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The domestication of the cat is thought to have resulted in two important changes to its
behaviour; firstly the presence of a high density of food around human settlements caused an
increase in its intraspecific sociality, and secondly, the cat developed an increasing tolerance for
humans. In this thesis the effects of domestication on the signalling methods of the domestic cat
are investigated and compared with those of undomesticated species from the family Felidae.

Captive groups of undomesticated felids were selected for observation with the intention that
different degrees of relatedness to the domestic cat were represented in the sample. These were
Felis silvestris ornata (Indian desert cat: domestic cat lineage), Felis chaus (jungle cat: domestic
cat lineage), Caracal caracal (caracal: pantherine lineage) and Oncifelis geoffroyi (Geoffroy’s
cat: ocelot lineage). All were found to exhibit the majority of social behaviours and signals that
are known to be part of the domestic cat ethogram, with the exception of the Tail Up signal,
which was not performed in the affiliative context in which it is used in domestic cat colonies. It
was therefore concluded that Tail Up evolved to function as a signal in the domestic cat, possibly
during domestication. All four species were found to have adapted well to an enforced social life
in captivity, and to show much social behaviour, despite being solitary in the wild. This suggests
that social plasticity, a trait which may have been the basis for domestication, is widespread
among the felids.

The Tail Up signal in the domestic cat was subsequently investigated in more detail, by analysis
of field observations of interactions in which it occurred, and via a manipulation experiment
(using cat silhouettes as stimuli). Tail Up was found to occur in affiliative situations, and to be
particularly temporally connected with social rubbing. Social Rub (affiliative) interactions were
most likely to occur if preceded by an initiator Tail Up Approach which had been reciprocated by
a Tail Up by the recipient. Cats approached Tail Up silhouettes faster, and with less hesitation or
fearfulness, than they did Tail Down silhouettes. It was concluded that in the domestic cat, Tail
Up acts as a signal of intention to be affiliative (i.e. an intention indicator). This signal is likely to
have evolved as a mechanism for reducing aggression caused by unwanted advances in the high
density colonies which are thought to have formed around human settlements during
domestication.

Human-directed signals in the domestic cat were investigated by (a) comparing domestic cat
human-directed and cat-directed behaviour, and by (b) comparing human-directed behaviour in
domestic and undomesticated captive felids. The latter was carried out by means of a
questionnaire to zoo cat keepers. Contrary to expectation, the highest proportion of human-
friendly cats was found in the ocelot lineage (Oncifelis geoffroyi, Leopardus pardalis and
Leopardus wiedii), and not the domestic cat lineage (five Felis spp.). The pantherine lincage
(Prionailurus spp., Caracal caracal, Leptailurus serval, and three Lynx spp.) had the highest
proportion of human-unfriendly individuals. In the domestic cat, intraspecific signals were found
to be the basis for all interspecific (i.e. human-directed) signals, although the signals were both
physically and contextually different in the two situations, such that human-directed signals have
developed to be distinct from cat-directed signals. Meiowing and kneading with the front paws,
both commonly performed by domestic cats towards people, were virtually absent from the

human-directed repertoire of the undomesticated felids, and are therefore likely to be a product of
domestication.




CONTENTS

Acknowledgements

Glossary: Definition of common terms as used in this report
Common names for felid species

List of Figures
List of Tables
I: INT RODUCTION . ... e e e e e e e, 1
1.1  Evolutionary origins of the domesticcat . . . ........... ... ... ... ....... 2
1.2 EvolutionoftheFelidae ....... ... .. .. i, 5
1.3  Behaviourofthedomesticcat ........... ... ... 7
1.4  Behaviourofsmallwildfelds . . ........ ... .. . i 18
1.5  Thefelhd-humanrelationship ........ . ... ... . . . i, 26
1.6  Signallingtheory . ...... ... ... .. . e 31
1.7 Ammsofthestudy . ...... ... ... ... . 34
2: STUDY SITES, SUBJECTS AND METHODOLOGY .................... 36
2.1 Felid classification . ...... ... ... e e 36
2.2  Studysitesand subjects ... ... 37
2.3 Methodology . ... .. . 40
2.3.1 Ethogramofcatbehaviour ....... ... .. i i e 40
2.3.2 Fieldobservation teChmiques . .. ..ottt e e 41
233 Mampulation techniques . ... ... o e e e e 43
2.4  Statistical techniques. . ........ ... . . 44

3: SOCIAL COMMUNICATION IN CAPTIVE GROUPS OF [SOLITARY]

UNDOMESTICATED FELIDS: A comparison with the domesticcat .. ... .. ... S51
3.1 Introduction . ... .. . e e e e 51
3.2  Methods . . ... e e e 55
3.3 ResUlS ... e 62
3.3.1  Diagrammatic representation of temporal behavioural links in each species ........... 62
3.3.2  Quantitative comparison of core behavioural links in each species ................... 78

3.3.3  Species comparison of the rates and percentages at which difierent types of interactions
OO CUT 4 4 . i vttt et e ae et eanosoennecessoeeneseaasossosassanassassaanesennneas 84
34 DISCUSSION . . ittt e e e e e 89
34.1 Theinference of causationand function ........ ..ot i i i e 89
342 Ethogram sInIlamties . . .. .ou . utiut ittt ine et ieteatttetnroeseenenanenaeneanns 90
343 Behavioural categormes ... .. ittt i i i e it e et et 21
3.4.4  Tail Up and Object Rub: Evolved through domestication? ......................... 91
34.5  Rates Of IMeraction ... ... .. ittt ittt ittt i et e 95
346 Tallerksand Tall Waves . ... ... it it i i i it it iieinennes 95
347 Cntismsofthe study ... .ottt i i i i i i e e e e 96

3.5  Conclusions: The origins of adult domestic cat social behaviour



4: INVESTIGATING THE SIGNALLING SYSTEM OF CAPTIVE FELIDS:

EVIDENCE FOR A SYSTEMATIC STRUCTURE?. .. ........ ... ... ... ..... 99
4,1  IntroducCtion . ... ... . . e e e 99
4.2  Methods . . ... . . e 101
4.3  ResUlts . ... e e 102
43.1 Asymmetrieswithindyads ........... .ottt i i i it i i, 102
43.2  Sex combination differencesinsocialrubbing ........ ... . i i, 106
4.4  DISCUSSION . ..ottt e e e, 106
4.5  Conclusions . ... . . e e 108
5: THE BEHAVIOURAL CONTEXT OF TAIL POSTURES IN THE DOMESTIC

CAT: EVIDENCE OF A SIGNALLING FUNCTION? . ... ................. 110
S 1 Introduction . . ... .. e e e 110
S 2 Methods ... .. e e e e e 113
S 3 RESUIES . . .. e e 116
53.1  Co-occurrences of tail positions and behaviouralevents .............. ... .00 116
5.3.2  Transitions between tail positions and behaviouralevents . .............. ... .. .. 124
SADISCUSSION . ... e e 127
5.5 ConclusSIONS . .. .. e 129
6: THE SIGNALLING FUNCTION OF THE TAIL UP POSTURE .......... 140
0.1 IntrodUucCtion . . . ..o o e 140
6.2 Field observation data: Does the Tail Up posture affect the following interaction? 142
6.2.1 Methods ..ot i e e it e et et 142
6.2.2  RESUIS ... e e e e 144
Y0 T D (1o ) 17> T ) + K AP 148
6.2.3.1 Interpretation of results .. ... .. e e 148
6.2.3.2 Reasons for the evolution of an intention signal .......................... 151
6.2.3.3 The relationship between Tail Up and other Affiliative behaviours ........... 151
6.2.3.4 Run Approach Interactions . . . . ... o ii it ien ittt ieraeiieaneanns 152
6.2.3.5 Interpretation of the absence of signalling in the mdoorcats ................ 153

6.3 The reactions of house cats and indoor colony cats to silhouettes of cats with differing
tall POSILIONS . . . ... e e 155
6.3.1  Methods ... it it it e e e b e 156
6.3.2  ReSUIS .. ittt i it i i it it e e e i e 159
6.3.3  Discussion: Why did the Tail Up evolve as a social signal in the domesticcat? ........ 168
6.4 Phylogeny of the Tall Upsignal .. ... ... ... .. .. .. . . . ... 171
7: DOMESTIC CAT-HUMANSIGNALLING ........... . ... i ... 174
7. IntrodUC IO . . . . e e e e e 176
7T2Methods ........................ e e e e e 177
T3 RESUItS . . oo e 179
73.1 Cathumanethogram ........... ...ttt it iitentnirenenanaaennenss 179
7.3.2  Description of temporal behavioural structure . ........ ... i i i i i, 182
7.3.3  Physical differencesimthe Rubsignal ........ ... . i, 188
T4 DISCUSSION . . .ttt e e 190

7.5 ConNCIUSION . . . .. e e 196



8: HUMAN-DIRECTED SIGNALLING IN UNDOMESTICATED FELIDS:

COMPARISONS WITH THE DOMESTICCAT . ....... ... ... o Lt 197
B INtrodUCtIon . . ... e e e e 197
B2 Methods . ... . e e e 199
B. 3 RESUIS . . . .o e e s 202
8.3.1  Human-friendly behaviours exhibited by undomesticatedfelids .................... 202
83.2 Effectofhand-rearing ........ ..ottt ittt 205
833 Effectofspeciesandlineage ..........ccuiiininiiiii ittty 206
83.4  Occurrence of Tail Up in human-friendly encounters ............ ... . i, 217
8.4 DISCUSSION . . o v ittt e e e e e 222
8.4.1  The use of Tail up in human-directed interactions by undomesticatedcats . ........... 222

8.4.2  Comparison of human-directed behaviour in the domestic cat and undomesticated felids:
Ethogram differences .. ......oiiiiiiiiiiiiiii ittt ittt 224
843  Species and lineage differences in the tendency to show human-friendly behaviours . . . . 227
844 Criticismsof the study .. .. oottt i i i i i e 230
8.5 CONCIUSIONS . . . .ottt ettt e e 231
9: GENERAL DISCUSSION ... i i e 233
9.1 The evolution of domestic cat intraspecific signalling . . .................... 234
9.2 The evolution of domestic cat-human (interspecific) signalling . . ............. 236
0.3 The evolution of the Tail Up signal ......... ... .. . .. . . .. 238
9.4 Applied implications of thestudy ... ... ... ... ... . .. 242
0.5 0ther future WOrK . ... .. i e 244
0.6 In CONCIUSION . . . ottt e e e e e 245

APPENDIX I: Ethogram of behaviours recorded in this study
APPENDIX II: Relatedness of the undomesticated cat groups
APPENDIX II: Questionnaires

APPENDIX IV: Matrices of raw data

BIBLIOGRAPHY



ACKNOWLEDGEMENTS

I would firstly like to thank my supervisor, John Bradshaw, for all his uncomplaining help
over the last few years, even when faced with my draft thesis; and also the rest of the AZI,
for many coffee-time chats and stress-relieving chocolate eating sessions. Also Poppy the

dog and all the cats of the AZIL, for being cuddly.

I would also like to thank the zoo keepers and other zoo staff who helped me with this
study, without whom I would have been seriously floundering on the practical side of
things. In particular, Neville Buck, for help with the video, electrical sockets, and letting
me have a ride on his four wheeler buggy, Terry Whittaker for lodging & good chillis, Paul
Howse (speciality in electric shocks from video equipment!) & Joyce (Chester Zoo), Steve
French (for chats & discussions) & Phil (Marwell Zoo), Mr. & Mrs. Williams and Susie
(Riber Castle), Nick (Howletts Zoo), and Terry and Judith Moore for letting me stay In
their little caravan, and for giving me free-rein to the inside of the cat house. I would also
like to express my gratitude to all the cat owners who let me video their pets, and to the

cats themselves, for being videoed.

I am particularly indebted to Sarah Brown, who let me use her data for re-analysis. Also to
Han de Vries who has helped me a great deal in numerous e mail statistics discussions. My
thanks also go to Waltham Centre for Pet Nutrition for giving me the CASE award which
made this study possible.

Finally I would like to thank both my Mum and Dad for all their love and support, and
Stuart Church for many things, amongst them, for writing me computer programmes to
help me deal with huge quantities of data, for reading some of my draft chapters, for

helpful (and not-so-helpful!) suggestions, and for his constant support in general.




Glossary:
DEFINITION OF COMMON TERMS AS USED IN THIS REPORT

Throughout this thesis I have used captial initial letters to symbolize an ethogram component (e.g.
social Rub, Allogroom, Cuff). I have also used the term 'behaviour' to mean single behavioural
acts (i.e. single ethogram components, such as Cuff) as well as entire patterns of behaviour (e.g
sexual behaviour).

Behavioural element: Any behaviour carried out by a cat . This could be a behavioural event
(calculated 1n frequencies) or a tail position or stance of a cat calculated in duration (length of time).

Behavioural event: A single action of behaviour carried out by a cat. This refers only to behaviours
that can be recorded as frequencies. (i.e. They occur once and cannot be recorded as a duration of
time); for example, Cuff, Run Away. Tail positions are therefore not considered to be behavioural
events. All behavioural events used in this report are defined in the ethogram in Appendix I

Behavioural sequence: A sequence of behavioural elements that are performed one after the other
by one cat in one interaction.

Bout: a series of repeated behaviours of the same type, not interrupted by another behaviour, nor by
a short pause.

Human-directed behaviour: Any behaviour which constitutes part of a social interaction with a
human, and which is exhibited by a cat towards a human.

Cat-directed behaviour: Any behaviour which constitutes part of a social interaction with a cat,
and which 1s exhibited by a cat towards another cat.

Cat-cat interaction: A social interaction between two cats.

Cat-human interaction: A social interaction between a cat and a human.

Cat-cat signal/behaviour: A signal/behaviour exhibited by a cat towards another cat.
Cat-human signal/behaviour: A signal/behaviour exhibited by a cat towards a human.
Dyad: a pair of cats

Social Interaction: A sequence of behavioural elements occurring between 2 cats until one of them
moves over a metre away or until no behavioural events have occurred for 5 minutes.

Social structure: the structure which social rank and dominance takes in a colony, caused by the
presence of a social system (see below)

Social system: This term 1s almost synonymous with social structure. It implies the ranking and
dominance system within a group of individuals, as described by Alexander (1974). This is often
maintained by signalling methods.

Tail posture/position: The position of a cat's tail. Tail positions are mutually exclusive from one
another and can be recorded as durations of time rather than frequencies.



COMMON NAMES FOR FELID SPECIES

(Only felids mentioned in the text are included.)

The domestic cat lineage

Felis bieti

Felis chaus

Felis margarita

Felis nigripes

Felis silvestris catus
Felis silvestris ornata
Felis silvestris silvestris
Felis silvestris lybica
Otocolobus manul

The Panthera lineage

Acinonyx jubatus
Caracal caracal
Catopuma temmincki
Herpailurus yaguarondi
Leptailurus serval

Lynx canadensis

Lynx lynx

Lynx rufus

Neofelis nebulosa
Panthera pardus
Panthera leo

Panthera tigris
Prionailurus bengalensis
Prionailurus iriomotensis
Prionailurus rubiginosa
Prionailurus viverrinus
Profelis aurata

Puma concolor

Uncia uncia

Th lot ineage

Leopardus pardalis
Leopardus wiedii
Oncifelis colocolo

Oncifelis geoffroyi
Oncifelis guigna

Chinese desert cat
jungle cat

sand cat
black-footed cat
domestic cat
Indian desert cat
European wildcat
African wildcat
Pallas' cat

cheetah

caracal

Asian golden cat
jaguarundi
serval

Canadian lynx
European lynx
bobcat

clouded leopard
leopard

lion

tiger

leopard cat
Irtomote cat
rusty-spotted cat
fishing cat
African golden cat
puma

snow leopard

ocelot
margay
pampas cat
Geoffroy's cat

kodkod
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Chapter 1:
INTRODUCTION

The domestic cat (Felis silvestris catus) is generally considered to have "domesticated
itself" via natural selection (Serpell, 1988), along with the ferret and the mongoose
(Zeuner, 1963, Pg. 385). This is contrast to many other domesticated animals which were
domesticated via artificial selection, which is driven by human intervention. In the
domestic cat, however, evolution favoured the cat's increasing tolerance of man as a result
of the increased amount of food and shelter available around human settlements, although

subsequent human interference may have contributed to the process (Serpell, 1988).

It has been suggested that the innate behavioural (particularly social) flexibility of the
Felidae (Macdonald, 1983, Macdonald ef a/,1987, Kruuk, 1975, Leyhausen, 1988) enabled
the domestic cat to adapt naturally to the human-orientated niche. It is perhaps as a result
of this behavioural flexibility, coupled with the novel method of domestication, that the cat
stands out from other domesticated species in its degree of independence from man. The
cat lives in close proximity to humans, eats their food, uses their shelter, and yet s still
able to maintain the degree of independence which is so characteristic of this species. An
Indication of this is the ease with which it may return to ferality (Bradshaw & Horfield, in

press). This species is thus positioned somewhere on the line between wildness and

domestication.

Despite this, there is no doubt that the domestic cat now primarily occupies a human-
orientated niche, in contrast to its wild ancestor whose environment was not occupied by

man. This change in niche has caused a change in the selection pressures acting on the
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species, resulting in two important changes in its behaviour. Firstly, the cat has become
tolerant of and sociable towards humans; secondly, the cat has become tolerant of and
sociable towards members of its own species, in contrast to the ancestral species which
was solitary and territorial. This latter change was probably driven by the high density of
food which exists around human settlements (e.g. rodents on rubbish tips and direct hand-
outs from humans); this led to a corresponding high density of cats in the same area.
Signalling systems are then likely to have evolved as a mechanism to reduce aggression,
causing the formation of close-knit colonies, rather than mere aggregations. This
combination of human presence and a high density of food has therefore led to an

increased social interaction in the domestic cat towards both its own and other species.

This chapter will outline the evolution of the Felidae (in particular the domestic cat),

followed by a literature review of the behaviour of both the domestic cat, and of the
undomesticated felids. This will particularly emphasize felid communication. Finally I will

outline current thinking on signalling theory.

1.1 EVOLUTIONARY ORIGINS OF THE DOMESTIC CAT

1.1.1 Direct Ancestors

The domestic cat 1s thought to have descended mainly from the African Wildcat (Felis
silvestris lybica). In the past, however, other species have been suggested as possible
sources of gene input, in particular Felis chaus and Felis silvestris silvestris (for review
see Kratochvil & Kratochvil, 1976, Robinson, 1980). The oriental breeds (e.g. Siamese
and Persian cats) have been suggested to have descended from Felis margarita, Felis
bengalensis, Otocolobus manul, Felis silvestris ornata, and even Catopuma temmincki
(for review see Kratochvil & Kratochvil, 1976, Hemmer, 1978, Zeuner, 1963, Pg. 399).
These suggestions were mostly based on the species' position in records of Egyptian life

(paintings, mummies, efc.), or on an external appearance of similarity to the domestic cat.

Recent studies have provided firmer evidence for the genetic links between the domestic

cat and the aforementioned undomesticated species. A morphological study by Kratochvil
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& Kratochvil (1976) demonstrated that all types of domestic cats (Siamese, Persian and
the tabby) had a common ancestor in F. lybica’, but that they evolved from different
subspecies; the Siamese cat from F. [ybica ornata (now known as F. silvestris ornata), the
basic tabby domestic cat from F. lybica [ybica (now known as F.s.lybica), and the Persian

cat from another subspecies which they call F. lybica nestorovi.

Ragni & Randi (1986) similarly concluded from morphological evidence that the domestic
cat should be included in the same species as F.s.silvestris and F.s.lybica. Randi & Ragni
(1991) subsequently confirmed using biochemical genetibs that the domestic cat was more
closely related to F.s.lybica than it was to F.s.silvestris. This agrees with Kratochvil &
Kratochvil's (1976) findings that the domestic cat was strongly related to F.lybica'. The
inclusion of the other suggested species (P.bengalensis, F.margarita, C.temmincki) in the
line of the domestic cat have been ruled out (Hemmer, 1978, Zeuner, 1967, cited in

Hemmer, 1978).

Behavioural studies support the theory that the domestic cat is more related to F.s.lybica
than it is to F.s.silvestris. The ease of taming the African Wildcat (F.s.lybica) has
frequently been cited (Guggisberg, 1975, Smithers, 1968, Hillaby, 1968), along with
sightings of this species in and around villages, in close proximity to man, feeding on
rubbish and rodents (Smithers 1968, Robinson, 1984). In contrast, the European Wildcat
(F.s.silvestris) has proved much more intractable (Tomkies, 1977, Pitt, cited 1n
Guggisberg, 1975).

1.1.2 Domestication

Cats are thought to have lived commensally near and with humans since at least 2000BC
(Serpell, 1988), and possibly longer (Robinson, 1980). The 1nitial attraction of wildcats to
human settlements was probably the high density of rodent pests living around the stored

grain and rubbish dumps of Egyptian villages. Pest-management was a problem for the

1

The species Felis lybica is no longer accepted as a taxonomic group (for new subspecific classification of Felis
silvestris, sec Kitchener, 1991). However, by F.lybica, Kratochvil & Kratochvil (1976) were implying the Asian
and African forms of F.silvestris, i.e. F.s ybica & F.s.omata.
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Egyptians, and so the cats are likely to have been encouraged, possibly by direct handouts,
and probably tamed, given the Egyptians' propensity for pet-keeping (Serpell, 1988). The
niche occupied by the domestic cat therefore became human-orientated, causing the
selection pressures to alter accordingly. As a result, natural selection must take a different
path to that which it would follow under fully wild conditions (Todd, 1977, Price and
King, 1968), and the sequence of domestication is set in motion. Species thus become
adapted to their domesticated niche (Hafez, 1968, Kretchmer and Fox, 1975, Ratner and
Boice, 1975, Price and King, 1968).

Domestication is a constantly evolving process and not a static state (Ratner and Boice,
1975). Kretchmer and Fox, (1975), describe domestication as "an evolutionary process
resulting from the changes in the selection pressures on a species or population created by
an altered or artificial environment". This definition encompasses the entire spectrum of
domestic animals, from those that have been strongly artificially selected for in captivity, to
those, like the cat, which have naturally evolved to life in an altered man-made niche.
Interestingly, some definitions of domestication restrict it to having occurred in captivity
(Zeuner, 1963, Pg. 63, Ratner & Boice, 1975), which questions whether the domestic cat
has been truly domesticated. Indeed, Zeuner (1963, Pg. 399) states that it is a species only
in the first stages of domestication. This is likely to be true at least, for mongrel cats. Pure
bred cats, however, are more tightly controlled by humans, and are frequently kept

indoors, with their breeding more closely monitored.

The traditional view of domestication assumes domestication to be a form of degeneracy
(Smellie, 1938, cited in Ratner and Boice, 1975), bringing with it a smaller brain and an
intellectual decline. Boice (1973) points out that domestic animals are not inferior to wild
animals, but instead, merely adapted to a different, artificial environment. The activities of
man have been to the detriment of a vast range of species; the domestic cat, however, 1s
widespread and successful, having expanded into new, albeit artificial niches which would

otherwise have been unavailable (Todd, 1977).
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1.2 EVOLUTION OF THE FELIDAE

Past studies of Felidae taxonomy and evolution have been ambiguous, with a variety of
different classification systems having been used (e.g. Ewer, 1973, Wilson & Reeder,
1993, Kitchener, 1991) However, recent molecular work has defined the evolutionary
links between species more satisfactorily, using albumin immunological distance (Collier
& O'Brien, 1985) and isozyme genetic distance (O'Brien ef al, 1987)(for review see
Wayne et al, 1989). These studies demonstrated that three lineages exist; the ocelot
lineage which includes the small South American cats, the domestic cat lineage which
includes the small Mediterranean cats, and the Panthera lineage, made up of large and
small cats from many continents (See Fig.1.1 for evolutionary tree). This broad picture of
three felid lineages is supported by studies using mitochondrial gene sequence analysis
(Masuda et al, 1996), and by past work on the morphological patterns in skulls (Werdelin,

1983). Table 1.0 gives a summary of the species examined in the various studies.

Studies of specific lineages or genera provide more detailed support to this overall
picture: the ocelot lineage was studied by Slattery et al (1994), and found to contain the
species predicted by the above studies (See Fig 1.1), as was the Panthera lineage
(Janczewski et al, 1995). Studies of particular species have also confirmed their

attachment to the Panthera lineage (P. bengalensis & P. iriomotensis (Masuda &
Yoshida, 1995, Susuki ef al, 1994), Lynx species. (Werdelin, 1981)).



Chapter 1

Fig.1.1 Evolutionary tree of the Felidae, from Wayne ef al, 1989. The positions of species in bold
are based on average reciprocal microcomplement fixation measurements (Sneath & Sokal, 1973,
Collier & O'Brien, 1985). The positions of species attached by dotted line are based on albumin
immunological distance (Collier & O'Brien, 1985). | have quoted the Latin names exactly as quoted
in the original text (Wayne et al, 1989); as a result some names do not match exactly to the Latin
names that | have used in this thesis. In this case, the name that | have used for the equivalent
species is given In parentheses (see Chapter 2, Section 2.1, for explanation of felid classification
used in this thesis).
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1.3 BEHAVIOUR OF THE DOMESTIC CAT

1.3.1 Spatial and Social Organisation

The domestic cat is one of the three species of Felidae which show a high degree of
gregariousness, along with the lion (Schaller, 1972) and the cheetah (Caro, 1989, Caro &
Collins, 1987, Eaton, 1970). However, it is by no means an entirely group-living species,
and has been frequently documented to lead a solitary life (e.g. Corbett, 1979, Apps, 1986
Jones & Coman, 1982, Fitzgerald & Karl, 1986, Leyhausen, 1965b). The determining

?

. factor 1s thought to be the distribution of resources; of food in the female, and of females
in the male (Liberg & Sandell, 1988). The effect of resource distribution on carnivore and
other societies is documented both in theory (Resource Dispersion Hypothesis,
Macdonald, 1983; Ideal Free Distribution, Milinski & Parker, 1991), and empirically (e.g.
hyenas (Kruuk, 1972); badgers (Kruuk & Parish, 1982)). Liberg & Sandell (1988) found
that a clumped distribution of high density food gave rise to a high density of resident cats,
and a group organisation, while a low density of sparsely distributed food was

characterized by a low density of cats, and solitary organisation.

High density resources may cause high cat density, but not gregariousness as such.
However, a high cat density will increase the likelihood of the occurrence of aggressive
encounters, as a result of resource competition. This factor may increase the adaptive
value of living a groupl life, due to the fact that groups have mechanisms for reducing
aggression (Alexander, 1974). These mechanisms act through the formation of known
relationships between individuals, which are maintained by signalling systems. This is
termed a social system (Alexander, 1974) and frequently takes the form of a dominance

hierachy.

The domestic cat species may therefore exhibit either solitary or social behaviour,
depending on the available distribution of resources. For cats (or, indeed, any predator)
living far from human settlement, feeding on sparsely distributed small prey, non-
overlapping hunting areas are predicted (Kleiman and Eisenberg, 1973, Ewer, 1973),

because a solitary lifestyle is the optimum strategy. This is the case for the majority of
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wild undomesticated cats, which also feed on sparse small prey. However, when food is
clumped, it 1s more advantageous for the cat to live in groups. The presence of human
settlements frequently causes an artificial clumping of food and therefore for many
domestic cats living nearby 1t is advantageous to live in a group. Thus the change in niche
caused by domestication causes a decrease in the adaptive value of a solitary life (Liberg,

1980) (see also Liberg and Sandell, 1988).

Some authors have even found that cats will change their social arrangement with time,
both between seasons (Corbett, 1979), and during the course of a day (Laundre, 1977),
according to the food distribution at the time. It is likely that the cat is particularly well-
equipped to do this as a result of its flexible behavioural repertoire (Leyhausen, 1988,
Macdonald ef al, 1987, Laundre, 1977). However, Caro, (1989) suggests that felids would
be more likely to live socially if they caught larger prey, which would make it

advantageous to hunt in a group.

So far, I have concentrated on the explanation of resource distribution as a factor causing
sociality in the domestic cat, because in this species it is thought to be the primary factor
involved. However, in the Felidae as a whole, there are various other factors which may
affect the social organisation of a population. These have been reviewed by Eaton (1979)
(see also Eaton, 1976). These factors are the extent of predation (in particular of young
offspring), and extent of inter- and intraspecific competition for critical resources.
Members of a group can jointly defend both young offspring and resources from inter- and
intraspecific outsiders. There is evidence for this amongst the domestic cat, where cat
colonies have been found to jointly maintain exclusive territories from other colonies (for
review see Liberg & Sandell, 1988). Female domestic cats have also been observed jointly
defending their young from visiting males (Macdonald & Apps, 1978). It has been
suggested that these behaviours arose in the domestic cat as secondary benefits once the
colonies had already formed as a product of the resource dispersion (Macdonald, 1983).

Communal nursing, which is known to occur amongst domestic cat colonies (Macdonald

& Apps, 1978), has also been suggested as a secondary benefit (Macdonald, 1983).

Despite these advantages, there are many costs to group-living, which are outlined by
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Caro (1989). He argues that the absence of group-living in the majority of felids is as a
result of the costs of group-living, rather than a result of the absence of conditions which
would allow the benefits to be reaped. One factor which could reduce these costs is the
maintainance of kin-based groups. Domestic cat groups have been found to be largely
matriarchal based; this factor may help to decrease the costs (e.g. share food & shelter

with kin, rather than non-kin) and increase the benefits (e.g. through communal nursing,

joint defence of young).

1.3.1.1 Spatial Organisation

Group-living domestic cats tend to have largely overlapping territories, particularly over
the core area of food source (e.g. Laundre, 1977, Liberg, 1980, Dards, 1978, Panaman,
1981, Turner & Mertens, 1985). However, very little overlap has been documented

between groups (e.g. Turner & Mertens, 1985, Liberg, 1980, Dards, 1978, see Liberg &

Sandell, 1988, for review), suggesting that colonies may jointly defend a group territory
(Liberg & Sandell, 1988).

Solitary individuals maintain more exclusive territories (e.g. Langeveld & Niewold, 1985),
though overlap still occurs (e.g. Apps, 1986, Jones, 1977, Corbett, 1979). Leyhausen
(1965b) observed that paths through territories tend to be utilised by several cats, with

spacing maintained by the constant scent marking of paths by users.

In both cases male territories are bigger than females, though to a variable extent (Liberg,

1980, Corbett, 1979), and tend to overlap more than one female's territory (in the case of

solitary cats), and more than one group's territory (in the case of group-living cats)
(Liberg, 1980).

1.3.1.2 Social Organisation of Cat Colonie

Cat colonies are usually matrilineal; males are less tightly associated and may encompass

the territories of more than one group (for review see Kerby & Macdonald, 1988).

Females exhibit communal nursing of kittens and joint defence of young (Macdonald &
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Apps, 1978). As mentioned earlier, signalling systems help to reduce aggression and

maintain non-agonistic relationships between individuals.

Many colonies of mammals are documented as having rigid social systems in order to
reduce aggression. This frequently takes the form of a dominance hierarchy (e.g. in wolves
and primates), with each individual having a specific ranked position within the group.
Studies of domestic cat colonies have also provided evidence for a hierarchical system;

however, the extent of its linearity appears to depend on the conditions.

Initial studies of hierarchies in cats took place under laboratory conditions. Several of
these studies found linear hierarchies, defining dominance as food-getting success
(Masserman and Siever, 1944, Baron ef al, 1957, Cole and Shafer, 1966). De Boer (1977)
took a behavioural approach to dominance and found that no hierachy existed below that
of the alpha and beta individuals. However, these studies may not be applicable to free-
ranging domestic cats, as laboratory conditions may have caused unnatural effects, due to

the unnaturally high density of cats.

More recently, studies of free-living groups have been concentrated upon. These have
tended to look, not so much for evidence of linear hiearchies, but instead for sub-groups of
cats, in which members are of similar rank. Liberg (1983) classified the males living in an
area habited by farm cats into four hierarchical groups; breeders, challengers (frequently
involved 1n aggressive encounters with breeders), outcasts (young males avoiding the more
dominant males), and novices (yearling males). Kerby and Macdonald (1988) preferred to
talk of simply breeders and non-breeder males in their colony of feral cats. Additionally,

- they divided the females into peripheral and central females; central females on average
had higher reproductive success and were more interactive and aggressive with other
members of the group. Natoli and de Vito, (1991) also classed their males into two
groups, but classed them as regular males (who spent a long time courting the females),
and occastonal males (who relied on chance encounters). These two categories may be
parallel to the breeders and non-breeders mentioned by Kerby & Macdonald (1988).

- However, Natoli & de Vito found no sign of the existence of central and peripheral

females mentioned by Kerby and Macdonald.

10
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These studies suggest that rigid linear hierachies do not exist in free-living groups of cats,

or at least that they are difficult to detect if they do. Social systems in laboratories may be
more strict and linear due to the very high density of cats, but free-ranging cats appear to

have looser ranking systems.

How is dominance maintained in a colony? Various laboratory studies have looked at the
relationship between aggression and dominance. Baron ef al (1957) looked at aggression
between pairs in competition for food and found no relationship between aggression and
dominance as defined by food-getting success. Fonberg ef al (1985) similarly concludes
that aggressive behaviour and competitive dominance are not always related. Cole and
Shafer (1966) found that threat behaviour appeared to be more instrumental in maintaining
high dominance status rather than full aggressive behaviour. They suggest therefore, that
distant stimuli (7.e. threatening behaviour) provide more cues for the subordinate-dominant
relationship than do contact stimuli (i.e. a physical attack). Podberscek ef a/ (1991)
similarly found that threat behaviour is more indicative of dominance than contact

aggression, while Leyhausen (1965b) noticed that a shifting of rank between caged cats

could occur by display alone.

Aggression is therefore not always the key to dominance. The studies above suggest that
cat social systems are likely to be maintained, not by overt attacks and aggression, but by
more subtle defensive displays, and possibly other types of communication and signalling.
This is perhaps not unexpected, as direct fighting in a well-armoured species 1s detrimental
to at least one, and sometimes both, participants. Kerby and Macdonald, (1988), agree that
subtle behavioural signals may be more important in maintaining the soctal ranking system
than overt signals of aggression. Signalling in the domestic cat group and its effect on

maintaining social structure within the group will be discussed in more detail in the next

section.

1.3.2 Cat-Cat Communication

Otte, (1974) defines a signal to be "a characteristic fashioned or maintained by natural

selection because it conveys information to other organisms". He stresses that

11
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characteristics that can be perceived, but which have not been selected for as an

information conveyor, are not signals, but can be referred to with such expressions as cues,

or signs.

Signals of any sort, whether conspecific or interspecific, must, in order to be selected for
as signals, be distinguishable from the usual pattern of life in that species. This applies to
all types of signals, including both affiliative and aggressive, and to signals conveyed in all
sense modes. In addition, they must be discriminable from other signals with different
meanings, and memorable enough to be learnt by the receiver (Guilford and Dawkins,
1991). These three features of the receiver's 'psychological landscape' contribute to the
design of all animal signals and explain why there is such a variation in signals across

species.

Most species use several senses to communicate but often specialise in one or two. As
signals must ultimately be detectable, and discriminable from other signals, it is clearly
advantageous to convey the message using the mode of sense most highly developed in the
receiver. The design of conspecific communication signals is therefore governed by the

strengths and weaknesses of the different senses in that species.

Cat social communication appears to be largely sight orientated, with the senses of touch
and sound following in a close joint second (Wemmer and Scow, 1977, based on
Eisenberg's (1973) tabulations of numbers of signal patterns involving each sense).
Numbers of signal patterns involving the olfactory sense therefore appear to be fewer,
although they may have been underestimated, since cats are known to be macrosmatic

(Bradshaw, 1992, Pg. 39).

1.3.2.1 Olfactory signalling

Olfactory signalling is likely to be of more importance to solitary individuals than group
members, due to its long-lasting nature, and its specificity to certain individuals (Bradshaw
1992). In addition, the message involved can be transferred from emitter to receiver

without any form of social contact between the two. This form of signalling is therefore of

17
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advantage to solitary animals because the information can be transmitted without a face to
face confrontation, thus excluding the possibility of aggression. In these cases, olfactory
communication is most commonly used as a marker of territorial boundaries, indicating
presence of an individual, or the length of time since an individual had been there

(Leyhausen, 1965b), and in the attraction of a mate.

Sources of odour include urine, which is presented via spraying (Natoli, 1985a, Feldman,
1994a, Verberne & de Boer, 1976, Leyhausen, 1965b), and faeces, which are sometimes
left in prominent dung-heaps (Feldman, 1994a). Felids also have the following odour-
secreting skin glands, (Prescott, 1974, cited in Fox, 1975), many of which appear to have a
communicatory function:

Submandibular gland beneath the chin.

Perioral glands at the corners of the mouth.

Temporal glands on each side of the forehead.

Caudal glands (diffuse clumps of sebaceous glands along the tail).

Anal glands (the secretions of which collect in the anal sacs).

Glands at the base of the tail (Schaffer, 1940, cited in Ewer, 1973)

OO O O 689 60 a3 63

Glands 1n the feet (Fox, 1975, Ewer, 1973), which secrete scent during scratching.

Odour from scent glands can be presented asocially by rubbing and scratching (possibly
also kneading) on prominent items and thus leaving the scent there (Feldman, 1994a), -
whilst at the same time picking up scents already deposited (Rieger, 1979) - or via a more
sociable method through tactile communication with other individuals (Wemmer and
Scow, 1977). This is brought about by the rubbing of one cat on another, most frequently
by the head, but additionally by the flank, tail and neck. In this way the scent glands of the
initiator are rubbed on the recieving individual, leaving an olfactory mark (Wolski, 1982). It
has been suggested that scent gland secretions (from either the anal or caudal gland) may
also be contributing to the liquid which is sprayed (Wolski, 1982, Schaller, 1967,
Bradshaw, 1992). Wolski (1982) found that sprayed urine was different in content to that
produced in squat urinations, which are thought to be mainly eliminatory in function.
Passanisi & Macdonald (1990) showed that domestic cats can discriminate between

sprayed and squat urine, indicating that there must be some difference between the two.

13
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Scent gland secretions may also be contributing to the scent of dumped faeces, as is the

case 1n other carnivores (Bradshaw, 1992).

1.3.2.2 Visual and tactile communication

Visual and tactile communication is particularly important in close interactions between
individuals, because it 1s necessary to be relatively nearby to receive the signal. This is in
contrast to acoustic and olfactory signals which can be recieved from a long way off. As a

result, visual and tactile signals are particularly important amongst social colonies.

Leyhausen (1979) was the first to describe the tactile and visual communicatory sequence
of aggressive and defensive patterns within the domestic cat's behavioural repertoire,
through both facial expressions and entire body signals. Various other studies have
attempted to categorize behaviours in a manner that would throw light on the causation
and/or functional associations between behavioural elements. Dards (1979) recorded a list
of the behavioural elements exhibited by her dockyard colony. Kerby (1987) attempted to
categorize behavioural elements in an objective fashion, but was unsuccessful and resorted
to a subjective method. Brown, (1993, see also Bradshaw and Brown, 1992), studied three
neutered feral colonies and used the temporal positioning of behavioural elements in order
to classify them objectively. A dendrogram was produced from a cluster analysis, with
each cluster of behaviours assuming a different function. Van den Bos & de Vries (1996)
carried out a similar analysis on three entire laboratory colonies, using a factor analysis of

dyadic relationships to develop an i1dea of the functional associations between behaviours.

Within social groups of cats, the most obvious signals are those involving either rubbing or
allogrooming. Macdonald ez al (1987) found distinct asymmetries in the direction of
rubbing within a dyad, finding that rubbing was skewed (a) from adult females to an adult
male (b) within adult females, (¢) from adult daughters to mothers, (d) from kittens to
adult females, and (e) from previously dominated cats to previously aggressive ones. He
therefore suggests that rubbing tends to flow from the less dominant individuals to the
more dominant individuals. He thus hypothesizes that rubbing behaviour may act to

matntain the ranking system within the colony, by acting as a subtle indicator of social

14
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rank, and thus acting to cement the social structure (see Glossary) within a group.
However, his data do not conclusively support this hypothesis, and no other data has been
published on this subject. Furthermore, we would perhaps expect rubbing to occur at a
higher levels in females than males because object rubbing (and possibly also social
rubbing) is characteristic of a female in oestrous (see Section 1.4.3). Macdonald also finds
assymmetries in the direction of total interaction initiation within a dyad, and suggests that
this may also act as an indicator of social rank. However, I am sceptical of this as he does
not take into account the type of interaction (i.e. affiliative/aggressive). Allogrooming

behaviour was not significantly asymmetrical.

Brown, (1993: see also Brown & Bradshaw, 1996), looked at flows of rubbing in a colony
of five neutered feral cats, and found some significant assymmetries to occur. However,

the results cannot be used to either accept or reject the hypothesis of Macdonald ef al
(1987) above, because the dominance status of each cat was not known, and because

differences between males and females may not be so clear in neutered cats.

It 1s possible, therefore, that rubbing may act to maintain the social ranking system in cat
colontes. If this is so, then this behaviour may be an example of the 'subtle behavioural cue’
suggested by Kerby and Macdonald (1988; see Section 1.3.1.2). However, more evidence

for this 1s needed before any certain conclusions can be made.

1.3.2.3 Acoustic communication

The domestic cat's documented acoustic repertoire varies anywhere between 11
(Bradshaw, 1992), and 16 (Moelk, 1944). Acoustic signals are difficult to characterize
because call types often exist on a continuum, such that it is difficult to define where one
call ends and another begins (Brown ef a/, 1978). On a broad scale, the domestic cat has
three distinct types of call, the sound being produced differently in each type. Within these
three types, there are a variety of different calls on a continuum; these are more difficult to

tell apart, although some authors have attempted this.

. The three basic types of call are as follows (Bradshaw, 1992):

15
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(1)  Calls produced with the mouth shut (termed 'murmur calls' by Moelk, 1944). These
include purrs, and the greeting trill/chirrup. Generally they are of an affiliative nature.

(2)  Calls produced with the mouth open and then gradually shut during the call
(Moelk, 1944, terms these 'vowel patterns'). This include the whole variety of meiows,
from short intense kitten calls to the longer more drawn meiow often exhibited by a cat
towards a human. It also includes the Mowl (male call), and the female call. All these calls
are generally attention-seeking in one way or another.

(3)  Calls produced with the mouth held open in one position (Moelk, 1944, calls these
'strained intensity patterns'). These include growls and yowls, hisses, spits, and snarls.
These occur in an agonistic context.

Call types 1 and 2 contain calls that may be on a continuum within type. Amongst Type 3
calls, the growl and yowl may also be on a continuum as cats frequently move from one

into the other without a break in sound.

In the kitten, Moelk (1944) categorized only 9 acoustic behavioural elements, as against

16 1n the mature cat. Representatives from all three types of call were present, but there

were less distinctions within these.

The domestic cat is unusual in that it purrs and meiows whilst an adult, in a wide range of
circumstances (Kiley-Worthington, 1984). In the majority of felids these two calls are
exhibited only in juveniles. It may be that humans have selected for an acoustic
characteristic in some way (Kiley-Worthington, 1984). Or it may be that cats have learnt
to utilise kitten behaviours in a human-orientated manner. This may be the case for
metowing, which is an attention-eliciting behaviour and therefore very useful in cat-human

Interactions.

1.3.3 Sexual behaviour

The highly stereotyped sexual behaviour of the cat will be summarized in this section. It is
important to know which behavioural elements are associated with sexual behaviour in
order to distinguish between behavioural elements that are associated with an everyday

social context and those that occur in the sexual context. Michael (1961) characterises 4
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periods of the female's hormone cycle (anoestrous, pro-oestrous, oestrous and

metoestrous). Anoestrus is the usual hormonal state for the majority of the year, with

peaks of oestrus occuring in mid-January to March, and May to June in northern latitudes
(Fox, 1975).

Pro-oestrus 1s the hormonal state of the female just before oestrus. It is behaviourally
characterized (in the female) by crouching, constant object rubbing and rolling, kneading,
and by a soft short vocalisation (Michael, 1961, Rosenblatt & Aronson, 1958). This
behaviour may stimulate the male to approach and begin courtship, during which the
male's behaviour consists of sniffing the female's genitalia, circling around the female and
by a mating call. However, if the male attempts to mount at this stage the female will

become aggressive and will not be receptive. This period may last from 10 seconds to 5

minutes (Rosenblatt & Aronson, 1958).

The onset of true oestrus is characterized by the female's receptivity to the male.
Behaviours may continue as above, but the female allows the male to grip her neck and
mount. Eventually the female assumes lordosis (crouching, with rear end lifted, and tail
held to the side), and intromission occurs, which is characterized by a copulatory cry by
the female, who 1s immediately aggressive towards the male. The post-copulatory period is
characterised by both cats licking their genitals, the male sitting near the female, and the
female rolling and rubbing as before, sometimes also pawing and watching the male.

Copulation may take place up to ten times in an hour (Rosenblatt & Aronson, 1958,
Michael, 1961, Fox, 1975).

The hormonal state after oestrus is termed metoestrus by Michael (1961), and 1s
characterized by the behaviours described above, and by the female allowing the male to

mount, but not to acheive intromission. This lasts at the most about 24 hours (Michael,
1961).
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1.4 BEHAVIOUR OF SMALL WILD FELIDS

Small wild felids are found living in numerous habitat types, from dense tropical forest
(e.g. Geoflroy's cat), to temperate forest (e.g. Geoffroy's cat, kodkod), scrub (e.g. pampas
cat), and grassland (e.g. caracal, serval), and the same species is often able to inhabit a
variety of different habitats in different areas. They are found living in four continents;
America, Europe, Asia, and Africa, though are generally more common in the tropical
regions. However, cats of all species are becoming increasingly endangered with the

exception of perhaps the bobcat and the caracal, which are sometimes viewed as pests.

1.4.1 Spatial and Social Organisation

There 1s a wealth of information available on the spatial and social organisation of the large
spectes of cats, in particular the lion, tiger and cheetah, (e.g. Caro & Collins, 1987,
Hornocker, 1969, Seidensticker ef al, 1973, Sunquist, 1981, Schaller, 1972, Smith ef al,
1989). However, the information available on the behaviour of the smaller species of cats,
1s more limited, partly due to their solitary and often nocturnal behaviour. Here I will
discuss only the smaller species of felid® because these are the most comparable to the

domestic cat, and because I only studied small species in this thesis.

Small species of felid (i.e. of a Lynx size and smaller)® tend to feed on sparsely distributed
small prey. On the basis of the theories for the evolution of sociality (discussed in Section
1.3.1), we would therefore predict that these felids would be solitary with exclusive
territories. This prediction 1s born out by the field studies of the ranges of small felids
(F.s.silvestris, European wildcat (Corbett, 1979, Stahl ef al, 1988); F.s.lybica, African
wildcat, (Fuller et al, 1988); O.geoffroyi, Geoffroy's cat, (Johnson & Franklin, 1991);
P.iriomotensis, Iriomote cat (Izawa ef al, 1989); L.pardalis, ocelot, (Emmons, 1987,
1988); Lynx rufus, bobcat (Bailey, 1974, Fendley & Buie, 1986), and of some slightly

larger species which are difficult to categorize as large or small; Puma concolor, puma

2

I have arbitrarily categorized thesc as cats of a Lynx size and smaller, as there is no objective grouping
available. This includes cats of the following genera: Prionailurus, Lynx, Oncifelis, Caracal, Felis, Catopuma,
Herpailurus, Leopardus, Leptailurus, Oreailurus, Otocolobus, Profelis, Neofelis.
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(Seidensticker ef al, 1973, Homocker, 1969); Panthera pardus, leopard (Ilany, 1986).

Though the exact details vary from study to study, the broad picture of spatial organisation
of small felids is as follows (compiled from references mentioned in the above paragraph):
Individuals live a solitary life, and maintain a territory. Female territories are generally
contiguous and do not overlap greatly. Male territories tend to be at least twice as big, and
overlap those of several females. They are generally contiguous with the territories of
other males, although there are some instances of male-male range overlap. Juveniles
separate from the mother at a variable age depending on the species, and become transient
until they settle into a territory, either by ousting another cat, or by moving in when a cat
dies. Females settle into territories quicker than males, due to the small size of the
territory, this can sometimes gives the impression that the males are non-territorial
(Fendley & Buie, 1986). This spatial behaviour is parallel to that observed in solitary

domestic cats.

Despite the fact that all scientific studies to date have found small felids to live a solitary
life, there are many anecdotal accounts which report citings of, for example, long-term
social groupings, pairings out of the mating season, co-operative hunting, and of males
helping to rear cubs. Information on the domestic cat demonstrates its ability to adapt its
social behaviour according to the conditions prevalent at the time. It is therefore not out of
the question to suggest that wild felids may be able to do the same. I have therefore listed

these anecdotal accounts of social living in Table 1.1, for reference.

1.4.2 Cat-Cat Communication

There are no published studies on small felid communication in the wild, due to the
difficulty of studying a solitary, small, and often nocturnal animal. Even acoustic and
olfactory behaviour is unreferenced from free-ranging cats. All of the information on telid

communication is therefore taken from captive studies.
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Table 1.1 References which report felid social organisation. This includes both anecdotal and
scientific reports. When | have written 'solitary', | mean that the species was reported to hunt and

live generally by themselves, with exclusive territories, meeting up with members of their own
species only for mating and during mother-young care.

SPECIES

Domestic cat lineage

i DETAILS GIVEN

| CITATION

AL L L A A R AL L L L L LRl Rl LT R I R EE Y R R R L R R R R L E R E R F E R P R R L L R R R R E R R E R S R R R R R R R R R Y R R R R R R X TR R R R R R R R L R N R R R X I SRR LR RSN R LIRSS ISR SIS

Felis silvestris silvestris,
European wildcat

Felis silvestris lybica,
African wildcat

Usually solitary, but has been sometimes
seen in pairs out of the mating season,
and even occasionally in groups

solitary

Usually solitary but does sometimes hunt

: in pairs or as a family group

---------------------------------------------------------------------------------

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

lllllllllllllllllllllllllllllllllllllllllll

: Smithers, 1983,
! Fuller ef al, 1988

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Felis silvestris ornata,
Indian desert cat

: implies that they are solitary by no

: mention of any social behaviour

Sharma, 1979

. &
---------------------------------------------------------------------------------------------------------------------------------------- v vl A B AR E BB S NI B AP USSR RSP AR IR IR AN GaAn
» .

Felis chaus, jungle cat

: seen in communal groups

: Schaller, reported in
i Guggisberg, 1975

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

cat

Panthera lineage

Felis nigripes, black-spotted :

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Caracal caracal

: Smithers, 1983,

: Kingdon, 1977,

: Guggisberg, 1975,
: Grobler, 1981,

: Pringle & Pringle,
: 1979

- [
------------------------------------------------------- dssvesauvevssstdsssnsdsasiveiavnsiossandubsnsidonsustsdideaastssussnassessannasssnenlssssnnussssnssudvrssnsasniantasenbN AR BNy
. "

Leptailurus serval, serval

: normally solitary , but pairs sometimes
: move and hunt together. Females have
: been reported with quite old juveniles.

Smithers, 1983

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Herpailurus yaguarond,
jaguarundi

: solitary in Mexico

Guggisberg, 1975

| R G s T T T I I T I I T I I T r ' '™ ' T IS Iy T I I NI I Iy I T I T I I T T T "M T I T
. .

: reports that they live in couples, and that
: they are often in close contact with other
: members of their species

Rengger, cited in
: Guggisberg, 1975

LA L LR L LR L L L L LTI LR AL LY R RN IR Y R R R R R R E R F Y X R EE R F R E Y R S R R N YRR R R RS TR Y RIS EE SRR LRI RA R EE RS R X L E R LR R R RS I X R R SR R XSRS E SR SRR EEERZ 2NN ERS ST RIS L 0

Prionailurus bengalensis,
leopard cat

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Prionallurus iriomotensis,
Iriomote cat

Yasuma, 1981,
: lzawa et al, 1989

.
lllllllllllllllllllllllllllllllllllllllllllllllllllll ‘T s :rrr T T :r:r:r::rny T MM mMm M TmTMmmMmMmTTTrTT T T T "' MMM MM MMM MMM T T T I TMTMTM M M T I Ina T I T I T T I
.

Prionailurus viverrinus,
fishing cat

: seen fishing in a pair

w
R T T R L T R T T R Y T Y Y R T R Y Y T Y Y
-

BBC video footage

I' ....................................

. Captive males reported helping take care Guggisberg, 1975,

. of the young (several separate
: observations).

. Eaton, 1977.
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llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

talks about 'resident pairs’, though gives
: no other details about their social
i behaviour

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

: generally solitary but gives 2 anecdotal
: reports of them being seen hunting in
: pairs co-operatively

..................................................................................................................

: anecdotal account of 3 cats seen hunting
. co-operatively :

....................................................................................................................................................................

Lynx rufus, bobcat

Guggisberg, 1975,
: Fendley & Buie,
i 1986.

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

: generally solitary, but he reports an :
: anecdotal account of seeing 2 males & 2
: females together when food & shelter :
: Was scarce.

L .
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

: Hornocker, 1969,
: Seidensticker et al,
i 1973, Emmons,

: 1987, Guggisberg,
: 1975

| ]
ey g e o e e R R T R R R R PR R R R RS N RN NN R R IR ERE RN R RS AR A R LA R AL Rl il il ot it i

Panthera pardus, leopard

male stays with during birth and
. upbringing of cubs

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

: Writes about a 'pair' of leopards, but does :
: not make it clear whether they merely '
: have overlapping territories or whether
: they lived most of their life together.

* *
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Acinonyx jubatus, cheetah

ocelot lineage

: live both in groups and solitarily,
: depending on conditions

Eaton, 1968, Caro,
: 1989, Schaller, 1970

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

. Emmons, 1987,

: 1988

: Rengger, in

i Guggisberg, 1975

...................................................................................................................................................................

Blonk, cited in
: Guggisberg, 1975

....................................................................................................................................................................

Oncifelis geoffroyi,
Geoffroy's cat

. Berrie, 1978,

i Johnson & Franklin,
: 1991, Yanosky &

i Mercolli, 1994,
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1.4.2.1 Visual an tile communication

Mellen (1993) observed 20 species of captive cats of the Felis genus and recorded the
behavioural components that each species was capable of. The results were restricted to
presence/absence data for each behaviour in each species, as the evaluation of visual
modes of communication was not the primary aim of the study. She found that most
species possessed a rich repertoire of signals despite their naturally solitary existence.
However, the rates of social behaviour were low, representing only 1-2% of the total time
budgets of each cat, although a similar measurement for the domestic cat has never been
made. She found that small felids exhibited remarkable uniformity in their social
behavioural repertoire. Social affiliative behaviours observed included Social Rubs,
Allogrooming, Sniffing and Sniff Rear. Agonistic behaviours observed included Chase,
Bite, Cuff (and acoustically, Hiss, Spit and Growl). The contexts that these behaviours
were exhibited in were not mentioned; it therefore cannot be deduced whether these
behaviours were occurring in an everyday social situation or whether they were restricted

to sexual or mother/young interactions, or to territorial disputes, as one would expect 1n

the wild.

Petersen (1979) observed a pair of captive margays (Leopardus wiedii) and found that
although close social contact (including Social rubbing, Allogrooming, and social play) did
occur, it was only ever very brief. Agonistic threat behaviours included Crouch and Ears
Flat (and acoustically, Hiss and Growl). Social interactions in a pair of capttve sand cats
(Felis margarita) were observed by Bennett and Mellen (1983). They found this species to
be unsociable, time sharing their cage so that when one was active, the other was asleep.
Social rubbing was not included in the ethogram (and so was presumably absent), and
social grooming was only observed on 2 occasions. Tonkin & Kohler (1981) do not
mention any visual or tactile social behaviours in their observation on the Indian desert cat
(F.s.ornata), Mellen (1993) similarly found no evidence of any social behaviour exhibited
by this species. Ragni & Possentt (1990) looked at the reproductive behavioural repertoire
of the African wildcat (F.s.lybica), in comparison to the domestic cat, and found that, "No
observations were made of any components (either added or alternative) that differentiate

from those already observed for the domestic cat." However, they did not include any non-
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sexual behaviours in this ethogram.

1.4.2.2 Acoustic communciation

The description of sounds can be expressed using the 3 types of call described for
domestic cats in Section 1.3.2.3 (Bradshaw, 1992). Petersen (1979) lists the sounds heard
in his two captive margays (L.wiedii). Purr (type 1), 3 types of meiow (type 2), and Hiss,
Spit, Growl and Snarl (type 3). Tonkin & Kohler (1981) report the sounds heard in several
captive Indian desert cats (F.s.ornata): Purr (type 1); 3 types of meiow (type 2);
Growling, Hissing, Spitting, and Caterwauling (type 3), and also the gurgle. Decriptions of
a gurgle range between it being similar to a purr, and being similar to a meiow, so I am
unsure which type it may belong to, if any. Peters (1984) describes close range
vocalisations in the Felidae, of which there are three types (Gurgle, Prusten, and Puffing),
each species having only one type . He suggests that all three have the same function in the
different species; that of a friendly signal of appeasement. Most small felids exhibit the
gurgle, including Lynx species (Peters, 1987).

There has not been a great deal of research into acoustic communication in felids, but the
little there is suggests that these sounds may be fitted into the 3 categories already
described for the domestic cat by Bradshaw (1992). However, the individual behavioural

components within each type differ from species to species.

1.4.2.3 Qlfactory communication

Avenues of olfactory communication described for undomesticated felids are similar to
those already described for the domestic cat; urine spraying, faeces depositing, and the
rubbing and scratching of scent glands against objects (Smith et al, 1989, Hornocker,
1969, Schaller, 1972, Wemmer & Scow, 1977, Solokov, 1995, Bothma & Leriche, 1995).
(See Section 1.3.2.1 for more details). Urine spraying occurs more frequently in the male

than in the female (Wemmer & Scow, 1977)
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1.4.3 Sexual behaviour

Even solitary living cats need to socialise during mating. All the reports of wild felid
mating behaviour are from captive cats, but as the sequence of behaviours is very

stereotyped we can presume that the behaviour would not difter greatly in the wild.

The mating behaviour of undomesticated cats is very similar to that of domestic cats.

The female's oestrous period is characterized by her behaviours of rolling, object rubbing,
and presenting her anogenital area to the male (Petersen, 1977, Freeman, 1983, Foster,
1977). However, various authors report that these overt signs of oestrus are less obvious
in small species of felids than in the larger felids or in the domestic cat (Petersen, 1977,
Bennett & Mellen, 1983). These behaviours attract the male to begin courtship, during

which he follows the female around, sniffing her anogenital area.

During copulation the male grips the neck of the female, having given a few light nips at
first, and then mounts, and holds her sides with his two front paws (Ewer, 1974, Petersen,
1977). Copulation may then occur when the female assumes lordosis (crouching, rear end
lifted, tail to the side, as in domestic cats). Vocalisations occur in both the male and the
female at some point but accounts of this vary, as do the names given to the vocalisation
so 1t 1s difficult to combine reports. The male treads his feet on the ground (Ewer, 1974,
Petersen, 1977), and the female has also been reported to 'skate' with her feet (Petersen,
1977). Post-copulatory allogrooming is sometimes observed (Petersen, 1977, Freeman,
1977, Foster, 1977, pers. 0bs.). There are no published mentions of social rubbing being
involved with courtship (as against object rubbing); however, I observed social rubs in as

part of courtship in casual observations of one group of O.geoffroyi.
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Table 1.2 Non-aggressive behaviours that are observed as part of courtship are tabulated below:

(Vocalisations have not been included for the reasons described above)

Species ‘  Citation : Female

Snow leopard Freeman 1983 Rolhng, 'social affiliative behaviours'
(P. uncia). ' :

v L]
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Snow leopard : Freeman, 1977 Not mentioned.

(P. uncia). '

Cheetah  :Foster, 1977 "E{in.?{'gf'Riiéé}é'é'r}}'"-E'ISE'?;;};'SE{QQ """
(Acinonyx 5 : Object Rub, pawing

jubatus) : :

Margay Petersen, 1077 'Skates' hind feet during copulation,
(L.wiedi) : Rolling, Object Rub, Allogroom.
Puma ................. Eat on& ................... ObjectRUb ...........................................
(Puma concolor) EVelander, 1977 '

Sandca t ............... Ben nett&Meuen ..... Noovertsxgnsofo estr Ous ...................
(F.margarita) observed .
Geoffroyscatpersobs .................. SOCIaIRubObJectRUbROlI ...............
(O.geoffroyi) (casual 5 Allogroom.

observations)

] L | )
.............................................................................................................

Indian desert  : Tonkin & Kohler, Restless wandering, frequent

cat : 1981  licking of genitals. No mention of
(F.s.omata) any other behaviours.

lllllllllllllllllllllllllllllllllllllllllllllllllllllll

: 'Somal affiliative behaviours', Sniff

lllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Follow, Tread, Investigative
: behaviour, Nip neck of female.

lllllllllllllllllllllllllllllllllllllllllllllllllllllllll

: Sniff Rear, Head shake, Grow,
: Treads, Allogroom.

.........................................................

: Sniff Rear, Follow,
: Flehmen

lllllllllllllllllllllllllllllllllllllllllllllllllllllllll

lllllllllllllllllllllllllllllllllllllllllllllllllllllllll

lllllllllllllllllllllllllllllllllllllllllllllllllllllllll

: Not mentioned.
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1.5 THE FELID-HUMAN RELATIONSHIP

1.5.1 Domestic cats and man

Human-animal relationships have the potential to be mutualistic, commensal, competitive,
parasitic, or even very occasionally, ammensal (Bradshaw, 1995). The relationship
between the domestic cat and man has swung through the whole range of possibilities:
Prior to 7000BC it is likely that cats and human hunter-gatherers were competing for
similar foods such as birds and small mammals (Robinson, 1980). With the appearance of
early villages in Egypt, cats would have acted as pest controllers, when the relationship
became mutualistic, with cats gaining easy access to food, and the Egyptians enjoying the
benefits of pest management. There is evidence of human attachment to cats at that time
through paintings and sculptures (Serpell, 1988). Cats then became a worshipped animal,
with humans going into mourning when their cat died, and dead cats being mummified and

buried in consecrated places (Zeuner, 1963, Pg. 391).

However, through the Middle Ages, and up to the 18th century, the attitude of Western
Europeans towards the cat swung dramatically in the opposite direction; cats were
suspected of being witches' counterparts, and were accordingly burned and boiled alive in
rituals (Serpell, 1988). This relationship can be described as ammensal. The popularity of
the cat 1s now once again high, with the numbers of households owning pet cats in the
USA increasing constantly (Karsh and Turner, 1988); among the Western world it is now
the most popular pet (Turner and Bateson, 1988). Whether this present relationship is
mutualistic, commensal, or even possibly parasitic in some cases, could be disputed; the
health benefits of cat-keeping on humans has been documented (Anderson ef al, 1992), but
these are unlikely to affect the long-term fitness of a human. It is therefore difficult to

generalise this present relationship as the situation is likely to be different in every case.

Any animal-human relationship relies upon two-way communication. Interspecific
communication differs from intraspecific communication in that the two individuals
involved have different senses. Guildford & Dawkins, (1991) state that the design of
signals 1s affected by the psychology (and physiology) of the receiver. As cats and humans
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are different animals in both physiology and psychology, we would expect the signals

produced by a cat towards these two types of receivers to be slightly different in some

way. This 1s discussed in more detail in Chapter 6.

Despite this, many cat-human signals are also used conspecifically. It is clear, even without
experimental evidence, that many parallels can be drawn between inter- and intraspecific
communication in the domestic cat. For example, interactions involving rubbing and
grooming appear to act as affiliative or 'friendly' behaviours whether directed towards

another cat, or towards a human. Aggressive behaviour 1s similarly connected; cats will

cuff and hiss at a human as they would a cat (Bradshaw,1992).

Leyhausen (1979) theorises that an adult cat's communication with humans is based on
juvenile behaviour which is stifled when with other cats due to the necessary barriers put
up through defence and fighting. However, the fact that not all cat-human signals stem
from juvenile behaviour indicates that this may be only part of the answer. Mertens (1991)
suggests that cats perceive humans as a member of their colony, while Leyhausen (1979)
suggests that cats are actually more friendly to humans than they are to members of their
own spectes. This is possibly because the cat-human relationship is mutualistic, or

sometimes commensalistic, whilst the cat-cat relationship is often more competitive.

Brown (1993) suggests that the fact that Feaver ez al (1986) found separate dimensions
(using principal components analysis) for "equable with cats" and "sociable with people",
might indicate that the cat-human relationship is subtly different to that of the cat-cat
relationship. Hediger, cited in Mertens (1991), suggests that a cat's socialisation with
conspecifics and with humans are independent of one another. These two findings may

indicate a difference between the conspecific and intraspecific relationship (Brown, 1993).

1.5.2 Undomesticated cats and man

There are many accounts of a variety of undomesticated species being tamed by man, from
all lineages (e.g. F.s.lybica, P.rubiginosa P.viverrinus, H.yaguarondi, P.concolor,

O.geoffroyi (Guggisberg, i975); F.s.lybica (Smithers, 1987);, F.margarita (Hemmer,
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1976), F.nigripes (Armstrong, 1977); L.wiedii (Petersen, 1979); L.pardalis (Leyhausen,
1979). There are also accounts of free-ranging individuals living in close proximity to
humans, or being unfearful of man (e.g. F.s.lybica (Guggisberg, 1975); F.chaus
(Guggisberg, 1975); F.margarita (Hemmer, 1976)), which are all from the domestic cat
lineage. Other references cite examples of certain species' intractability (e.g. I.s.silvestris,
(Pitt, cited in Guggisberg, 1975); F.nigripes (Smithers, 1987), O.colocolo (Guggisberg,
1975); again, from a mixture of lineages. A list of publications mentioning references of

different species' behaviour towards humans is tabulated in 7able 1.3.

The above citings demonstrate that most felid species have the ability to become tame, 1f
brought up in the correct conditions (e.g. with humans from a young age). However, the
species that were quoted as being naturally unfearful of man (i.e. wild-living individuals
which had not been tamed) were all from the domestic cat lineage (and were also all living
in Africa). This is an interesting finding, as it provides evidence for the theory that the
domestic cat lineage is more naturally unfearful of man than the others. However, 1t 1s
difficult to extract any definite evidence from this due to the fact that the majority of these

accounts are anecdotal.

Several published accounts suggest that undomesticated cats communicate with manin a
similar way to domestic cats. Social rubbing appears to be the main affiliative signal used
by undomesticated cats towards humans (e.g. L.pardalis (Leyhausen, 1979); F.s.lybica
(Smithers, 1968); L.wiedii (Petersen, 1979), though Leyhausen (1979) also mentions that
his ocelot used to hold its tail upright when greeting a human. These examples, though
anecdotal, suggest that the ancestral species of the domestic cat may have a similar

behavioural repertoire of social communication as their descendants.
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Species

Author

Chapter 1

References mentioning the behaviour of felid species towards humans.

! Reference of behaviour towards humans

--------------------------------------------------------------- il-ri----l-lliiiili-i--llililiilililllll-illl4l-iiiillilill'liIllllliili-i'lllli"-iililllillllililliliiin

Domestic cat Imeage

T e A Es s EEREEas T des SRS s TP TR R TR T INTI eI de vt NI SN AT T U S AN AP IR ST RSN R AT S AAdA ANl TN IR RsARBLBISSRANLRLALRRRTRRRRRARRINRARUERIDUALEEIY

Felis silvestris
silvestris,
European
wildcat

: Guggisberg,
: 1975

: : Generally shuns man & cites example of Pitt attempting

: to tame them and not succeeding, finding them to
contlnue to be very vicious towards man.

P eEsass e ET e aees e RaTaeel s o Eara st st aluct vt iNaaneddssrvtovullsaseerardid N s essssiaaRnadidttIetEacesRssssaErEERErNIdsTcaRsaRsRRttaRRRRItRRtRtR Rt enbRinaneand

Felis silvestris
lybica, African
wildcat

: Smithers,
: 1983

: Guggisberg,
: 1975

: Schwein in
: Guggisberg,

: Reports of a tame African Wild cats being very
: affectionate; being free to go out but coming back of
: their own accord.

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

: Does not shun man as much as F.s.silvestris. Often

: lives close to villages and farms. Kittens are easily

: reared in captivity. Mummies of these cats have been
: found in Egypt which implies that they have been kept

- &
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

: Describes how F.s.lybica is often tamed in African
: villages in order to keep back the rats.

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

F.chaus, jungle
cat

: 1975

. Does not shun man; is often seen in the immediate

. neighbourhood of villages & farms, and is sometimes
: even found taking shelter in buildings. Often raids

: poultry yards. Kittens become tame very quickly and

: purr like domestic cats.

a L ]
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F.manul, Pallas’
cat

: 1975

: There are reports of this cat being keptin a semi-

: domestic state in parts of central Asia. There is a

: difference of opinion about its behaviour in captivity;
: some people say that it remains wild and vicious in
: captivity, other say that it can become tame.

5
I SRR S S L T T T T L R L R L L A L L L AR LR Ll At bt kbbbt

: Reports that free-living individuals are not very
: frightened of man. Also reports that captive individuals
i are easily tamed.

s e Te TN e e R R A e S P hE e e LA A R eseste N e Ettor ARG R TR sttt ettseetINRIETRARARNSSslBsEsETLEIANSPIROTASOANTRLSETRAR AT OORORRARERDUROE

F.margatrita, Hemmer,
sand cat 1976
F.nigripes, . Smithers
black-footed cat : 1987
: Armstrong,
1977

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

i Describes the behaviour of 2 hand-reared cats. Reports
: them to be very friendly, and that they seek out human
: contact, although are unfriendly to strangers.

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

------------.-------.:---nlpnn-----. ---------------------------------------------------------------------------------------------------------------------------------------

: Guggisberg,
: 1975

----------------------------------------------------------------------------------------------------------------------------------------
L

: Takes well to life in captivity. There is surprisingly no
: evidence for man taming this species for hunting
i purposes, as they did with the caracal.

SIS e T E T R R T R R R R L L R A R L AL IR LA L L LR R bl Gt
&

Profelis aurata,

African golden
cat

: Guggisberg,
t 1975

: Preys on poultry near villages, and settles down easily
: in captivity.
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P.bengalensis, i Stroganov,in : Has often been said to be fierce and untameabile,
leopard cat : Guggisberg, : although some people have reported that they can
: 1975 : become tame.

: Guggisberg,
rusty-spotted cat : 1975

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------

: Guggisberg,

: 1975
H. yaguarondi, : Rengger,in : Becomestame and affectionate in captivity. Some
jaguarundi : Guggisberg, : individuals in South America have been Kept as tame

: 1975

T g g g e e L LT TR L LR PR R R L R NN RN R R AL AL L R R L R R L L R B bl ol bl e it it el
-

: Guggisberg, : Has the reputation of being gentle towards man. Does
: 1975 : well in captivity and becomes tame easily.

-----
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: Petersen,

: 1979

L.pardalis,
ocelot

: Rengger,
. from

: Guggisberg,
: 1975

: Philippi, in
: Guggisberg,

L.quigna,
kodkod

i 1975

e e e e T R R S S PR R A R R L AL L L LS Rl bttt il
L

: Frequently raids hen houses but has the reputation of
. being difficult to tame.

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

. Captive individuals are said to become tame.

P.colocolo,
pampas cat

O.geoffroyi,
geoffroy's cat

: Guggisberg,
: 1975

: Guggisberg,
: 1975

: Describes the behaviour of 2 tame margays; they
: rubbed and groomed humans but social contact was
. always brief.

R ppprppapapge-gepepepepepepepapapae g gy B S R R Y T R LR R R L R P L A R R L Ll L b L L bl Lol et d e ittt

: Generally shuns human habitation, but will occasionalily
: raid chicken houses.
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1.6 SIGNALLING THEORY

There has been a large amount of literature on the theory of signal evolution. One of the
main principles is that signalling movements have most commonly evolved from
movements which originally had a separate function. Tinbergen, (1952), named them
derived activities. This theory does not rule out the possibility that signals can be derived
from other signals used in different contexts, but ultimately, the ancestral behaviour must
have been a non-signal movement. The process of evolution from a non-signal movement
to a signal is called ritualisation. It is the process by which the non-signal movement
becomes more exaggerated (either bigger or maintained for longer, for example) and 1s

used in its own context without the original function being present (Krebs & Dawkins,
1984).

The evolutionary pressures causing the non-signal to develop into a ritualised signal, or for
signals to develop into slightly different signals has been discussed by Krebs & Dawkins,
(1984). They suggest that there are two mechanisms that may cause a signal to be
ritualised; 'mind-reading' and 'manipulation'. The terms 'signaller' and 'receiver' have been
used to explain this, as signals do not evolve between individuals, but between roles.
Mind-reading is the mechanism by which a receiver uses his knowledge of the sequence
of behaviours usually elicited by the signaller to predict what will occur next. The receiver
can then, if necessary, alter his behaviour accordingly. For example, before a dog bites, he
bares his teeth (example from Krebs & Dawkins, 1984). The receiver dog may use this
knowledge to run before he gets bitten. Manipulation is the mechanism by which the
signaller changes the receiver's behaviour. Going back to the dog, the signaller may bare
his teeth, without intending to bite, purely in order to make the receiver run away. Thus
from this example it can be seen that mindreading and manipulation may run hand in hand,

and co-evolve together.

Signals: An evolutionarily stable strategy?

The evolution of signals poses a problem, however, because it is difficult to see how

signals that give accurate information can be evolutionarily stable because a population
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that used accurate signals would not be stable against an invasion by mutants which
cheated and gave inaccurate signals (Maynard Smith, 1982). At first it therefore seemed
that only 'assessment signals' could be reliable (i.e. Signals which accurately reflected size
or fighting ability; Maynard Smith & Parker, 1976). However, Zahavi's handicap principle
demonstated that signals could be reliable and evolutionarily stable if they were also costly
(Zahavi, 1975, 1977); for example, a low-quality individual, or one with a low motivation,
would not be able to make an inaccurate signal because it would cost too much. However,
Maynard-Smith (1991, 1994) has since shown that it is possible for a non-costly signal to
be an evolutionarily stable strategy (ESS) if there is no conflict of interest between the two
individuals involved (i.e. if it is in both individuals' interests to have a reliable signal in that
situation, then that reliable signal will be evolutionarily stable.) He also demonstrated
(Maynard-Smith, 1994) that a non-costly signal would also be an ESS if the two
communicating individuals had the same rank order of preference of the outcome of the

situation.

Afhihative signals often occur in situations where there there is no conflict of interest. In
particular this may occur within animal colonies, because affiliative signals are often
advantageous to both interacting individuals. It is therefore not necessary for these types
of signals to be costly in order to be honest and therefore evolutionary stable. It is likely
that many of the affiliative signals elicited within cat colonies will be of this type (i.e. non-
costly and honest). However, there is more likely to be a conflict of interest amongst

mating interactors and between parents and offspring.

Cat-human signals may also involve a conflict of interest (e.g. cat wants more food than
human wishes to give). The same conditions apply to interspecific signals as they do for

intraspecific signals; where there is a conflict of interest it is necessary for the signal to be
truthful in order for it to be an ESS. Therefore we might also expect some cat-human

signals to be costly in order to be truthful.

The design of signals

The fact that evolutionarily stable signals must be costly unless there is no conflict of
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interests has produced an interesting effect on the design of animal signals. Signals that
co-evolved to be mutually beneficial, (i.e. co-operative communication), can be cost-free,
and evolutionarily stable. This should lead to the evolution of cost-minimising, muted
signals, or ‘conspiratorial whispers' (Krebs &Dawkins, 1984). On the other hand, non-
cooperative signals should give rise to repetitive and conspicuous signals. This agrees with
Kerby and Macdonald, (1988), who suggested that subtle behavioural cues may be more

important in maintaining the social system than loud repetitive aggressive signals.
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1.7 AIMS OF THE STUDY

The fundamental aim of this study was to investigate how the change of niche caused by
the domestication of the cat, Felis silvestris catus, has affected the social communication

and signalling methods of this species. Domestication has caused the domestic cat to be

social towards (a) humans, and (b) members of its own species.

The domestic cat is known to be directly related to the undomesticated African and Asian
forms of Felis silvestris (subspecies lybica and ornata). One of these species (Felis
silvestris ornata) will therefore be used as a model for the ancestral domestic cat (i.e.
before domestication), whilst other naturally solitary living felids will be used as models of

different points in the evolutionary line.

It is not known whether the domestic cat's social ability is simply a function of the Felidae's
flexible behavioural nature (i.e. learning during the lifetime of an individual), or whether
the domestic cat has actually evolved behaviourally during domestication. If the former 1s
true, we would expect that undomesticated species would exhibit similar social behaviours
and signals (and develop similar systematic social systems) if placed in conditions which
would allow group-living (such as in zoos, where cats are placed together, and where food
is plentiful, so that the need for competition is reduced). Under these conditions we would
expect that any social behaviour that does exist in the genetically-determined repertoire,

but which does not normally occur in solitary free-living individuals, will be manifested.

By using the captive wild cats as models for the behaviour of the ancestor of the domestic
cat, it is therefore possible to investigate how signalling behaviour in the domestic cat has

evolved through domestication.

Specific aims of each chapter:

1.(Chapter 3)
To investigate how the social signalling methods of the domestic cat differ from those of

undomesticated felids living in groups in captivity. This will be used to suggest whether
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the domestic cat has evolved any different intraspecific signals during domestication.

2.(Chapter 4)

Domestic cat colonies have a systematic social system with sub-groups of cats belonging
to a different rank (Liberg, 1983, Kerby & Macdonald, 1988, Natoli & de Vito, 1991),
possibly maintained by the social rubbing signal (Macdonald et al, 1987). In this chapter, I
investigate whether there is any evidence for the presence of a similar social system in

captive groups of undomesticated felids.

3.(Chapters 5 & 6)
To investigate whether the domestic cat uses its tail as a visual signal in intraspecific social

interactions, and if so, for what function?

4.(Chapters 7 & 8)

To investigate how similar human-directed cat signals are to intraspecific cat signals in the
domestic cat (Chapter 7). 1 also aim to investigate how undomesticated felids
communicate with humans, and whether they use the same signalling methods as the
domestic cat (Chapter 8). The answers to these questions will be used to suggest whether
the domestic cat has evolved to communicate in a different way with humans as 1t does

with conspecifics.
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Chapter 2:
STUDY SITES, SUBJECTS AND METHODOLOGY

2.1 FELID CLASSIFICATION

There has been some contention as to the appropriate generic divisions in the Felidae. The
small cat species are often found lumped into one genus, Felis, and the large cats into the

Panthera genus (e.g. see Kitchener, 1991, Bradshaw, 1992). However, recent molecular
evidence (Collier & O'Brien, 1985, Wayne ef al, 1989) has shown that this method of
classification runs contrary to what is known about felid phylogeny. I have theretore
chosen to adopt the system of classification which has been recently adopted by the Felid
Taxon Advisory Group (TAG), following a meeting in which a revised felid taxomony was
officially agreed (http://www.cathouse-fcc.org/catsinfo.html). This classification system is
the same as that given in Wilson & Reeder (1993), and splits the former Felis genus into
13 genera and the former Panthera genus into 4 genera. This method of classification is
supported by a variety of evolutionary molecular and morphological studies (Colher &
O'Brien, 1985, Wayne et al, 1989, Slattery et al, 1994, Werdelin, 1981, 1983, Susuki ef
al, 1994, Masuda ef al, 1996, Masuda & Yoshida, 1995, Janczewski ef al, 1995; see
Chapter 1, Section 1.2). I have followed this classification system throughout this thesis.

Wilson & Reeder (1993) do not include subspecies. This is important when dealing with
the taxonomy (and evolution) of Felis silvestris, as it has various sub species, one of which
is the domestic cat, Felis silvestris catus. I have taken the subspecies classification for this

species from Kitchener (1991). This is based on the evidence of Ragni & Randi (1986) and
Randi & Ragni (1991).
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2.2 STUDY SITES AND SUBJECTS

2.2.1 Domestic cats

There are a variety of terms for different types of domestic cats, referring to their very
different ways of life; house cats, farm cats and feral cats. Importantly, however, all three
belong to the same domestic species, Felis silvestris catus, regardless of their life history.
There 1s no other domestic cat species. The definitions of house cats, farm cats and feral
cats are frequently confused. Liberg and Sandell (1988) make it clear that a house cat is a
domestic cat that lives in close association with a household which assumes most of the
responsibility for its feeding, whereas a farm cat is merely a house cat that lives on a farm
and which may spend more of its time roaming outside. A feral cat is not attached to any
household, though it may still live close to humans on a more anonymous basis, and can
range freely. It is able to hunt for itself and can live entirely in this predatory manner, but

may also subsist on food obtained directly from humans (Cats Protection League, 1993).

In the course of this thesis I studied both house and feral domestic cats. I also studied
domestic cats kept in group catteries. I classed these as a type of house cat, as they are
dependent on humans for their food, live indoors and have a lot of human contact, similar

to house cats. The colonies and individuals studied are outlined below.

Feral cats: Fir Tree Farm Colony

This colony was originally established in 1989 by Brown (1993), who removed them from
a school where they were causing a nuisance, and subsequently neutered and vaccinated
them before re-establishing them at a local farm. Brown (1993) refers to them as the
'Chilworth' cats, while I refer to them as the 'Fir Tree' cats, (due to the fact that they were
moved to a different location), but the individuals involved are the same as those described
in Brown (1993). At the time of my observations this colony consisted of 5 cats; 3 females
and 2 males. No information on the relatedness of the cats is available, but they were
thought to be about 6 or 7 years old when I carried out my observations. All five cats had

lived in the colony together for at least 5 years (since 1989). We do not have any data
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about the length of time the cats were living at the school together before being rehomed,
but they had been a growing problem at the school for some time; it is likely therefore that

the cats had been together for longer, and probable that they are at least slightly related.

At Fir Tree Farm, the cats were free-ranging. They tended to centre their activity around 2
sheds: one in which they were fed, the other providing extra shelter. These were locked,
but a catflap enabled access by cats 24 hours a day. Proprietory food was provided three
times a week, usually in the morning. It is not known how much of their own prey they
were catching. Resting boxes were available in both sheds, though the cats often preferred
to sleep in the farm barn. The farm was quiet, surrounded by woodland and fields. There
was little human activity for most of the day, and there were rarely more than 2 humans

present at one time.

Cats tended to aggregate about the 2 sheds in the few hours before feeding and varied in
their attendance. Being feral cats, their extent of socialisation towards humans was
variable. HONEY (female) was as friendly as a domestic house cat, SID (male) was less

so, rarely allowing humans to touch him, though he would approach humans of his own
accord. The remaining three cats (GERTIE, PENNY and DUSTY (male)) rarely allowed

humans to approach.

Atte ats: Southampton University Colon

All cattery individuals had been born and lived all their lives in the indoor environment. I
classified these cats as indoor house cats because they were totally dependent on humans
for food, and because they would readily seek out the company of humans for play and
contact. They are all neutered, and are kept for behavioural studies; no invasive work 1s
ever carried out. The cats are accustomed to regular human contact, and are more

socialised to humans than the feral cats.

When originally set up in 1989, the colony consisted of 26 neutered domestic cats (14
male and 12 female), all of a similar age (average about 9 years old in 1997). Since then,

however, some cats have died, and others have been rehomed. Cat numbers have therefore
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varied through different studies in this thesis. The cats have lived together as a colony for
about 8 years, for many, since they were born. Some of the cats are related to one another

(for lineage diagram see Brown, 1993).

The cats' living quarters changed half way through the project. Some studies theretore
took place in a different area to others. Both conditions are outlined here: Initially, the
cats lived in two indoor rooms (23m* & 28m?), and a connecting indoor corridor for 24
hours a day (14m?), as well as a paved outside enclosure (96 m?), which they had the run
of during daylight hours only. All the rooms, including the outside enclosure, contained
climbing frames, toys and logs for scratching in order to enrich the quality of the cats'
environment. The two indoor rooms are shelved on several of the walls, on which sleeping

boxes are provided.

The cats' living quarters were changed when the number of cats in the colony had
decreased to 12. The cats had the run of two rooms during the day (23m? & 29m?), but
only of one of these during the night (29m?). The rooms were similarly enriched with toys,
logs and shelves. Under these conditions, the cats had increased human contact as one of

the rooms was also used as an office for humans.

Proprietory food is provided daily. Most cats (with one exception) are well socialised and

will voluntarily seek out human contact. These cats were also studied by Brown (1993).

2.2.2 Undomesticated cats

The undomesticated species that I studied were all captively maintained in zoological parks
or feline collections. Several groups or pairs were observed for each of four species
(Oncifelis geoffroyi, Felis chaus, Caracal caracal, and Felis silvestris ornata). Each
group or pair was contained in a separate enclosure. The details of each group is given in

Chapter 3, Table 3.1. Some cats were related to one another, both within and between

different groups (see Appendix 11 for details).

Cats were observed in six different institutions; the Cat Survival Trust, Howletts Zoo, Port
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Lympne Zoo, Chester Zoological Gardens, Marwell Zoological Park, and Riber Castle
Wildlife Park. Though the conditions varied from zoo to zoo, and even within zoos, some
aspects of the cats' maintenance were constant: All cats were fed once a day, on fresh
carcasses such as whole rabbits, chickens, chicks, mice, rats, or sometimes on lumps of
meat from larger animals. The majority of cats had an outer enclosure, non-heated, and an
inner enclosure which was heated either by central heating or by an infra red light. A few
cats in the Cat Survival Trust had only an inner enclosure (2 groups of O.geoffroyi and 1
group of F.chaus), all other cats had access to both an inner and an outer enclosure. The
inner enclosures always contained bedding material and sometimes bedding boxes. The
outer enclosures tended to be enriched with shelving or logs for climbing. Keepers entered
the cages (whilst the cats were there) in all zoos, in order to clean the cages and feed the

cats.

2.3 METHODOLOGY

The techniques used in this thesis encompass both manipulative (experimental) and non-
manipulative (field observation) methods. Both techniques involved the observation and

measurement of single behaviour acts, referred to subsequently as "behaviours”.

2.3.1 Ethogram of cat behaviour

The ethogram that I used was based on that used in Brown (1993), and that described by
the UK. Cat Behaviour Working Group (1995), both of which concern only the domestic
cat. There is no published ethogram of the behaviour of small wild felids. However, as the
behaviour of undomesticated cats is very similar to that of the domestic cat, these two
references were also helpful in defining the behaviour of undomesticated cats. Mellen,
(1988, 1993), describes some captive wild felid behaviours, as does Petersen (1977, 1979),
and Peters (1984), although it was necessary to add additional behaviours myself.

The ethogram of cat tail positions was compiled by myself, though Bernstein & Strack
(1996) describe some tail positions in their paper on domestic cats. The exact ethogram

used for all five species of cat studied is given in Appendix 1.
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In the domestic cat it was also necessary to compile an ethogram of cat-human behaviours.

In fact there were few behaviours which were additional to the cat-cat ethogram. These

are also given in Appendix 1.

2.3.2 FIELD OBSERVATION TECHNIQUES

Field observation techniques were used for data collection of both domestic and
undomesticated cats. Colonies of cats of various species were observed to investigate

social interactions between cats. The same methods were used for all five species.

I conducted daily ad-lib sampling sessions (Altmann, 1974), which lasted from between 1
and 24 hours. Within this ad-lib period, I recorded only the social interactions; any solitary
behaviour that occurred in between interactions was not recorded, although 1n practise I
did take some supplementary behavioural observations. Altmann (1974) terms this

'sequence sampling',

"4 sample begins when an interaction begins. During the sample, all behaviours under
study are recorded, in order of occurrence. The sample continues until the interaction

sequence terminates or is interrupted, and the next sample begins with the onset of

another sequence of interactions’.

Amongst felids, a 'sequence of interactions' tends to be, in fact, one interaction between

two cats. There were rarely any interactions between more than two individuals.

Ad-lib sampling has various disadvantages if one intends to look at daily rhythms of
behaviour (Altmann, 1974); however, as I intended to look only at temporal links within
social interactions, this effect was not an important consideration. Nevertheless, I
attempted to spread observation sessions as evenly as possible through the day, from dawn
to dusk, in order to avoid any other possible biases which may have occurred. Data
collected at night was collected by closed circuit video in the inner enclosure, which was
often lit by an infra-red light. However, it was not always possible to collect night time

data due to a lack of facilities. I generally found that the cats I observed were more active

41



Chapter 2

during the day, despite these species' nocturnal nature in the wild. Night observations
showed very little activity occurring in any of the species. It seems likely that cats vary the
timing of their activity according to their prey's activity cycle, as described for ocelots in
Emmons (1988). Cats in captivity are fed during the day; this may have led to a shift in
their circadian rhythm.

I defined a social interaction as a sequernce of behavioural elements occurring between
two cats. 1 defined the start of an interaction as whenever one cat approached another cat
within one metre, with the exception of watching or staring, which I included as part of an
interaction, even if the cats were further apart than one metre. Each interaction was
recorded until one of the cats had moved away to a distance of over one metre, or until 5
minutes had passed and no subsequent social behaviour had occurred. This latter occurred

if the cats were resting together.

Interactions were recorded in a similar way to that of Brown (1993), with the cat that
appears to initiate the interaction being termed the INITIATOR, and the cat to whom the
behaviour is directed being termed the RECIPIENT. The cats maintained this status

throughout that interaction, but could have a different status in a subsequent interaction.

The identity of the initiator and recipient were recorded for each separate interaction so
that individuals could be identified on analysis. Both colonies of domestic cats had a wide
variety of coat colours which enabled the cats to be distinguishable from one another.
Some of the undomesticated cats were more difficult to identify due to very similar coat
colours and patterns. However, after a period of familiarisation, the identification of each
cat was just about possible, although a few cat identities remained elusive. Fortunately,

however, cat identities were not fundamental to the study.

Data collection

Interactions were recorded using a number of different methods, depending on the time of
the observation and the colony which was being observed.

¢ Video: either a portable video camera (Philips VKR6850, lens; 9-54mm, 1:1.2,
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0.3" CCD, wide angle lens converter x 0.45) placed on a tripod or a closed circuit
T.V. camera (Panasonic WV-CL502, lens 3.6mm, 1:1.6, 0.5"CCD), monitor and
video recorder. The closed circuit method was particularly useful as the camera
could be installed in the inner enclosures of the undomesticated cats and left there
overnight for the collection of night-time recording.

. Dictaphone: behaviours occurring were spoken into a dictaphone (Olympus
Pearlcorder S921) by the observer (i.e. the author). This had the disadvantage that

it brought the observer to the cat's attention. It was necessary to speak in a low

voice.

. Pen and paper: Behaviours occurring were written down as they occurred using

abbreviations.

The observer was present when the latter two methods were used. Brown (1993)
discovered that a car acted as a hide in which the cats did not appear to be aware of the
observer's presence. I therefore used this method for observing the feral cats. However, 1t
was not possible in the case of the undomesticated cats which were in zoos. I therefore
had to place myself in an as unobtrusive a position as possible, causing the minimum of
disturbance, whilst still affording the maximum view of individuals and, additionally, being
near enough for me to be able to identify the individual cats. There were often bushes and
undergrowth present in which I could hide. Although the cats were initially affected by my

disturbance they soon either forgot about my presence or became used to me.

All recorded behaviour was subsequently transcribed into an analysable form on computer,

using The Observer package (Noldus Information Technology b.v.).

2.3.3 Manipulation (Experimental) Techniques

Manipulation experiments took the form of cats being observed under a variety of
controlled conditions, in contrast to the field observations which were uncontrolled. The

data collected was behavioural and the same ethogram was used as for the field

observations. Experiments were only possible with one species, the domestic cat.
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Behaviours were observed using video or Dictaphone and were transcribed using The

Observer package (Noldus Information Technology b.v.), as above. The exact details for

each experiment are given in the relevant chapters.

24  STATISTICAL TECHNIQUES

A variety of parametric and non-parametric tests were used to test hypotheses, according

to the type of data being analysed. Multivariate statistics was also used to describe the

behavioural data.

2.4.1 Independence of data

Most statistical tests assume that the data points being tested are statistically independent
of one another (Martin & Bateson, 1993). The treatment of repeated measurements from
one subject as if they were independent replicates is known as pseudoreplication (Hurlbert,
1984). This may result in Type I errors (Kramer & Schidhammer, 1992). Much of the data
described here was collected repeatedly from the same subject; it was therefore necessary
to use a repeated measures ANOVA (see Section 2.4.2.) in order to avoid

pseudoreplication.

2.4.2 Analysis of Variance (ANOVA): Parametric

An analysis of variance tests for the effects of one or more independent variables on a
dependent variable. It relies on the assumptions that the data is normally distributed, and
that the variances are homogeneous. The data in this thesis was rarely found to be normal,
and the variances were usually dependent on the mean, which is not unexpected for
behavioural data. Data was therefore transformed before carrying out the ANOVA, using
either a square root transformation or, in some cases, a logarithmic transformation. Where
the data included zero scores, 1 was added to the value before logging (Sokal & Rohlf,
1981). The correct transformation for each data set was chosen by checking the

homogeneity of the variances using the F,,, test (see Fowler & Cohen, 1994), and by

looking at graphs of the distribution of means and variances.
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A repeated measures design was used in all cases to account for data dependence (see
Section 2.4.1). This accounts for inter-subject differences by calculating the F ratio using

the subject*treatment interaction term as the error term, rather than the residual.

2.4.3 Nonparametric tests

The following nonparametric tests were used. I have not gone into details about standard

tests (see Siegel & Castellan, 1988, for more information):

hi' QUArcC f_ fr2 OI' MOTIE€ t‘p‘l'_ {_.-

Spearman's Rank Correlation

Kruskal-Wallis one-way analysis of variance by rank

Kendall's rowwi matrix correlation coefficient (see de Vries, 1993

Rowwise matrix correlation compares two entire matrices, comparing row by row, and
using a weighted sum of the correlations between pairs of rows to calculate the final
coefficient (de Vries, 1993). The main feature of rowwise correlation is that it only
involves the comparison of pairs of cells within the same row. It can therefore be applied
in cases where the data cannot be compared between rows, such as conditional proximity
matrices. This 1s in contrast to other matrix correlation methods, such as Mantel's Z test

(see Schnell ef al, 1985, van Dierendonck ef al, 1995), which compares all pairs of cells in

the entire matrix.

Rowwise matrix correlation also calculates the individual weighted correlations for each

pair of rows. This shows up which rows are driving the final correlation coefficient, which

is helpful when making conclusions from the statistical results.

There are three types of rowwise correlation, based on the indices associated with Pearson
(parametric), Spearman, and Kendall (both non-parametric, using rank-order), all of which

can be used with both square and rectangular matrices. I used Kendall's rowwise (K,)

matrix correlation because (i) my data was non-parametric, and because (i1) it has been
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proved that K_ (Kendall's) is slightly more powerful than R, (Spearman's) in cases where
there are a lot of ties (Hemelrijk, 1990a). Examples of the use of these tests can be found

in Hemelrijk & Ek, (1991) and de Waal (1991).

The raw index used for Kendall's rowwise matrix correlation is known as K_, which can

range between any minimum and maximum value, depending on the size of the matrix. The

normalised correlation coefficient (T.,) is also used and is more comparable, as it ranges

between -1 and 1.

When this test is calculated on symmetric frequency matrices (i.e. rather than
distance/proximity matrices where each cell would contain a value from 0 to 1), it is
advisable to dually normalise the data by fitting homogenous margins to both the matrices
involved (de Vries, pers.comm., MATMAN manual, 1996). This results in the marginal
totals all being equal to the same number. This process is called Iterative Proportional
Fitting (Bishop et al, 1975). For examples of its use, see Freeman ef al, (1992) and van

Dierendonck ef al, (1995). This process is only appropriate for symmetric frequency

matrices.

The statistical significance of the test was calculated using Mantel's (1967) permutation
procedure which respects the interdependencies of the values within rows amd columns of
these matrices (de Vries, 1993). In all cases the probability level was based on 10,000

permutations.

All of the procedures described above were carried out using the MATMAN programme,
Version 3.2 (1996, Ethology & Socio-ethology, Utrecht University): See de Vries e? al
(1993). This programme is designed specifically for the manipulation and analysis of

matrices derived from behavioural data.
2.4.4 Multivariate analysis (on matrix data)

Multivariate statistics was used in order to visualise and describe the behavioural data

collected from field observations. The multivariate statistics was carried out on matrix data
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which were based on the temporal associations between behaviours, the aim being to

describe temporal links between behaviours and groups of behaviours. The types of

matrices used are described below:

a) First Order Transition matrix: The value in each cell describes the number of
times that one behaviour follows another, with the first behaviour being on the rows, and
the subsequent behaviour on the columns. It is a square matrix, containing the same
behavioural events in both rows and columns. Transitions between behaviours were
counted regardless of the time lapse that might occur between the two, provided that they
occurred within the same interaction.

b) Co-occurrence matrix: The value in each cell describes the number of times that
each behavioural event (i.e. sniff, paw) occurred within each behavioural state (i.e. during
the time that the cat was sitting, or during the time that the cat held a certain tail position).
This matrix is asymmetrical, containing behavioural states on the columns and behavioural
events on the rows.

c) Sequence-linked matrix: Matrix of the number of times each behaviour 1s
exhibited in the same behavioural sequence as every other behaviour. Note that a
behavioural sequence is here defined as a sequence of behaviours exhibited by ore cat in
an interaction (See Glossary). This is also a square matrix, containing the same
behavioural events in both rows and columns.

The statistical technique that I used to analyse these matrices is described below.

Chi-squared residuals

This technique can be used to highlight non-random cells in a matrix. (Note that a matrix is
a type of contingency table). The standardised residual is a measure of the residual
difference between the expected and observed frequencies (as defined by the chi-squared

test) for each cell of a matrix. It 1s calculated as:

Observed value- Expected value/ v Expected value

and can be calculated for each cell of a matrix (Fagen & Young, 1978, Fagen &
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Mankovich, 1980, MATMAN manual, 1996).

A more precise analysis can be gained by the use of the adjusted residual which takes
account of the standard deviation of all the standardised residuals in the matrix. The

adjusted residual is calculated as:

Observed value- Expected value/ v Expected value

Standard deviation of all the standardised residuals

(Haberman, 1973, MATMAN manual, 1996). This value can also be calculated for each

cell of a matrnix.

The significance of each residual can then be calculated by comparison with any table
showing the probabilities associated with the upper tail of the normal distribution (e.g.
Table A in Siegel & Castellan, 1988). This gives the critical values as 1.96=p<0.05,
2.57=p<0.01, 3.30=p<0.001, 3.90=p<0.0001. (See also Fagen & Mankovich, 1980,
MATMAN manual, 1996.) In this way, a pair of variables (i.e. a particular cell in a matrix)
can be labelled as significantly more likely or less likely to occur together than expected. A
significant positive value indicates that the observed value is higher than expected; a

significant negative value indicates that 1t 1s lower.

This technique is usually used in analyses of sequences of behaviour, to investigate

significant transitions from one behaviour to another. In practice, it can be used to

highlight any cell which is significantly aberrant from the expected, and therefore can be

used on any of the three matrices described above:

(a) On the transition matrix: Highlighting two behaviours that are significantly

likely to follow one another.
(b) On the co-occurence matrix: Highlighting a behavioural event that 1s
significantly likely to occur during a behavioural state.

(c) On the sequence-linked matrix: Highlighting behaviours that are significantly

likely to occur 1n the same behavioural sequence together.
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The residuals thus indicate how dependent two behaviours are upon one another; i.e.
whether the presence of one significantly increases or decreases the likelihood of the
presence of another. A diagram of association can then be drawn, visually linking those

behaviours which were significantly likely to occur together (see Fig. 3./ for example).

The diagonal values in matrices (@) and (c), were, in this study, structural zeros, because I
did not include auto-transitions. It was therefore necessary to use imputed values for the
diagonal when calculating the residuals. This method is described in the MATMAN
manual (1996). The residuals of the imputed values are naturally zero and therefore do not
contribute to the final ¥* value of the matrix. Matrix (b) was rectangular and therefore the

diagonal values were already defined.

There are, however, complications with this method of analysis. These are outlined below:
¢ Qutliers influence residuals

If this method 1s used to identify more than one significant cell, each test is not
independent of the others (Fagen & Mankovich, 1980). As a result of this, outliers (i.e.
cells with extremely high or extremely low values) will influence the residual values of
other cells via their marginal totals (MATMAN manual, 1996). Thus behaviours that occur
often may mask the assoctations of infrequent behaviours. This may lead to some Type 1

and Type II errors occurring within a large matrix.

In order to lessen this effect, I carried out three analyses of each set of data, with each

matrix containing different numbers of behaviours:

. All behaviours included.
. All behaviours except those that occurred at high frequency.
. All behaviours except those that occurred at a very low frequency.

The comparison showed that there was actually very little difference between the three
types of results. The absence of low frequency behaviours made practically no difference
at all. However, the absence of some very high frequency behaviours did cause some

middle frequency behaviours to become significant. This effect was caused by very high
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