months, when they first moved outside the (iedingeet al. 1982). Pine marten cubs even started
to mark their surroundings at eight weeks, thoughteEndance of their mother when leaving their nest
(Ludwig 1994). When the subcaudal pouches of European badgsrshbn six months old were

examined they contained little or no secretion (Kratil. 1984).

Soon after cubs started displaying adult mark-ratesvene able to deposit secretion similar to those of

adults they stopped marking completely. The cessatfomarking at this age, when they were
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demonstrating both physiological and behavioural matfwit scent marking, could be a result of them
being perceived as rivals by the territory holdersesdation of behaviour may have been evoked in
order to evade punishment and expulsion from the teriitg their parents. If they continued to scent
mark they would be seen as directly challenging thaients for territory take-over (Richardson 1991,
1993, Chapters 5 & 9). At this age they basically becommamemt trespassers in their parents’
territory. This was clearly demonstrated in theecaf M5 who trespassed for almost seven months
without marking once. At last he grew large andrggrenough to start challenging his father in the
eastern portion of his territory. It is however oletar why he increased his mark-rate and overrdarke
his father’'s scent marks at the time when the dduiales were coming into oestrus. This may have
been a challenge to try and take-over part of hisnpsiréerritory or to advertise to his mother or

neighbouring female for mating purposes (Chapter 6).

The cessation of marking by M5 would support the intitideiahypothesis (Hediger 1949; Richardson
1991, 1993; Chapter 5 &9). Intruders into foreign territogsp to scent mark in order to avoid
detection, as aardwolves rarely marked when outditteeir territories (Richardson 1991; Chapter 5 &
9).

Female cubs seem to cease marking earlier than méles.assume that females reach sexual maturity
earlier than male aardwolves this would force themiiscontinue marking earlier to avoid confrontation
with their parents. However | did not observed aaflencub staying in their parents territory for as long
as the two subadult males and therefore did not sesicahyggression as frequently towards female

cubs. As yet it is not known when the aardwolf serash sexual maturity.

As spotted hyaenas approach puberty an increase in afteasting behaviour has been found
(Woodmanseet al. 1991). This is a common pattern in mammals (Yahr 1983hasdenerally been
linked to an increase in gonadal activity. Littlata on the ontogeny of scent marking in the other
members of the Hyaenidae is available, so one hesdyt@mn comparisons with the Viverridae. In the
ontogeny of scent marking in the African dwarf mooge no absolute cessation of scent marking
occurs but a gradual supersession of initially frequamtek marking’ by anal marking takes place
(Rasa 1973). Cheek gland secretion in this speciediévdubto act as a threat substance while anal
gland secretion may serve to identify the markmdjvidual. Since subadult mongooses do not leave
their social group immediately upon sexual maturity thegify their marking behaviour and cease to
cheek mark, which might otherwise be misunderstood abkallenge of status by the dominant adult
pair. Subadults do however leave their anal markitgentfrequencies similar to the rest of the group
(Rasa 1973).



ONTOGENY OF SCENT MARKING 58

Individual differences possibly observed in the thredentubs (M2, M3, M4) of two litters raised
jointly by the two adult females could be attributabléhir different mothers. One cub was certainly
larger than the other two, weighing 10-20% more, bupitieghis size difference not discernibly
dominant over the other two. He may have been@mal&’s offspring while the two were offspring of
the second female. The two smaller cubs seemedettt stark more frequently and with greater
eagerness and followed their father more often thadarger male cub. They also marked more often
on their own and up to a later age. These earlgrdifices in individual marking effort could precede
later individual differences in adult marking eff¢Bekoff 1989; Richardson 1991; Chapter 5). Such
early differences in the marking frequencies ofvillials suggests there may be a genetic component
involved in determining future behaviour e.g. future nwtiigour as adults. Marking frequency is also
often associated with dominance (Ralls 1971) and ithdli differences in the marking frequencies of
captive subadult spotted hyaena were positively corcelatéhn dominance rank (Woodmanseeal.
1991).

Differences in marking effort between male and fenmalbs was evident from when the sexes could
first be determined at four months. Females ramlgfed the father on scent marking trips, marked
rarely on their own, never reached high mark-rate®l ceased to mark earlier than males as they
reached sub-adulthood. These early differencesefleeted in the gender related variation in marking
rates amongst resident adult aardwolves (Richard®8i@b, 1990, 1991; 1993; Chapters 5 & 6). In
contrast observations on spotted hyaenas during tpeilpedal period failed to report sex differences
both in the wild (Mills & Gorman 1987) and in a captivepplation (Woodmanseet al. 1991). In
their extensive review of sex differences in sociaypgVleaneyet al. (1985) concluded that for species
in which there are large sex differences in adulias@oles, one would expect to see sex differences in
developmental strategies. However in behaviouralty @ysically monomorphic carnivores, as in the
case of the aardwolf, one would predict minimal sdfeminces in early development (Mearatyal.
1985). Parallel to this in mammals, paternal care andogamy are usually associated with a
reduction in sexual dimorphism (Kleiman 1977; Ralls 1977). pbedeing of similar size at all times
of development male and female cubs displayed cleferatiices in their development of scent marking

behaviour, contrary to the above hypotheses.
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CHAPTER 5

SCENT MARKING PATTERNS AND USE OF SPACE DURING THE

NON-MATING SEASON

INTRODUCTION

The aardwolf has been used by Richardson (1991, 1993) aseh tmagkplore the assumptions of
territorial scent marking in solitary carnivoreBue to abounding definitions and hypotheses in the fiel
of territoriality (Kauffman 1983) and scent marking énritory advertisement (Gorman 1990; Gosling

1990; Richardson 1991) some of the concepts fundamentdd whtpter will have to be introduced.

Scent marks are deposited in patterns that seem ximisa their advertising power, and thus
detectability by intruders:

() Scent marks are often concentrated along theebpto minimise the time between an intruder
entering a territory and it encountering a scentkmafhis creates a ‘bowl’ effect with a high mark
density along the border and a lower one in theiortéwvolves, Peters & Mech 1975; coyote, Bowen &
McTaggart Cowan 1980; spotted hyaena in Ngorongoro Cr&eiuk 1972). The ‘hinterland
marking’ is in partial contradiction to this. Inryelarge territories (300 - 1 000 km 2) of brown and
spotted hyaenas in the Kalahari residents could isdt border areas frequently enough to deposit a
higher density of scent marks there (Gorman & Mi#84). Despite brown hyaenas still marking at
higher rates in the border areas (Mills 1990) the den$iimarks still increased with more intensive use
towards the centre of the territory.

(I Marks are deposited along paths used by consge¢iferenuk, Gosling 1981; suni, Somers
al. 1990), and at conspicuous landmarks, like defecatios @pmotted hyaena, Kruuk 1972; African
civet, Randall 1979; ferret, Clapperton 1989; spotted and bihgewena, Mills 1990).

(1) Sections of the territory border rarely trespad by intruders (e.g. large bodies of water) are
less intensively marked than active borders betweining territories (Kruuk 1978; Stampt al.
1987). Aardwolves (Richardson 1990, 1991) and spotted hyaen#w iKriiger National Park
(Henschel & Skinner 1991) deposited their scent markadoordance with the above patterns
(Richardson 1993).

A more disputed question is how territorial intrudenteripret these scent marks and thus how they may

function in territory maintenance:
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The assumption of the intimidation hypothesis is #@nt marks help to intimidate and thus deter
intruders from entering the territory (Hediger 1949;96&065; Johnson 1973). When detecting signs
of the territory owners some carnivore species didact retreat or showed anxiety (Kruuk 1972,
Rothman & Mech 1979; Erlinget al. 1982; Harrington & Mech 1983). However intruders are not
always deterred from entering scent marked teregowhen the owner was locally absent (Gosling
1982, 1990). Gosling (1982) proposed the scent matching hypolizesd on animal conflict theory
(Maynard Smith & Parker 1976) by using polygynous ungulatés small territories as a model.
Scent marks establish an asymmetry of contest betithearesident and intruder. The territory owner
saturates his territory with the smell of his samarks. When he finds an intruder inside his tatyito
he present himself to be smelt so that the intrudernsatch his scent with that of his scent marks.
Since the resident has more resources to loosellHgewnore prepared to escalate the encounter into a
fight for ownership of the territory than the intrudeWhile risking high injury costs in a fight, is i
advantageous for both contestants to identify theeoworrectly. When scent matching occurs, the
asymmetry is recognised and the intruder oftenattrevithout cost to either contestant (Gosling 1982,
1990, Gorman 1990). However as there are cases contrgdiaiintimidation hypothesis a number of
large carnivore species do not perform such ritualsesht matching either (spotted hyaena, Kruuk

1972; wolf, Rothman & Mech 1979; aardwolf, Richardson 1991).

Both hypotheses support the assumption that the detissigent marks in an area serves as a cheat-
proof measure of time of occupation by the author (G@sli®82). The density of marks will also
advertise the intensity of use and thus the chaneaaduntering the resident (Clapperton 1989; Smith

et al. 1989; Richardson 1991).

Richardson (1993) used the following arguments in suppdheahtimidation hypothesis on how scent
marking functions in large territories, where pernmamaonitoring is impossible: Scent marks must
function in the temporary absence of the residentseir density indirectly communicates to intruders
the potential of being found by the owners, while tlaek®s themselves threaten intruders with attack if
they are found. Territory owners must carry out thigat if intruders are encountered, otherwise there
will be no deterrent to intruders and territory mamance will be redundant. The response of intruders
to scent marks will depend on their motivation dmelvalue of the exploitable resource. Although scent
marks can not exclude intruders entirely, they mait tine degree, in both time and space, to which the

territory is intruded and so indirectly protect iksources.

The basic scent marking pattern of aardwolves durmg ron-mating season was described by

Richardson (1990, 1991) on Benfontein farm for the years 1984: A territorial pair defends a
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clearly delineated territory of 100-600 ha with a discr@mount of termite food (Richardson 1987a)
through overt aggression and pasting. Both partnemach territory mark more often along the
borders, creating a ‘bowl-effect’ of paste mark densiMale and female share the same territory and
therefore defend the same borders, with border limitebeing effective above a certain threshold in
scent mark density only. Male border mark-ratesedese as a function of territory size and thus males
with small territories showed higher border marlesathan large-territory owners. Scent marks are
deposited at highest densities in small territoriEemales seem to concentrate more on markinggin th

interior of the territory, thus the scent markinghdéour of the sexes differs (Richardson 1991).

This chapter is exclusively concerned with the noninmgaseason territorial scent marking patterns. |
do not explore other functions scent marking has besncated with, like marking for confidence
(rabbits: Mykytowyczet al. 1976), optimal foraging (red fox: Henry 1977); stimulationnadtes

(Brown 1979), or pair bond formation (wolves: Rothman &d 1979). The last two functions will be

discussed in the mating season chapter (Chapter 6).

Richardson noticed differences in the pasting bebawb males and females, but analysed the data for
both sexes together and few territories only. Noth wiore data one can look at differences between
the sexes again, which may elucidate if there ismiffce within one species in the sexes’ territorial
drive. Richardson (1990, 1991) suggested that territoreeslefended to secure exclusive access to
termite food, to feed themselves and their mostrmegoung. Is this the same motivation for both male
and female, or can differences in the marking behaighlight the differences in motivation between
the two sexes? The present study took place afteroagstipheaval in the aardwolf population
following the 1986 dieoff through locust poisoning (Rictsom & Coetzee 1988). At the start of the
study most territories were again fully occupied by deraad a female pair. It was tested if the basic
patterns documented in 1981-1984 re-established after tfé diurther does the scent marking data

and observation of intrusions and physical confli¢tsavdwolves support the intimidation hypothesis?

METHODS

Physical properties, and the marking site of scenksnaere measured and recorded as detailed in
Chapter 2 (General Methods). Likewise the same gemepcedures were used for recording the

movements and scent marking behaviour of territoesident aardwolves.

The scent marking pattern for adult aardwolves isritesd for the two non-mating seasons (summer =

September - April), referred to as season 91 and 92.e€hiddult aardwolves, seven males, and six
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females, were followed. Of those five males amd females were included in the analysis and folibwe
for 1 409 km, observed for 1 208 hours and a total of 23 224 saks were recorded. For the other

three animals sample sizes were too small for titaisanalysis.

RESULTS

Scent Mark Traits

Scent mark length and weighDuring this study aardwolves always straddled tiasgystalks before
pasting them and the thin smears deposited variedemgth between 2.2 and 18.5 mm
(mean=7.3 3.2 mm, n=99). Female paste lengths (mean=88 mm, n=238) were
significantly longer than males’ (mean = &&.6 mm, n=61) (Mann Whitney U-test, hereafter
MWU-test: Z =-2.59, n = 99, p<0.01). The mean dry weidlat paste greater than five mm in length
was 1.75 mg (n = 20).

Scent mark height:The height of the secretion on 121 grass stalkedavith the height of the grass
(Fig. 5.1). It appears that on very short grass adveéaanark as near the top as possible. On longer
grass they mark within 10 cm of the top, with a meaximum height of about 26.6 + 4.8 cm on very

long grass (> 32 cm). The highest paste mark foursdav&5 cm while the lowest was at 4.5 cm.
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Figure 5.1 Mean height above ground of paste mark secretion on 121 grass stalks of
different lengths + one standard deviation (SD).
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Aardwolves deposited one type of scent mark only, Tiype 1" described by Nel and Bothma (1983),

while “Type 2" consisting of minute spots was not obedrv

Marking Site

Often scent marks were deposited near some foramdfrhark, with marks deposited by all aardwolves

at dens, middens, on roads, and close to termitmdsoamounting to 40 % (Table 5.1).

Table 5.1 Percentages of all scent marks recorded at and away from land marks for all
adult aardwolves and for males and females separately in the two seasons 91 & 92.

Land mark Type Adult Marks| Male Marks Female Male vs.
% % Marks (%) Female
p of x 2-tests

Veld (away from land mark) 60.1 59.3 61.2 n.s.
Termite Mounds 24.5 24.4 24.6 n.s.
Dens 5.1 5.0 5.4 n.s.
Middens 5.0 5.4 4.4 <0.01
Roads 5.3 5.9 4.4 <0.001
Totals (n) 23 460 13702 9 758

There was no significant difference between the sexésrms of the frequency at which they scent
marked at dens, termite mounds and away from obviamdsharks in the veld. Significant differences
were though found in the marking at middens and aloads (Table 5.1). Males marked more at both.
When the four different landmarks were pooled thesis no significant difference in the frequencies at
which males and females of each pair marked at laridr{chi-square tegg = 0.03, df = 1; Fig. 5.2).
However there were significant differences in thegfiencies of marking between four territories
(x2=953.23; df =3; p<0.001). Use of landmarks for scestkimg differed between territories
probably depending on availability of landmarks from 270%0 %.

Overmarking

When moving along a territory boundary aardwolvesguemtly sniffed scent marks and then
overmarked them. On average 27 % (n = 2607 marks; BGsrsgmpled) of pastes aardwolves made
were overmarks on existing scent marks. The sex@sndi differ significantly in their average
percentage of overmarks from each other (MWU-test,-Z.66, p > 0.05, n = 20). Males overmarked

on average 29.8 % of their marks a night (n = 1442; 1asggmpled, range 15.9 - 43 %) as indicated
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by prior sniffing of a grass stalk, while femalesmmarked 23.7 % (n = 1165; 10 nights sampled, range
12.8 - 68.1 %). The percentages for each night were Iplsodapendant on the size of the territory and
on the density of existing scent marks in the aisited that particular night. The time these existing
scent marks were sniffed varied considerably. I$ wat known whether those scent marks were old
marks of the focal animal or those of its partnescor non-resident intruders. The behaviour of
aardwolves towards scent marks of different origas investigated by placing marks collected from

different aardwolves throughout the focal animalsttey (Chapter 9).

50
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0
Sex M F M F1 F2 M F M F M
Territory J 0] EC L ER

Percentages of Marks

Figure 5.2 Percentages of marks at landmarks for Males (M) and Females (F) of different
territories (J; O with 2 Females; EC; L; ER with data for the male resident only).

Outline of Territory Borders during Seasons 91 and 92

The outline of the territories during seasons 91 ana®&dch sex separately is shown in Fig. 5.3.

Overlap in the Partners Territory Borders

The territories defined by each individual male’s &dale’s marking pattern were similar in size, and
a pair defended almost the same borders adjacettido reeighbouring territories (Fig. 5.3). This was
the case in three of the four territories observed&(, L). The fourth and largest territory (O) was
shared by the two females Electra and Echo, eaendied a slightly different border to the north, west
and east, but the same border to the south where tveo trritories existed. Their male Orion’s
borders encompassed both his females borders and ekeretefurther overlapping with them again

at the southern border (Fig. 5.4).
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Figure 5.3 The outline of the territory borders during season 91 and 92 for males and
females separately. Letters inside territory borders identify territories as listed in Table 5.2.
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ORION and ELECTRA and ECHO ORION and ELECTRA

ELECTRA and ECHO

Figure 5.4 The outline and overlap of the territorial borders of Orion, Electra, and Echo the
adult aardwolves of territory O in season 92.

Incidence of Marking and Time Outside of Territories

A summary of the 23 224 pastings recorded during the twenmating seasons is presented in
Table 5.2. It is apparent that both males and femadekeah very little outside their territories - usually
they left less than 2 % of all their recorded mahese. Thus they marked at a much lower rate when
travelling outside of their territories. The thiestances where aardwolves deposited more than 3% of
their marks outside their territories, were all casere the individuals concerned were changing thei
old or establishing new territorial boundaries andewather still marking part of their old territory

borders or were making excursions into neighbouringdees.
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This study shows that the incidence of aardwateasking outside their established territories is very
low (male = 0.6 %, female = 1.6 %). | also had thpriession, while following the male neighbours
Orion and Joseph, that they knew exactly where thgatéal border was. The border between these
territories was clearly defined. This became esfigaaident when Joseph (territory J) stopped scent
marking as soon as he crossed the border line tm®rierritory on his many feeding intrusions (Fig.
5.5).

It is evident from Joseph’s excursions outside of d&istory (Table 5.2), as well as for all the other
aardwolves that the percentage of pastes depositeileotesritories was less than the percentage

distance travelled and time spent outside the teyrito

Mark-rates

Border versus Internal: Aardwolves marked at higher rates (marks per 100 medalin the border
cells than in the internal cells of their terriesi(MWU-test: Z =-2.09, n = 36, p < 0.05; Table 5.2).
This difference was statistically significant usthg data for the two non-mating seasons for eaah ad
individually. However when testing the sexes sephratither males (Z = -1.28, n = 18, p > 0.05) nor
females (Z = -1.72, n = 18, p > 0.05) marked with highersran the borders. This shows that the rates

at which males and females marked their territorégged considerably (Table 5.2).

Males versus FemalesFemales had slightly lower rates in both areas thales (Fig. 5.6) though
differences between the sexes were not significaithar in their border mark-rates (MWU-test: Z = -
1.06, n=18, p>0.05), nor in their internal mark-rates (MW&t:t Z =-0.44, n=18, p > 0.05).
Although there were differences in the mark-ratesvaich males and females marked internal and
border cells, there was no consistent pattern dikdern Whilst in some territories males marked at
higher rates than females, this was reversed ier ddritories. Furthermore in some territories the
border cells were marked at higher rates whereathar territories the internal cells were markedano

than the border cells.

Mark-rates versus Territory Sizeln order to test whether these anomalies in soank-rate could be
explained by different territory size, border and imémark-rates were plotted for males (Fig. 5.7) and
females separately (Fig. 5.8). The mark-rates of bareles were listed against their territory size fo
each season. Neither males (Spearman Correlatasfic@nt; ;= 0.267; p > 0.05; n = 9) nor females
(rs= 0.05; p > 0.05; n =9) showed a significant inverseetation between their border mark-rate and

territory size.
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Table 5.2 Number of marks deposited, mark rates, distances travelled within, and time that adult aardwolves spent in the internal, border

area, and outside their territories, during non-mating seasons 91 and 92. * Rate = Marks / 100 m travelled

Marks
Outside Border Internal Distance in km Time in hours
Territory Name Area (ha No Rate * No Rate * No Kat Total % Out Total % Out Total % Out
Season 91
J Josep 273 10 0.0t 113¢ 1.5t 1634 1.71 278z 0.3€ 189.¢ 10.9¢ 178.% 15.0%
J Calyps¢ 187 9 0.14 527 1.71 36C 1.14 89¢€ 1.0C 68.€ 9.1€ 71.2 6.8€
(e} Orion 48¢€ 15 0.4t 1027 2.0€ 132¢ 1.9¢€ 2371 0.62 120.€ 2.7¢ 854 3.5€
(e} Electre 343 12 0.2¢ 36C 0.94 42¢ 0.9z 80C 1.5C 89 4.84 100.7% 5.3z
(e} Echc 224 66 0.64 334 1.0¢ 274 1.5t 674 9.7¢ 58.€ 17.7¢ 61.2 16.7%
L Luce 69 9 2.2% 50¢ 3.04 28 2.3t 54t 1.65 18.2 2.0z 18.2 2.3€
L Jezebe 214 32 0.4z 65€ 2.0z 12¢ 1.5€ 817 3.92 55.1 26.2% 45t 21.32
ER Eros 20t 11 0.34 233 1.8t 36 0.8€ 28C 3.9z 20.1 16.22 17.€ 16.87
Season 92
J Josep 24¢€ 4 0.0t 873 1.94 54¢ 2.47 142¢ 0.2¢ 75.7 11.1C 54.: 12.1%
J Calyps( 262 7 0.1C 110z 2.81 927 2.0C 203€ 0.34 92.2 7.2€ 85.t 5.61
(e} Orion 631 8 0.3€ 118¢ 2.07 2491 2.2€ 368¢ 0.2z 169.¢ 1.2¢ 112.2 0.4t
(e} Electre 387 7 0.1C 105¢ 2.7¢ 189: 1.9¢ 295¢ 0.24 140.2 4.8t 1477 2.51
(e} Echc 29C 6 0.6¢ 262 2.05 13C 0.7z 39¢ 1.51 31.€ 2.8t 36.€ 3.7¢
L Luce 98 0 0 697 2.7C 86 1.1€ 7832 0 36.C 7.7¢ 26.5 491
L Jezebe 13€ 7 0.1z 292 1.6C 97 1.57 39€ 1.77 304 19.7¢ 21.7 10.1¢
EC Eclipse 344 15 0.34 47C 1.3€ 28¢ 0.77 774 1.94 76.€ 5.74 44t 3.1t
EC Nike 33¢ 8 0.04 432 1.24 252 0.7¢ 692 1.1€ 87.¢ 24.3¢ 68.€ 31.4¢
ER Eros 39¢ 11 2.1z 683 2.31 227 1.3z 921 1.1¢ 47.¢ 1.04 31.7 2.21
All Males Total 83 0.18 681¢ 1.9¢ 666¢ 1.8¢ 1356¢ 0.61 75¢ 6.0¢ 56¢ 7.71
All Female: Total 154 0.2z 5022 1.8¢ 449( 1.4¢ 9667 1.5¢ 654 10.71 63¢ 10.02
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Figure 5.6 Rates at which male and female aardwolves marked the different zones of their
territories during the seasons of 91 & 92 combined. Total numbers of marks are indicated.
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Figure 5.8 Female border and internal mark-rate for seasons 91 and 92 plotted against
territory size.
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Densities of Marks

Differences in the densities of marks between boader internal cells for each season and individual
separately were analysed by comparing the observddntoteber of marks in each zone (Table 5.2)
with the expected values, according to the surface(ardw) of the zone (Table 5.3). These densities
were not corrected for observation time. In onedtbf the territories (n = 6) there were no sigaifit
differences in densities. Of the other two thifds= 12), which showed significant differences between
border and internal ha-cell densities, eight were tdumore marks per border cell than internal cell
while the other four had higher densities in therimal ha-cells. The overall pattern was thus natrele
cut again. Due to this the predictions of the ‘bowe of territorial marking with more scent marks in
the border (rim) than in the inside (hollow) helderfor 44% of the territories only. The four terriesri
with significantly higher densities of scent maiksthe internal areas would have fitted more the
‘hinterland’ marking shape. But still six territoriemuld not be fitted to any of the two marking

strategies due to no significant differences in itiessbetween the two areas.

Table 5.3 Density of marks in the five territories, comparing each individual for internal and
border area during seasons 91 and 92. x2-tests comparing the observed total number of
marks in internal (I) and border (B) area with the expected values, according to the surface
(in ha) of the two areas.

Surface (ha) Density (Mks/ ha) Mks (I &B)

Territory Name Internal Border Internal Border  Total X2 p

J 91 Josen 12t 14¢ 13.07 7.6¢ 2772 193.3.  <0.001
J 91 Calvps( 81 10€ 4.44 4.97 887 2.6¢ n.s

J 92 Josen 99 147 5.54 5.94 1421 1.6€ n.s

J 92 Calvpst 137 12t 6.77 8.8z 202¢ 35.47 <0.001
0] 91 Orion 26¢€ 22C 5.0C 4.67 235¢ 2.6¢ n.s
0] 91 Electre 18¢ 157 2.3C 2.29 78€ 0.01 n.s
0] 91 Echc 66 15¢ 4.1t 2.11 60¢ 71.2¢ <0.001]
0] 92 Orion 401 23C 5.21 5.17 368( 27.2¢ <0.001
0] 92 Electre 21z 174 8.8¢ 6.0¢ 2951 98.52 <0.001
0] 92 Echc 13t 15t 0.9¢ 1.6¢ 39z 28.2¢ <0.001
L 91 Luce 4 65 7.0C 7.8z 53¢ 0.3¢ n.s

L 91 Jezebe 36 17¢ 3.5¢ 3.6¢ 78t 0.0¢ n.s

L 92 Luce 19 79 4.5% 8.82 782 35.3¢ <0.001
L 92 Jezebe 43 93 2.2¢ 3.14 38¢ 8.04 <0.00¢
EC 92 Eclipse 177 167 1.6 2.81 75¢ 54.3¢ <0.001
EC 92 Nike 17¢ 165 1.4z 2.6 684 62.2¢ <0.001]
ER 91 Eros 94 111 0.3¢ 2.1 26¢ 114.1:  <0.001
ER 92 Eros 21¢ 18C 1.04 3.7¢ 91C 151.1¢  <0.001
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For comparing individual aardwolves’ scent mark d@sia value for marks in each internal and
border 1-ha cell, corrected for observation time, walsulated for each aardwolf and season. The

relative densities of marks (marks / ha-cell /dng presented in Table 5.4.

Table 5.4 Relative densities of marks (marks/ ha-cell/ hr) in internal and border areas of the
five territories for seasons 91 and 92.

Relative Density (Mks / ha / hr)

Terri- Season 9 Territory Season 9 Territory
tory Name Interna Bordel size (ha Interna Bordel size (ha
J Josep 0.12¢ 0.12: 27¢ 0.30( 0.20¢ 24¢
J Calypso 0.11¢ 0.17¢ 187 0.12¢ 0.33¢ 262
O Oirion 0.10¢ 0.191 48¢€ 0.081 0.14¢ 631
O Electre 0.051 0.04¢ 34: 0.07¢ 0.18¢ 387
O Echc 0.21: 0.06¢ 224 0.03¢ 0.15¢ 29C
L Lucs 6.36: 0.467 69 0.88: 0.251 98
L Jezebe 0.42¢ 0.13¢ 214 0.40( 0.22¢ 13¢
EC Eclipse - - - 0.06¢ 0.21c 344
EC Nike - - - 0.06: 0.10¢ 33¢
ER Eros 0.07¢ 0.21% 20¢& 0.071 0.23¢ 39¢

Relative Density of Marks

Relative mark densities for internal and borderscelere plotted against territory size for males
(Fig. 5.9) and females (Fig. 5.10) separately to tabede individuals left varying densities of marks in
border cells dependent on their territory size. Midasities of marks in border cells were inversely
correlated with territory sizes (Spearman f0.667, p < 0.05, n =9). Thus males in smaller tereiori
were leaving an increasingly higher density of reaik the border cells than males with larger
territories. This pattern was not significant femfales = -0.40; p > 0.05, n=9). These observed
patterns for border densities were reversed for #xe@sswhen internal area relative densities were
considered. The male pattern was not significant-0.617; p > 0.05; n=9), while that for females was
(rs=-0.717; p < 0.05; n = 9) relative to the territory siZdus females with smaller territories marked
at increasingly higher densities in their intetioan females with larger territories. These resshiswy

that males and females emphasise marking the tves atifierently.
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Relative Density of Marks
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Figure 5.9 Relative densities of scent marks for internal and border cells plotted against
territory size for males during non-mating seasons 91 and 92.
function polygon for border relative densities of marks is included in the graph.
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Figure 5.10 Relative densities of scent marks for internal and border cells plotted against
territory size for females during non-mating seasons 91 and 92. Equations for quadratic
function polygons for border and internal relative densities of marks are included in the

graph.
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When trying to fit the ‘bowl’ or ‘hinterland’ mark@systems for relative densities of marks there was
also much variation between the aardwolves defendiffgrent territory sizes. Contrary to the
predictions a ‘hinterland’-type marking with higheslative densities of marks in the interior was fibun
in the smallest territories (< 200 ha), both for maled females. There was a switch to the ‘bowl’-type
at about 200 ha and continued, though with decreasifegatites between border and internal relative
densities through to the biggest territories with enibran 600 ha for males and more than 300 ha for

females.

Marking Effort

Territory Size: Despite the above pattern that males with small éoeiet were able to deposit
increasing densities of scent marks per border tbellactual number of marks and thus marking effort
in the border per time unit (hour) does not show tineespattern. The number of marks deposited per
hour observation in the border or internal area by @aditidual was plotted against territory size for
the two seasons. Male marking effort was not tated with territory size, neither for border
(Spearmang= 0.467, p > 0.05, n=9; Fig. 5.11) nor for internal areas (2, p > 0.05, n=9).
Likewise no significant correlation was found fomges (border:se 0.033, p > 0.05, n = 9; internal :
rs=-0.217, p>0.05, n=9; Fig. 5.12). The range in territorg between the largest and smallest

male territory was more than nine fold. In contfamale range in territory size was merely thid. f
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Figure 5.11 Marking effort as marks per hour left in border or internal area against territory
size for males during both non-mating seasons.
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Figure 5.12 Marking effort as marks per hour left in border or internal area against territory
size for females during both non-mating seasons.

Several significant differences were however founmigaring marking effort (marks left per hour) for:
Border versus Internal Males and females pooled marked more often per inotheir border areas
than in their internal area (MWU-test: Z = -3.259, 865 p < 0.05).

Males versus Femalesviales left significantly more marks per hour in tHebrder areas than females
(Z2=-2.209, n=18, p<0.05). Their internal marking reffeas also stronger though was not
significantly different (Z = -1.899, n = 18, p > 0.05).

Seasonal differenceln their border areas males and females combiegdsited more scent marks per
hour in season 92 than during 91 (Z =-1.956, n = 18, p = 0.0B¢. difference between the seasons
for the internal area was not significant (Z = -0.622,18, p < 0.05).

Territory Establishment

In the non-mating season 91 | witnessed a shiftrafdgey by the female Jezebel (Je). After plotting he
paths during the 91 mating season and from observatibngrevious aardwolf researchers
(M.D. Anderson and P.R.K. Richardsdh pers. comm.) it was apparent that she was moviagiew

territory, but continued to visit and mark parts of bierterritory (Fig. 5.13).

" M.D. Anderson, Dept. of Environment and Tourism, Provind@fNorthern Cape, P.O. Box X6102, Kimberley
T P.R.K. Richardson, University of Pretoria, Dept. of l6gg and Entomology, 0002 Pretoria
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Figure 5.13 Pattern of marking by Jezebel in season 91 (A) and 92 (B).

After Jezebel's mate was killed at the start of n@ting season 91 she paired up with a new partner,
the young adult male Luca (Lu). Luca defended the sstatiéerritory recorded during this study and
showed the highest mark-rates (Marks/100m; Fig. 5.7yelatlve mark densities (Mks/ha/hr; Fig. 5.9)
in both border and internal areas of all males duihgin season 92 he increased his territory size by
29 hectares and marked at lower rates and densitiesnt 91. Jezebel reduced her territory by 78 ha
and also reduced her mark-rate in both internal amdebareas of her territory (Fig. 5.8) but her
internal relative mark densities (Fig. 5.10) only frtma 91 to the 92 season. Thus initial higher mark-
rates while founding a new territory, in border ameiinal areas and subsequent reduction of the mark-

rate after successful establishment was apparent irsbxés.
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Border Marking

Not all parts of the border were equally well markélthe territory that Orion defended in season 91
served as an example. It was surrounded on all sidethby aardwolf territories, except to the north-
west where it meets the pan basin and where thengraually no termite mounds (Richardson 1985).
Orion both marked this area at a lower mark-rate (M&st Z = -2.309, d.f. = 1, p<0.05) and left a
significantly lower density of marks there (chi-sppigesty? = 19.05, d.f. = 1, p<0.001; Fig. 5.14) than

in the cells which were bounded by other territories.

NARKS

—

Figure 5.14 3D-map of Orion’s season 91 territory showing lower densities of marks along
north-western border, uninhabited by aardwolves. The map is plotted as if seen from the
south west at an altitude of 45°above the horizontal.
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Middens and Dens

On most occasions aardwolves deposited one or numet snarks when they used middens for
defecating. Middens were also visited specificdlythe purpose of pasting. Temporarily unused dens
and dens where other aardwolves slept were used atetizy the focal animals followed. Aardwolves

however never marked at the dens that they werenigsising themselves for sleeping.

Males versus FemalesDifferences in the use and visitation for pastingopaes of middens and dens
by males and females for both seasons combined alyseshand together with the data is displayed in
Table 5.5.

Table 5.5 Frequencies of pasting and use of dens and middens in the internal (I) and
border (B) areas of all territories during both seasons 91 and 92 combined. * expected

values are derived from the total surface areas of the two areas. ** number of dens slept in
(each den counted once per season and animal only).

Middens Dens
Pasting Usage Pasting Usage**
Internal  Border Internal Border Internal Border Internal  Border
Area (ha) 938 817 938 817 938 817 938 817
Males 62 81 50 73 67 35 22 7
Females 56 61 92 53 69 29 42 13
All adults 118 142 142 126 136 64 64 20

Chi-squared te

X2 p X2 p X2 X2
Males vs. females 0.53 n.s. 13.89 S. 0.51 n.s. 0.00 n.s.
Adults: observe 6.7¢ S. 0.0z n.s 17.0z2 S. 17.4& S.
VS. expectec

Males and females behaved similarly except for the® af middens, where males defecated
significantly more often at border middens while &ss did so more frequently at internal middens.
When pooling the frequencies for the two sexes, aduftveolves pasted significantly more often at
border middens and at internal dens. They usednaltefens for sleeping significantly more than

expected than border dens.
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Distribution of Dens and Middens in a Territory

The distributions (internal versus border) of all dend middens in territory J (pair Joseph & Calypso)
that were active in each season are shown in Tablel. both seasons there were significantly more
active dens in the interior and this was also towariiddens in season 91. Middens in season 92 were
distributed in proportion to what would have been expduyetthe areas of the two zones. There was a
significant increase in the number of middens usedéypair in their borders in 1992 relative to 1991
(x2=4.79, d.f.=1, p < 0.05).

Table 5.6 Distribution of dens and middens in territory J and the surfaces of internal and

border areas of the territory in 1991 and 1992. * expected is derived from the ratio of the
two areas’ sizes.

Territory J
observed
Number Areas (ha) versusexpected *

Season Internal Border Internal Border X2 p
M
I 91 27 15 125 148 5.79 <0.05
D
D 92 11 18 99 147 0.07 n.s.
E
N
S Total 38 33 224 295 3.11 n.s.

91 19 2 16.88 <0.001

D see
E 92 26 5 24.56 <0.001
N
S

Total 45 7 above 39.90 <0.001

Encounters with Intruders

Encounters with Intruders inside the Territoriedt was tested whether the residents of the three
northern territories encountered intruders inside theritories at different frequencies while thegre
followed in both non-mating seasons combined (Table 5THe residents of territory O encountered

intruders (2.12 / 100 hrs) about twice as often as residénérritories J (0.87) and EC (1.11).
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Table 5.7 Frequencies of encounters while following aardwolves inside their territories in
non-mating seasons 1991 and 1992 combined.

Territory Name Encounters  Hours followed  Encountd@0 hours
O Orion 5 194 2.58
O Electra 2 239 0.84
O Echo 3 87 3.45

Totals 11 520 2.12
J Joseph 1 199 0.50
J Calypso 2 147 1.36
Totals 3 346 0.87
EC Eclipse 1 43 2.33
EC Nike 0 47 0
Totals 1 90 1.11

Seasonal Variation in Intruder Pressure

The observed seasonal differences in the scent mgabehaviour and the pasting and use of dens and

middens between season 91 and 92 is compared with inpregesure in the three northern territories.

‘Simulated Intrusions’: The most significant difference between the twaseas was through the
conducting of just four translocation experiments irseae®@1 compared with 19 in season 92 in two of
the northern territories (Chapter 9). This is nearlfivefold increase in ‘simulated’ intrusions, which

maybe posed a serious challenge of territorial take-thwough scent marking of simulated intruders.

Focal Animal Intrusion: The frequency of nights with intrusions of morentli®0 m across the shared
border into a neighbouring territory by the focal adimarsus nights with no intrusions was
investigated. To reduce the influence of counteusitns stimulated through ‘simulated intrusions’ the
nights when translocation experiments were conduc@thgter 9) and the two nights after the
experiments were not included in this data set. Teddults of territories J and O, where all the
translocation experiments were conducted, decreasgdrtquencies of intrusions from season 91 (18

out of 50 nights, 36 %) to 92 (10 out of 54 nights, 18.5)%¥(4.03; df = 1; p < 0.05).

Intrusion with scent marking: A male intruder was observed to enter and to scemk the large
territory O repeatedly at the start of the non-ngatieason 92. In response Orion patrolled and marked
his north-eastern border along the point of intrugadong a 1 km long stretch) heavily for one week

and often lay down for several hours a night in #hisa (Fig. 5.15). He seemed to wait for the
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challenger to come past. Finally he tracked himrdend defeated him in the interior of his territory

a serious fight lasting for seven minutes.
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Figure 5.15 Map showing Orion’s movements and scent marking patterns in his borders
during one week in September 1992 in response to an intruding male from the east who
scent marked in his territory.

Aardwolf Interaction

The frequency of interaction types observed during 178vaddi interactions during both non-mating
seasons are summarised in Table 5.8, showing the fi@gaemteractions between males and females
with members of their own territories and with néighrs and unidentified aardwolves. | included the
behaviours from the focal animal only, not takingiatcount the reactions of the addressee. The four
interaction types, described in General Methods (@na)t in the order from friendly to increasingly

aggressive were:
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Greeting: Parents and cubs greeted usually longer than parthersontrast to Richardson (1985) |
could observe on many occasions that aardwolvesdrefich other’s anal region. These were always
cubs sniffing their parents anal pouch and vice vensd,tlae two females Electra and Echo sniffing

each other.

Hair-raising: In only 40 % of all aardwolf interactions, no hedising was involved. Different levels
of intensity appeared to reflect the extent of alarmaggression of the aardwolf (Richardson 1985,

Fig. 1.2). On 51 % of the hair-raisings both individuakre from the same territory.

Chasing: Intruders: In 41 % of the chases an adult resident chased mméntaway. Upon detecting
the intruder, either by sight, but more often by smélen being downwind, the resident would run
instantly at the intruder and chased it to thettayiboundary. When both aardwolves were males they
often ran across the border then reversing the oblesaser and chased. This chasing went on a couple
if times back and forth across the border before thiged to their own territories. When the restden
did not immediately start chasing the intruderjritled around it until it had its back towards thetoen

of the territory, then ran at the intruder. Oftae tntruder discovered the territory resident fiesid
trotted away before being detected. Vigorous chases mainly restricted to same sex animals, while
aardwolves of the other sex were sometimes ignarettased for 20-50 m only, not necessarily out of
the territory. An example being the behaviour of thdendseph, whom often intruded far into
territory O to feed. Despite detecting Electra ahdt he did not leave, or just ran 50-100 m when
chased by them, to start feeding again, remainirtpeir territory. The females did not always give
chase when detecting him. His reaction was maykdifferent when detecting, or being chased
vigorously by Orion, though he still returned sometirnasthe same night. The female Nike often
intruded into territory O to her north. When detelcbn several occasions and nipped by Orion she ran
a couple of metres only, then stood her ground, buthdtdieave his territory, while he moved on
without involving her in a fight. In contrast Nikeas chased immediately back into her territory by

Electra, but despite this returned half an hour latémonoccasions.

Residents:A high proportion of the chases (59 %) were accouigierksidents chasing each other, but
then for 10 - 50 m only. It often involved a feedemgmal chasing away another resident (partner, or
cub) from a termite column. Away from the breedingsgesnd while feeding and patrolling their

territory all adults were highly anti-social animalsd intolerant of each other’ close company.



MARKING : NON-MATING SEASONe 83

Fighting: Fighting occurred rarely, usually when the residewmblived in the chase caught the intruder.
This was the situation in 6 of 9 fights (67 %) obsergtedng the non-mating seasons. Males were
more often involved in fights than females, thougkythad the same number of fights with intruders.
Table 5.8 Interactions (n = 178) during the non-mating season of male (n = 82) and female

(n = 96) aardwolves followed as focal animals with members of their territories and with
intruders.

Residents Non-Residents
Behaviour Own Neighbouring Uniden}- Total
Mate Cub| Cub Male Female tified

Gree 7 20 27
Males |Raise ha 4 5 2 1 4 16

Chas 8 8 4 10 2 1 33

Fight 1 2 3 6

Gree 11 33 44
Female: | Raise Hai 10 4 6 4 1 1 26

Chas 15 2 3 2 1 23

Fight 1 1 1 3

Males behaved generally more aggressive than fematlesnore fights and chases than raising of hair
and greeting interactions observed. In both sexediggevas restricted to territory residents andemor
so to the parents’ own cubs with females showing deggession both to their cubs and their male
partners than males towards them and their cubs. résitent cubs of neighbouring territories, usually
about 8 - 10 months old were mainly chased away or htishidated by raising hairs. Both sexes
found and thus involved neighbouring males in more iatjorinteractions (13 chases and four fights)

than neighbouring females (four chases).

DISCUSSION

The aim of this chapter was to test how the residantwolves deposited their scent marks in order to
ensure the most effective maintenance of theirtéeies. It was further examined if this was achieved

by means of intimidation via scent marks backed up bgiphlaggression (Richardson 1991).

Scent marks charcteristics seemed to be consistitht maximising their advertising power (see

Alberts 1992). The amount of secretion used by an aardiuoifig an average non-mating season
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night of marking with 150 pastes would be about 0.26 g dityemsecretion, and thus should represent
a negligible energetic loss in comparison to the gghapent walking to strategic places for scent
marking (Richardson 1991). About 40 % of all marks ofirdividual were deposited close to
landmarks probably enhancing the ease of visual lat®iis (Eisenberg & Kleiman 1972) whilst

aardwolves seemed to scent mark at land marks popion to their availability in their territory.

Many studies on carnivore scent marking behavioure(Be& Mech 1975; Rothman & Mech 1979;
Macdonald 1979, 1985; Bowen & McTaggart Cowan 1980; Gosling 1981, E9R#jeet al. 1982;
Kruuk et al. 1984; Gorman & Mills 1984; Clapperton 1989; Snathal. 1989; Richardson 1990,
1991) assumed that scent marking is directed towar@drader and scent marked areas correspond to
defended areas. Aardwolves of this study markediyrasutside of their territories. Those marks
outside were mainly due to some animals still markyagt of their previous territories or were an

artefact of the problem that territories cannot baddfover long periods perfectly (Richardson 1993).

The mark-rates of aardwolves in border and intearaas varied considerably during this study.
Neither males nor females singly marked with sigaiitly higher rates in either border or internal
areas. Therefore variations could not be simply exgdbiby the large range in defended territory sizes,
in males a sevenfold difference and in femalesreetbld. However a significant inverse correlation
was found for males when plotting relative densityriiected for observation time) of marks for border
cells relative to territory size. This was notndfigant for females which contrasts with Richamiso
(1991). Females during this study seemed to concemtrate on leaving higher relative densities of
marks in the interior the smaller their territoiges while this pattern was not significant for nsaleSo
males and females seemed to emphasise marking thereas differently. Thus with increasing
territory size males deposited lower relative déssiin the border and females lower densities in the
internal areas of their territories. Marking dimism has been reported for coyotes organised in pairs
or groups where males and females showed differerkimyafrequencies (Bowen & McTaggart Cowan

1980) and has also been suggested to have differentofumatithe two sexes (Wells & Bekoff 1981).

Contrary to the predictions higher relative densitif scent marks were deposited inside than in the
borders of the smallest territories under observatiime second smallest territory, already greatan th
200 ha showed the ‘bowl-type for relative mark densitend this mark distribution was then
maintained through to the biggest territories. Tlaugtory sizes, in the range of observed territories
were not big enough to create a ‘hinterland’ markiragtern yet. Richardson (1991) suggested a
threshold territory size of 200 hectares in which wahdes would not decrease their relative densities

of marks in border cells with increasing territoigesany further. Too few scent marks in an area



MARKING : NON-MATING SEASONe 85

would no longer be effective in territory maintenancehis characteristic for aardwolf territories was

confirmed in the non-mating seasons 91 and 92.

Variation in mark-rates and mark densities in borded internal territory areas could possibly be
interpreted as a reaction to a perceived increagatrinder pressure. An almost fivefold increase in
scent marks translocated between territories (Ch&ptém non-mating season 92 may have been
perceived as serious challenges and therefore at thittaattack to territory holders. The marking
activity of all afflicted animals increased fromasen 91 to 92 displaying their readiness to defend their
territories. Similar increases in marking activityts recently been documented for male coypu due to
growing intruder pressure (Gosling & Wright 1994). Aduitil support for this tendency came from

the increased use and marking of border middens bgsrmakeason 92.

The scent matching hypothesis proposes that theotgratvner will present himself to be smelt so that
the intruder can match his scent with that of hensearks (Gosling 1982, 1990). Aardwolves during
this study gave chase immediately and from longade#s away, thus performed no scent matching
ritual when they met intruders. This is in accor@amdth the intimidation hypothesis (Richardson
1991, 1993). Territorial disputes occurred relatively ratayng into account that just 29 chases and
fights involving neighbours and strangers were obsiengle following adult aardwolves for 1409 km,
giving one interaction about every 50 kilometres. Wienaverage distance adult aardwolves walked
on a summer’s night was eight kilometres for the gmestudy, this would result in an average of one
interaction every six days. This is less than tiadfinteraction rate calculated by Richardson (1991)
which fits the pattern of aardwolf pairs defendingiteries of approximately double the size of these in
his study. Whilst in 1982/83 eleven adults defended &ugtaries in the same northern study area ten

years later seven adults defended merely threéorées.

The comparatively few chases and fights observed wEnade that physical agression seems to be
actively avoided by intruders. This would give supporthe intimidation hypothesis (Hediger 1949;
Geist 1965; Johnson 1973; Gorman & Stone 1990; Richardson 1991, wBB3)ent marks acting as

a threat with physical damage to the intruder shoeldyét caught by the territory owner (Wallace
1973; Zahavi 1977; Dawkins & Krebs 1978; Richardson 1993). Whessident encounters an
intruder in its scent marked area it must be preparedeéftnd this area by chasing or even fighting the
intruder, in order not to loose credibility. “If afta week of trespassing in a territory and utilisiag
resources, an intruder is threatened with only aliseesh display and retreats without injury, this will
clearly be a very minor deterrent against trespasaitgthe territory maintenance will be ineffective”

(Richardson 1991, page 22). With the present larger thewiops territory sizes chances of meeting
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intruders were lower and chases and fights should ibue been carried out even more persistently.
Most intruders during this study were neighbours thaided fighting with the owner and fled after
using the resources for some time already. In fadhd both seasons Joseph intruded frequently and
was observed to feed for a total of 33 hours withoutgbfeinnd by Orion the territory owner. On the
occasions he was chased out he sometimes returngty stiterwards. One could argue that in the
large territory (480-630 ha) defended by Orion territonmintenance becomes ineffective, due to

diminished encounter rate and punishment of intruders.

Richardson (1991) showed that the rate, density, dativeedensity of scent marking increased with
diminishing territory size, assuming a relativelglde marking frequency for all individuals. During
this study this was found for relative density of ksaonly due to a larger variation in territory s&e
well as in individual marking effort. Some malesra&venarking on average half as often per night as

others, independently of territory size.

Aardwolf territory size seems to reflect the oftdyserved pattern of being inversely related to the
density of resources (Myegs al. 1979; Schoener 1983; Davies & Houston 1984). Thus the smallest
territories should have the highest densities ofifoesources (Richardson 1987a) and should also
attract the highest intruder pressure (Richardson 199hasasheen found for other species as well
(Myers et al. 1979; Hixon 1980; Schoener 1983). This could be applied to thiy'stterritories,
though not quantified by food resource data. A speeisd was provided by the largest territory of this
study which was defended by Orion with two females sijpgpodouble the number of cubs. The
higher number of intruders encountered by the thredamsi than in the other two territories would also
hint to an even higher number of undetected intrusidnghis much larger territory intruders would be
less likely discovered by the residents than indtfeer territories. Still Orion succeeded in defagdi
the territory from take-over while keeping both feesainside of it for the study period. The food
resource of this territory were likely sufficientlgrfje since all the cubs born survived the winter to the

age of dispersal.

Scent mark density advertises to intruders the degir®ccupation of a territory, level of commitment
of the owner to defend it and thus the chances adweriering the resident (Gosling 1982; Clapperton
1989; Smithet al. 1989). At exactly what size a territory becomes undeteleddepends probably on
individual marking effort and thus readiness of thener to defend it aggressively. Territories are
defendable at intermediate resource densities oslyg decay in golden-winged sunbird territoriality
was observed when resource densities were too hilglivdor defence (Gill & Wolf 1975). Defensible

territory size is also dependent, in the light af tibserved seasonal differences in marking effort, o
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intruder pressure (Hixon 1980, Schoener 1983, 1987). In yeaasafrible environmental conditions
when all neighbouring aardwolves have sufficient resgsiin their defended areas there should be less
intruder pressure than during years of adverse conslitioThese frequent intrusions could trigger a
further increase in marking effort of the large itery owner. However if an individual is already
marking at the maximum capacity one may expect a reductibis or her area, with a higher density

of marks resulting and a higher probability for esemlancounters.

The assumption of the intimidation hypothesis thatuggrs are intimidated by scent marks and thus
should cross over well-marked borders for shorterogsrireceived support from observations in
territory O. Both neighbouring males and femalegfemtly crossed over into the large territory O.
Maybe territory O was at the threshold of the maxinsine for effective maintenance. Intruders
possibly realised that the chances of meeting théergs were rather low because of the large territory
size and lower density of marks. Though Orion waggh quality male and able to defend such a large
territory with a high mark-rate his territorial dete was not as effective in maintenance as thathef
aardwolves in smaller territories. The intimidatimessage seemed to apply more strictly to same-sex
individuals as members of the other sex were chaspdnished only lightly, despite their plundering of
food resources. Most commonly intruders were neiglsbwith the sole purpose of feeding and not
challenging the owners to take over their territaith scent marks. Challenges were possibly perceived
by territory owners through translocated scent mé@sapter 9) from non-residents signalling their
preparedness for physical escalation. In the simglautal’ challenge observed a male intruder scent
marked the large territory O at the start of nonimgaseason 92 for one week. In response Orion
patrolled and marked the border along the point aligmdn heavily and finally tracked down and
defeated the challenger in the interior of hisitary in a serious fight. This selective markingastgy
was possibly shown by all aardwolves after numeroussitveation experiments in season 92
(Chapter 9). An interesting addition to the arguntkat scent marks seem to intimidate the sniffer is
that both sexes preferred to sleep in dens situatée imtierior of their territories, where they would be
more secure from intruding challengers. Aardwohagetbeen shown to lower their metabolic rate by
dropping their body temperature for several degreesdfond 1994). The concurrent lethargy would

make them more vulnerable to attack from a challefigding them at their den.

Food-based accounts of territoriality predict thatitiial defence should be shared by all members of
a territory, and should if anything be most markedeimales, since female reproductive success is
primarily food limited (Trivers 1972; Wrangham 1982). Inlesahowever territoriality may be a

mechanism to monopolise access to females. Bydlafga territory males are attempting to prevent

neighbours from gaining reproductive access to residemiles (Wrangham 1982; Roparal. 1986,
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1993). The observed male-female differences in maritiegborder and interior of territories at
different rates and densities as well as their ushgaddens may reflect such divergent motivatians f
territorial marking. Males may mark more and useaenmiddens along the borders to intercept
challenging males and possibly to advertise to neigtibhg females for future mating opportunities
(Chapter 6). In contrast females may be most condénngefending sufficient termite food resources
for herself and her cubs. These hypotheses wouldeaisain, though not precisely measurable during
this study, why interactions of males with soleledimg intruders of the opposite sex were less
aggressive than with same-sex intruders. Still dffsr no explanation for the mild female reactions to
feeding male intruders, which are exploiting their iadportant food resources. The hypotheses are
however quantifiably backed by the sexes’ reactionstimiss challenges in scent mark translocation
experiments (Chapter 9), where the female reaction haaxe been always stronger due to their

suggested greater dependence on food resources.

The results of the present non-mating season magaditigrns suggest that a scent mark seems to
function as a representation of an aardwolf's clainatterritory area and its readiness to resort to
physical escalation. The intimidation hypothesidiksly to function successfully in the territorial
system of aardwolves as physical escalation was \alberarely with one “natural” challenge and

resulting fight for territory ownership observed irotmon-mating seasons only.



CHAPTER 6

SCENT MARKING OF THE AARDWOLF DURING THE MATING SEASON

INTRODUCTION

In many carnivore species scent marking by both sexeesaises markedly in the breeding season, and
particularly during courtship as the female approachesusetEwer 1973). Such increases involve
marking with scent organs (Rasa 1973; Kretilal. 1984), but in particular token marking with urine
(Macdonald 1979; Wells & Bekoff 1981). The pungency of baidp @hd vixen red fox urine increases
during the breeding season (Jorgensbral. 1978; Henry 1980). For the European otter seasonal
changes in urinary oestrogens have been documentedi{fidge 1983 in Gorman & Trowbridge
1989). Beagle males were able to distinguish between arnidevaginal secretions collected during

oestrus and during dioestrus (Doty & Dunbar 1974) and midney oarnivores.

The aardwolf is considered a socially monogamousiepé€Richardson 1985) on account of one pair
holding a perennial territory and male parental caBexually however the aardwolf is polygamous,
with numerous extra-pair copulations (EPCs) occurring dutime short winter mating season

(Richardson 1987b, Chapter 7). Territories are maintdigdubth the male and female partners of one
territory, but the opportunity to mate with a femalad$ exclusively available to the resident male, but

appears to be determined by open competition with neigiigomales.

Paired males attempt to father more offspring by @ngag EPCs with neighbouring paired females in
addition to copulating with their own female partnekt the start of the mating season adult males
begin to make ‘scouting’ excursions into neighbouringttaies, initially without scent marking there.
As the season progresses a few of the more aggrassies start pasting outside their territories. In
the pro-oestrus period, about a week before the femalgsatopulation, several males are visiting her
territory during which time their pasting reaches akpeBy the time the female comes into oestrus they
may be pasting more intensively outside their teiiggothan inside (Richardson 1987b). The scouting
males will often revisit the same areas to pastpeaslly dens and middens, gauging the resident
male’s response to their scent marks by checkingeif tvere overmarked. It will be tested whether
especially border dens and middens are in fact disitere frequently, serving as noticeboards, during
the mating season. The scouting behaviour togethbr paisting should firmly familiarise the males

with their neighbour’s individual scent and to gaugeirttommitment to defend their females from
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EPCs (Richardson 1987b). Concurrently the male terriiolyer receives a measure of quality of the
scouting and pasting male. The energy spent for éxéerxtra-territorial pasting, by walking long

distances, involves considerable costs at timesweédt food availability, that high quality males are
able to afford only. Richardson (1987b) has hypothedisdthe male partner is intimidated by this

while he advertises to the females his prowessrmaal@ (Zahavi 1977; Richardson 1987b).

Likewise paired females may employ a selection @ftstjies to obtain EPCs with neighbouring males.
The advantages for males are that the more mapipgrtunities (EPCs) he has, the greater his chances
for propagating his genes (Trivers 1972) while femalegdcaim to improve her reproductive success
in less obvious ways. Her offspring may gain the dtigjuality genes of the intruder (Gladstone 1979);
she may produce ‘sexy’ sons - with the cuckolding tecids of their father (Weatherhead & Robertson
1979); if she is fertilised by several males, she iwidtease the genetic variability of her offspring
(Maynard Smith 1978).

About a month after the start of the mating seaserfdimales are coming into oestrus, and most will
mate over the following month. Females seem togpasre extensively than normal in pro-oestrus and
do so especially along their borders and on neighbgpuerritories (Richardson 1987b). It was
suggested that it is particularly those females paatitgngth which are paired with males marking less
aggressively (Richardson 1987b). This is hypothesisazhtourage visitations by extra-pair males.
Within her oestrus, lasting for up to three days, raafe will often mate with her partner and an
aggressively marking neighbour (Richardson 1987b). Femmadeyy also facilitate the finding of their
advertising scent marks by extra-pair males by visitingder area dens and middens more frequently

for pasting during the mating season.

Female aardwolves possibly try and attract as mamgrswas possible to ultimately mate with the most
dominant male. When not in visual contact on tlaige territories this goal may be achieved by the
deliberate placing of scent marks. The aim of thipter is to test whether or not scent marks are used

to attract the opposite sex and if male scent matksidtate other males.

METHODS

The mating season was defined to start when mhtesesl interest through following, sniffing, and the
flehmen grimace towards females and their scenksnthre first time (Richardson 1985). It was
considered to end when the last female of the spahulation was mated. This period generally

extends from May until the end of July. The term atros is applied to each female singly as the time
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when her reproductive apparatus is inactive, correspprditthe time before the start of the mating
season. In pro-oestrus, usually a week before the dgpaaimits copulation (Richardson 1987b), her
reproductive apparatus becomes active. During oestrush wiay last up to three days, the female
permits copulation (Richardson 1987b; Richardson & Coet288). Metoestrus follows after each
female was mated, being gravid. However, if a fenmlnot fertilized during oestrus she may cycle

again about two weeks later (Richardson & Coetzee 1988)

In order to establish a measure of the frequency witith males and females were pasting outside
their territories a pasting index was calculated fmheindividual (Richardson 1985, 1987b). This was
determined by multiplying the percentage distance liesiveutside the territory with the pasting rate,
that is the number of marks left per 100m travelled whiitside of the territory (Pl = [% outside of
total distance travelled] x [Marks / 100m when outsidéelThe pasting index (PI) ensures that the data
are independent of sample size and takes into actimintlative density of pastes to which aardwolves
in neighbouring territories would be exposed. Animalshwiigh Pl indexes were considered as
aggressive and of superior quality since they riskedgbehased or even injured in fights with
competitors. In many species high pasting activitg baen linked with dominance (Ralls 1971;
carnivores: wolf, Peters & Mech 1975; African wild dégame & Frame 1976; stoats, Erlinge al.
1982; European badger, Gormamt al. 1984; Kruuket al. 1984), though this is not conclusive for
spotted hyaenas (Mills & Gorman 1987), and brown hya@vidis 1990). Male aardwolves with low
overall mark-rates during both non-mating and masegson together with a low Pl index were
considered inferior, or at least ranking lower tiet@ato their neighbours. No social hierarchy could be

determined as aardwolves defended separate tasitori

RESULTS

Scent Marking: Mating versus Non-Mating Season

The numbers of scent marks left and the distanceslied during the three mating seasons together
with the calculated mark-rate of individual male dechale aardwolves outside, in the border and
internal areas of their territories are displayedable 6.1. The mark-rates (marks per 100m walked)

and numbers of pastings left are compared between naatthgon-mating season in Fig. 6.1.

Males’ individual mark-rates were not consistentighler in the mating (Table 6.1; n = 8) than non-
mating seasons (Table 5.2; n = 9)(Mann-Whitney U (MWA4d}s: border versus border: Z = -0.579;

internal versus internal: Z = -0.481; n=17). Thoughntiade mating season outside rate of marking



MARKING : MATING SEASON« 92

(2.08 marks / 100 m) was six times higher than thahefrion-mating season (0.18; Table 5.2) the
difference for individual males was not significéetween the seasons (Z = -1.3, n = 17).

Individual females marked at significantly lowereastover the whole mating (Table 6.1; n = 11) than
non-mating seasons (Table 5.2, n = 9) in both border-&85, n = 20, p < 0.005) and internal areas

(Z =-2.39, p < 0.05) but not outside their territories (2305, p > 0.05; Fig. 6.1).

MALES FEMALES
25 O Mating m Non-Mating 25 OMating m Non-Mating
, | 48426818 5590 , |
6668 5023
5
01.5 I~
—
P 1513
g 1
>
0.5 -
83
0
Outside Border Internal Outside Border Internal

Figure 6.1 Total numbers of male and female scent marks pasted and mark-rates
(marks / 100 m walked) during the mating seasons and non-mating seasons.

Males versus Females during the Mating Seasons

Males showed higher mark-rates than females inlifferent areas (MWU-tests, n = 19; outside: Z = -
2.57, p <0.01; border: Z =-2.98, p < 0.005; internal: Z = -2.970j085) during the mating seasons.
The male mark-rates comparing border and internalsanere similar to each other (Z =0, n = 16,

p > 0.05). Their mark rate dropped to about half of watn they would mark in border and internal
areas whilst walking outside their territories. Bfatleposited 12.7 % of all their marks outside of their
territories. Females left on average less thah dmlmany marks as males in the same zones, and
similarly showed no differences in marking their dmrand internal areas (Z = -0.33, n = 22, p > 0.05).
Their mark rate while travelling outside of theirrtories was less than half of the rates they were
marking when walking in the internal and border ared&emales deposited 10.5 % of all their scent

marks outside of their territories.
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Table 6.1 Number of marks deposited, mark-rates, and distances travelled by adult aardwolves within the internal, border area, and

Marks / 100 m travelled

outside their territories, during mating seasons 91, 92, and 93. * Rate
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Pasting outside of Territories

There were however considerable differences in iidigat behaviour. In terms of marking outside of
their territories this was evident by the variationthe individual pasting indexes (Pls) tabulated

together with the number of copulations observed beteedifferent males and females (Table 6.2).

Table 6.2 Pasting indexes (PI) and copulations seen for each individual aardwolf during
mating seasons 91, 92, and 93. Boldfaced season dates indicate observed copulations,
italic season dates indicate probable copulations.

Pl1-91 1.6 9.6 1.6
P1-92 0 1.3 16.1
P1-93 0 3.9 32.6 34.2
Copulations  Cglypso  Electra Echo  Nike Jezebel Regl
146 25.3 18.8| Joseph 9293 92 92,93 91
16.1 26.8 | Orion 92,93 91,9293 93 93
17.9 | Eclipse 91,9293 92, 93 91
53.7 Luca
Silver 93
Otis 93

The highest overall male Pl was shown by Luca inmgasieason 92, who had a very small territory
(69 ha) and thus was able to mark at high levelsdrbtivder and outside his territory. High indexes
were also shown by the males Orion and Joseph, buiavatiift between mating season 92 and 93. In
1992 Joseph had a higher Pl than Orion while in 1993 Oneasshigher than Joseph’s. The scouting
movements of Joseph and where he marked in his fghlvours’ territories during mating season 92

are displayed in Fig. 6.2.

In both mating seasons 92 and 93 Orion marked Joseptitsrieextensively and fought and mated
with his partner Calypso before Joseph did (ChapteiOfjon also marked Eclipse’s territory in 1993
and copulated with his partner Nike after fightinghwiiclipse. In all these incidences the male partner

did not give their partners up without a fight.

The highest female Pl was shown in 93 by Nike the padhEclipse. In this mating season she mated
with four different males. Females with high Plsextised outside of their territories by pasting, Wwhic
was verified by plotting the various nights relatieetheir territorial borders. An interesting contras
existed between the two females staying together @fibn in the very large territory (490-630 ha).

The mother Electra had low Pls in the two seasdmsnvshe shared the territory with her daughter,
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whilst Echo showed very high Pls. In the first imgtseason (91), while Electra lived alone, she had a
higher Pl (Table 6.2).
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Figure 6.2 Map illustrating the paths followed and the scent marking activities of Joseph
during the mating season 92. He was followed for 236 km over 117 hours over 35 nights
and deposited 4095 pastings.

Rank Assignment

The assignment of the terms superior or inferiorthierthree northern male aardwolves, Orion, Joseph ,
and Eclipse, was attempted taking values for scerkingaand copulation characteristics (Chapter 7)

into account. These were border and outside of agyrinark-rates during mating seasons, pasting
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indexes (Pl), the average time they copulated per éemated, and the number of EPCs their female
partners engaged in during mating season 93. The valieeaged for the two mating seasons (92 +
93) were sorted for the three males and ranked.rddmective ranks for the four males are presented in
Table 6.3.

Table 6.3 Male scent marking during the mating seasons and copulation characteristics
ranked. The largest value received Rank = 1. * fewest EPCs of partner = Rank 1.

Name Border Outside Pl Time copulated EPCs partner | Sum of
of Male Mk-rate ~ Mk-rate per Mating engaged in 93* Ranks
Orion 1 2 2 1 1 7
Joseph 3 3 1 2 2 11
Eclipse 2 1 3 3 3 12

The ranks of the measurements changed for the rfwledl but one correlation; longest copulation
time with the fewest EPCs engaged in by the parfhiablé 6.3). It was thus difficult to associate a
particular marking characteristic with a superior andirderior male. The summed ranks of the

measurement for each aardwolf however showed thein@ad the lowest sum of ranks and thus
highest overall values. The two other males hadairaummed ranks, though Joseph had a slightly
lower sum of ranks than Eclipse. So one could asshateCrion was the most aggressively marking
male, who also copulated most frequently with otharales. He was thus the superior male, which
was consistent with my impression in the field andirdy fights with the other two males. He even

chased other intruding males while scouting in Eclipteritory.

Changes in Male Mark-Rates over the Mating Season

The mark-rate (marks/100m walked) of individual aardeslunderwent changes during the scouting
period, pro-oestrus, oestrus, and after mating. It thas critical during what period the observer
followed the particular aardwolf. Due to the naturehef field work it was just possible to follow one
aardwolf at a time during periods with frantic mgtiand fighting activity. So naturally the data is

biased due to unequal sampling of individuals during thleeg periods.

Male mark-rates, derived from taking the total nsaeét that night divided by the total distance vealk
irrespective of where the aardwolf travelled werettptb relative to the matings of the females for
mating seasons 92 and 93 (Fig. 6.3 a,b). In season 92 &dodoseph were observed extensively and
marked at about two marks / 100 m walked throughout dréaur weeks before the first mating took
place. These marking rates gradually increased neatilhing a peak two days before Electra, Orion’s

partner, the first female of the season, accepted atigmns. Both males mated with her and their mark-
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rates dropped to the same level as at the stareah#ting season. Then Nike, the partner of Eclipse,
became receptive. Both Orion and Joseph scouted énttetritory and Joseph was seen to mate with
her. Two days later Joseph'’s female Calypso acceptmalations and was mated by Orion first. On
this day Joseph increased his mark-rate. In can@een decreased his mark-rate, possibly in order
not to advertise his presence to Joseph while lea@algpso into his territory for mating. On the

following day Joseph mated with Calypso and, likeo@tihe day before, decreased his rate of scent

marking (Fig. 6.3).
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Figure 6.3 Daily mark-rates (marks/100m) of males for the mating seasons 92 and 93.
Mark-rates are displayed within the weeks before (-) and weeks after (+) relative to the first
female’s oestrus (Electra). The oestrus of Echo, Nike, Calypso, Red are also displayed.
Territory partners are boldfaced. N91, N92 are average mark-rates for non-mating
seasons, N93 are the mark-rates in late August 93, after the mating season.

In the 93 mating season four weeks before Electrafi(difemale) came into oestrus Orion marked at
close to three marks / 100 m walked throughout. Heedsed his mark-rate on the two days prior to
mating with his partners Electra and Echo, whilst fisite was lowest the day he copulated. Orion’s
marking increased again when searching for his lEsnahile probably trying to guard them from

mating with other males. Despite his effort Eleatta@s seen to copulate with Eclipse. Eclipse in 1992
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also showed a peak in marking two days before matitig his partner Nike - who subsequently
engaged in EPCs with three other males. Finalgepdio increased his marking rate as his partner
Calypso came into oestrus though she copulated witm@rgt. The next day when Joseph mated her
his mark-rate dropped as well. A general decreaseaitk-rates was observed for all males after all
neighbouring females were mated. This was probablyaltieetunavailability of mating partners and

termite food.

Male Marking relative to Partner's Oestrus

To test for the increase in mark-rate before eade’snawn partner came into oestrus their different
mark-rates were arranged on a time scale and avastathe day of her first accepted copulation
(Fig. 6.4). It was possible to overlay the differemrinrates arranged by weeks before and after the
mating day only, since not all males could be folldvaed their mark-rate recorded on the same days
relative to their partners mating. In three out lué five cases where an intrapair copulation was

observed in the two seasons, the first copulationpaeddy the female was not with her partner.

Marks/100m

N91/92 -4 -3 -2 -1 Mating Day +1 +2 N92/93

Weeks before (-), Day of Mating w ith ow n female, Weeks after (+)

Figure 6.4 Changes in daily mark-rates within the weeks before (-) each male mated with
his own female partner (Mating Day) and the weeks after (+). Their different mark-rates are
arranged on a time scale and overlaid on the day of her first accepted copulation. Non-
mating season mark-rates are given for comparison at the left and right extremities of the
graph.

In the week prior to their partner's oestrus malesegdly had mark-rates greater than two
marks / 100m. An exception was Joseph in 92 who scoutgeb&slterritory, thus marking at lower
rates, and subsequently mated Nike the day beforenmisfemale Calypso accepted copulation with
Orion first. Though differences in mark-rates waog clear-cut a gradual increase towards the week
before oestrus is discernible (Fig. 6.4). The marksratee week before were significantly higher than

three weeks before (MWU-test, Z = -2.205, n = 9, p < 0.@Mion and Eclipse decreased their mark-
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rate on the day of mating their partner, while Jodepteased it. During the week after mating, males
either increased their mark-rate when other mdikksisowed interest in their partners or droppedrthei

mark-rate when females were already in metoestifithin the second week after mating the males’
mark-rates were significantly lower than during Week before mating (MWU-test, Z = -2.402, n = 10,

p < 0.05).

Changes in Female Mark-Rates over the Mating Season

Female daily mark-rates were calculated like thdsaades. Rates were plotted relative to the fiest d
they accepted copulation, the second day of copulasind, the first day after the last copulation
(Fig. 6.5). Mark-rates showed a very large variaéiod clear-cut patterns are difficult to discern when
looking at them in Fig. 6.5. In the 91 and 92 mating@es mark-rates were fairly low prior to mating
(Fig. 6.5), while two females advertised after beingted by their partner on the border of their
territory to that of their chosen cuckolding mala.season 93 (Fig. 6.5) females already displayed high

mark-rate in the week prior to their mating, andhtbecreased their marking on the day of mating.

When pooling the three mating seasons females maikgdnificantly lower mark rates at the start of
the mating season, four weeks before their copulatiam within the week before oestrus (MWU-test,
Z=-2.382, n=16, p<0.05; Fig6.5). Their mark-rates iwitine week before oestrus was also
higher than within the second week after oestrusto@s&rus) (MWU-test, Z =-2.143, n =13,

p < 0.05). Females dropped their mark-rates on their rfiating day relative to the week before their

oestrus, though this was not significant at the ®9éll(MWU-test, Z = -1.868, n = 12, p = 0.06).

My impression of females in their pro-oestrus was they advertised their reproductive condition with
higher mark-rates when walking alone than when these courted by males was tested. On eleven
days mark-rates of females walking alone were coetpaith those when a male courted them on that
same day. Mark-rates of females followed by matesaf = 0.84 mks / 100 m) were always lower
than when walking alone (mean=1.39 mks/100m) @Xda signed-ranks test: Z =-2.93,

p < 0.005). Some of the females stopped even markirgettier when a male was courting them.
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Figure 6.5 Female daily mark-rates for the mating seasons 91, 92, and 93. Mark-rates
from within four weeks before (-), on their first Mating Day (MI), on their second Mating Day
(MI1), and within the weeks after (+) the last copulation. N91, N92 are individual mark-rates
for March and September of non-mating seasons. N93 are the mark-rates in late August
93, after the mating season.

After copulating with their own partner some of theefnorthern females were seen to increase their
mark-rates relative to their first or second matiay presumably to continue advertising their oestrus
to suitors by scent marking (Fig. 6.5). Echo’s sceatking behaviour relative to the territory of the
neighbouring male to the north-east is shown forrigat following her presumed mating with her

partner in 1992 (Fig. 6.6). She concentrated to maniliéa the territory of the chosen male outside
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of her territorial borders, leaving 50 scent marksehddowever high mark-rates by a female within her
territory (both in border and internal areas) cousbalignal her receptivity likewise. One example was
Calypso in season 93 who for weeks before her oestragredh mark-rates at around three
marks / 100 m walked (Fig. 6.5) without ever leavingqisoearks outside of her territory (Pl = 0; Table
6.2). She continued to mark on the days she matedghhreduced, but increased her pasting once

more after mating with her partner, whilst againleating her territory.

E| Path followe: |:| Internal or Outside ct
|:| >1 mark/ce |:| Border cel O Der

Figure 6.6 Path taken by female Echo and the 1-ha cells where she scent marked in the
night after her presumed mating with her partner in mating season 92.
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Response of Male to Female Scent Marks

A few well placed scent marks by the advertising fenmay be effective in attracting EPCs from a
neighbouring male (Fig. 6.7). After having mated viitree other males (including her partner) Nike
presumably marked inside of Joseph's territory. Heddhe first mark sniffed and showed flehmen,
then trotted straight into her territory, after 83daund a second mark, flehmened and sniffed for 20
seconds and galloped on. He found Nike one minutel@@dn further upwind. So within 20 minutes
and travelling 1000 m he presumably found her through test searking. They walked together for
1 100 m while Nike left 13 pasting and Joseph none, tletedtto copulate.

—
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E| Path followe: |:| Internal or Outside ct
|:| >1 mark/ce |:| Border cel O Der

Figure 6.7 Path followed and scent marking by Joseph leaving his territory on the night he

found scent marks (D®, presumably deposited by Nike) and mated with Nike. The start
and end of their copulation is indicated by arrows.
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Redefining Territory Borders

After the hectic mating activity in late July waseowoth aardwolf sexes were less actively walking,
feeding, and marking. Correspondingly their marlesadropped significantly in relation to those
showed in the days around oestrus (Wilcoxon signeksraast; Z = -3.3, n = 14 (pairs), p<0.001), to
pick up towards the end of August when reinforcing previterritory borders or defining the outlines
of their territories anew (Fig. 6.3; Fig. 6.5). Therkamtes during September, when territories were
presumably redefined were significantly higher thaoaséhin late July and mid August (Z = -3.3,
n = 14 (pairs), p <0.001; Fig. 6.3; Fig. 6.5). This patieas especially evident after the mating
season 93 after having simulated numerous intrusions hyaawtiwolf sexes into various territories
through translocation of scent marks in the precedomgmating season and during mating season 93
(Chapter 9).

Middens and Dens in the Mating Season

It was hypothesised that aardwolves use dens andiagpatddens for scent marking, defecation and
urination in border zones significantly more during thating season than during the rest of the year.
The marking and use of middens and dens is anailyshd same way as during the non-mating season
to allow for later comparisons and is summarisedahld 6.4.

Table 6.4 Frequency of pasting at and use of middens and dens in the internal and border
areas of all territories during the mating seasons 91, 92, and 93. * expected values are

derived from the total surface areas of the two areas, internal cells = 938 ha, border cells =
817 ha). ** number of dens slept in (each den counted once per season and animal only).

Middens Dens
Pasting Usage Pasting Usage**
Internal Border Internal Border Internal Border Internal Border
Males 104 96 37 40 129 109 30 9
Females 57 24 36 21 59 25 41 10
All adults 161 120 73 61 188 134 71 19

Chi-squared te

X2 p X2 p X2 X2
Males vs. females 7.95 S. 3.01 n.s. 6.57 S. 0.16 n.s.
Adults: observe 1.44 n.s 0.0t n.s 2.67 n.s 22.3¢ S.

VS. expectec

Males pasted at border middens significantly morenofhan females, which pasted proportionately
more often at internal middens (Table 6.4). This sstggthat males concentrate their effort more in the

borders than females, possibly for defending theirafes via scent marking or advertising to
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neighbouring females visiting border middens. Bottesgointly marked border and internal middens

at the same rate as the relative sizes of the tweszpredicted.

Midden usage for defecation and urination was ndissitally different comparing the sexes, though
males used border middens slightly more often thtamrial (Table 6.4). Females alone used internal
middens significantly more than border middegxd=<3.94, d.f =1, p < 0.05). The overall usage by

both sexes was again not different from that expected their distribution.

Scent marking of border dens was significantly npm@nounced in males relative to females, though
they still pasted more often at internal dens (T&bi¢. Like for the marking of middens this shows
that males and females emphasise marking densediffer This was also evident when combining the

data for the sexes and comparing it to that expeabedl thneir distribution, but was not significant.

Both males and females used significantly more denssleeping in the interior than in the border

(Table 6.4). The sexes did not differ in this behaviour.

Middens and Dens: Mating Season versus Non-Mating

Taking the frequencies each behaviour was seen duaitgseasons whilst pooling sexes, aardwolves
used border and internal middens for defecation aindtion similarly during both seasong & 0.08,

d.f. =1, p > 0.05). Females alone marked significafathyer times at border middens during the mating

than non-mating seasog?(= 9.9, d.f. =1, p < 0.05).

Aardwolves slept in internal and border dens at dasimatio during the mating and non-mating season
when combining the sexeg?(= 0.18, d.f. = 1, p > 0.05). Significant differencesengowever found in
males visiting more border dens for pasting duringniaging seasonyxf = 3.86, d.f. =1, p < 0.05),

though still fewer times than internal dens.

It was tested how intensively males and femalesedaat middens and dens in the mating and non-
mating season (Fig. 6.8) relative to the distanceg Walked. Males and females walked respectively
653 km and 731 km in the mating, and 755 km and 654 kmeimdin-mating seasons. Males left
significantly morepastings at internal and border middens and intexndl border dens during the
mating season (internal middemng = 35.4, d.f. =1, p <0.001; border middexs= 8.9, d.f. =1,

p < 0.005; internal deng? =51.3, d.f. =1, p <0.001; border dexs=72.1, d.f. =1, p <0.001).
This suggests that dens and middens were visite@ fnequently by males specifically for pasting

during the mating season. In contrast females sigftificantly fewer pastings at border middens
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(x2=30.9; d.f. =1, p<0.001) and at bordet £ 10.3, d.f. =1, p < 0.005) and internal deng =%

9.6, d.f. =1, p <0.005) than in the non-mating seadoifferences between the seasons for females
were not significant for internal middeng2E 3.5, d.f. =1, p > 0.05). This suggests that females
pasted at dens and middens, serving as focal paintaardwolf communication, less frequently per

distance walked in the mating season.
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Figure 6.8 Numbers of pastings left at internal and border middens and dens by males and
females during the mating and non-mating season.

DISCUSSION

The aim of this chapter was to test what role soenking plays in the mating system of the aardwolf.
The sexes in fact seemed to advertise to the opmesiteby increasing their rates of marking and
strategic placement of scent marks in order to baibgut EPCs. Males scouted and scent marked
neighbouring territories to engage in EPCs and plmidscent marks more frequently on middens and
dens in borders. The reactions of males suggesatdhiy could determine by sniffing female scent

marks when they came into oestrus and thus to tieliedtvn scouting trips.

Over the whole mating season males’ scent markitigitg increased just slightly in the border and
internal areas of their territories in comparisothi® non-mating season. The contrast between the tw
seasons resulted from the increase in rate of nwarkitside of their territories. This is in accordan
with Richardson (1987b) although his observed outside nadekby males was nearly the same as the

inside of the territories. During this study the @dsmark-rate was always about half that of the ensid
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mark-rate. Still EPCs were common during this st(@iapter 7) and all observed males marked

outside of their territories and engaged in the saunaber of observed EPCs.

A reason for the moderation of the rate of markmgside of their territories in comparison to
Richardson’s (1987b) study could be that males were pursummgifferent advertising strategies. A
male might not have to mark aggressively outsidigsaferritories and to fight physically to engage in
EPCs. Alternative breeding strategies, while tryingsneak copulations without overt threat and
fighting has been shown to be successful in silentpg®sed to calling amphibian males (American
bullfrog: Howard 1978; green tree frog: Peretlal. 1982; natterjack toad: Arak 1988). Otherwise it
was of importance which animal | was following ay ame time since differences in mark-rates varied
strongly over the season for one individual and betwadividuals. Another argument would be that
territories during the present study were larger Glegpter 5) and thus males were more limited in their
ability to mark outside their territories. Almost fdmales marked outside of their territories butrthei
Pl value was again no indication to the frequency there seen to engage in EPCs (Chapter 7). One
can however suggest that this outside of territoryking functions as an attempt to attract

neighbouring males.

Advertisement and Intimidation through Scent Marks

The male with the smallest territory had the high&lsprobably since he could afford to leave many
scent marks outside of his territory. This hypothegould support the above argument that small
territory size allows for higher outside of terrifanark-rates, while large territory owners wouldl b

busy defending the borders of their large territoffiishardson 1991; Chapter 5).

The small sample of individuals observed during thishsimade the classification of males into the two
categories ‘inferior’ and ‘superior’ difficult. Howev considering several criteria for copulation and
scent marking identified Orion as a high quality enal’ he two other males, contrary to my impression,
were similar in ranking. The higher pasting indeR @ Orion the superior male was not necessarily in
accordance with securing the most EPCs, as was fbyrdichardson (1987b). Even the lowest
ranking male Eclipse was observed to engage in eqasliyany EPCs. The Pl indexes were anyway
rather similar in the three northern males so thadex alone would not allow a good ranking of males
One could however classify males by the number of BR€ls females were able to engage in, which
could be due to both the males’ inability to defend feimale through fights but also the females’

influence.
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During this study two male pasting tactics may have lepeployed to achieve EPCs. One is through
early and frequent scouting, scent marking neighbouergories at high rates, advertising to females
and intimidating their male partners (Richardson 198ulimately fighting with other EP-males and
the female’'s mate. This tactic received support thHroolgservations of Orion’s behaviour. The
concept of intimidation is however subjective and dfae difficult to prove. That an intimidating
challenge is in fact transmittable through the dejpwsivf scent marks will be shown in Chapter 9.
Intimidation to the point that male partners gave w@gir ttemales to the EP-males without a fight was
never observed and bloodshed was frequent. Thetattter was employed by Eclipse who scouted and
scent marked less. He did not fight with the residnales for their partners, but still engaged in £PC
as frequently. At this point female influence may impartant. Since aardwolves are long-lived and

some territories remained relatively stable in tfemaale preferences for certain neighbours can evolve.

An alternative function of male outside territory ricenarking could be to lure the courted female
towards the border of the intruding neighbours teryitoThe odour of male scent marks has also been
suggested to have a physiological role, to famikaaisd increase the readiness of the female to réspon
sexually to this particular male and to synchronis& Htivities (Soderquist & Ealey 1994; Storety

al. 1995).

Females with high Pls could advertised to other snaléside their territory borders to solicit EPCs.
They mainly scent marked outside her territory toaat males, when no courting males were around.
In some cases a few female pastings were effectipeaduce the desired EPCs when deposited during
important periods and at precise locations. High marés inside territories could also attract vigitin
males and signal the females’ oestrus, without fesmiadering to leave their territories. Females with
extra-pair male attention whilst marking just insidieitt territories would ensure that solely bold
neighbours, intruding and scent marking in the ferhadesitories would find their marks. Aardwolf
males were capable of distinguishing female from rsaknt marks and to sense when a particular
female was approaching oestrus (Chapter 9) to timeititairsions. This testing of scent marks was
indicated by showing flehmen after sniffing scentrkaa Male dik-diks were also observed to show
flehmen after smelling female pre-orbital marks (Beston 1994) and this behaviour is usually
associated with testing oestrus (Estes 1972). It hasvildedocumented that urine of female mammals
contains reproductive hormones which provide a reliaddecator of oestrus (Eisenberg & Kleiman
1972; Doty & Dunbar 1974).

The outside of their territory marking pattern oé&ta and Echo sharing one territory is open to
speculation. The older Electra had a higher Pl vatitst living alone in the first season, then ie th

following two mating season she had lower values)swikcho scent marked frequently outside her
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territory. Although | assumed in mating season 92 abwkrved in season 93 that Orion mated them
both, he could not prevent EPCs with their neighbotts. copulated in 93 for more than three hours
with each female and guarded them afterwards (Ch&@ptetHowever since he could not guard both
females effectively at the same time Electra copdlatith Eclipse and Echo advertised to the north-
eastern neighbour. Therefore a high Pl value of Hahoot necessarily mean that she was paired to a
inferior male. However she was not seen to copmitteanother male which might have been due to

Orion’s superior quality in keeping competitors from caping with her.

Changes in Mark-rate over the Mating Season

During the scouting period, up to four weeks before tis¢ fiemale came into oestrus, mark-rates of all
males were generally high, increasing for eactdeasito a peak one or two days prior to the day of
mating with their partner. This could be seen asrm fof guarding their females, by leaving scent
marks at high rates throughout their territory thignalled their determination to defend their parsner
to scouting males. High marking rates together withating over oestrus females’ scent with their
own urine has been widely reported in male ungulatesm@gparn: Moodie & Byers 1989; African
buffalo: Sinclair 1977; dik-dik: Hendrichs 1975; Brotherton 19@&é4rthog: Radke & Niemitz 1989)
but also in male canids (bat-eared fox: Lamprecht 1979)e dHarease in mark-rate on the day of
copulation was probably owing to the mating activityalihkept males from maintaining high rates. In
addition they were probably trying to avoid advertisiheir whereabouts to EP males while copulating.
An extra-pair male following the female ready to gtceopulation into her territory stopped scent
marking as well. This could likewise have been toigwetection by her male partner, and thus the
resulting disturbance or even disruption of the copulatiohapter 7). After the last female of
neighbouring territories had mated there was a deerieageneral activity including scent marking of
males, probably to endure this time of low termitevitgtito pick up again at the start of summer with

warmer weather conditions (Richardson 1987a; Anderson 1994)

Female scent marking strategy was even more varihate that of males. At the start of May with
increasingly cool temperatures and resulting reducedhitte availability (Richardson 1987c;
Anderson 1994), scent marking decreased in femalesth Wfproaching oestrus marking rates
increased reaching a peak in the week before oestueastising their reproductive status. Their rate of
marking though depended on the attention femalesveetérom scouting and courting males. When
males were present they marked at lower ratesctedse their marking when males were not courting.
They were trying to receive attention by both theirtmers and EPC males. Higher mark-rates were
also displayed by dik-dik females in the absence eir thartners (Brotherton 1994). Since male

partners always tried to overmark or at least madkesk to their female’s pastings during the mating
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pair run (Chapter 7) or when following them around in-@estrus, her higher mark-rate whilst alone

could aim to attract selectively EP males when hempacould not overmark their pastings.

I had the impression that when females approachdduedahey scent marked increasingly along their
borders or in the territory of their neighbours of ichoto advertise their reproductive state and
encourage visits from them. In fact all femaleswarto receive EPCs (Chapter 7). In one case though,
in the third year of habitual ‘planned’ yearly EPCedfta met Eclipse at the same time and place even

without prior extensive border or outside of her teryitmarking.

While walking together with a EP-male prior to copialatthe female continued pasting leaving a trail
for other males including her partner to follow. Flkbuld be seen as female incitation of male-male

aggression, and will be more extensively discuss#ukifollowing chapter of the sexes mating tactics.

When females were in metoestrus their rate of mgritiopped to low rates within the next day, to pick
up again by the end of winter. This was probably likenales to save energy when neither food nor
mating opportunities were available and thus worth difign Both sexes increased their mark-rates
towards the end of August, presumably to redefine deialtborders so often transgressed in the hectic
female oestrus periods. Re-establishment or firstbishment of territories has been reported to
coincide with high mark-rates especially for seallprimeeding ungulates (pronghorn: Gilbert 1973;
Thomson's gazelle: Walther 1978) but also wolves (Rothéndfech 1979).

In accordance with their prolonged scouting actiwitgles marked at both border middens and dens
more than females over the mating season. Botls g&tieed much more frequently in dens in the
interior of their territories not different fromeuencies observed in the non-mating seasons. So
aardwolves seemed to always considered it safstetp in the interior of their territories (see also
Chapter 9). In comparison to the non-mating seasdesmisited and marked all dens and middens
more often per distance walked in the mating seadule females showed the opposite pattern. The
male’s tendency of treating dens and middens ad fmmints for olfactorial communication (Richardson
1990) even more so in the mating season thus was cedfiriAssuming further that border middens
and dens serve an important territorial function lfRidson 1990) the reduced activity of females there
hints to a reduced territorial defence of the fegd@rritory during the mating season with low teamit
availability. The main resource defended by malesshiewswitched from food in the non-mating to the
even more valuable resource of female mating partnéteimating season. Males therefore increased

their scent marking efforts correspondingly to ddftreir females.



CHAPTER 7

MATING TACTICS IN THE AARDWOLF

INTRODUCTION

Given their physical and ecological diversity, itrist surprising that carnivores exhibit considerable
variation in social organisation. The majority gfecies (85-90 %) are solitary outside of mating
periods (Creel & Macdonald 1995). Individual adults nyolstlld territories excluding members of the
same sex, but with extensive overlap with territorieghef opposite sex (Ewer 1973, Powell 1979,
Erlinge & Sandell 1986). Monogamous pairs are the basi@lsunits among canids (Kleiman &
Malcolm 1981), with a tendency to larger groups at the déxtremes of body size (Moehiman 1986).
Breeding groups are the general rule among smallpesigds and larger hyaenids (Rood 1986, Mills
1989). Descriptions of mating systems are complicatethsarvations and genetic studies disclose that
extra-pair (and off-territory) copulation may be commanpl (aardwolf, Richardson 1987b; European

badger, Evanst al. 1989; grey wolf, Lehmaat al. 1992; Ethiopian wolf, Gottellet al. 1995).

Both brown and spotted hyaenas live in social groussing in size between one female adult with her
cubs to 80 individuals called clans (Kruuk 1972, Mills 1989). Tdmeale members of a clan are
related and nomadic or immigrant males acceptedciatts by the females seem to perform most of the
matings (Mills 1982, 1983, 1990, Frank 1983; Owens & Owens 1996). s\ifhibrown hyaenas no
dominance hierarchy was apparent in small clans SMii89) a separate linear dominance hierarchy
within each sex was observed in larger clans (Owen®véens 1996). Regardless of clan size a
dominance hierarchy exists among adult females otespdiyaenas, and they and their offspring are
dominant to the generally lighter built immigrant adulales (Mills 1989). Mating has been rarely
witnessed in wild hyaenas but in the spotted hyaeaaodstrus female attracts the attentions of a
number of males already up to two months before steaidyrto mate (Deane 1962, Frank 1983). The
largest and most dominant male drives the otheesyamd after varying periods of consorting with and
courting the female copulation continues for severat$havith bouts of 5 - 10 minutes, repeated 3 - 4
times per hour (Frank 1983). While the mating male seemsrkably tolerant of interference by
young males, he drives away older males who appraagtieen attempt to disrupt the mating. After
the dominant male mated other males have persistattinded females for up to 40 days later (Frank

1983). The available evidence for spotted hyaenas saggebighly polygynous uni-male mating
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system, with the behaviourally dominant male fatlierimost of the cubs in the clan during his tenure
(Frank 1983).

In contrast to the brown and spotted hyaenas thavalird considered a socially monogamous species
(Richardson 1985) because a male and a female sharermigleterritory with the male showing
extensive parental care. Sexually however the aardwagtfolygamous, with numerous extra-pair
copulations (EPCs) occurring during the short wintetingaseason (Richardson 1987b). Territories
are maintained by both the male and female partnevaeoterritory, but the opportunity to mate with a
female is not exclusively available to the residentemhut also appears to be determined by open
competition with neighbouring males. As a result oERC a resident male may invest unknowingly in
guarding the cubs (Richardson 1987b) that another makréatiPoweet al. 1981).

Paired males try to maximise their breeding successniggging in EPCs with neighbouring paired
females in addition to copulating with their own fdenpartner (Richardson 1987b). The strategic
marking of neighbouring territories by males duringolging’ excursions has been detailed in the

previous chapter.

Courtship is initiated by the aardwolf male followitige female around, testing her receptivity through
short attacks or by prancing past her with his tadedin the air, described as ‘flirting’ (Richardson
1985). She tries to bite him and frequently gives cfarsshort distances. This testing of the female
can continue for about ten days (Richardson 1985), umticemes into oestrus and shows interest to
follow the courting male herself. The pair then wadltound together for various distances, while the
male makes short mounting attempts, lasting oftemugle of seconds only. During these short mounts
no intromission takes place, and after dismountimgfémale follows the male who walks on. After
various time spans and distances covered permanenftiopus initiated. Copulation in aardwolves
lasts from one to four and a half hours, dependingvioether it is disrupted by the female, another
male, or the male dismounts voluntarily. The penisaias inserted for the entire period, but with no
copulatory tie as found in canids (Ewer 1973; Richardson 198#lijal thrusting just after permanent
mounting is followed by more thrusting sequences at appately hourly intervals, presumably

indicating multiple ejaculations (Richardson 1987h).

Competing males tried to disrupt the copulation but adsoafes terminate prolonged copulation by
entering a den (Richardson 1987b). Males attempt to @owatrly termination of copulations by
females by leading the female far away from her dBhe then has to walk back with him clinging to

her back, having to take several rests and thus miaprtopulation time and increasing the possible
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number of ejaculations. This introduces the subjecpefrs competition, and which of the males is
most likely to sire the most cubs (Parker 1984; Heatlal. 1985; Richardson 1987b; Birkhead &
Mgller 1992).

Some paired females seem to aim for EPCs with neighfgpmales (Richardson 1987b), though the
advantages to her appear less obvious. When she suitoestract (Chapter 6) and ultimately mate
with a superior male her offspring may gain the higheality genes of the intruder (Gladstone 1979).
She may produce ‘sexy’ sons - with the cuckolding tecids of their father (Weatherhead &
Robertson 1979) and if she is fertilised by several males will increase the genetic variability of her
offspring (Maynard Smith 1978). Within her oestrous mkriasting for up to three days, a female will
often mate with her partner and an aggressively imameighbour (Richardson 1987b; Chapter 6). A
disadvantage to her is that a cuckolded residerd maght defect from guarding her cubs (Richardson
1987b). Given mixed paternity is possible she may avoiectiefis by copulating with her mate as
well as with the intruder (Richardson & Coetzee 198@lltiple paternity within litters has been found
in many of the carnivores for which genetic tedtpaternity have been conducted (lions, Paeiteal.
1991; dwarf mongooses, Keaatal. 1994; Eurasian badgers, Da Sikial. 1993). There is some
circumstantial evidence of mixed paternity in the aetfl but conclusive evidence is still missing
(Richardson 1987b).

Female choice has rarely been documented in mammnders 1972; Kleiman 1977; Emlen & Oring
1977) but there is growing evidence that females in yigldlygynous species are able to exert
considerable choice in determining their mating gagn(e.g. Jamaican anole lizard, Trivers 1976;
northern elephant seals, Cox & Le Boeuf 1977; fiddler ¢rahsker 1983). Aardwolves females can
choose males and can influence the duration of copnldiy terminating it by entering a den
(Richardson 1987b). This is hypothesised to allow farenaopulations with other males (Richardson
1987b).

These observations made on aardwolves suggest dhatritay be considerable sexual conflict between
the partners of one territory. The aim of this chaps to test whether females solicit EPCs with
neighbours or non-resident males. It will be deteeshiwhether females do influence the course of the
copulation and whether they treat their resident rdéferently from extra pair males. Further | want
to look at males and their ability to prevent theiméles from copulating with other males and the
tactics they may employ to prolong their own copulationVith more copulations seen during the
present study | will try to determine in greater detiae extent of the conflict between males and

females during mating.
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METHODS

The start, duration, and end of the mating seastakin as defined in the previous chapter. It was
recorded when males first showed interest in eadividual female. Suitors were defined as all males
showing interest in a particular female, including partner. Extra-pair males had to be observed
scouting into her territory and courting her. Tham® of anoestrus, pro-oestrus, oestrus including
ovulation, and then metoestrus were defined in Chaterlt is not known whether ovulation is

spontaneous or induced in the aardwolf. Induced ownlditas been reported for the Felidae and does

not occur until after the last copulation (Burke 1975; EA®QT6).

Several behaviours during copulation were recorded byncaus sampling (Altmann 1974). These
were brief mounting attempts, permanent mounting, durafighrusting movements of the male while
inserted and the date and time intervals when thekaviours occurred. In addition the total mount
time of a male and the distance the pair moved wdtofeulating was recorded. Previously it was
suggested, that merely the second thrusting sequédrareaa hour of intromission represented an
ejaculation (Richardson 1987b). Here | will treat thietfthrusting sequence also as an ejaculation.
Additional information was collected on whether thale guarded the female from other males before
or after his copulation. Guarding was defined agithe the male stayed within visual contact of the

female, which was ready to accept males, and attdmpichase away all other competitors.

RESULTS

Timing of Mating

The duration and onset of the mating season stattslightly different times in the three winter§he
different dates of copulations of the females arplaj®ed in Fig. 7.1. The copulations that were
observed between individual males and females haveligessh previously in Table 6.2. The mating
seasons lasted between 7 and 11 weeks from May throutite tend of July with all copulations
observed (n=18) within one months time from late Jundate July. A further three unobserved
copulations were expected to have taken place assurainthéhfemale always mated with her resident
male. This would take the minimum number of copulat@nalysed to 21. A shift in the timing of
copulation of three females from the 92 to the 93 mat@ason was noticeable although the duration
and onset of the two seasons were similar. ElentchNike shifted their dates of matings forward by
one week while Calypso delayed it by 12 days (Fig. 7.The fact that the majority (n = 12) of
observed copulations occurred in July shows that breedisgsynchronous in the female aardwolves of

the study area.
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Figure 7.1 Timing of the mating season in 1991, 1992 & 1993 with observed and expected
copulations. X-axis is segregated into 5 day segments from May to August. Solid lines
indicate copulations seen, dotted lines copulations expected.

Pre-copulatory Behaviour

Males showed interest in a particular female for lyidifferent time periods prior to their respective

mating (Table 7.1). The number of suitors varied betwaenand five and was on average greater
than three. Male partners showed interest in fiaimers associating with them frequently for a mean
of more than a month before their females came deirus (Table 7.1; range 10 - 57 days before
oestrus). They followed the females around theiitteies for up to two hours at a time courting them
by “flirting’ (prancing past them) while sniffing threscent marks and showing flehmen repeatedly
towards them. This was continued until the femalealmec receptive and was ready to accept
copulation. Males tried to chase competitors awaynftbeir female. This male behaviour of

associating and testing the receptivity of the femahay be seen as a form of pre-copulatory guarding.
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Table 7.1 Summary of events observed during the mating seasons 91, 92, and 93. N/A -
not known. * number of copulations each female was assumed to have received.

Year Name Interest of  Number of  Copulations Total Total Total Time
of Males in courting observed Copulation  Ejaculations (min)
Female Days before Males (probable*)  Time (hours) received Males thrusted
91 Electra N/A 2 1(2) 2 2 19
91 Red 12 4 2 6 4 32
92 Electra 30 3 2 (3) 4 3 33
92 Nike 14 3 1(2) 3.5 3 28
92 Calypso 58 4 2 8 5 49
93 Electra 55 3 2 5.5 6 55
93 Echo 45 2 1 3 4 24
93 Nike 10 5 4 13 11 81
93 Calypso 71 5 3 6 6 57
Mean 37 34 2123 5.7 4.8 42
+ + + + + + +
S.D. 23.65 1.13 1(0.86) 3.31 2.66 19.98

Three of such pre-copulatory guarding incidences obsetwedg two seasons are hereafter described
in more detail below. Since the aardwolf pair moaedund together extensively it is termed the
‘mating pair run’ (MPR). On two occasions the femades mated before by an extra-pair male and her
male partner succeeded in disrupting the copulationth®third occasions the resident tried to disrupt
the EPC but was defeated by the extra-pair male. #feedisruption by the resident male or after the
EPC was over the male resident stayed close ttefale, who was ready to accept copulation from
him. The often lay down together sometimes evaghing each other. The pair would also walk fast
together and on several occasions even ran aroangketimeter of their territory while both were scent

marking. The female was marking at a lower raamtthe male (Table 7.2).

During this MPR male suitors tried to run in on ther @aid challenged the resident male, who gave
chase (Table 7.2), the female partner often accompahiimgpossibly to watch the outcome of fights
between the males. The pair often sniffed each otheent marks, showed flehmen and overmarked
directly or within 0.5 m of each other. While wali together shifts in the lead were frequent, each
partner possibly trying to lead the other in its iestr In order to avoid aggressive disruption ofrthei
copulation by other males the resident male might haee to avoid detection by leading the female
into areas of the territory seldom used for feedind where trespassing seldom occurred. He may have
simply tried to lead the female away from her derfaasas possible. Females seemed reluctant to
follow the male too far away from her den. Whea thmale stopped following her partner he made

short mounting attempts several times without intreiois  After these she usually seemed to follow
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him more eagerly again. The male finally matedradt mean of 16 hours (Table 7.2) of being together
with the female who had stood still and been recegitivm the start of the association (MPR).
Table 7.2 Summary of observations of partners staying together and the ‘Mating Pair Run’

(MPR, n = 3). * distance a pair walked together excluding chases by the male of other male
suitors.

Pair Season Time Time Distance Male Female No. offights Copulation
male/ female together (hours) on MPR* Marks Marks (chases) with after No. of
(hours) on (km) EP-males hours
MPR together
Joseph/Calypso 92 10 2 3.5 76 44 3(3) 6.5
Joseph/Calypso 93 45 35 7.8 159 126 4 (20) 25.5
Eclipse / Nike 93 19 7 8.8 170 70 2 (10) 16
Total 74 12,5 20.1 405 239 9 (33) 48
Mean 24.67 4.17 6.7 135 80 3(11) 16

The female on the MPR appeared to encourage othersstotdind them by scent marking, leaving a
‘scent mark trail’ for other males to follow. Inating season 93 Nike left significantly less numbers of
scent marks than Calypso (Table 7.2) in proportion teetheft by Eclipse and Joseph over a similar
distance of MPR}2 = 12.6, d.f. =1, p < 0.001). Females often ran towdm@snale challengers when
her partner did not react immediately. He thentbadllow in order not to loose her and give thieet
males a mating opportunity. In 1993 Joseph found Orionngatith Calypso after 1.5 hours and
disrupted the copulation. Joseph then stayed togettieCalypso for 24 hours without copulating. At
this time, the male neighbour Otis repeatedly ran tdsvdhem and was chased by Joseph, who
subsequently lost Calypso. Otis found Calypso and thesesded in mating for one hour whilst Otis
ejaculated once, when Joseph managed to disrupt theatiopul Joseph then immediately mounted
Calypso for prolonged copulation. They copulated forlpea5 hours and he continued guarding her
from more suitors for 16 hours afterwards. Calypso agigessive towards Joseph guarding her and
continued scent marking at a high rate when walkiBy.this date she was the last female of the study

area in oestrus, so all the suitors’ attentions famesing on her.

Although the sample size for MPRs is small therenséeto be a difference in energy spent by Joseph
during the two seasons (Table 7.2). In 1992 Orion en@addpso out of her den and when they just
started prolonged copulation Joseph found them. Oramthe fight with Joseph and copulated with
Calypso for 4.5 hours afterwards. The next day Josephdf@€alypso and they stayed together.
However Joseph’s scent marking and chasing of su®nsgell guarding Calypso for 3 hours after their
copulation only seemed less energetic than in the 1988grseason. During 1993 he defeated Orion

copulating with Calypso after 1.5 hours.
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Copulation

Females copulated with between one and four differateswith a mean of more than two (Table 7.1).
Thus the total time each female was observed to cepedath season varied accordingly between two
and 13 hours. Likewise the number of ejaculations rederaried between two and 11 with the mean
close to five. The total recorded time femalesirea stimulation through thrusting by the different
males varied between 19 and 81 minutes, with a mean oimi2aes (Table 7.1). The duration males
thrusted just after mounting permanently was alwaysgdorthan when thrusting the second time
(MWU-test: Z = -4.65, n =33, p <0.001), while the secastdd longer than the third (Z = -2.69,
n = 23, p<0.01).

There was a significant correlation between the nunalbegjaculations and copulation time during
matings (Spearman Correlation coefficiept; 6.588, n =18, p <0.05). Likewise the number of
ejaculations was correlated with the duration of tingsmovements (= 0.849, n = 18, p < 0.0001)

and the latter with the copulation timg=r0.583, n = 18, p < 0.01).

Termination of Copulation

The number of times females terminated copulationsarenarised in Table 7.3. In most of the IPCs
(80 %) the female terminated the copulation by goingnda den, leaving her partner at the entrance,
whilst in the EPCs nearly half the copulations (n sv&je ended by the male dismounting voluntarily
or the copulation was forcefully disrupted (23 %) by amotmale. Females walked significantly
further with her mate on her back, to go down a deling the copulation, than in EPCs (MWU-test:
Z=-2.42, n=8, p<0.05). Taking the distance theykeehback to their den as a measure for their
eagerness to mate they walked nearly 2.5 times #iendie with their mate than with an EP-male
(Table 7.3).

It was tested if there were differences in the capyabehaviour between IPCs and EPCs. Pooling all
mating seasons and matings observed in the intgnsivelied four northern territories, it was apparent
that the male resident (IPC) copulated for longen theighbours during EPCs though not significantly
so (MWU-test: Z=-0.7, n=18, p > 0.05; Fig. 7.2). Howepartners thrusted significantly longer
(2=-2.37, n=18, p<0.05; Fig. 7.2) and ejaculated maguéntly (Z =-2.01, n=18, p < 0.05;
Fig. 7.2) per mating than neighbours during EPCs. Thidingpof the behaviours of the three males
however conceals the fact that at least in onelémcie Orion as an extra-pair male copulated longer

than the resident male Joseph with his female adietsy
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Table 7.3 Termination of observed copulations.

Other Mean £ S.D
Copulation Female ends Male ends Male forces Distémy moved
type copulation  copulation termination Totals while copdp

(n) (n) (n)

IPC 4 0 1 5 1080 + 440
EPC 4 6 3 13 442 + 200

Total 8 6 4 18 619 + 400

35 - mEPC OIFC

e |

Baculations Thrusting (hrs) Copulating
(hrs)

Ejaculations per mating / duration
of thrusting & copulation (hrs)

Male Behaviour

Figure 7.2 The mean number of ejaculations observed and the mean duration of thrusting
and mean time copulated in hours during IPCs and EPCs.

Post-copulatory Mate-Guarding

In four out of five observed IPCs the male partner iaral sixth case one of the competing extra-pair
males guarded the female after they had copulatedséiezs. They guarded their females for between
3 - 16 hours (mean = 10.8 £ 5.4 hours, n = 5). In one damel®C the male did not guard his partner
after the copulation due to disruption by another maliter a long MPR Eclipse had been copulating
with his partner Nike for 2.5 hours when Orion came disdupted the copulation. Eclipse seemed to
have won the fight since Orion ran away. Nike after Orion, but Eclipse made no attempt to follow,

and Nike and Orion later mated for 3.5 hours.

Individual Strategies

There was considerable variation in the behaviouthefthree females which each were observed to
copulate five times in the three mating seasons.ctialebeing the largest aardwolf of the study
population, at 13 kg being one kilogram heavier tharatgest male, followed her mating partners just
for short distances and moved a mean 367 + 162 m woented by a male back to her den. She

ended the copulation four times (80 %) actively. Ni& smallest female (7.5 kg) followed males for
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much further (794 £ 412 m) and never ended a copulatitieroown. The differences in distance these
females carried were statistically significant (Mytst: Z =-1.98, n = 10, p < 0.05). Nike advertised
extensively outside of her territory (Chapter 6, Tah® @&nd during season 1993 copulated for 13
hours with four different males carrying them for a#in4 km. Calypso was intermediate in these

respects, moving 648 + 537 m and terminated her two Ey@stering a den.

There is evidence to suggest that one female maytrdpe EP mating tactics from year to year
(Chapter 6). In all three mating seasons of thisystafter mating with her partner (once observed,
twice assumed), Electra was observed to mate witintlie Eclipse of the neighbouring territory after
meeting him close to the same den at the bordéreafterritories at sunset. She also always temaiha

the copulation by entering that same den after 1-2 lamd<l-2 ejaculations.

There is evidence to suggest that a female may ehdlasther or not to leave her den to start copulation
with a particular male. In mating season 92 Josepheaminis mate Calypso intensively by flirting,
following her, and by visiting her den, where shenspeng periods inactive. On these occasions he
stood at the entrance, whilst whining and sometisoeatching in mounting agitation to entice her dut o
the den. This was also the case on the first ddewooestrus. Calypso did not leave her den when
Joseph came past. Two hours later Orion came toeeamtd she left her den to follow him. At first
Calypso seemed hesitant in following Orion who appk&sebe trying to entice her across the border
into his territory. Just after the Calypso and Orstarted prolonged copulation, still within her
territory, Joseph disrupted the copulation. Orion vienfight and Calypso then followed him willingly
for 500 m into his territory. They copulated for 4.5 toafter which he dismounted voluntarily.

The three northern males were each observed to engdgPCs and IPCs three or four times during
each of the three mating seasons (Table 7.4). Dueetartpredictable nature of copulations both in
space and time | probably have missed some of ther®@aan’s IPCs in seasons 91 and 92. However
males were copulating for a different mean durationfperale (Table 7.4). When considering the
distance each male was carried by females during BJ@€sph was carried for significantly further

than Eclipse (MWU-test; Z =-2.02, n = 8, p < 0.05).
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Table 7.4 Mean durations males copulated and distances they were carried by females in
EPCs and IPCs.

EPCs IPCs
Duration Range of Duration Range of
copulated in hours Distances carriel  copulated in hours Distances carrie
Male (occasions) by females (occasions) by females
Orion 3.17 (3) 190-530 m 3.5(2) 350-1140 m
Joseph 3.06 (4) 420-780 m 3.38 (2) 1070-1330 m
Eclipse 2.00 (4) 230-550 m 2.25 (1) 1500 m

The incidence of EPCs during this study was very kiith 13 (62%) observed versus eight IPCs
assuming that the resident male always mated witHedmale (n = 3 not observed) (Fig. 7.1). When
observed copulations (IPC =5) were considered onlyp#reentage of EPCs from a total of 18
observed copulations increased to 72 %. In just oneofod8 matings (5.6%, from three mating

seasons) am | reasonably certain that the femakxdmadth her partner only.

Whilst attempting to assess the three northern madpsoductive success a number of parameters are
considered. Male bodymass, the number of observed BP@s partner, his cub-guarding effort in
the following season, and the survival of his fenadetners’ cubs to the age of dispersal in both
September 1992 and 1993 are summarised in Table 7.5.

Table 7.5 Parameters relevant to male reproductive success in 1992 and 1993. * Orion had
two females (EPCs and cubs surviving per female).

Male Summer Female partners’ Intensity of cub- Cubsi\sogv
Name Body mass (kq) EPCs guarding in 1992 to dispersal
Orion 8.5 3 (1.5)* very diligent 8 (4)*
Eclipse 9 4 less diligent 4
Joseph 12 3 no guarding- 1

Though the males’ partners engaged in similar numbeEBPE&s they guarded their partners’ cubs
differently and correspondingly the survival of thesbs was different. The body mass of the males

during the guarding period was inversely correlatetheéd cub-guarding effort.
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DISCUSSION

Despite the difference in length of the three masiagsons all copulations occurred within a period of
one month. The effect of such a concentrated pa&fideémale oestrus may influence the extent of
guarding mates, seeking EPCs, and changes of thes’ sexgk-rates over the mating season
(Chapter 6). In a year of drought the onset of matirige aardwolf was hypothesised to be delayed by
low termite availability (Richardson 1985). Similarly,low level of nutrition has been reported to
delay the onset of oestrus in impala (Fairall 1983).y@3al may have delayed her oestrus in 1993 by
almost two weeks due to her being food stresseckr Afgestation period of about 90 days (Richardson
& Koehler 1990) cubs were born in October and she was hatitigig her cubs without support from
her mate Joseph and suckling them until February. Sadtéactational effort of female aardwolves
(Van Jaarsvele@t al. 1995) would further influence loss of condition. As suitjust one of Calypso’s
cubs survived to dispersal during the study period. Hirast Electra’s and Echo’s simultaneously
shifted their oestrous forward by one week. Thisddalve been a result of their shared cub-guarding
and suckling duties in the previous non-mating seasbnis left them with more time to feed likely
improved their nutrition level. Also Orion was guiagdtheir cubs very diligently. An effect of this
spreading of female oestrus periods over a longer gpa@ could be that males could concentrate on
each female separately. They would not have tougivpost-copulatory guarding of their own females

to engage in EPCs when other females come intouseston after their females.

The incidence of EPCs was very high, accountingbfeitveen 62-72 % of all copulations, although
most male partners guarded their females after copnlatimost all females copulated with more than
two males. Attempted cuckoldry was thus the promistnattegy used by the aardwolves during this
study. EPCs occurred in a greater proportion of imstrihan observed by Richardson (1987h),
despite much higher outside of territory mark-ratesnded during his study. This might have been due
to a larger discrepancy in male quality during his wtu8ome males were marking very strongly and
engaged in EPCs frequently, while some of his obdemales scent marked little outside of their
territories and did not achieve EPCs (Richardson 198Thjting his study top males may have been
more successful in preventing EPCs. In my study a#letimales may have been of more similar
quality. All scouted and scent marked in neighboutergitories and engaged in similar numbers of
EPCs. The fact that Orion had two females also haye weakened his ability to guard them from
EPCs. Ultimately aardwolf males during the presamdysmay have achieved their goals without high

outside of their territories marking and / or fersalere more willing to accept EPCs.
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Male Incentive for EPCs and Chances for fathering cubs

The courtship of spotted hyaenas resembles that afatfievolf with prolonged association between the
pair, copulations bouts stretching over several hoursoaadmale monopolising access to the oestrus
female by guarding her (Frank 1983). In contrast toadm&wolf the social dominance hierarchy in
spotted and brown hyaenas is determined in the planisto mating and the dominant male seems to
perform most of the matings (Frank 1983; Mills 1990; Owen®©Wens 1996). Due to the pairs’
territoriality aardwolf males do not maintain a isbclominance hierarchy (Richardson 1987b). Male
guality is advertised to their neighbours by meanscehtsmarking (Chapter 6) and in fights over

mating rights by scramble competition between males.

The more mating opportunities a cuckolding male hagtbater his chances for propagating his genes
(Trivers 1972). However he may lose some, or all payeohhis partner’s offspring to another extra-
pair male mating with his female while he was cogrtinsecond female himself (Hanken & Sherman
1981; Alataloet al. 1984). There is evidence for the aardwolf (Richard&@oetzee 1988) and other
species (hoary marmot: Barash 1975) that a cuckolded wiklspend less time or even defect
completely from investing in his partners cubs. In duke (Davies 1986) a male helps rear chicks
only if he too copulated with the polyandrous femaiixed paternity in one litter has been suggested
in the aardwolf (Richardson 1987b) and was recordeévieral carnivores species (Packenl. 1991,
Keaneet al. 1994; Da Silvaet al. 1993). This would leave the cuckolded male with a charfice
paternity provided he has copulated with his partnez.shbuld not defect from cub-guarding unless he
has an alternative female with which he can breetligixely, or if he affected his future reproductive

output negatively by devoting energy into raising thiesc(Richardson 1987b).

In some bird species paired males attempt to prevens B Gate-guarding, chasing off suitors during
most, and sometimes her whole fertile period (bankllew: Beecher & Beecher 1979; mountain
bluebird: Power & Doner 1980; pied and collared flycatch&latalo et al. 1984). But also mammals
practice mate-guarding (Gilbert 1973; Sinclair 1977; Richard€85, 1987b; Brotherton 1994; Storey
et al. 1995).

The adaptiveness of copulation behaviour of mammalddms extensively studied (rodents: Dewsbury
1972, 1984; carnivores: Ewer 1973; lion: Bertram 1975). Poteitéategies for siring success in male
aardwolves may be: (1) prolonged copulation: couldaaa form of mate-guarding, would allow the
sperm to move closer to the ova after ejaculationcandequently have a better chance of fertilisation
than sperm introduced by a second male. It may als@ $o displace previous ejaculates back down

the vagina, for the second male. (2) multiple ejamma by increasing the total volume of his
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ejaculate, a male dilutes the relative concentraifamnother male’'s sperm, whether introduced before
or after his own sperm. (3) stimulation: prolongechgiation of the female vagina through thrusting
would make ovulation more likely in induced ovulatoBuike 1975). Prolonged copulation and
multiple ejaculation may serve the interest of either first or the second male (Hanken & Sherman
1981; Hucket al. 1985). Induced ovulation and the timing of, and betweepulations are also of
great significance to siring success (Dewsbury 1984; lduek 1985). No data exist for these aspects

of aardwolf reproduction, though the behaviours obsedueithg matings allow for speculation.

EPCs were observed both before and after IPCs. ri thas a first-male mating effect this should have
affected the male’s cub-guarding activity when cubsevienrn. Joseph’s lack of guarding Calypso’s
cubs may indicate this. An argument against thiceff@uld be that some males spent considerable
time and energy during the MPR, after another matkdiready mated their female. The male partner
then copulated after spending many hours guarding imalée which was eager to accept copulation
from him from the start. Males may aim for the tfzs/ourable point in time when their partners’
ovulation was most likely. This may have been indidaby their frequent sniffing and flehmen of
females’ scent marks. Joseph may have sensedntlsaason 1992 Orion's EPC with Calypso was

more effective since his MPR and post-copulatory rgateding of Calypso was shorter than in 1993.

Another function of the MPR may be that the maleivesecues of the female’s motivation to copulate
with him. After her EPC she may strive to secure dommitment to cub-guarding. This part of
courtship may thus allow the male to assess his obrtaf paternity, before investing in offspring by
cub-guarding. Male ring doves rejected femalesniltio accept copulation prematurely, those females

having courted with another male beforehand (Ericl&a@®none 1976).

Aardwolf females may be spontaneous ovulators and thays mave a short critical period for
fertilisation (Hucket al. 1989). The fact that Eclipse did not guard Nike fronCEfespite that he
apparently defeated Orion may indicate this. He hmaye been confident that he had fertilised Nike
and further fighting was unnecessary. The risk ofhfrrinjuries through fighting with Orion while
trying to prevent the EPC may have been higher thaon® chances for fertilisation. The fact that
almost half the EPCs were terminated voluntarily sy inale, and therefore likely happened during a
sub-optimal time for fertilisation, add further weidiat this hypothesis. Dominant males of spotted
hyaenas were observed to lose interest in a ferfteletamving copulated even when other males were
still interested in her (Frank 1983). The timing opelating with the spontaneously ovulating female

may be the main function of the mating pair run (MPR).
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Striving for EPCs must however still pose a potemtighroductive benefit to males, even when mating
at an unfavourable time during oestrus only. The riskjory when detected by the male partner and
cost involved in scouting to neighbouring territorieay be offset by the chance to achieve at least
partial fertilisation of a litter. Many EPCs remaihundetected by the resident male and occurred
mainly after the IPC. The sole male that was rwtllenged aggressively for his partners was the
superior quality Orion who despite guarding his femaldesld not prevent EPCs in his absence.
Another reason male partners were failing to pret#P€s altogether could be due to their changing
motivation. There may be behavioural trade-offs batwbe optimum period to guard and when to
leave to find other mates (Parker 1974). However & mmlld have reduced the probability of being

cuckolded by guarding his female at least for thécatitime around ovulation.

The number of ejaculations and total time of stimufatihile copulating would be of importance if
sperm competition is happening, thus the male copuldtimdonhgest should have the greatest chance
for fertilisation. Males tried to prolong copulatibg leading the female away from her den and seemed
to keep her interested to follow him through shorunting attempts. However copulation time alone
might not be sufficient to ensure fertilisation. Jjdseopulated with Calypso for 3.5 hours, though
after Orion mated with her beforehand for 4.5 hour®e defected from cub-guarding that season but
did not desert his territory to move into that abther female as reported by Richardson and Coetzee
(1988).

Considering all of the above arguments and obsengtrion was likely the most successful male in
both not being interrupted in his copulations with hi® tigmales, in possibly achieving several
prolonged EPCs at the critical time for fertilisatioy fighting aggressively and the number of cubs that
he guarded to survive until dispersal. Since no coiveludata is available on mixed paternity in
aardwolf litters Joseph’s and Eclipse seemed simyikutcessful in their frequency of mating, though

more cubs survived in Eclipse’s territory than in Joseph

| hypothesise that a mixture of all the above argumnisrisely to determine success of fertilisation of a
female’s offspring. A resident male would maximise ¢tiances of fathering most of his female’s cubs
when copulating with her for a long time depositingéavolumes of sperm. He may increase his siring
success by copulating at the most favourable time foratienl or by inducing ovulation through
prolonged stimulation. Meanwhile the number of EPQsesed and even the duration of copulations
alone seems inappropriate to indicate a male’'s suctdsstilisation since even lower quality males
were able to achieve numerous EPCs. Preliminary seolin DNA fingerprinting of blood samples

collected from Electra’s cubs failed to record mixetepdty (Richardson, Sliwa, Wiid, in prep.). So
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although Electra after mating with Orion engagedwo EPCs in season 92 on her second day of

oestrus, her cubs were all sired by her partner Orion.

Female Incentive for EPCs and their Influence on Copulatios

The genetic advantages a female may gain from BR&yriard Smith 1978; Gladstone 1979;
Weatherhead & Robertson 1979) may be offset by the distadyathat her cuckolded partner might
defect from guarding cubs (Richardson 1987b). Howevecahevoid defection of cub-guarding by
resident male by granting both males some chancpatefnity and copulate with her mate as well as

with the intruder.

Females may encourage sperm competition (Knowlton &e@well 1984) by (1) soliciting EPCs
through advertising with scent marks outside heitteyr (Chapter 6) and leaving a scent mark trail for
other males to follow when on the MPR (2) by becoraingilable for a particular male when leaving
her den at the critical time of her ovulation (3)tbyminating copulations through entering her den a
female can make herself available for mating witfeptmales. (4) by incitation of male-male aggression
by running towards another male when with her partnethe MPR. Some female ungulates in pro-
oestrus initially flee the bull's mounting attempts, #resuing chasing attracting the attention of other
males and often leads to the replacement of a sniwila bigger bull (African buffalo: Sinclair 1977;
eland: Hillman 1979).

Aardwolf females may differ in their motivation irafluence the course of their EPCs, dependent on the
guality of their male partner. Their influence wéaelly also dependent on female size and thus strength
to terminate a copulation. A female with a high gyathale guarding her cubs diligently would be
expected to terminate her EPCs more readily. Eldottawed her unchallenged high quality male
Orion further away from her den than she followes ¢Rktra-pair males Joseph and Eclipse. However
in the incidences when IPCs were disrupted by EP riadefemale partner did not hesitate to follow the
interrupting male. All females seemed eager to copulith their mate. This was likely to secure their

partners’ commitment for parental care to her cubs.

The question however still remains why Electra awoticEwith their superior quality partner Orion
aimed for EPCs with lower quality males like Eclips@lthough Eclipse was apparently of lower
guality than Orion Electra still allowed him to copgelahowever probably at an unfavourable time for
fertilisation, for shorter periods, and all copulatowere terminated early by Electra. It has been

observed that dominant female Ethiopian wolves appeanate only with the dominant male within
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their own group, but mate with males of any status fnefghbouring groups (Sillero-Zubiet al,, in

press). The emphasis in this case of female aardwatfng behaviour may to increased genetic
variability of her offspring (Maynard Smith 1978) in as#ly related population. Some evidence for
inbreeding has been found for the aardwolves of thidysarea (Richardson, Sliwa, Wiid, in prep.).
Many aardwolves died due to locust poisoning in 1986 @Radon & Coetzee 1988) and several
subadults were observed to remain in the territorystabéished in neighbouring territories increasing

the chances of inbreeding in the local population.

Although conclusive evidence from a genetic study ¢énpity in aardwolf litters is still outstanding the
hypotheses discussed in this chapter suggest thatadds mim to improve their siring success by
engaging in EPCs. All females seem to solicit ER{liser to gain increased genetic variability or
superior genetic quality of their offspring. Male mgtearding was not completely successful in
preventing EPCs. Both males and females seemed sagtheir mating tactics at least in part against
the interests of their partner by trying respectivelprolong or terminate copulations. Females treated
their copulating partners differently from EPC maldthwthe likely purpose to avoid their defection

from cub-guarding duties.



CHAPTER 8

THE USE OF URINE AND FAECES AS A MEANS OF COMMUNICATION

IN THE AARDWOLF

INTRODUCTION

When urine and faeces are used for scent markingrbivoees, one is faced with the difficult problem
of distinguishing between excretion and communicat®ornan & Trowbridge 1989). One distinction

is that signalling with the two excretion products uluaivolves small, token volumes placed at
specific objects, that are reanointed frequently (K& 1966; Macdonald 1980, 1985). This token
marking is common in all carnivore families, witietpossible exception of the Hyaenidae (Gorman &
Trowbridge 1989). In many carnivore species, includirg thaenas, faeces accumulate at discrete
sites, known as latrines or middens, over long perioThese middens are often situated along the
borders of territories and serve an important tefatdunction as scent marking sites (Kruuk 1972;
Peters & Mech 1975; Millst al. 1980; Gorman & Mills 1984; Richardson 1987a, 1990).

The functions and techniques of scent marking widtda and urine are well documented in carnivores
(Kruuk 1972, 1976; Peters & Mech 1975; Mi#¢ al. 1980; Macdonald 1985; review in Gorman &
Trowbridge 1989; Vilaet al. 1994). How striped hyaenas use their middens is notlgat (Kruuk
1976; Macdonald 1978). In the other two hyaena speciessfage left exposed on middens frequently
situated on the border of clan territories, thus sgrdi territorial purpose. The smell and white colour
of the faeces serve as conspicuous olfactory and vésgiadls (Kruuk 1972; Gorman & Mills 1984;
Mills & Gorman 1987; Mills 1990). In contrast to this aaofves treat their elimination products
differently. Most defecations are deposited on middand scratched over with soil possibly to avoid
olfactorial confusion of faeces, smelling of terpew&h Trinervitermesfeeding columns (Kruuk &
Sands 1972; Richardson 1990). Scent marking through pastingecretion from the anal pouch onto
grass stalks is the primary means of delimiting ardaolf pair's territory (Kruuk & Sands 1972;
Richardson 1990, 1991; Chapter 5). The preference for defgeaid scent marking at middens along
the territory borders, particularly in male aardwohssggests however a territorial function (Chapter 5
& 6). When urine is not excreted together with trecés on a midden it appears to be voided at totally
random positions in the territory, wherever the aaifihappens to forage or walk (Richardson 1991).

This is in accordance with studies on other hyagmezies (Kruuk 1972; Mills 1990). Richardson
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(1990) suggested that urine might play some role in soanking during the mating season, when

males left small deposits of urine at frequently usethédsited middens and dens.

The purpose of this chapter was to investigate if waimkfaeces could serve a communication purpose
in aardwolves to complement the more obviously comnatinie pasting with fatty secretions from the
anal pouch. One way of testing this was to see whdliere were differences in the use of the difteren
elimination behaviours and where faeces and urine weided during the mating and non-mating
season. This would indicate a potential reproductiveetfon. Faeces and urine may even have a
communicative function throughout the year, in whictsecaone would anticipate no seasonal
differences. Uncovered faeces away from middexsdeposited along the borders or urine deposited

specifically at dens and middens with pronounced sloireg may be used for signalling.

METHODS

Defecations and urinations were continuously sampledetailed in ‘General Methods’ (Chapter 2).
Seasons were defined as non-mating season (SeptemiieApril corresponding to summer) and
mating season (May until August corresponding to winteMean number of times aardwolves
defecated in the two seasons were calculated by inglslely nights when the animal was followed
for the entire activity period. Otherwise defecasicand urinations left by the focal aardwolf after

leaving the den or before retiring to its den inrti@rning would have been missed.

Six different types of elimination behaviours wereidgiished:
a) defecation with scratching before and afteradis)
b) urination and defecation with scratching beforé afterwards (US);
c) defecation no scratching (DN);
d) urination and defecation no scratching (UD);
€) urination alone no scratching (UR);

f) urination alone with scratching (SU).

Further it was recorded if the defecations and udnatwere at / on established middens or away from
them and if deposited in the border areas of thétddes defined by the seasons’ paste marking

patterns.
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Table 8.1 Frequencies of the different elimination behaviours recorded during the non-
mating season, whether at middens or away, in the border or internal area of the territories,
and for each sex.

Non-Mating Season
At Middens Away from Middens
Border Internal Border Internal
Behaviour | Male  Female Male Female Male Female Male Female
DS 21 14 8 20 2 5 1 2
usS 83 57 22 77 10 7 2 5
DN 2 7 - - 7 3 - 2
ubD 12 12 5 1 12 3 1 1
UR 8 3 - - 62 89 38 62
SuU 1 1 - - - 1 - -
Totals 127 94 35 98 93 108 42 72

Table 8.2 Frequencies of the different elimination behaviours recorded for the mating
season, whether at middens or away, in the border or internal area of the territories, and for

each sex.
Mating Season
At Middens Away from Middens
Border Internal Border Internal
Behaviour | Male Female Male Female Male Female Male Female

DS 9 6 3 5 - - - -
us 35 28 23 28 2 2 1 1
DN 1 1 - 1 4 5 3 2
ubD 2 - - - 2 - - -
UR 19 5 - 1 30 36 13 26
SuU 4 - - - - - - -

Totals 70 40 26 35 38 43 17 29
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RESULTS

Frequencies of Elimination Behaviours

A summary of the frequencies of each elimination bielatype recorded for non-mating and mating
season, if at or away from middens, in the bordeint@rnal areas of the territories, and for the two

sexes separately, is displayed in Tables 8.1 and 8.2.

Faeces were most commonly left together with urimé scratching (US) while urine alone was most
commonly voided without scratching (UR), togetheurtting up to more than 80 % of all elimination
behaviours. Aardwolves defecated 2-6 times on a raiimgiseason night (mean = 2.87; S.D. = 0.97;
n = 187). In the mating season they defecated lé=is déie to fewer termite food available, between 1-
4 times a night (mean =1.4; S.D. =0.65; n=120). The numibsingle urinations (UR) varied
between 1-7 times (mean = 1.99; S.D. = 1.25; n = 187) aini¢int non-mating season, apart from the
urine deposited together with defecations. In thdingaseason urine alone was deposited 1-3
(mean = 1.49; S.D. = 0.88; n = 88 nights). In the ma&agan urine was sometimes not voided alone
during one activity period since it was left togetheith faeces on the midden. All elimination
behaviours combined an aardwolf deposited faeces andirine up to nine times a night in the non-

mating and seven times in the mating season.

Pooling of Behaviours

Sample size for many of the single elimination betang for seasons, sexes, whether at or away from
middens, and deposited in border or internal area® w@ small (expected <5) for statistical
treatment. Chi-square-tests to justify for subsequealingocould just be performed for frequencies
with which aardwolves deposited covered faeces (I, at middens in their borders versus internal
areas of territories. No differences were foundthae for the non-mating (Maleg2 = 0.58, d.f. = 1;
Females:x2 = 0.02; Table 8.1) nor for mating season (Maj¢s0.91, d.f. = 1; Femalex2=0.08;
Table 8.2) for the two behaviours. Frequencies of cdvdefecations away from middens were too
small to be tested separately in the non-mating seasmot recorded in the mating season. On this
basis covered defecations were hereafter pooled (DS += Ds). Likewise frequencies for uncovered
defecations with and without urine (UD, DN) were &mall for testing so they were subsequently

pooled as uncovered defecations (Dn).

Urinations alone (UR, Tables 8.1 & 8.2) were kept sepawdtiée urinations with scratching (SU) were

too few to allow for meaningful comparisons.
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Defecation

Of a total 568 defecations 483 (85 %) were deposited atemsdand just 85 (15 %) away from
middens. At middens 439 (91 %) were covered while 4%)Qvere left uncovered. Away from
middens 40 (47 %) were covered while 45 (53 %) werautefovered. Significantly more faeces were

thus left uncovered away from middens than at mid¢¢ns 105.1; d.f. = 1; p<0.001).

Frequencies for the sexes are displayed in their gegen of being at and away from middens for
border and internal areas during the seasons foremyBs = Fig. 8.1), for uncovered faeces (Dn =

Fig. 8.2), and for urinations (UR = Fig. 8.3).

Covered defecations (Ds) showed no significanediffices in their percentages deposited away from
middens between non-mating and mating season, oetband internal areas, and even when comparing

males and females, varying between 2.9 - 14.5 % (Fig. 8.1)

MALES FEMALES
100%
80% r
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60%
O Away
40% r
20%
0%
B-N B-M N M B-N B-M N M
n=116 46 33 27 83 36 104 34

Figure 8.1 Percentages of covered faeces (Ds) in B(order) and I(nternal) areas, At and
Away from middens during N(on-mating) and M(ating) season.

Uncovered faeces were left in varying percentagemndtaway from middens (Fig. 8.2). In the non-
mating season males showed no significant diffe®rn leaving uncovered faeces in border and
internal area ? = 3.4; d.f. = 1; p>0.05). Differences between seasonmfales defecating in their
borders were also not significang2(= 0.24; d.f.=1; p>0.05). The other combinations couldbmot
tested due to small sample sizes. The corresporetitg) for females were however significant (border
versus internal: non-mating? = 4.19; d.f. = 1; p<0.05; border: non-mating versus madegson,
x2=7.44, d.f. = 1; p<0.05). Differences between the sexas wrominent only when comparing

uncovered defecation in borders during the non-matiagon (B-N)X2 = 6.54; d.f. = 1; p<0.05) with
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males leaving more uncovered faeces away from niditherm females. The other categories were again

not testable due to small sample sizes.

MALES FEMALES
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Figure 8.2 Percentages of uncovered faeces (Dn) in B(order) and I(nternal) areas, At and
Away from middens during N(on-mating) and M(ating) season.

Further evidence for a territorial function of unc@eerfaeces came from observations of the male
Orion. For one week in non-mating season 92 a maife the east was intruding every night into his
territory. During this week Orion was followed féive nights and patrolled and pasted the eastern
boundary every night, lying down there for long pesi@hd leaving eight uncovered defecations away
from middens. This is more than half of a totall6fdefecations he made. He did not feed in this, are

which had low densities of termites (Richardson 1988)faw middens.

Aardwolves left significantly more uncovered defémad in the mating than during the non-mating

seasony? = 7.22, d.f. = 1; p<0.05).

Uncovered faeces were placed distinctly more ofterthe border area than coveregt £ 16.16,

d.f. = 1; p<0.001), when pooling he sexes.

Urination

The above tendencies were also tested for urinagibasmd away from middens. From a total of 392
single urinations without scratching (UR) 356 (91 %; Talfel & 8.2, Fig. 8.3) were deposited away
from middens where the aardwolf walked or fed amt B6 (9 %) were at middens, where it would

suggest a communicative function. Of the latter 25 were during the mating season versus 11 in the
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non-mating season. Aardwolves deposited signifiganbre urinations at middens during the mating
season compared with the non-mating seaxdm 23.54; d.f. =1; p<0.001). In the mating season

18.5 % were deposited at middens while in the nonAgaiason just 4.6 %.

MALES FEMALES
100% r - ] — - ] —
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s0% | M At
0% | O Away
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B-N B-M I-N I-M B-N B-M I-N I-M
n=70 49 38 13 92 41 62 27

Figure 8.3 Percentages of uncovered urinations (UR) in B(order) and I(nternal) areas, At
and Away from middens during N(on-mating) and M(ating) season.

Of the 36 urinations 27 (75%) were done by males and 9 (25%grbgles X2 =9.0; d.f. = 1,

p<0.005). All except one midden (97.2 %) marked with urieeeviocated in the border areas. Thus
this marking of middens with urine was mainly perfedrby males during the mating season and
almost always in the borders of the territories. efEhwas too little data on single urinations with

scratching (SU) for statistical treatment, but theflect the patterns observed for UR.

DISCUSSION

Aardwolves defecated mostly at middens and the nibajof those were scratched over or even
completely buried, as was observed by Richardson (1990}.almall proportion of covered faeces
was deposited away from middens, with little vaoatdue to season, sex, or position in border or
internal areas. Thus it can be assumed that depositiged faeces away from middens in aardwolves
does not support a specific reproductive or territotiatfion and is done consistently by aardwolves
regardless of sex. Uncovered faeces showed greation in these measures. They were placed by
both sexes distinctively away from middens, morernoftering the mating season, and more frequently
in the border areas. They were likely used by a tmalés border as additional, long lasting scent

marks, to communicate his readiness to defend higotg to a specific intruder. Thus uncovered
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faeces were probably concentrated along the bordee détritory to serve a communicative purpose to

non-resident conspecifics.(Peters & Mech 1975; Gorman Fi@hardson 1991, 1993).

In some instances the reason for leaving faecessarembaway from middens could have been owing to
the difficulty to cover faeces when no midden witede soil was available close to the feeding site
during the non-mating season. This would apply spatlifito territory owners with extensive areas of
hardbaked calcrete soil. In a study on European badjegie faeces deposited away from well
established middens (latrines) were referred taexmporary defecation sites’ (TDS) and suggested to
simply serve the purpose of defecation pure with no iaddit communicatory function (Ropet al.
1986). The difference however, between these rathemoaniDSs (71 TDS versus 36 latrines), and
uncovered faeces away from established middens iprésent study is that in badgers they were not

specifically located along territory boundaries.

Uncovered faeces were shown to be more prevalentgdilnénmating season suggesting a certain role in
reproduction. During the mating season both sexes sdong the outside or even intrude into
neighbouring territories advertising through paste ingrko seek extra pair copulations (Richardson
1987b; Chapter 6). In this special situation any bodily ¢xoi® are potential marks to the recipient
(Dunbar 1978; Bekoff 1979). Another reason for more uncdvireces during the mating season
could be thatn summer faeces smelling of terpene are mostly dmdtover and deposited at middens
possibly to avoid olfactorial confusion with foragimgnervitermescolumns. In the mating season the
reduction ofTrinervitermesin the aardwolves’ diet would then decrease theah®&f confusion, and
during this study aardwolves increased their defecdiehaviour away from middens, often leaving the
faeces uncovered. This allows faeces to be useddi#®aal scent marking agents to communicate to

territory neighbours and strange intruders passingigjirthe borders during the mating season.

Urine deposited at border middens was probably usedcémt snarking (Gorman 1990) and its use
showed an even more distinct seasonal pattern #fanations. Nearly one fifth of all urinations et

mating season were placed at border middens (Ridad®90). Aardwolf males urinated at middens
three times more frequently than females, suggestiaigthis marking behaviour might serve a sexual
purpose in addition to pasting. Males were also theeragtive sex in the early phase of courtship
(Richardson 1987b; Chapter 6). They may advertise batthés females and intimidate other males

with their urine. The few scratched urinations (8b3erved seem to fit the same pattern.

The potential scent marking function of all elimioati products, uncovered faeces (n=89) and

urinations at middens (n = 36), compared with the 42 00€ paarks recorded during this study,
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constitute 0.3 % of the total scent marking effortyonHowever faeces may have the additional
advantage over minute paste marks of serving aslémting visual signals and can be deposited in
areas with little or no grass, as is required foteoasarks. When there is no interference with the
finding of food they could be used for supporting teridtiopaste marking and during the mating season
for mate attraction and intrasexual intimidation. indrmight as well be a quicker agent than paste
marks to signal physical condition, reproductive staaed social status through metabolites
(McCullough 1969; Yahr & Thiessen 1972; Dunbar 1977; Rothman & M&a9; Ryon & Brown
1990) to conspecifics. The amount of urine available ddwolves for scent marking may be limited
during the mating season through the scarcity ofiterfnod and the availability of open water for
drinking (Richardson 1987a, Anderson 1994). Aardwolvesdcoelertheless reduce the amount

voided to ‘token’ size as foxes do (Macdonald 1979).

| suggest that paste marking takes such a dominanirrdhe aardwolves’ scent marking system that
there would be little extra benefit, and thus tendemcyafdditional use of elimination products for
olfactory communication. When an aardwolf visitsecific area trying to communicate to non-
residents it may as well void his elimination produas further support for his paste marking. While
the role of faeces as additional agents in chentioaimunication of the Hyaenidae has been well
documented (Kruuk 1972, 1976; Kruuk & Sands 1972; Milal. 1980; Gorman & Mills 1984; Mills

& Gorman 1987; Richardson 1990) their use of urine has estdiifle attention. In contrast other
carnivores use faeces (otters: Trowbridge 1983; badgeperBt al. 1986, 1993) and urine (wolves:
Peters & Mech 1975; foxes: Macdonald 1979; coyotes: WeBzlgoff 1981; tigers: Smitkt al. 1989)

as their main scent marking agents despite theiriglhggcally limited availability in comparison to

paste marks in the hyaenas.

The results suggest that uncovered faeces away frddens and urine left at middens and dens, could
function especially during the mating season as additiscent marking agents. They are however not

used as prominently as scent marking with anal pouarietian.



CHAPTER 9

RESPONSES OF AARDWOLVES TO TRANSLOCATED SCENT MARKS

INTRODUCTION

Numerous behavioural studies have demonstrated thatgiomlloodours serve as cues in animal
communication €.g. see Ralls 1971; Eisenberg & Kleiman 1972; Johnson 1973; Brown LRi@y-
Schwarze & Silverstein 1983; Brown & Macdonald 1985; Hal8i86; Alberts 1992). Scent marking
through pasting with secretion from the anal pouch theen shown to be distributed in patterns
consistent with expectations of territory advertisanfier hyaenids (Kruuk 1972, 1976; Kruuk & Sands
1972; Rieger 1977; Macdonald 1978; Mils al. 1980; Gorman & Mills 1984; Goss 1986; Tilson &
Henschel 1986; Mills & Gorman 1987; Henschel & Skinner 199¢h&dson 1990, 1991; Chapter 5).
However patterns show trends only, with no conclusiidence. With the exception of a few paste
marks translocated from one territory to anothestindies on brown hyaena (Milit al. 1980) and
aardwolf (Richardson 1991) no such experiments have beeliacted in the wild to demonstrate how
hyaenids respond to known scent marks. The funaotionfi scent marks in territorial animals has been
proposed in the ‘scent-matching’ hypothesis as a mieasren intruder to assess the resource holder’s
guality in a direct confrontation (Gosling 1982, 1990;Gkapter 5). Further scent marks may be left
by territory owners in order to create a ‘wall ofdlinto fend off intruders and as an individually
distinctive signature of territory occupancy (GormanMglls 1984, Gorman 1990). Intruders may
interpret scent marks as a threat with immediateipdlyattack if they are encountered by the resident,
as has been defined in the ‘intimidation hypothef&thardson 1991, 1993; Chapter 5). All these

hypotheses rely purely on observation of scent matiémgviour.

The capability for individual identification by scerdshbeen tested in many mammals under controlled
conditions (Bowers & Alexander 1967; Rasa 1973; Von Holdte&k 1975; Gorman 1976; Porter &
Moore 1981; Clappertoet al. 1988). Most of these studies and the techniques appligiove
individual recognition were critically reviewed inakpin (1986). In contrast a much smaller number of
studies has attempted to test a species’ discrimmatidities in its natural surroundings (Mikis al.
1980; Harris & Murie 1982; Blumstein & Henderson 1996). Howeyeart from using artificial scent
posts placed at a single location (Harris & Murie 1982ieM#991) no study has so far taken both
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seasonal differences and variations in response aaéférent positioning of scent marks in a wild

animals territory into account.

The aardwolf is especially well suited for conductiranslocation experiments with scent marks. A
paste mark is often deposited singly on a grass #tatkcan be collected and translocated much easier
than, for instance, urine. Paste marking is cletimy predominant means of scent communication in
aardwolves, apart from a limited possible function dfieiin the mating season and uncovered faeces
away from middens (Richardson 1990; Chapter 8). A oeialt aardwolf pair defends a clearly
delineated territory of 100 - 600 ha through overt aggiom and pasting (see Chapter 5). Border areas
can be defined by an observer through the concentratisnent marks in one area by neighbouring
territory holders, and their reluctance to scent kmarhen trespassing across these borders
(Richardson 1991; Chapter 5). During the mating seasnoitotial boundaries are frequently
trespassed as high-quality males embark on "scoutpgj tn search of oestrus females in neighbouring
territories. They seem to enter and scent marghbeuring territories in order to advertise their
presence to the resident pair. When the females tameestrus these extra-pair males were observed
to displace the resident males by fighting and subs#guaate with the females (Richardson 1987b;
Chapter 6 & 7). During this time the shortage of tenfbod due to low ambient temperatures
aardwolves of neighbouring territories have been obsdetw feed in close proximity without chasing

and fighting each other (Richardson 1985, pers.obs.).

The aim of this chapter is to reinforce observatianatlence from previous chapters (4 - 7) on the
functions of scent marking in the aardwolf. By ntoring the reactions of aardwolves of known
identity to translocated scent marks of differemiliarity several of the scent marking hypothesas c

be examined. Through translocation of scent marksilitbe tested whether intimidation can be
induced by scent marks alone. The reactions of adwdsv after sniffing the translocated scent marks
may show if a scent mark can elicit an appropriatparese in the absence of the marker, and thus if
scent-matching is insignificant in the aardwolt id hypothesised that scent marks present a greater
threat to the territory holder if they are placedha interior of the territory or even at the resitd’ den

than at the borders. It will be tested whether #sponses will change seasonally parallel with a @hang

in the governing resource being defended from foaddtes.

METHODS

Translocation experiments were carried out in theetm@thern territories of the study area. While

following “experimental” aardwolves colour-coded smkeere placed at regularly visited dens used for
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sleeping and breeding purposes, middens currently inamskeboundary roads and paths that they
patrolled regularly. This was in order to find thgdaces easily during the day. Subsequently the
outlines of their respective territories were ploteedaccurately as possible on hand-drawn and later
computer-generated maps. After a territory was difif@eneral Methods; Chapter 2) a donor
aardwolf was followed and its scent marks collectéthe animal was followed closely until it marked
on a grass stalk. The stalk was collected usingiraop&weezers and sterile scissors then inseried i
thin holes drilled into a wooden block placed withicooler box. Then the aardwolf was tracked again
to collect the next scent mark. Only stalks thattamed a single and clearly visible fresh secretion
deposit were collected. The next day each stalkmarked at the bottom with a small piece (< 1 cm?)
of reflective tape, again taking care not to tou@httipe or the stalk with bare hands. That afternoon
an hour before the aardwolves became active, the thatétks were inserted into small wooden blocks
which were buried into the loose sand of dens, mildenl along roads of the territory of the aardwolf
to be tested. The aardwolf was then located aeitsand followed from becoming active until it redire
to its den while recording all its behaviours. Whenehe focal animal found a translocated stalk the

following specific responses were recorded:

sniff time - time (in seconds) the aardwolf's nases within 10 cm of the stalk until
it turned away.
overmarking (OM) - after sniffing the aardwolf ow@rked on top of the stalk once or after

sniffing again overmarked it a second time.

'flehmen' (FL) - curling up the lips while stretchimgtheck and head up.

searching surroundings - searching in the immediat®sndings after sniffing the stalk.

visiting a den - visits den where the stalk was gufac

changing its own den - retired to different demfrehere it left earlier that evening.

scent marking trip - embarking on a scent markiq@tty a specific part or around the total

territory border.

change in marking effort - if the number of marks died per 100 m walked changed sharply
after finding the first translocated marks of tkperiment.

change of travel speed - speed in km/h the testelivatitravelled changed sharply after finding
the first stalk of the experiment

smell detection - distance in metres the smelloogin marks seemed to be detected by

aardwolf before sniffing them directly.
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Some of the parameters that were considered durgnhlysis of the responses to sniffed stalks
included:
experiment type - different sexes of the donor of expsrial stalk and the tested animal: male-
male, female-male, male-female, female-female, @uiiexperiments (testing an
individual with its own translocated stalks).
familiarity - how well acquainted the tested animals assumed to be with the smell of the
translocated scent marks from: stranger (scent snadke taken from a territory
four kilometres away), neighbour, partner, self.
seasonality - if the experiment was conducted in thing season or non-mating season.
location - where the translocated stalk was placed:
- border midden (BM), often visited by neighbouringitery owners.
- border road (BR) between territories.
- midden (M) in the core (internal) area of theitery.
- den (D) not presently in use in the core areheftdrritory.
- own den (OD) the tested animal was using on tijiet mif the experiment.

- breeding den (BD), where cubs were reared during erpers

All experimental stalks were collected the next afiem The number of distinct secretion pastings that
were found on the grass stalks in addition to tlidste scent mark donor were counted. It was also
recorded when the grass stalk was distinctively lmmat or broken as an aardwolf would have done

while attempting to overmark on it.

In two experiments male aardwolves were simultaneqursiyented with two stalks each of their female
partners and those of a non-resident female pogitiOrfe-1 m from each other. These stalks were
positioned at the males’ dens (OD) or breeding d&b3) @nd the males’ responses to the stalks

recorded.

RESULTS

A total of 43 translocation experiments were carried lmetiveen November 1991 and June 1993.
Altogether 617 stalks were translocated, collectethfid different aardwolves (five adult males, one
subadult male (20 months old), and five adult femal€X). 164 occasions stalks were observed to be
sniffed by eight different aardwolves (four adult fé&sa one subadult female (six months old), and
three adult males) in the presence of the observalving a total of 13 different aardwolves in

experiments. An additional 147 overmarked secretionimgsstvere found when collecting the stalks
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back (Table 9.1). Some of the stalks that were irgestil in the presence of the observer were again

visited and overmarked by another aardwolf, either iartner of the tested aardwolf or a neighbour

along the borders, on the night of the experimentos&Hl47 pastings together with the 164 observed

investigations gave a total of 311 examinations of 21férdifit stalks found. This means that more

than a third of all the individual translocated gratalks put out were found by aardwolves on the first

night.

Experimentally translocated scent marks were foundosermarked at each location with significantly

different frequenciesxg = 20.92; d.f. =5, p <0.001; Table 9.1). Marks deposited ralebaniddens

(BM) were investigated proportionately more oftenntithose deposited at disused dens within the

territory (x2 = 9.52; d.f. = 1, p<0.005). Also marks at occupied demsbiting marks at the animal’s

own den and at the breeding den, were found signtficanore often by aardwolves in proportion to

their numbers translocated than marks put out for instahinternal middens and dens (W= 7.21;

D: x2 = 15.54; data from Table 9.1). The experimenter could astham the aardwolf would usually

return to its den where it spent the day or a malddwoome to the breeding den for guarding the cubs.

After finding stalks at disused dens aardwolves sdeim check consecutively other dens, often going

out of their way, possibly to see if there were othenslocated marks.

Table 9.1 Number of translocated scent marks investigated by aardwolves at different
locations. Total marks put out at each location, marks investigated in the observers
presence, marks overmarked (OM) in observers absence, total marks investigated, and
marks with no evidence of aardwolf investigation. * percentage of total marks put out.

LOCATION Border Border  Internal Internal Own Breeding | TOTAL
Midden Road Midden Den Den Den
INVESTIGATION (%)* (%)* (%)* (%)* (%)* (%)* (%)*
Total Marks put out 216 35 109 219 26 12 617
Investigated - 53 (24) 5 (14) 31 (29) 38 (17) 25 (96) 12 (10p) 164 (27)
observer present
Investigated (OM) - | 79 (37) 6 (17) 20 (18) 41 (19) 1(4) 0 147 (24)
observer absent
Total investigated | 132 (61) 11 (31) 51 (47) 79 (36) 26 (100) 12 (100) 311 (51)
Not investigated 84 24 58 140 0 0 306 (49)

by Aardwolves
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General Response to Stalks

Only the 164 responses to stalks investigated in tteepee of the observer were analysed further. For
the following results the 13 sniffing incidences ad fbur null experiments were excluded, leaving 151.
Although sample sizes were small, if some parts ofittia were pooled certain patterns would emerge.
The responses to all the sniffed marks for eachitotaegardless of season and sex are summarised in
Table 9.2.

Table 9.2 Reactions of all aardwolves to experimental stalks at different locations:
seasons, and sexes pooled.

Reactions| Mean time sniffed No. marks MO No. marks FL
Number of sniffs (% of total) in seconds (%) (%)

49 (32.3%) border middenBI¢1) 115 42 (85.7%) 5 (10.2%)
5 (3.0 %) border road8R) 16.4 5 (100%) 0 (0%)
28 (18.9%) middens\V) 15.1 23 (82.1%) 5 (17.9%)
35 (23.2%) dend) 13.5 24 (68.6%) 8 (22.9%)
22 (15.2%) own derdD) 23.4 1 (4.5%) 6 (23.7%)
12 (7.3%) breeding denBD) 34.9 4 (33%) 5 (41.7%)
151 (100%) Total sniffs 16.4 99 (65.6%) 29 (19.2%)

To find the general patterns | categorised the expatsn and the responses to them, by the sexes of
donors and finders, the season, and the familiafityhe donor’'s marks to the finder. The resules ar

summarised in Table 9.3.

The most notable pattern found was that stranger'«snaere sniffed for longer and flehmen was
shown towards them more often than to neighbours snaNeighbours’ marks were sniffed for longer
and flehmened more often than partner’'s marks @ij. The sniff time and the frequency aardwolves
showed flehmen were thus negatively proportional toilfarity (Spearman Correlation coefficient,
rs=-1.0; p <0.05; n=3) when giving partners the highasighbours the second, and strangers the
lowest rank. A higher percentage of partners stati® overmarked than neighbours, and those more
often than strangers. Overmarking was thus propaititm familiarity (5= 1.0; p <0.05; n=3).
These patterns suggest that flehmen and sniffing diiéfeeent functions from overmarking. Flehmen is
inversely correlated to overmarking, though notificamtly (rs = -0.387; p > 0.05; n = 15, from % OM
and % FL of experiment types in Table 9.3).
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Table 9.3 Summary of reactions to different types of experiments with translocated marks

considering season and familiarity of scent.

donor and male finder. OM

Experiment type e.g. Female/Male = female

Flehmen response, (% of total).
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Figure 9.1
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General response to scent marks of strangers, neighbours, and partners,

regardless of sex and season. Sample sizes are given on top of columns.

Overmarking Response

Of all stalks that were sniffed in the observers gmes 99 were overmarked (60.4 %).
overmarking aardwolves always seemed to try andhhittranslocated stalk and often succeeded in
covering the present secretion with their own freisb. They occasionally turned around after the first

overmark, sniffed the stalk as if to check whethely covered the foreign secretion, then overmaitked

a second time. The amount of secretion left inglteses was especially large.
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Figure 9.2

Overmarking towards scent marks of same and opposite sex away from
occupied dens. Sample sizes are given above the columns.

While
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Overmarking patterns to experimental marks at thedeshimals own den (OD) were very different
from those at other locationg?(= 42.47; d.f. = 1; p < 0.001; Table 9.2) with just one of 2##eshseen
overmarked. In contrast ‘away’ from occupied denB @hd BD) (Fig. 9.2) reactions to marks of the
same sex (male - male or female - female) were alwayy strong (> 90 % overmarked, regardless of
season). The overmarking of marks by the oppositeveex also high (> 50 %), though lower than to
the same sex. Males appeared to overmark female nesk$requently during the mating than non-
mating seasorxt = 3.3; d.f. = 1, p>0.05). Females always overmarkeadreehpercentage of stalks of
any sex than males regardless of seagdr 6.41; d.f. = 1, p<0.01, Fig. 9.2). When testing this for
the seasons separately this pattern was signifieanthie mating season om(= 9.04; d.f. =1,

p < 0.05).

Overmarking at or away from occupied dens regardiéseason was analysed while combining the
data for males and females (Fig. 9.3). Reactiong dmean dens to marks of the same sex were high,
with reaction to the opposite sex slightly lower. comtrast neither sex overmarked at its own den, with
the exception of one case during the mating seasorewhe female overmarked the translocated stalk
of another female. The reaction at the breeding wdea intermediate. The breeding den was
simultaneously the females’ own den whilst the malese guarding the breeding den for part of the

night only. When males were inactive during the tfey slept in another den.
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Figure 9.3 Overmarking at or away from occupied dens in response to marks of the same
or opposite sex but regardless of season. ‘Away’ stands for reactions at all locations away
from occupied dens (BM, BR, D, M). Sample sizes are given on top of columns.

Use of Den

The frequency tested aardwolves changed their damsponse to them being “scent marked” by a non-

resident is shown in Fig. 9.4. Both males and fesnafleen moved their dens when it was marked by an



TRANSLOCATION OF MARKSe 145

intruder of the same sex during the non-mating sehabithe response to a mark of the opposite sex
was much lower. In just one out of six cases the denchanged then. During the mating season, no
dens were changed in response to any translocatéd miaall. After leaving their old den and before
going down the new den the tested aardwolves alehgsked and sniffed carefully, as if checking to

see if this new den could have been visited by thalabed intruder as well.
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Percent changed

Figure 9.4 Frequency of changing own den (OD) in response to it being ‘scent marked’ by
non-resident. Sample sizes are given above each column. (M)ating Season, (N)on-Mating.

Flehmen Response

The aardwolves’ flehmen (FL) response at differateésstowards the same and opposite sex was
examined. The reaction towards the same sex away docupied dens was weak with just 3 of 72
stalks (4.2 %) flehmened. In contrast they showshuhfen to 3 of 11 stalks (27.3 %) at their own den.
Males responded significantly more frequently to fiesiastalks ¥2 = 5.45; d.f. = 1; p < 0.05), 22 of
52 stalks (42.3 %) flehmened, than did females to mstleliks (1 of 12 (8.3 %)). The female flehmen

response was so low that | solely looked at malekirien behaviour for further patterns.

During the non-mating season males showed flehmest frequently towards strange female stalks,
less often to neighbours’ and they showed no reatbimards their female partners. Thus an inverse
relationship of the frequency of flehmen to the degoé familiarity with the female's scent was
discernible (Fig. 9.5a). Flehmen was shown towardghbeuring females significantly more often
during the mating season than non-mating seagbn 4.97; d.f. = 1; p<0.05; Fig. 9.5b). Only six
(20%) of the all stalks with the FL response were sulissty overmarked.
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Figure 9.5 Flehmen response by male towards familiarity of (a) female and (b) neigh-
bouring females during the two seasons. Sample sizes are given above each column.

First Stalk found

The first translocated stalk from a non-residennfbduring an experiment by the tested aardwolf was
sniffed significantly longer than those found latieat night. It was sniffed for a mean of 15 seconds
(n = 26) compared with 9.1 seconds (n = 88) for the (Mann-Whitney U (MWU) -test Z=-3.402,
d.f. = 1; p<0.001), when excluding the stalks with flehmesponses. In contrast the first stalks
aardwolves found of residents (n = 6) were not shiffer significantly longer than those found later
that night (n = 14) (MWU-test Z= -0.865, d.f. = 1; p>0.05).

Including all experiments aardwolves flehmened sigaifily more frequentlyxg = 4.66; d.f. =1,
p < 0.05) to the first stalks (28.9 %, n = 45) than taésé (14.3 %, n = 119).

The duration flehmened stalks were sniffed by aandsgolvas inversely proportional to their familiarity
with the stalk donor (Fig. 9.6; see also sniff duraiio Fig. 9.1). Sniffing times of neighbours’ marks
(mean = 37 sec., n = 19) were significantly shortentto stranger’'s marks (mean = 54.3 sec.; n = 10;
MWU-test, Z = -1.954; d.f. = 1; p = 0.05).

When one excluded stalks with flehmen responses fiffngriimes became more similar in duration
(Fig. 9.6). Despite this tendency, when responses oofresidents were pooled (strangers &
neighbours, mean = 10.5 sec., n = 114) they were sniffadicantly longer than residents (partner &
self, mean = 6.1 sec., n = 20) (MWU-test, Z = -2.357;=dX; p < 0.05). After the first sniffs of each
experiment were excluded the durations non-resident sviffed with a mean of 9.1 seconds (n = 88)
and residents with 4.6 seconds (n = 14) were notfisignily different any more (MWU- test, Z = -
1.797; d.f. = 1; p > 0.05). When finally removing the fsnift the tested animals’ occupied dens from

the data set differences became even less signifi@aerage time non-resident sniffed: 6.0 sec.,7/d;=
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residents: 5.1 sec., n = 9; MWU-test, Z =-0.923; dX; p > 0.05). It is apparent that whether the
stalks were the first ones of the experiment nighiffesl and also if the stalks were found at the

aardwolfs’ occupied dens had a strong influence osnifeduration.
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Figure 9.6 Mean duration stalks of markers of different familiarity were sniffed when the
aardwolf showed flehmen and when these stalks were excluded. Data is presented
regardless of sex and season. Sample sizes are given above each column.

When excluding stalks aardwolves showed flehmerthe,first marks of the experiments, and marks at
occupied dens, aardwolves sniffed neighbours’ marksifisantly longer when finding them in the
interior (n = 22) of their territories than thosete border areas (n = 11) during the non-mating season
(MWU-test, Z = -2.214; d.f. = 1, p < 0.05).

Male Response towards Females

Male aardwolves investigated 34 stalks of femalesnwheluding those at occupied dens. Females
sniffed just 11 stalks of males during the non-matiegsen and were thus excluded form further
analysis due to small sample size. The flehmen amararking responses of males towards females of
different familiarity during the non-mating seasowrrg plotted in Fig. 9.7. As already shown in
Fig. 9.5 flehmen seemed inversely proportional to fanty (rs=-1.0; p < 0.05; n = 3), while the
frequency of overmarking increased with familiar{ty = 1.0; p < 0.05; n=3). Consequently the
flehmen response was inversely proportional to thentaking response, suggesting different functions

during this seasong(r -1.0; p < 0.05; n = 3).

The tendency that males were more likely to ovekmdren finding marks of female neighbours in the
border area (n =11) than in the inside of their timids (n = 12) was not significang?(= 0.88;

d.f. =1; p > 0.05). This could possibly provide an explandbr the males’ intermediate overmarking
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response towards neighbouring females regardless exevthey found their translocated stalks (45 %

of stalks overmarked, Fig. 9.7).
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Figure 9.7 Overmarking and the flehmen response of males to translocated marks of
females of different familiarity during the non-mating season. Sample sizes are given
above each column.

The males Joseph and Orion were able to distinguistebetsimultaneously presented stalks of their
female partners and those of non-resident femalahdying markedly different treatment of the stalks
in two experiments. They went straight to the n@ident females’ stalks and sniffed them longer than
their partners’ stalks without overmarking them aftds. After investigating the non-resident

females’ stalks they sniffed their partners’ stalisitioned 0.5-1 m away, briefly and overmarked them.

Null Experiments

In all four null experiments the translocated stalksniag from the tested aardwolves themselves, were
sniffed just briefly (Fig. 9.6) regardless of their piosi in the territory. The 13 stalks were sniffed fo

a mean of 7.5 seconds (Median = 2 seconds). Noneowermarked after investigation. In the three

experiments where | deposited stalks at their own tlemsaardwolves did not change their dens or
seemed otherwise perturbed, though they must have dmmtléootsteps close to their dens. These null
experiments also gave the impression that handlisgats did not influence the reactions of the tested

animals.
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Scent marking Response

It was tested whether aardwolves changed their Hneiek(marks / 100m walked) after finding the first
stalk of the experiment night of neighbours and stnangegardless of season and familiarity
(Table 9.4).

Table 9.4 Changes in mark rate (Marks / 100 m walked) by tested aardwolves to marks
from neighbours and strangers of different sex before and after finding the first mark of the
experiment. Mean values pooling all (Total); male-male (MM); female-female (FF); female-
male (FM); and male-female (MF) experiments.

Experiment Type (n=exp.) Total MM (9 FF(@B) FM(13) MF(6)
Measure

Marks/100 m Before 1.68 1.81 0.93 1.88 2.09
Marks/100 m After 2.33 2.31 3.15 1.96 2.07

The mark-rate of all experiment types combined inckabeugh not significantly (Wilcoxon matched-
pairs signed-ranks test, Z =-1.671; n = 36, p > 0.05). Hawawame sex experiments (MM and FF
pooled) tested aardwolves showed a significant &s@an marks deposited per 100m walked after
finding non-residents’ stalks (Wilcoxon, Z = -2.223, 4% p<0.05). The increase in scent marks in
experiments with stalks of the other sex (FM and MBlga) was not significant (Wilcoxon, Z = -
0.201, n = 19, p > 0.05; Table 9.4).

Changes in the total number of marks deposited byetited animal two days before the experiment, on
the day of the experiment and in one of three nigftexwards were recorded. The independence of
experiments from one another as well as familiarfitthe tested animals with the scent of the dondr ha
to be taken into account. Only experiments which weralucted at least a week after the previous
ones and experiments with strangers and neighboureasmsark donors were included in the analysis.
In 18 of the remaining 21 experiments the number of maded aardwolves deposited increased on
the same day of the experimeng € 10.71, d.f.= 1, p<0.005). The increase was by a mean of 82
marks per night (S.D. =63.7; n=21; range = 373 to -118) @t % increase relative to before the
experiment. The percentage increase of marks ornxfleiment day for different experiment types is

plotted in Fig. 9.8.
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Figure 9.8 Percentage change in number of marks deposited per night on the night of the
experiment and the average change to one of the next three nights relative to the average
of two days before the experiment took place, regardless of season.

In 16 of 21 experiments the mark number per night dropped tietivef the experiment day on the day
after 2=5.76, d.f. =1, p<0.05). The number of marks decrehged mean of 63 marks
(S.D. = 68.9; n = 21; range = -80 to 235) from the experinantavel.

Three patterns seemed recognisable: (i) there waxmaase in mark deposition on the experiment day
in response to the opposite sex, though the increassponse to the same sex seemed stronger than to
the opposite sex (i) the decline in mark number déegmbén the three days after the experiments was
stronger in opposite sex experiments than same sex expexim@i) the female-female response
seemed stronger than the male-male response bathgeat to an increase of marks on the experiment
day in same-sex experiments and in the observed ddolimearks deposited after opposite-sex

experiments.

Scent Marking Trips

During the non-mating season both sexes went straigihie shared border area with their neighbour
donors (Figs. 9.9, 9.10) after sniffing their transledastalks and marked there (15 of 18 experiments
(83%)). On three occasions when the shared bordenatassited the first stalk was found just before
the aardwolf was about to retire to its den. Oriomnfl the stalk of his neighbour Joseph (Fig. 9.9),
went straight to the their common border area tokm#ren upon returning into the centre of his

territory found a second translocated stalkretarn directly for a second border marking trip. It
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was tested whether Orion marked proportionately nime expected in the shared border hectare cells
with Joseph. The percentage of marks in the shareltoeells to the percentage in the rest of Orion’s
border cells were compared relative to the percentdgse cells take up from his total border area.
Orion marked significantly morex¥ = 43.01; d.f. = 1; p<0.001) in the relevant border cell& \wis
neighbour Joseph than expected. A similar scent matimép the shared border was done by female
Electra finding her female neighbour Nike's transteda stalks (Fig. 9.10). Electra marked
significantly more in these shared border hectalls ¢¢ = 67.53; d.f. = 1; p<0.001) than expected.
Thus Orion and Electra went straight to the corsbetred border area probably matching the scent of
the translocated marks and distinguishing betweein tiferent neighbours while marking there

distinctively more than in the other border areas.

HHHHHHHHHAR T
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|:| >1 mark/ce |:| Border cel O Der

x Experimental stalks not fou

Figure 9.9 Map of path followed by Orion after finding Joseph’s experimental stalk (®) on
their shared border. After patrolling his eastern border he returned to the breeding den to
find @, then he walked south-east, and found ®. He then walked south towards their
shared border again to mark there again. He detected stalk @ there and walked past the
breeding den again and patrolled the western, and northern areas of his territory. Finally he
lay down in his border area with the eastern male that challenged him during the past week.
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Figure 9.10 Map of path followed by Electra after she missed three experimental stalks
after leaving her den. She then found ® of Nike. She walked straight to her shared border
with Nike to mark there. She found stalk @ and ® in the border area. On her way to the
centre of her territory she found stalk @ but embarked on a feeding trip north. Later she
returned to ® and sniffed it again, then walked north to mark her north-western border and
went to sleep in another den.

When tested aardwolves found a strange aardwolf'th (bmle and female) marks during the non-
mating season both searched their territory for mi@eslocated stalks, whilst not visiting a specific
border area. This is illustrated in Fig. 9.11 for Ekeatho found the stalks of the strange male Luca.
The shaded ha-cells where Electra walked and maal@ty her eastern border were neither in the
relevant border area with Luca nor in the correatation. He had a territory four kilometres to the
south of her territory. It was tested whether E&ecearched her territory without marking a specific
border when finding Luca’s marks. The comparativelyer chi-square values for the three shared
border areas of Electra with neighbours (Calypdo= 9.22; Nike x2 = 3.04; Eastern Stranger

X2 =4.81; d.f. = 1) in comparison to those found for tle@ghbour donors experiments given above
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could indicate such overall marking. These pattefndifterent marking and searching behaviour

indicates that aardwolves appeared able to diffeterthietween neighbours’ and strangers’ marks.
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Figure 9.11 Map of path followed by Electra after she found ® of strange male Luca (lived
4 km south of her territory) in her south-western border. She found @ in the border then
returned to the centre of her territory where she found @ @ ®. She went to mark her
eastern and northern border extensively and went to sleep in a new den in the Northwest of
her territory.

A different reaction to a strangers’ translocatealkswas shown at the start of the mating season.
Joseph found several translocated stalks of a straatge and then embarked on the first scouting trip
of the season into his neighbours territory whilstnscmarking dens and middens and visiting the
females there. In the mating season the reactibmmales to translocated female neighbour stalks
depended on her reproductive status. Four weeks befaevds mated her translocated marks did not
elicit any border visiting reaction of the neighbogridrion. He simply showed flehmen once and went
down his den when finding her marked stalk at leis. dThree weeks later, one week before she came

into oestrus, he sniffed very long, showing flehmepeatedly and went straight towards their shared
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border (Fig. 9.12). He entered her territory for autiog trip of 3.7 km and marked 53 times in one

hour.
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Figure 9.12 Map of path followed by Orion after he missed a stalk leaving his den during
the mating season. He walked south and intruded briefly into Calypso’s territory possibly to
check if she was in oestrus. After patrolling the eastern and northern part of his territory he
found ® from Nike in pro-oestrus and showed FL. After walking 100 m further, en route
straight to Nike he found stalk @. Another 700 m further stalk @. He embarked on a
3.7 km long scouting trip into Nike’s territory while particularly marking the dens of Nike's
territory with 53 scent marks. He also intruded into Calypso’s territory marking 12 times. He
returned to his den to find @, but went to sleep.
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In five cases aardwolves failed to find translodattalks on the midden where they defecated for the
first time of the night, despite the wind blowingrra favourable position and the stalk being less than
half a metre away. When the aardwolf passed midid¢aisin the night chances of stalks being found
were much higher (see Table 9.1), since middens were \asited for marking purposes without
defecation (Chapters 5 and 6). Upon catching the sdfemtstalk the tested aardwolf often lifted its
head high up to draw up the scent and then tried tidathe stalk. In moderate wind conditions
aardwolves had no difficulty to single out strangense from the numerous own and their partners'
marks on middens or dens. Wind seemed to playedciactrole in the finding of marks. When coming
from an unfavourable direction aardwolves walked withélf a metre of stalks without noticing them.
When it came from a favourable direction they turmed the wind and found stalks up to 40 m away.
In one case an aardwolf made a 120° turn of direabiovatk back into the wind and find a stalk, after
he had walked 10 m past it and was already 25 m asway if. With no wind the detection limit of
stalks was at about 5 -10 m and aardwolves then seentel/e difficulties locating the stalk. They
walked in a zigzag line over a breadth of 1-2 m whké#éarching for up to 20 seconds until they found
the stalk. The same search technigue was usedyirstreng wind conditions, after they caught the

scent.

In the cool and dry conditions of winter a neighbogrfemale's stalk was sniffed for 50 seconds and
flehmen shown by a male three days after deposit®ir.days after translocation that same stalk was
sniffed for 24 seconds and overmarked afterwards dydsident female. With the high temperatures
of summer and especially through heavy rain the silifieabf scent marks may be reduced. In dry
conditions aardwolves sometimes licked and exhattd dry scent marks while running their nose up
and down the stalk, the moisture released appearidgops on the animals nose. In some cases biotic
factors influenced the signal life of stalks. Bathecies of harvester termiteslodotermesand
Trinerviterme$, the main food of aardwolves, often harvesteddiaated stalks and so removed the

signal.

DISCUSSION

Scent marks were hypothesised to be deposited by daedwn the non-mating season as a threat of
physical attack to intruders (Richardson 1991, 1993; Chapter®limals marking inside another
territory may demonstrate their intent to take aes territory or at least to increase the sizé¢hefr
present territory and are expected to be prepared foicahgscalation if the resident is encountered

(Richardson 1993; Chapter 5). Therefore when an aardweolid find scent marks in the interior of its
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territory it should be aware of the threat transmiittdn order to maintain its territory the resident

should add its own mark as a counter threat (Ricbari§91).

The high incidence of overmarking (> 90 %) marksfithie same sex may imply a territorial signalling
function to the producer of the marks in case they avoetiurn. The tested animal may have attempted
to nullify the original mark by overmarking it. Innaexperimental study on golden hamsters
Johnstoret al. (1994) proved that the distinctive information of thettwmt scent was effectively masked
by the top scent. However complete covering of theigue mark with the top scent in all overmarking
attempts seems unlikely. These grass stalks couldyhhstill serve as a kind of bulletin board for
animals, each one leaving its message to be readhey imdividuals (Johnston et al. 1995). As
overmarking on stalks of aardwolves of the oppositevgas also strong, though less frequent than on
stalks of the same sex, this is also suggestingitot@l reaction towards the opposite sex. Although
not significant, males appeared to overmark femaleksniss during the mating season. Interesting
was that the female overmarking response was alstigistly higher towards any sex than that of
males. An explanation for the observed responses beuldat male aardwolf dispersion is determined
by that of females’, his paternal care keeping hinseclto the female during the non-mating season
(Richardson 1985), but his main reward comes through gndtiring the mating season. By contrast
females are defending feeding territories for thelwes and their cubs, so they need to keep non-
residents of both sexes out (Chapters 5 & 6). Thismystdemale dispersion influenced by food and
male dispersion influenced by female dispersion was emeetally demonstrated on grey-sided voles
(Ims 1987, 1988).

Both sexes changed their dens marked by a same-gexiéri during the non-mating season only. The
aardwolf uses its den as a place to rest, as a réfoigepredators (Smithers 1983) and presumably
also from challenging intruders. Both sexes prefetoedleep in dens situated in the interior of their
territories regardless of season (Chapter 5 and Greatihey would be more secure from intruders
challenging them to fight. This afforded protectiorould be particularly advantageous when
aardwolves had lowered their body temperature forrabdegrees (Anderson 1994) in order to reduce
their metabolic rate. The concurrent lethargy would lggeat handicap in an unsuspected fight. The
lack of overmarking at the own den could have bemsponse of such a great perceived menace from a
challenger finding the resident at its den thatadveer may have reclined from giving away its positi

by overmarking. However aardwolves overmarked evieeye else while moving dens. In many
carnivores competition is most intense from membdrshe same-sex due to added reproductive
competition (Ewer 1973; Creel & Macdonald 1995). The meframre an opposite-sex intruder may

therefore have be less strong and owners did noigehiheir dens in response.
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During the mating season dens were probably not chasigeel aardwolves may have been aware that
neighbours were now intruding mainly to advertiserttgientions of mating (Chapter 6). Scent

marking still might function then as a threat to rhens of the same sex, but more in the context of
competition for mating opportunities, rather than figiptthe den owner at its own sleeping place for

year-round feeding territory take-over. Thus theas ¥ess motivation to move dens.

The males’ overmarking of female marks during the@-mating season was proportional to their
familiarity. The message left by males overmarlangmale mark could be addressed to two different
parties - either to the returning original markertmia third partye.g.the neighbouring male. Males
probably overmarked scent marks by intruding femalesngutihe non-mating season since any
aardwolf was potentially stealing food from the itery. Female strangers’ marks were overmarked
less frequently by males than those of neighbours’ Iplgsbecause they were less likely to form a
permanent feeding threat in contrast to neighbougngafes intruding frequently during the non-mating
season (Chapter 5). Another reason for the reduceinavking response towards strange females’
stalks could be that males encouraged these femaletita - giving them a mating option with another
female. The question remains whether males weirgtty lay claim to females marking in their
territories or were they trying to chase them offthe tendency that males overmarked intruding
females’ marks less during the mating season whep Would have encouraged female visitation
(Chapter 6) indicated that overmarking seems to leaded as a threat to them. A males’ aims towards
intruding females during the non-mating season appehe tmutually exclusive. Maybe this is why
they overmarked less than half of the femaleskstahly. By overmarking all his partner's marks a
male was possibly signalling to other males that fénisale already had a partner who was prepared to

defend her (see Chapter 7 for mate guarding).

The flehmen response was rarely used toward the saxneinless at the tested animal’'s own den. As
the den owner would likely feel most threateneddhiershould spend time to accurately identify the
marker. Males showed flehmen towards females’tseemks more frequently than females towards
male marks. Males are the more active sex seekr@sEHRichardson 1987b, Chapter 6 and 7) and
presumably would need to have better knowledge of farmséxual status than vice versa in order to

time their scouting excursions and copulations.

Flehmen seems to serve more of an identificatioctfom in the non-mating season, indicated by a
higher frequency of flehmen shown towards strangeakes’ scent marks by males. Males showed
flehmen significantly more often during the matirson than outside of it, implying that it then may

serve a sexual purpose. Flehmen seemed to be used whaardivolf wanted to investigate an odour
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carefully. This compares favourably with functions fitelm has previously been associated wéthfor
detection of oestral state in herbivores (Schaller 196ahlbaum & Houpt 1989; Houpt al. 1989),
and in felids in the general reading of odour sigraid to enhance sniffing (Verberne 1970; Whittle
1981). In horses the flehmen response has been usedwatsir discrimination abilities between

conspecifics (Marinieet al. 1988).

Similar to aardwolves sniffing translocated scearka during this study, Columbian ground squirrels
sniffed longest on acrylic cubes with oral gland sashstrangers, nearly half as long on that of
neighbours and again half as long on their partnegsitshan on neighbours’ (Harris & Murie 1982).
Sniff duration may simply reflect the time required &y aardwolf to identify the marker, as the
exclusion of flehmened sniffs from the data set redidbe differences in sniff duration towards stalks
of different familiarity. Once the first mark fourfthd been sniffed and flehmened extensively for

identification the finder seemed to show habituatiothe following stalks.

Neighbour’s marks were sniffed significantly longer fegidents when found inside of their territories
than in the borders, possibly reflecting a greateirelés identify the marker of these unexpected marks
closer to the resident’s den. Translocated statk® more likely to be found when deposited in the
border area, also reported from a small-scale scark tmanslocation experiment with brown hyaenas
(Mills et al. 1980). A territorial aardwolf habitually patrols its bercarea almost daily and marks
proportionately more heavily there to ward off intmed€¢Richardson 1991; Chapter 5). This is
probably because intruders would be expected to leave theksrat the point of their intrusion as a

challenge to the resident.

The changes in number of marks deposited by testelivalzes in response to experiments seemed to
follow a similar pattern as shown in overmarkingksta The reaction towards the same-sex was again
stronger than to the opposite sex, suggesting theot@tithreat. Residents also seemed to losesistter
and thus decreased their mark number faster in tleevfiofy days in response to a lower threat from the
opposite sex. The stronger female than male respamgédnave been elicited again due to her greater
need to protect her food resources for herself amdubs for the greater part of the year. Aardwolves
deposited greater numbers of marks per distance méteediading translocated stalks of the same-sex
than opposite sex, suggesting once more a greatet gused by same-sex members. An increase in
density of fresh marks would serve as an indicatbrtheir eagerness to defend their territory
(Chapter 5).
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An aardwolf seemed to recognise its own scent miarksill experiments and did not refresh them by
overmarking when they were one day old. One cdddefore assume a resident seems to monitor its
own scent marks to ensure their signalling abilithis compares well with other experimental studies

(domestic dog, Dunbar & Carmichael 1981; Columbian groundlrsty Harris & Murie 1982).

Many studies have claimed the demonstration of Viddal odours" but precisely just showed the test
species' ability to recognise heterogeneous subgroupadnst "true" individual recognition, defined as
a "learned discrimination among conspecific individugBarrows et al. 1975; Halpin 1986). In
studies that have used a habituation-discriminationdama(e.g. Halpin 1974; Harrington 1976), or
differential responses to own or conspecific odoarg.Miuller-Schwarze 1971; Rasa 1973; Harris &
Murie 1982; Johnston 1983; Clappertenal. 1988) animals may simply be distinguishing between
previously encountered odours from a new odour. Inghisly males were distinguishing between
simultaneously presented stalks of their partners haosetof non-resident females. However the
present study presented evidence along several additimes that aardwolves were capable of
individual recognition. They showed different resggsto partners’, neighbours’, and strangers’ marks
and also distinguished between males’ and femalesksnadn addition they went directly to the shared
border area with the donor of translocated stal&setbre demonstrating true individual discrimination,
while when finding a strangers' stalk reinforced thole border areas. Only one study on humans

(Porter & Moore 1981) has so far showed unequivocal ahilitliscriminate.

Individual recognition in the aardwolf could serve tipld and complex functions. The main function
of scent marking during the eight month long noningaseason is to delimit the feeding territory émd
deter intruders from entering the interior for prgled visits as presented in the resurrected intinsidati
hypothesis (Richardson 1991, 1993, Chapter 5). Although ewadido be of lesser importance for
effective maintenance of territorial integrity (Rardson 1993) individual recognition abilities using
scent alone enables aardwolves to react specifitallintruders of different familiarity, therefore
enhancing the efficiency of their energetically exgdem marking behaviour. A field study on male
desert iguanas has demonstrated this (Glinski & ¢tiek 1985). Even in the absence of the intruding
challenger adequate measures can be taken by therteowners. In the case of a scent marking
familiar neighbour which would aim at a comparativatyai extension of its territory a resident could
conserve energy by specifically marking the shareddsoarea most likely to be trespassed. It might
also serve as an indication of strength of the arankich becomes important during the mating season
(Richardson 1987b, 1990, 1993; Chapter 6). In the mating seadividual recognition could give
male aardwolves an indication of strength throughftquency a scouting male scent marks another

territory and by remembering the results of fightdwather males. In the case of a strong male trying
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to mate with a neighbouring female his previous marlaficher territory could facilitate sexual
behaviour when they physically meet. Daly (1977) firgidiiesised for gerbils and later Coopersmith
& Banks (1983) obtained strong evidence for the brownmigign that when a female is repeatedly
exposed to a male's scent marks she will habituatés todours and will be more likely to mate with
him when she comes into oestrus. Scent marks thet deposited by females in oestrus along the
borders of neighbouring males (Richardson 1987b) were usdfiebyargeted males to time their
scouting trips to that female (Chapter 6). Males \ikely able to detect the oestral state of females by
showing flehmen towards their scent marks, as was Bom several mating seasons. This may help in
synchronising the sexes reproductive state throughichkoommunication since they normally lead a
solitary life (Ewer 1973). Olfactorial differentiatidmetween sexes was further supported through
observations of natural encounters in aardwolves.idB#saardwolves chased intruders of the same
sex much harder and vigorously than the other sex #Risbn 1985, Chapter 5), and therefore seem to

be able to distinguish gender from olfactorial and ibbsalso visual cues.

The results of this chapter can be used to support oracligtt debated hypotheses of territorial scent
marking. The “intimidation hypothesis” (Hediger 194%i€t 1965; Richardson 1991, 1993) states in
contrast to the “scent matching” hypothesis (Gosliag2, 1990) that scent marks serve as territorial
threats in the absence of the signaller. Transtdcstent marks were effective in eliciting diffdiaity
strong response, in the territory owners in the atesefithe donor, dependant on their placement, sex of
donor, and season. This contradicts the assumpgitithe dscent matching’ hypothesis (Gosling 1982,
1990) where a territory owner has to make himself abkilto be smelt by the intruder, matching his
scent to that of his territory, and so be identifteda territorial resident. Another assumption ef th
intimidation hypothesis that scent marks functiomaathreat of physical attack was expressed in the
changing of dens by the tested animal when its @mwehs “scent marked” by an intruder of the same
sex. The changing of den could be seen as a rdtreah intimidation, since the threat of the intruder

finding the owner at its own den was so great.

The observed deposition of a higher density of mamkshe relevant border area after finding a
simulated intruder's scent mark gives support to theiragion that scent mark density indirectly
communicates to intruders the potential of being eneoedtby the owners (Gorman & Mills 1984;
Richardson 1993). The threat of being detected withltieg fighting should keep intruders to the
border region, when not deterring them completelynfintrusion. The observed change in strength of
response to simulated intrusions between non-matingating season was likely caused by the change
of defended resource. In the non-mating season dmtbs defend their food resource (Richardson

1991, 1993), while during the mating season males chaltergfeother for access to receptive females
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and not for complete or partial territorial take-o¢€hapter 6). During the mating season both sexes
would be expected to lower the transmitted territathadat via scent marking in order to encourage
individuals of the other sex to revisit them for expar copulations (Richardson 1987b, 1993;
Chapter 6 and 7).

This chapter has demonstrated the capacity of knamslbcated scent marks to be interpreted by other
aardwolves with varying response in the absence af groducer. An increase of scent marking
activity at relevant borders and the demonstratian intimidation can be transmitted without physical
presence of the marker thus provides further supporh&mtimidation hypothesis. Scent marks are
used to transmit complex messages dependant on thef gbe producer, or where the stalk is
deposited, as well as individual identity of the don&@easonally there seems to be a change in the
message transmitted coinciding with a switch inghiacipally defended resource. Since all the data is
more consistent with the notions that scent macksa a threat to intruders one is able to exclude most

of the assumptions that the aardwolf practices scafithimg (Gosling 1982).



CHAPTER 10

CONCLUSIONS

Many mammals scent mark their territories in otdeadvertise both their presence and ownership of a
territory (Gosling 1982; Gorman & Mills 1984). It is howe\still a subject of debate how scent marks
help in maintaining a territory. It is disputed whatlscent marks actually intimidate and therefore
deter intruders from entering the territory, or froomfronting the territory owner (Hediger 1949; Geist
1965; Gosling 1982; Richardson 1991). Another function sceritsnmaay serve is in the attraction of
mating partners (Richardson 1987b) if a female solicidesnto visit her and if so what role scent
marks play. In order to answer these questions batle end female aardwolves were followed
extensively during both non-mating and mating seasuoms their scent marking behaviour was
recorded. In addition to interpret the observed paté conducted 43 experiments translocating scent
marks of known aardwolves into territories of aasties to be tested. The response of the tested
aardwolves was monitored and gave the opportunitetierishine how aardwolves reacted to ‘simulated’

intrusion of a scent marking intruder.

For a more comprehensive account of the aardwolfactary communication system | looked at the
histology of the anal pouch and the ontogeny of secemking. The histology of the anal pouch showed
large aggregations of sebaceous glands producing tigeldsting fatty secretion and interspersed
apocrine scent glands arranged in the wall of tl&# pouch. The mixing of the two gland products
creates the pasting secretion. Differing proportiohghe two products are likely to mix to an
individually distinctive signature for each aardwaldividual and sex. This signature would be
expected to show seasonal variations in its chemiipendant on the reproductive condition of the
individual. Odour profiles of 50 scent marks, analys@tl gas-chromatography, from different sexes,
and seasons, using the dynamic-solvent effect (Apps 188@)produced in this study. These profiles
from each individual aardwolf's scent marks analysede highly complex and variable in the peaks for
different fatty acids and esters present (Appsal 1989). They varied such that statistical analysis for
patterns was not conclusive for the available sampée sThis part of the thesis was therefore left out.
However the behaviour of observed aardwolves towarse paarks deposited by different individuals
during simulated intrusions were highly distinctiveThe aardwolf male’s penile pad’'s function,
especially its seasonally irregular secretory agtivitill remains unsolved. However its histology

closely resembles that of the anal pouch.
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Other scent marking agents, like urine and faecefgrpea minor but complementary role during times
when their odour may not interfere e.g. with aardesl finding their termite food. Acoustic
communication used by the aardwolf was not considigrdtlis thesis. Recordings of vocalisations
from a hand-raised female cub and various vocalisatimard around the breeding den and between
adults particularly during the mating season howevegesighat sound was important for fast acting
short to medium range communication. When aardwaiveswithin short range body postures and

pilo-erection serve in visual communication.

Aardwolf cubs were practising pasting from the timeytfiest emerged from their breeding den
although then still without secretion. With incregsage they were producing scent marking secretion,
which was not yet perceived as threatening by thengmreThe full capabilities of producing scent
marking secretion and to perform pasting movememtsven overmarking existing paste marks on
grass stalks, were attained only with sexual matwaitybout ten months of age. Aggression from
parents occurring at this phase implied that scent macketion of subadults had the properties of
adults and were then perceived as coming from coragefior the territory. With increasing parental
aggression subadults either emigrated or ceasedrnibraaek completely while staying in their parents’
territory. This behaviour supported the assumption ofrtfimidation function of scent marks that an
animal should scent mark only if it is prepared tdntfifpr the ownership of a resource (Richardson
1991, 1993). The strategy of non-marking subadult malesgtaythe natal territory may have been
to gain strength by making use of the territory resesirwhile not advertising their presence. They
started scent marking again only when they seenmeghped to fight for territorial ownership. Floaters
or aardwolves that lost their territories could be etgmbto behave in a similar way while waiting to
establish a territory. Differences in the frequendhee sexes scent marked were already noticeable at

five months and probably continue into later life.

Scent marks were found to be placed in order to magintisir advertising power (Gosling 1982;
Richardson 1991, 1993). The change in the primary restuging defended and acquired through
scent marking throughout the year by a high qualityeraardwolf could be summarised as in Fig. 10.1.
During the non-mating season residents seemed tefbrdihg their food resources in their territories
by scent marking inside and along the borders of tieiitories, but never outside of them, and by
attacking intruders when they were encountered. fimes of intruders were distinguished. Most were
neighbours apparently with the sole purpose of feedirgey Tid not scent mark while intruding and
fled immediately when becoming aware of the res&lenfThe second type of intruder seemed to
challenge territorial residents by scent markingdmgheir territories. This form of challenging sva

experimentally simulated during this study and probablseasing the perceived intruder pressure into
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two aardwolf territories. The resident aardwolireseased their mark rate up to 2 - 3 fold in response
to these experiments and overall their scent markiniyity increased from the 1991 to the 1992 non-
mating season - when most of the experiments werducted. Further evidence came from the
response of the male Orion to one ‘natural’ challdmga scent marking intruder during the non-mating
season. He increased his marking effort specifidallthe part of his border where the challenger
intruded. One could hypothesise that as long asasrrowners were not challenged and did not
perceive high intruder pressure they should have shawetdform scent marking effort throughout the
non-mating season. Aardwolves would be expected t& @ian rate which is proportional to the
perceived intruder pressure and which would be suffiteatvertise their commitment to defend their
territories (Richardson 1991). A scent mark is sigmaltowards all conspecifics a threat with
immediate physical attack, though to a lesser dagregmbers of the opposite sex. That scent marks
were able to induce intimidation was demonstrated drgheolves changing their sleeping dens in the
non-mating season when they were scent marked hyna-sex challenger - simulated by translocating

scent marks there.

Territorial scent marking 1/ Potential Reaction to a challenge / intrusion

Advertising & Intimidation
through scent marking

Resource Availability

FOOD

Sept Oct Nov Dec Jan Feb

Year of the Aardwolf

Figure 10.1 Diagrammatic representation of scent marking intensity over the year by a
high-quality male relative to the two most important resources, food and mates. Increasing
width of bars indicate intensity of scent marking.

During winter with low food availability and the appobing oestrus of females a switch in decisive
resource took place in the short mating season, thouajes started to scent mark at higher rates
several weeks before actual mating took place. Hightsmarking rates identify high quality males

able to afford the cost of such energetically caatlyertisement (Zahavi 1975, 1977). The high cost of
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scent marking is not through the number of marks digbbiut amount from the extra activity, that is
the time required and distance covered, to depasitt saarks at a time with no food. This would serve
as an advertisement to females of the male’s quatitifor her to accept him later. Thus during a short
time period the potential gains for an intruding malemely mating access to a female, are greatly
increased and therefore reduce the asymmetry of fpyadhe neighbouring contestants (Maynard
Smith & Parker 1976). On the other hand the poterigdds through cuckoldry to the resident male
are also immense, having defended his territork his female partner for a whole year. This resulted
in more and higher intensity fights between maleat tvould have otherwise not taken place during the
non-mating season. During the mating period scenkintgaby an intruder in a neighbour’s territory
was possibly not directed towards the specific tagritmlder for spatial ownership but to advertise his
strength and preparedness to fight with the resideie over mating rights with his female. Scent
marks may serve then to intimidate the resideneraatl advertise that he is prepared to fight forsscce
to the female. The failure to change sleeping denmdilgs during this period in response to them

having been ‘scent marked’ with an intruders’ tracsted stalks supports this hypothesis.

Shifts in the same decisive resources being defefided food to mates has been recorded in stoats
(Erlinge & Sandell 1986) and American badgers (Minta 199Bke the aardwolf, a shift from a
strictly territorial to a mixed reproductive as well &rritorial pattern was evident for male stoatsh wi
territorial behaviour and a promiscuous mating systerfinfile 1977). After the mating season in
August (Fig. 10.1) scent marking decreased to the |dessdltof the year. This corresponds to the time
when both resources are at a low. Aardwolves dtesstiering from the effects of cold temperatures
in winter, with little termite food available. Irrder to save energy they reduce their activity sentté
their scent marking. As the weather warms up tesniiecome increasingly available (Richardson

1985) and aardwolves can afford to be active and ta sk again.

A similar change in decisive resource takes placdeimales, though to a lesser degree than in males.
Aardwolf females retained their territories in thating season as observed in stoats (Erlinge & $ande
1986), but invested less energy in the maintenanceribt&l integrity than in the non-mating season.
Females generally marked less than males during fahmating and mating season and did not
engage in the prolonged scouting period during thengateéason or even guarding their mate from
other females. They scent marked just during a bciefcial period in the week around oestrus
soliciting males to visit them for IPCs and EPCBy conserving their energy females would both
survive the winter better and retain more energynimturing their offspring. Female scent marks
served as an attractant for mating partners. Tdmeslwcated marks collected from a neighbouring

female in pro-oestrus were able to elicit a scoutisgarse in a male. The same experiment type failed
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to elicit a similar response two weeks earlier whtian female was not in pro-oestrus. This provides
strong evidence both for the presence of sex attrigctarhe female’'s scent mark during pro-oestrus,
and that aardwolves are capable of olfactory redogndf sex, widespread throughout the vertebrates
(Stoddard 1980).

Interestingly females reacted strongly to otherdiesi translocated scent marks by overmarking them
during the mating season. This may have been bgiret@nt for territory takeover and to prevent her
male from defecting and guarding the intruder’'s culfsemale competition for male assistance in
feeding nestlings has been well documented in thdt&ively polygynous European starling (Pinxten
& Eens 1990, 1994; Eens & Pinxten 1995). An aardwolf male'sréonent to guard his resident
female’s cubs from jackal predation could be weakenpdrdiing on his certainty of paternity. In an
unusual case a male defected from guarding his partoésjsring to guard the offspring of a female
where he had a higher certainty of paternity (Ridban & Coetzee 1988). Joseph engaged in many
EPCs during this study did not guard his female Calgpsuabs at all after detecting her engaging in
EPCs. Before the start of this study Joseph was @abeo guard his females’ offspring for about
30 % of his time (P.R.K. Richardson, pers.comm.). wde never an ideal parent but at least did some
guarding. Similarly male European starlings adjudteit thick feeding dependent on their certainty of

paternity (Wright & Cotton 1994).

The motivation for territoriality in aardwolves se® to differ for the sexes. For males it is noteasc

to females in the mating season alone but also thertance of his paternal care to the survival of the
cubs keeps him resident throughout the year. His reptiiedusuccess would be wasted if the cubs

don't survive. For females the motivation would beléfend feeding territories for themselves and thei

cubs. This may explain the difference in scent markietyveen males and females. The function of
flehmen as determined from the responses to expesityetmanslocated scent marks was to identify an

intruder while overmarking by the resident may seovhide the intruder’'s mark and to reassert itself.

In translocation experiments the female’s overmarkegponse was always stronger than the male’s -
both for same sex-intruders and opposite-sex intruddedes appeared to overmark female marks less
in translocation experiments during the mating seagben they would not have wanted to scare

intruding females away.

In a brief digression from scent marking the polygasnonating system of the aardwolf is worth
describing. Extra-pair copulations were frequently olexbir 60 %), though without extensive DNA
fingerprinting we will not be able to prove whetherrthes mixed paternity in aardwolves, as reported

from other carnivores (Creel & Macdonald 1995), or WeeEPCs are at all successful during a sub-
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optimal time for fertilisation. Since cuckolding realtook a considerable risk of being detected and
receiving injuries through fighting with the residantiles it seems probable that there should be a
reasonable chance for siring offspring. The restiltki® study suggest that an EPC male’s chances for
siring offspring are probably highest when he aggrebsilisplaces the resident male during the most
favourable time for fertilisation. Mating with a fale for maximum duration while ejaculating
frequently should further increase his siring succlssen & Sherman 1981; Huek al. 1985). The
argument for a critical period for fertilisation waapported by the frequent sniffing and flehmen of
female scent marks by male partners, as well as matelolding from copulation for extended time
periods while the female was ready to accept copulafidns was especially evident in the mating pair
runs observed. Males also seemed to abandon theirgmatding to seek further mating opportunities

when neighbouring females came into oestrus.

Despite the females’ danger of loosing their partnessmitment to cub-guarding, all were seen to
seek EPCs. Increased genetic variability of thalbsc(Maynard Smith 1978) could have been the
motivation of females paired with high-quality maleseek EPCs. Females seemed interested in letting
EP males copulate for shorter periods only, while kephieir partner’'s committent to guarding cubs
by letting them copulate for longer. This likely degheth on the quality of the resident male. A female
partner of a low quality resident male engaging IfCB#th a high quality male neighbour may gain
additionally by obtaining ‘sexy sons’ with the cuckalglitendencies of their father (Weatherhead &
Robertson 1979). The Females’ influence on the courde @opulation was prominent - by becoming
available by leaving their den; by not following thalenfar away from their den; and by terminating
copulations by pushing the male off at the den entraBcedespite males being the more obvious sex to
bring about copulations in this mating system, femaigeared able to exert considerable choice and to
stimulate competition when male interest was low, igpadling to other males by means of extra-

territorial scent marking.

In conclusion the evidence that resident aardwoteesly marked outside of their territories, that
subadult aardwolves stopped to scent mark inside theaniza territories as they matured, that
intruders always ran away on seeing or being detdstedsidents of the same sex, and that a resident
changed its den in response to it being scent mdmkedsame-sex intruder provided strong support that
scent marks function in intimidation. They actahreat with immediate physical attack if the inaud

is encountered. During the mating season the prifoation of scent marks changes. In females they
may continue to act as a threat to intruding femdlesduring her pro-oestrus and oestrus they act as a
sex attractant to males and may be used to solicisEREG neighbouring males. In males they may

also convey different messages to the differentsse® females they may advertsise the males quality
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given the handicap he must experience in order to scark at this time of year, while to the males
they may indicate that the male is prepared to fighticcess to the female when she becomes receptive.
Thus because access to a receptive female is probaliyilaf syalue to both the resident male and an
intruding male, the asymmetry of contest that noym&dists between residents and intruders during the
non-mating season and maintains territorial integtargely disappears. Therefore high quality males
start intruding and scent marking in the territorodfdower quality males. Thus during the mating
season an intruding male’'s scent marks are generallya threat of territory take-over, but just for

access to receptive females.



SUMMARY

A functional analysis of scent-marking in the aarfiirvoteles cristatusvas conducted over a two and
a half year field study near Kimberley, Northern C&pevince, South Africa. A total of 42 000 paste
marks were recorded while following 14 adult aardwelaad 13 cubs for 2 300 hours over a distance

of 3 100 km in a vehicle.

The anatomy of the anal pouch revealed an efficippeatus for applying scent-marking secretion
onto grass stalks. Histology showed large numberseofeting sebaceous glands and interspersed
apocrine scent glands in the wall of the pouch, adiitiadal lateral sacs for production and storage of
lipid-rich sebaceous secretion only. The mixing of tike gland products in the anal pouch yielded
copious amounts of long-lasting pasting secretionféérdnt colour. The histology of the penile pad of
aardwolf males was similarly geared to production apglication of secretion, though its exact
function is still not clear. As it occurs only in les it might play a role during mating, though it was

also seen active during the non-mating season.

Aardwolves started practising scent-marking mototepas soon after emerging from their breeding den
at about four weeks of age but then produced translucerdtisa only. Scent-marking secretion
resembling that of adults was however used only apttmphysical maturity at ten months of age and
independence from their parents. Cubs practised paskingédy overmarking scent marks of their
parents, adjusting their mark-rate to that of thetddilibwed. The case of a hand-raised female effer
insight into the importance of practising the sceatkimg motor pattern and learning from their parents
through imitation. Male cubs marked more intensivillign female cubs. Individual variation in
frequency of marking was also detected in male cuerly differences could precede later individual
differences in adult marking effort. Just after cutbevwsed adult mark-rates and were able to deposit a
secretion similar to that of adults they stopped markompletely, coinciding with parental aggression,
and some remained in their parents’ territoriesafawther year. They started to paste again only when

attempting to establish their own territory.

Uncovered faeces away from established middens dand an middens, deposited predominately by

male aardwolves, were likely to act as additiomahs-marking agents during the mating season.

During the eight month non-mating season there wgrea deal of variation in marking activity due to

differing territory size, individual effort, and tiory establishment. Aardwolves marked rarely algsi
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of their territories. They seemed to respond t@tgreperceived intruder pressure in the non-mating
season of 1992 by increasing their marking activity heirt borders and intruded less frequently
themselves into neighbouring territories for feedifidiey also scent marked border middens more and
both marked and slept more at dens in the interioheaif territories in the second season. Marksrate
in the borders were not significantly different bedwethe sexes since no consistent pattern was
discernible for all territories. Aardwolves usuallyarked at higher rates in the border than in the
internal areas. Borders where intrusions were filady to occur were marked selectively more than
others. Aggressive interactions between territomnass and non-residents were rarely observed.
During the present study the rate of aggressive irtierss was less than half of that recorded by
Richardson (1991) which seemed to agree with the pattatnaardwolves defended territories about
twice the size of those during Richardson’s studykingeencounters less likely. During the non-mating
season scent-marking patterns suggested that sceks rimctioned as a representation of an
aardwolf's claim to a territory area and its readm to resort to physical attack. Despite this, both
male and female neighbours frequently crossed ovdrmesked borders to feed. The intimidation
message represented by territorial scent marks seenteddirected more at members of the same-sex
than at members of the opposite sex, since they wersedHess vigorously, although they were also
stealing food resources. Neighbours were just intruidirfiged and did not scent mark. Challenges for
territorial take-over were perceived by territory @ng)through scent-marking by non-residents, and
when a challenger was caught it led to a fight. edaind females differed in marking the border and
interior of territories at different rates and deaes, possibly reflecting divergent motivations for
territorial marking. Males may chiefly defend theaiccess to females and to a lesser extent food
resources to feed themselves and the cubs they fathetereas females are defending feeding

territories only.

Scent-marking activity varied strongly over the cmumof the mating season. Both sexes started
marking outside their territories presumably to adserto neighbouring mating partners before and
when females were in oestrus. Females increasiedrthek-rates only when not attended by males. By
marking at a high rate males scouting in territor@fs females in pro-oestrus were possibly
demonstrating their determination to achieve extia-papulation (EPC) to both their neighbouring
males and females. Prolonged scouting and scedingaduring this time of low food resources are
presumed energetically costly (Richardson 1991). At B2 of observed copulations were extra-pair
copulations and therefore a prominent strategy inataewolf's mating system. The analysis of
behaviours shown by males and females before andcaftatation suggests that there may be a critical
period within the oestrus where fertilisation of féesais most likely. Male residents seemed to ny a

mate at the critical point in time for female fagtition while EP males either fought the resident
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aggressively or they were able to copulate without bditgcted by the resident male. This was
usually after the female had already mated witheéb@lent male. Females seemed to encouraged extra-
pair copulations by scent marking outside or along thenders, attempting to attract neighbouring
males, but still copulated longer with their partnerBheir ability of exerting choice was strong by
becoming available to specific males when leaving tten, by not following the male too far away
from the den, and by terminating copulations by pushiagrale off at the den entrance. Females also
seemed to encourage male-male aggression by laysngrd-mark trail for other males to follow. All
males guarded their females for varying periods, fan@éspecially long periods when they interrupted
an EPC of their female. The exceptional case ohmle defending two females, and possibly the close
temporal spacing of these females’ oestrus, may haakemed this male’s ability to guard both female
partners efficiently. In one case an EPC may haem Iseiccessful when a male resident defected
completely from guarding his female’s cubs. After itteting season when resources, mating partners
and termite food were scarce, scent-marking agtiviis low, to increase again when re-establishing

territorial borders at the start of summer.

In 43 experimental nights 617 scent marks that had beleatedl from known aardwolves were put out
at specific points throughout other aardwolves’ terigto The response of these tested aardwolves was
monitored when they found 164 of the translocated stamks. Both males and females responded
more strongly towards scent marks of individualghef same sex than to those of the opposite sex,
except during the mating season. Responses varieddigpem where the scent mark was deposited
within the territory. Along territory borders antirmiddens, most marks were sniffed for short periods
and overmarked. However, marks at dens in use setflem overmarked but sniffed for much longer,
often while showing flehmen. Flehmen and prolongeiffing seemed to indicate investigatory
behaviours as they were most prevalent towards thtenfiark of a non-resident found that evening and
particularly towards stranger's marks or those @haafe in pro-oestrus found by a male. Overmarking
seemed to be a behaviour asserting territorial owigershfter locating a neighbour's scent mark the
resident also immediately increased the number it snarks deposited by an average of 91 % while
depositing marks in greater densities per distandieediaand went directly to scent mark the respective
border. This demonstrated individual recognitiosa#nt marks in aardwolves. When at the same time
males were presented with scent marks of their eesifemale and those of other females they
responded differently towards these marks suggeatingbility to distinguish between them. The fact
that aardwolves changed their dens after it wast snarked by a same-sex intruder demonstrated that
intimidation could be transmitted without physical preseof the marker and thus provided support for
the intimidation hypothesis. The message tranginlitea scent mark changed seasonally coinciding

with a shift in the principally defended resource,dfay mating opportunity. During the non-mating
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season a scent mark deposited inside the territasylikely perceived as a challenge for territoryetak
over, whilst during the mating season it would sgmimarily to signal the marker’s intention to mate
with the resident’s partner. The reactions to famated marks changed accordingly and marks were

perceived as less of a threat towards the residents.
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‘n Funksionele analise van reukafbakening in die aalfd@roteles cristatusvas oor ‘n twee en ‘n half
jaar veldstudie naby Kimberley, Noordelike Kaap PraeinSuid Africa, behartig. ‘n Totaal van 42
000 smeerselafbakenings was aangeteken terwyl 14 volaas$solve en 13 welpies vir 2 300 ure oor

‘n afstand van 3 100 km per voertuig gevolg was.

Die anatomie van die anusbuidel het ‘n doeltreffendepaeaat vir die toepassing van
reukafbakeningafskeidings aan grasstingels onthudtoldgie het groot aantalle vetafskeidingskliere en
deurspekte apokrienafskeidingskliere in die wand varbdidel en bykomende laterale sakke vir die
produksie en berging van lipiedrykvetafskeiding all&engetoon. Die menging van die twee
klierprodukte binne die anusbuidel het oorvioedige hdlegde van langdurige smeerselafskeiding van
‘n ander kleur getoon. Die histologie van die peksisinkie van die aardwolfmannetjie was ook vir
die produksie en aanwending van afskeidings geratydialie presiese funksie daarvan nog nie duidelik
is nie. Aangesien dit slegs in mannetjies voorkanag dit ‘n rol tydens paring speel, hoewel dit osk a

aktief tydens nie-paartyd gemerk was.

Aardwolve ouer as sesweke het vir omtrent vierwekkafbakening motoriese patrone kort nadat hulle
hul gat verlaat het begin oeffen. Behoorlike reukadbirlg was egter slegs teen fisiese volwassenheid
teen agt maande ouderdom en onafhanklikheid van dwdles gebruik. Welpies het smeerselafbakening
geoeffen deur die reukafbakeningsmerke van hulle owgrseanerk deur hulle reukafbakeningstempo
aan dié van die ouer wat gespoor was, aan te pasgeié van ‘n hansgrootgemaakte wyfie het insig
tot die belangrikheid van die reukafbakening motorigaoon oeffening en die leer van hulle ouers
deur na-aping, gelewer. Welpiemannetjies het megflikles welpiewyfies reukafbakening uitgevoer.
Individuele wisselings in die frekwensie van reukafivikg was ook in welpiemannetjies opgemerk.
Vroeér verskille kon latere individuele verskille wolwasse reukafbakeningpogings voorafgaan. Kort
nadat welpies volwasereukafbakeningtempos getoon hetrem afskeiding gelyksoortig aan dié van
volwassenes neerlé, het hulle heeltemal met reukaflmakepgehou, ooreenstemmende met ouerlike
agressie en van hulle het binne die gebied van hullevioueog ‘n jaar gebly. Hulle het slegs weer met

smeerselafbakening begin sodra hulle hulle eie gebid@@raestig het.

Blootgestelde faeces, weg van bestaande mishope @mdepbnering op mishope, hoofsaaklik deur
manlike aardwolwe tydens paartyd, het as bykomendafigakeningagente tot smeerselafbakening met

hulle anusbuidel geskik opgetree.
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Tydens die agtmaand nie-paartyd het ‘n goort hokeeklariasie in reukafbakeningsaktiwiteit weens
verskillende gebiedsgrootte, individuele poging en agishiestiging plaasgevind het. Aardwolwe het
slegs selde buite hulle gebiede reukafbakening gedoelte hét oénskynlik op aansienlike waargenome
indringerdruk tydens nie-paartyd van 1992 gereageer ddlg teukafbakeningsaktiwiteit op hulle
grense te verhoog en het minder self in aangreasgeliede om voeding betree. Hulle het ook in die
tweede seisoen op grensmishope meer reukafbakeningngeddeide meer reukafbakening gedoen en
meer geslaap by gatte in die binneland van hulle gebiBie vermoé om ‘n gebied te verdedig mag ook
in die lig van die groot verskille in reukafbakeningpg en gebiedsgroottes op indringerdruk afhang.
Reukafbakeningtempos op grensgebiede was nie ondegtgesktekenisvol verskillend nie, aangesien
geen vaste patroon was vir alle gebiede waarneembiaar Wardwolwe het gewoonlik hoér
reukafbakeningtempos op grensgebiede as op die binnelgel&xle getoon. Reukafbakening op
grense waar indringing meer moontlik kon plaasgetiet]i was meer selektief as elders. Agressiewe
interaksies tussen gebiedseienaars en buitelandermiwasaarneembaar. Tydens die huidige studie
was die tempo van agressiewe interaksies mindelieabetfde van dié wat deur Richardson (1991)
vermeld was, wat oénskynlik gepaard gaan met diogmailat die aardwolwe gebiede van tweemal die
grootte as dié wat deur Richardson vermeld was, edayd het.  Tydens nie-paartyd, het
reukafbakeningpatrone aangedui dat reukafbakening soomohstelling van ‘n aardwolf se eis tot ‘n
gebied en sy bereidwilligheid om na fisiese aanvatetworteer gefunksioneer. Ondanks het beide
manlike- en vroulikebure dikwels goed reukafgebakendensgr oorgevaar om te voed. Die
intimidasieboodskap wat deur gebiedsreukafbakening vetelgeord, was oénskynlik meer streng tot
lede van dieselfde geslag as lede van die teersietge geslag gerig, aangesien hulle minder flink
nagejaag was, alhoewel hulle voedingsbronne gesteeBure het slegs ingedring om te voed en het nie
reukafbakening gedoen nie. Uitdagings om gebiedsomnavas deur gebeidseienaars deur
reukafbakening deur buitelanders waargeneem. Mannetjieg/fies het verskil t.0.v. reukafbakening
van grense en binnelandse gebiede, teen verskiltengimos en digthede, wat moontlik uiteenlopende
motivering vir gebiedsreukafbakening weerspieél. Mgiesemag hoofsaaklik hulle toegang tot wyfies
en in ‘n mindere mate voedingsbronne om hul self dle twelpies te voed, verdedig, terwyl wyfies

voedingsgebiede alleenlik verdedig het.

Reukafbakeningsaktiwiteit het sterk tydens die verlgan paartyd gevarieér. Beide geslagte het die
aantal reukafbakenings wat hulle buite hulle gebiede elerget verhoog, vermoedelik om vir
paringsvennote voor- en wanneer wyfies in-bronstyckesz het, te adverteer. Wyfies het hulle
reukafbakeningtempos slegs wanneer hulle nie deur njieangpgepas was nie verhoog. Mannetjies

met hoé reukafbakeningtempos het gebiede van wyfidsinwaro-bronstyd verkeer, verken, dalk om



OPSOMMING- 175

hulle vasberadenheid te demonstreer om ekstra-afpgmdmgng (EPC) vir beide hulle naburige
mannetjies en wyfies te behaal. Landurige verkenaeimgeukafbakening tydens hierdie tye van lae
voedselbronne is vermoedelik energieduur (Richardson 19Pd) minste 62% van die waarneembare
parings was ekstra-afparing parings en dus ‘n promirgtrdagagie in die paringstelsel van die aardwolf
is. Die analise van gedragte wat mannetjies etesyfoor- en na-paring vertoon het, het daarop gedui
dat ‘n kritiese tydperk tydens bronstyd waar bevrugtiag wyfies mees moontlik is, bestaan het. Dit
het enigsins gelyk dat mannetjies gepoog het om gasan kritiese tye van wyfie bevrugting te
bewerkstellig deur aggressief hulle mannetjieverneateg, of deur skelms parings te steel gewoonlik
nadat sy met haar venoot gepaar het, terwyl hull®éname in fisiese kontak vermy het. Dit het
enigsins gelyk dat wyfies ekstra-afparing paringsgeamedig het deur reukafbakening buite of op
hulle grense te doen, om naburige mannetjies aarktariaar het steeds met hulle vennote langer
gepaar. Hulle vermoé om voorkeur uit te oeffen wask sim toegangklik aan spesifieke mannetjies,
sodra hulle hull gat verlaat het, te word, deur dimmagies nie ver van hulle gat te volg nie, en deur
paring te termineer deur die mannetjie by die gatriggaeg te stoot. Wyfies het tussen-manlike
agressie aangemoedig deur reukafbakening wat andemetjie: kon opspoor, neer te 1&. Alle
mannetjies het hulle wyfies vir uiteenlopende tydpdrskerm veral vir lang tye wanneer hulle ekstra-
afparing paring van hulle wyfie onderbreek het. Disaritlerlike geval van een mannetjie wat twee
wyfies beskerm het, en dalk die saamvallende bronsipedié wyfies, mag die vermoé van hierdie
mannetjie om beide wyfie vennote doeltreffend te &esk verswak het. In een geval, mag
horingdragtigheid deur ekstra-afparing paring suksegebleur het, aangesien die manlike vennoot
naderhand van sy wyfie se welpies afgeval het. Nartyd wanneer bronne, paringsvennote en
termietkos skaars was, was reukafbakeningsaktiwaeiyy, slegs om weer toe te neem sodra met

hervestiging van gebiedsgrense teen die aanvangoraer begin was.

Tydens 43 nagte van eksperimentering, 617 oorgesteldafbaldenings wat van bekende aardwolwe
versamel was, was by spesifieke plekke in ander aamewse gebiede geplaas. Die gedrag van die
aardwolwe wat getoets was, was gekontroleer toe Hl4 van die oorgeplaasde reukafbakenings
ontdek het. Beide mannetjies en wyfies het stedkay tot reukafbakenings van enkelinge van dieselfde
geslag as dié van die teenoorgestelde geslag, ehalens paartyd, getoon. Gedrag het afthanklik van
waar die reukafbakening binne die gebied gedeponeer gemsissel. Langs gebiedsgrense en by
mishope was die meeste reukafbakenings vir kort tyenuffel en oorgemerk.  Alhoewel,
reukafbakenings by gatte wat in gebruik was, selde owgewas, maar was vir langer tye terwyl
“flehmen” getoon was, gesnuffel!Flehmen” en langdurige snuffeling het oénskynlik ondersoe&end
gedragte getoon, aangesien hulle mees oorweegendeemasor die eerste reukafbakening van ‘n

buitelander wat daardie aand ontdek was en verabdaeém vreemdeling se reukafbakening, of dié van
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‘n wyfie in pro-bronstyd, wat deur ‘n mannetjie ontdeks. Oormerking was oénskynlik ‘n gedrag wat
gebiedseienaarskap bevestig het. Nadat ‘n buur se reké&aiihg opgespoor was, het die inwoner ook
onmiddelik die aantal reukafbakenings wat gedeponasr teéen ‘n gemiddeld van 91% verhoog, terwyl
reukafbakening teen hoé digthede per afstand wat mel@s, gedeponeer was, en het direk op die
onderskeie grens reukafbakenings gedoen. Dié hétidndle erkenning in aardwolwe getoon.
Wanneer mannetjies tegelykertyd met reukafbakeningsetm van hulle inwoner wyfie en
reukafbakenings van ander wyfies aangebied was, hdé Hekskillende gedrag aan hierdie
reukafbakeningmengsels getoon wat ‘n vermoé& om tukade te ondeskei, opper. Die feit dat
aardwolwe hulle gatte verander het, nadat dié degelyksoortige geslag indringer reukafgebaken was,
het getoon dat intmidasie kon sonder die fisiesavteordigheid van die merker gesein word en het dus
ondersteuning vir die intimidasie hipothesis verleerDie boodskap wat seisoenaal deur ‘n
reukafbakening oorgedra was, het ooreenstemmendhnsitiiwing van hoofsaaklike verdedigde bron,
voedsel of paring geleentheid gepaardgegaan. ‘n Rmkening wat binne die gebied tydens nie-
paartyd gedeponeer was, was oénskynlik as ‘n uitdagfimgbiedsoorname waargeneem, terwyl tydens
paartyd sou dit primér as ‘n sein deur die aardwolfsgrroorneme om met die inwoner se vennoot te

paar, gedien. Die gedrag tot oorgeplaasde reukaflrajsehet dienooreenkomstig verander.
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APPENDIX I
COMMON AND SCIENTIFIC NAMES OF ANIMALS CITED IN THE TEXT

Mammals

Order Carnivora

Hyaenidae

aardwolf Proteles cristatus

brown hyaena Hyaena brunnea

spotted hyaena Crocuta crocuta

striped hyaena Hyaena hyaena
Viverridae

African civet Civettictis civetta

African dwarf mongoose Helogale undulata rufula

binturong Arctictis binturong

small-spotted genet Genetta genetta
Felidae

African wild cat Felis lybica

black-footed cat Felis nigripes

caracal Felis caracal

lion Panthera leo

tiger Panthera tigris
Mustelidae

American badger Taxidea taxus

European badger Meles meles

ferret Mustela furo

otter Lutra lutra

pine marten Martes martes

stoat Mustela herminea

striped polecat Ictonyx striatus
Canidae

African wild dog Lycaon pictus

bat-eared fox Otocyon megalotis

black-backed jackal Canis mesomelas

Cape fox Vulpes chama

coyote Canis latrans

domestic dog Canis familiaris

Ethiopian wolf Canis simensis

red fox Vulpes vulpes

wolf Canis lupus
Phocidae

Northern elephant seal Mirounga angustirostris



Order Primata

man

Order Rodentia

brown lemming

Homo sapiens

Lemmus trimucronatus

Columbian ground squirrel Spermophilus columbianus

capybara

coypu

grey-sided vole

hoary marmot
Mongolian gerbil
porcupine

red squirrel
springhare

Syrian golden hamster

Order Lagomorpha

rabbit

Order Tubulidentata

aardvark

Order Perissodactyla

horse

Order Artiodactyla

Birds

African buffalo
black wildebeest
blesbok

Coke’s hartebeest
dik-dik

eland

gerenuk

greater kudu

grey duiker

impala

pronghorn antelope
springbok
steenbok

suni

Thomson's Gazelle
warthog

Order Strigiformes

giant eagle owl

Hydrochaeris hydrochaeris
Myocastor coypu
Clethrionomys rufocanus
Marmota caligata
Meriones unguiculatus
Hystrix africaeaustralis
Sciurus vulgaris

Pedetes capensis
Mesocricetus auratus

Oryctolagus cuniculus

®/cteropus afer

Equus caballus

Syncerus caffer
Connochaetes gnou
Damaliscus dorcas phillipsi
Alcelaphus buselaphus cokei
Madoqua kirkii
Taurotragus oryx
Litocranius walleri
Tragelaphus strepsiceros
Sylvicapra grimmia
Aepyceros melampus
Antilocapra americana
Antidorcas marsupialis
Raphicerus campestris
Neotragus moschatus
Gazella thomsoni
Phacochoerus aethiopicus

Bubo lacteus
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Order Falconiformes
martial eagle

Order Columbiformes
ring dove

Order Passeriformes
bank swallow
collared flycatcher
dunnock
European starling
golden-winged sunbird
mountain bluebird
pied flycatcher

Reptiles

desert iguana
Jamaican anole lizard

Amphibians
American bullfrog
green tree frog
natterjack toad

Crustaceans

Order Eucarida
Neotropical fiddler crab

Insects
Order Isoptera

snouted harvester termite
harvester termite

Polemaetus bellicosus

Streptopelia risoria

Riparia riparia
Ficedula albicollis
Prunella modularis
Sturnus vulgaris
Nectarinia reichenowi
Sialia currucoides
Ficedula hypoleuca

Dipsosaurus dorsalis
Anolis garmani

Rana catesbeiana
Hyla cinerea
Bufo calamita

Uca deichmanni

Trinervitermes trinervoides
Hodotermes mossambicus
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