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Abstract 

The fossa (Cryptoproctaferox) is a solitary carnivore and the largest endemic 

mammal extant on Madagascar. It is estimated that less than 2500 individuals 

survive on the island and they are currently listed by the IUCN as endangered. 

The aims of this study were to investigate the behaviour and reproductive 

physiology of the fossa, with reference to the small captive population. The 

limited previous work carried out on this species suggested several unique 

traits both in biology and behaviour. Of particular note is the phenomenon of 

transient masculinisation observed in juvenile females, and in addition, the 

highly unusual mating system described as a cross between lekking and 

scramble competition polygyny. 
In this present study six zoos were visited in the UK and Germany to 

observe fossa behaviour. General behavioural observations were used to 

gather data on activity patterns and budgets, the occurrence of repetitive 

pacing, reproductive behaviour and scent-marking in both males and females. 

Furthermore, enclosure modification was used to examine in greater detail 

aspects of behaviour noted. Five zoos collected faecal samples over a three- 

year period; these were used to study reproductive physiology through the 

application of an enzyme immunoassay technique. In addition, museum 

specimens of bacula, in both the fossa and other carnivores, were examined in 

relation to function and described mating systems. 

Seasonality, ovulation type and the length of the oestrus cycle were 

determined and behavioural changes linked to reproductive condition found. 

A new theory, termed transient natal dispersion, is proposed to explain the 

unusual mating and social system 
Aerv d, incorporating information 

gathered regarding ovulation, copulatory pattern, scent-marking behaviour 

and the male genitalia. The data gathered in this study are also used to propose 

changes in management, which would enhance the keeping of this endangered 

species, whilst the future role of zoos in carnivore conservation is re- 

examined. 
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Chapter 1 Introduction 

1. Introduction 

As the human population continues to expand, there is an increasing and 

accelerating need for resources, exacerbated by the growing urbanisation 

of developing nations (Turner et al. 2004) and the unbridled over- 

consumption of developed countries. This demand for resources has 

dramatically altered the natural world, in turn impacting on species 

survivorship of both plants and animals. Whilst the turnover and extinction 

of species is part of natural evolutionary processes, recent estimates suggest 

that the current anthropogenic-induced extinctions are at rates of three to five 

orders of magnitude greater than background extinction levels (Balmford et al. 
1998). 

The chief problems faced by natural habitats are the development of land 
leading to habitat loss, degradation and fragmentation (Sunquist and Sunquist 

2001); the over-exploitation of natural resources, such as over-fishing and 
hunting; pollution, leading to global climate change; the introduction of exotic 
species (Lande 1998, Macdonald and Thom 2001). Whilst these broad threats 
have been identified, focus has now shifted to identifying specific threats and 
species traits that may render them particularly vulnerable under current and 
future environmental conditions (Balmford et al. 1998, Purvis et al. 2001, 

Cardillo et al. 2004). Whilst more emphasis is now being placed on habitat 

and landscape approaches (Simberloff 1997), central to these efforts has been 

the mantra of species conservation, with charismatic species championed in an 

effort to not only gain public support, but funding and legislative protection 
(Leader-Williams & Dublin 2001). 

Against this backdrop, of retaining biodiversity (Myers 1998), a number of 

different approaches have been utilised, either singly or in tandem. These 

include: the listing of species and habitats and their conservation status 

(Brooks et al. 2004, IUCN 2004), the development of protected areas (Mills et 
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al. 2001, Mbora and Meikle 2004, Nyaupane and Thupa 2004, Russell and 

Wallace 2004), increased education and involvement of local communities 

(Feistner and Mallinson 2000) and research specifically targeted to investigate 

the causes of decline in habitats and species (Mace and Balmford 2000). The 

aim of providing solutions to observed species declines has led to the 

comparatively new discipline of conservation biology. 

Although it is widely accepted that natural habitats and species should be 

afforded protection, there is no common consensus as to the most effective 

means of doing so. Therefore the question has been asked, what should we 

protect and in what way (Norton et al. 1995)? In recent years a debate has 

grown, and divisions widened, between proponents of sustainable use and 

those of a more protectionist slant, and of the use of ex situ techniques, 

whereby threatened species of plants and animals are removed from the wild 

and maintained and propagated in zoos, specialist breeding centres, botanic 

gardens and seed banks. In particular, the conflict, between those whose 

primary interests are long-term conservation of species and those whose 

attention is focused on individual animals welfare, has become polarised, and 

at times hostile (Regan 1983, Jamieson 1995). 

This discussion reaches its peak in the debate between those who see zoos as 

ongoing and potential conservators of nature, and those who believe that they 

are anachronistic, representatives of the past, with little or nothing to offer in 

the way of welfare (Regan 1995). Regan (1995) argues, from a rights point of 

view, that zoos are not morally defensible, even if they achieve a significant 

impact in in situ conservation, as they cannot take full account of individual 

welfare. The debate is further polarised when ex situ zoo breeding 

programmes implement policies of culling surplus stock to effectively manage 

captive populations, both genetically and demographically (Lacy 199Q). Zoos 44 Add 

also face criticism in their choices of animals held in captivity, with data 
"A`l 
Unc, 

(t 
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suggesting that larger, more charismatic species are preferentially housed, 

regardless of threatened status (Balmford 2000). Although there have been 

high profile successes attributed to captive breeding and reintroductions, such 

as golden lion tamarins (Leontopithecus rosalia) (Dietz et al. 1994) and 

Arabian onyx (Oryx leucoryx) (Stanley-Price 1989), reintroduction and 

translocation programmes have also attracted critics due to the cost of 
implementation, suitability of captive bred animals for reintroduction and the 

loss of animals during the process (Kleiman et al. 1991, Mathews et al. 2004). 

Such programmes are likely to be a limited conservation tool in the future 

(Stanley-Price et al. in press). Can zoos, therefore, provide a quantifiable 
impact on the conservation of species and habitats? [Coupled 

with this over 

arching question is a more challenging dilemma, that of whether zoo breeding 

programmes are useful, for research and education, and whether they provide 

suitable care for the species they hold (Tudge 1991). Qeý, fm c 

Numerous studies in captivity have focused on the larger charismatic mega- 
fauna, of elephants, rhinos and great apes. Carnivores in zoos are amongst the 

most popular exhibits (Balmford 2000), yet the diversity of carnivore taxa 

ý"ö ýýý 
displayed in the majority of zoos is limited (ISIS 2004). Smaller, nocturnal, 

tropical forest species have been particularly under-represented, as well as the 

focus of modest academic interest (Gittleman 1989). This thesis will consider 

the biology and ex situ conservation of a small carnivore found on 

Madagascar and which is obscure outside professional zoology circles, the 

fossa (Cryptoprocta ferox). Little is known of their ecology, behaviour and 

physiology, and this study will focus on the social behaviour and mating 

systems of fossa, and relate these to its conservation in the wild and 

management in captivity. 
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1.1 Madagascar 

Madagascar is the fourth largest island in world, situated 430 km off the east 

coast of Africa in the Indian Ocean (Fig. 1.1). It is home to an array of 

endemic species, and as such, is recognised as one of the planets biodiversity 

`hot-spots' (Myers 1998). The carnivores of Madagascar consist of nine 

species, eight of which are endemic to the island. This tiny Glade of unique 

species are under threat from habitat destruction, habitat 

fragmentation/degradation and hunting. As tropical forest carnivores they are 

extremely difficult to study in situ; studies carried out to date include dietary 

studies from scat samples (Goodman et al. 1997), and remote tracking by 

radio-telemetry (Dollar 1997, Hawkins 1998). Captive animals allow direct 

observäfion 6-be crried out, and basic biological knowledge to be gathered, 

an extremely difficult process in the wild with such cryptic animals. The most 
widely represented species of Malagasy carnivore in captivity is the fossa. 

1.2 The Carnivores of Madagascar 

Madagascar is home to nine species of wild carnivore, a modest representation 
for island of this size. The carnivores appear to have undergone a more 
limited radiation, once their ancestors had reached the island, compared to the 
lemurs and insectivores (Garbutt 1999), however, there is great morphological 

and ecological diversity amongst them, and they show a complex of both 

primitive and derived features (Veron and Catzeflis 1993). 

Despite pioneering work carried out in the late 1960s and early 1970s by 

Albignac (1969,1970,1973,1975,1976), the carnivores remain grossly under- 
researched, with extremely limited information as to population sizes, 

distribution and basic ecology and behaviour. Increased interest from the 

mid-1990s onwards (Dollar", 1 97,1999a, 1999b, Goodman et al. 1997, 

Hawkins 1998, Britt 2000), has remedied this situation somewhat, but wide 

gaps in knowledge remain. A new species, Grandidier's mongoose 
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(Galidictis grandidier), was first described in 1986, but was known from only 

two museum specimens until 1989 (Wozencraft 1986, Garbutt 1999). 
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Fig. 1.1 The geographic position of Madagascar 

(The Times Atlas of the World 2000) 

1.2.1 %he evolution and origin of the Malagasy Carnivores 

The evolution of the Malagasy carnivores has proved a perplexing puzzle to 

evolutionary biologists and taxonomists since their earliest description. In the 

past it has been suggested that the Malagasy carnivores should be split into 

two groups, herpestid-like carnivores and viverrid-like carnivores. This 

argument was based on primitive cranial features (Wozencraft 1989). Recent 

genetic and morphological studies point towards the sub-family Galidinae 

being a very early offshoot of the Herpestidae and therefore having a separate 

phylogenetic history from the other Malagasy carnivores, and preserving the 

HerpestiduelViverridae split. This suggested that carnivores colonised 

Madagascar more than once. Further workers challenged this view but did not 

reach consensus (Couturier et al. 1986) and the most recent research has 
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reverted to suggesting a single origin ancestor for all Malagasy carnivores, 

whilst leaving the taxonomic position of the viverrid-like carnivores 

unresolved (Yoder et al. 2003). 
". -- ru ± ýý, rc. (c. 

Madagascar is believed to have broken away from mainland Africa some 
150mya, as plate tectonic forces pulled apart the Somali Basin. This isolated 

Madagascar in the Indian Ocean several million years before the Age of 
CAI Mammals. The most widely proposed method for the arrival of mammals on 

Madagascar was by way of rafting events or "sweepstakes dispersals", across 

the Mozambique Channel, a distance of some 430km (Preston-Matteam 1991, vo 

Mittermeier et al. 1994, Krause et al. 1997, Bradt 1997, Garbutt 1999). By . ý' x 

this method large mats of vegetation break away from the mouths of vast 
VC- 

rivers and act as rafts, allowing species to cross water barriers of considerable 
0 t 

distance. This is also the hypothesised method of dispersal of proto-New '`ate 

World monkeys to South America from Africa across the Atlantic, a far 

greater and more arduous crossing than that of East Africa to Madagascar 

(Ciochon and Chiarelli 1980). 

The early colonisers of Madagascar are thought to have been insectivorous 

creatures, perhaps similar to present day tenrecs (Tenrecidae sp. ), with 

subsequent colonisation events bringing several founding species, which then 

evolved in isolation for millions of years to bring about the unique assemblage 

of species observed today. 

Eisenberg (1981) suggests that the great radiation of both lemurs and tenrecs 

was from "stem" faunas that were very conservative in morphology. It is 

likely that this would hold true for much of the other fauna of the island. 

Although an arduous crossing, statistically a rafting event is favoured (Tyson 

2000) and as the early colonisers of all forms were likely to be small this 

would aid a sea-crossing event. Some modern representatives of the 
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Carnivora, display traits which would make them more able to survive a sea 

crossing. The Malagasy civet (Fossa fossana) can lay down fat reserves, 

particularly in its tail, to cope with times of lean foraging opportunities. 

These fat reserves may account for 25% of their body weight (Garbutt 1999). 

It is, however, suggested that mammals have successfully colonised the island 

fewer than a dozen times (Krause et al. 1997). 

1.3 The fossa 

The fossa (Plate 1.1) is the top terrestrial predator of the island and the largest 

endemic species. Traditionally feared by the Malagasy, village mothers tell 

their children to behave, with whispered threats that, 9the fossa will come and äf 

get you". To the adults, fossa represent chicken thieves, a threat to their 

livelihood. An elusive animal, few researchers have studied this tropical 

forest carnivore, and even fewer have focused on its behaviour. Gerald 

Durrell (1992) intriguingly described the fossa as the "pink panther of 

Madagascar". 

1.3.1 Evolutionary history of the fossa 

The evolutionary history of the fossa is unclear, though it does appear to have 

many features in common with early felids. Creatures that are clearly 

recognisable as members of the Carnivora are found from 60mya, with true 

cats appearing some 30mya. The split between the line leading to the felids 

and the line leading to the viverrids seems to have occurred in the Oligocene 

(55Ma - 36Ma) (Turner 1997). Proailurus lemanensis is the earliest true cat, 

found in deposits dating back 30Ma. The fossa exhibits many similarities to 

this early cat. Proailurus is thought to have been capable of great arboreal 

agility, in common with the fossa (Laborde 1986). They share long, flexible 

backs, short forelimbs for grasping and longer hind limbs for propulsion. 

Proailurus also had extremely flexible ankle joints as seen in the present day 
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margay (Leopardalis weidii) as well as the fossa, allowing greater 

manoeuvrability in the trees (Turner 1997). 

Plate. 1.1 The fossa 

The fossa also shares an important feature with the later cat, Pseudaelurus 

(20mya), in the ankle and foot. On the calcaneum of Pseudaelurus a muscle 

attachment is present which allows the quadratus plantae muscle to unite the 

calcaneum and the toes. This muscle, running along the bottom of the foot, 

allows greater flexure of the pads, increasing the grasping action. This 

attachment is very much reduced in modem cats, as is the muscle itself, but 

remains well developed in the fossa (Turner 1997). 

The sub-fossil Cryptoprocta spelea, considerably larger than the extant fossa 

(MacPhee and Marx 1997), was described by Grandidier in 1902 from cave 

deposits near Fort Dauphin in the south of the island. However, some have 

questioned the validity of this and other specimens being full species and 
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suggest that the differences between the two species can be explained by 

allometric changes in C. spelea with growth (Kohncke and Leonhardt 1986). 

The exact origins of the fossa are unknown, as fossils of mammals are not 
found from the appropriate time period on Madagascar, surviving deposits 

from the Tertiary being of mostly marine origin (Krause et al. 1997). 

1.3.2 Taxonomic position of the fossa 

From its first description by Bennett (1833) the fossa has been subject to 

many revisions in taxonomy. At a meeting of the Zoological Society of 

London (ZSL) a dead specimen was presented by a Mr Charles Telfair Esq., a 

corresponding member of ZSL, who had travelled in Madagascar, and had 

kept the animal alive for some months. The young specimen was examined 

by society members and was found to have many features in common with the 

Viverridae, yet also many felid-like features. It was proposed that this animal 

was new to science and should be placed in the Viverridae and given the name 

Cryptoproctaferox (Cryptoprocta meaning hidden in the hind parts, referring 

to anal glands, and ferox meaning fierce and referring to its ferocious 

reputation). Since that time the fossa has been classified as a felid (Milne- 

Edwards and Grandidier 1867) and reclassified as a viverrid (Wozencraft 

1989) on more than one occasion. One of the earliest images of a fossa is 

from a later volume of Saugthiere in Abbildungen nach der Natur mit 

Beschreibungen, more commonly known as Schreber's fantastic beasts (Fig. 

1.2). This image was by Johann Andreas Fleischmann (1811-1878). 

Until recently it had become generally accepted that the fossa was a viverrid 

that through convergent evolution had evolved cat-like features (Kitchener 

1991), though this had always remained contentious (Veron and Catzeflis 

1993, Veron 1995). Veron and Catzeflis (1993) attempted to elucidate the 

evolutionary relationships between the fossa, felids, viverrids, herpestids and 
hyaenids by means of DNA/DNA hybridisation techniques. 
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bam' 

rý 
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Fig. 1.2 Woodcut from the Saugthiere in Abbildungen nach der 

Natur mit Beschreibungen 

Their results suggested that Cryptoprocta shared closer affinities to the 

herpestids than either the viverrids or fel ids. Conversely Veron (1995) carried 

out cladistic analysis comparing the fossa to both felids and viverrids, as well 

as the early cat fossils Proailurus and Palaeoprinodon. Verons' results on 

this occasion, based on dental characters, suggested that C. ferox is closer to 

the »elidae and that the Felidae/Cryptoprocta complex is a sister group to 

Proa, lurns. 

Yoder et al. (2003), using multi-gene phylogenetic analysis, suggest a 

monophyletic origin for the carnivora of Madagsacar. They also suggest that 
1"'et 

the Malagasy Glade is nested within the Herpestidae group, therefore disputing 

the long-held view that three species of Malagasy carnivore (C. ferox, F. 

fo. ssuna and E. goudotti) should be assigned with the Viverridae. In addition 
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they state that within the Malagasy Glade, the fossa is basal, though its 

relationship with the other Glade members is unclear (Fig. 1.3). Pocock 

(1916) suggested that as the fossa showed many features in common with both 

the felids and viverrids, as well as some features unique to itself, that it should 
be assigned its own family, an idea that has never found much favour but 

perhaps is worthy of re-examination'. To date the affinities of the Malagasy 

Carnivora remain unclear. 

1.3.3 Anatomy and morphology 
The fossa is cat-like in appearance, making it easy to distinguish from the 

other Malagasy carnivores. Its body and tail are elongated. The head/body 

measures 700-800 mm in length, with the tail approaching parity with an 

average of 650-700 mm in length (Kohncke and Leonhardt 1986). Albingac 

(1973) reported an average weight of between 7-12 kg, however, a recent field 

study suggests a slighter smaller average of 6.75 kg, with the heaviest 

specimen found being 10kg (Hawkins 1998). Albingacs' heavier specimens 

may have been from captivity. 

Hind limbs have been reported as slighter longer than the fore limbs (Turner 

1997, Hawkins 1998). The long tail is completely rounded and is thought to 

aid balance in arboreal locomotion. Sexual dimorphism is apparent, with 

males slightly larger than females (Albignac 1973, Kohncke and Leonhardt 

1986, Hawkins 1998). Hawkins (1998) found an average body mass of 7.4 kg 

(n = 17) for males and 6.1 kg (n = 11) for females, in the western dry forest 

region of the island. 

' See Appendix I for a full list of the Carnivora of Madagascar with most recent full 
taxonomies 
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family Herpestidae (Yoder et al. 2003) 

The pelage is uniformly short and reddish brown, though it fades to creamy 

beige on the underparts of the female and to a brighter red on the male. This 

red colouration is thought to be due to a secretion from a sternal gland 

(Vosseler 1929). In young females the belly is more reddish than that of the 

adult female, fading to the adult condition through time (Hawkins 1998). 

Melanistic forms have been reported on Isle St. Marie, a small island off the 

North-East coast of Madagascar (Kohncke and Leonhardt 1986). The skull is 

longer than in the felids though shorter than normally found in the viverrids 
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(Plate. 1.2). It is constricted behind the orbits and a small sagittal crest is 

present to allow strong attachments for the large masticatory muscles. 

Plate. 1.2 The skull of the fossa 

Large mystacial whiskers are present as well as supercilliary, genal and inter- 

ramal vibrissae (Kohncke and Leonhardt 1986). Inter-ramal whiskers are not 

found in the Felidae (Kitchener 1991). It has a pronounced, bulbous nose and 

large, rounded ears. The eyes are relatively large and round, brownish/green 

in appearance, with a tapetum lucidum present, giving a greenish eye-shine at 

night (Pocock 1916, Albignac 1973, Kohncke and Leonhardt 1986, Garbutt 

1999). It has a semi-plantigrade stance with large, hairless footpads to allow 

gripping when travelling in the trees (Veron 1999). Overall its body is heavily 

muscled reflecting its pronounced climbing ability. 
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The fossa exhibits very distinctive genitalia, so distinct that it is in respect to 

their genitalia that Pocock (1916) advocated the fossa to be classified in its 

own family, distinct from felids, herpestids and viverrids. A baculum or penis 
bone is found in the male and both the penis and baculum are extremely long 

in comparison to the felids (Dixson 1995). The female has a large peniform 

clitoris, which is supported by an os clitoridis or clitoris bone (Hawkins 

1998). Females may also show scrotum-like swellings (Lonnberg 1902, 

Pocock 1916, Ewer 1973). Young females are reported to show transient 

genital masculinisation, undescribed in any other mammal, in which the 

clitoris of juvenile females develops hard spines and a pronounced masculine 

appearance, which is not seen in the adult condition. This occurs from 

approximately 10-12 months of age and lasts until 18-20 months. Transient 

reddish colouration on the groin and belly region is also observed in these 

young females. They revert to the female condition (absence of spines, 
female colouring) upon reaching maturity (Hawkins 1998). 

The fossa exhibits advanced carnivorous dentition, the most cat-like of any 

viverrid. The dental formula is I 3/3, C 1/1, P 3/3 and M 1/1. They possess 

large carnassials and a single reduced upper molar. The canines are 
adc4rcý -- developed very similarly to Fells, though the incisors are typically viverrid 
bý2cn ^J 

(Ewer 1973, Kohncke and Leonhardt 1986). A number of scent glands have 
ýSk 

been described including perianal skin glands in an anal sac (Carlsson 1911), 

a sternal gland described by Vosseler (1929) and other glands near the penis 

and vulva (Albignac 1973). The smell emanating from the fossa is part of 

Malagasy folklore with it being suggested that just the scent of a fossa 

prowling near chicken coops at night is enough to kill the chickens (Pocock 

1916). 

1.3.4 Distribution and habitat 

The fossa is widely distributed across Madagascar and is found in all major 
habitat types (Fig. 1.4) bar desert and savannah. They are thought to reach 
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their highest concentrations in the dry, deciduous forest of the west coast 

(Hawkins 1998). 

sa 

Fig. 1.4 The general distribution of the fossa (Garbutt 1999 

1.3.5 Behaviour 

Fossa were believed to exhibit a nocturnal activity pattern (Albignac 1972) 

being very rarely observed in the hours of daylight. More recently it has been 

found that fossa exhibit a cathemeral or non-period specific activity pattern, 

being both day and night active. Two radio-telemetry studies, one in 

rainforest (Dollar 1999a) and one in dry forest (Hawkins 1998), found that the 

fossa exhibited peaks of activity in the hours of darkness and marked periods 

of inactivity at the hottest mid-day periods. However, in the later study by 

Hawkins (1998) there was no significant difference between levels of daytime 

and night time activity. 

Little had been known about the habits of fossa in the wild until very recently. 

Hawkins (1998) radio-collared ten individuals and tracked them over a period 
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of many months. She confirmed earlier reports (Albignac 1973) that adult 
fossa are solitary in the wild, and obtained home range estimates for two adult 

males (22.74 km2 and 26.20 km2) and two adult females (12.69 km2 and 7.84 

km2). The ranges of the adult males overlapped with both the other males and 
Y"Vs lot 

females, whilst those of the females showed no overlap with other females. 
SU ,,,,,, 40,, 

Dollar (1997) tracked two males by radio telemetry in the rainforest at loe 

Ranomafana and reported that home range exceeded 5km2 and that daily path ä '6A -sp 
lengths were 2-5 lin. Dollar (1997) also reported an overlap of 20% in ranges 

of the two males. Hawkins (1998) noted that two males had often been 

tracked near to each other, whilst a male was observed to stay near a trap in 

which another male had been caught, possibly suggesting that although a 

solitary animal, male fossa may have social contact of some kind outside of 

the mating period. It is perhaps possible that the overlapping ranges represent 

co-defended territories or that male siblings may associate for a period of time 

after leaving their natal group. Hawkins (1998) found a density of 0.17 

individuals per km2 for adults and 0.26 individuals per km2 if juveniles are 
included. This is a low density for a carnivore of this body weight. Hawkins 

(1998) also found that for both males and females, home-ranges contracted in 

the wet season and expanded in the dry season. 

1.3.6 Diet 

Ewer (1973) describes the fossa as ̀ not only the largest of the viverrids but, to 

judge by its dentition, one of the most actively predacious'. The fossa has a 
highly unusual diet, being the only mammal studied to date, specialising in 

primate prey. Although hunting by fossa has not been scientifically observed, 

many studies of the fossa undertaken to date, have focused on diet, using scat 

samples and lemur remains to elucidate this aspect of their ecology. In 

particular researchers studying lemurs have become interested in the diet of 

the fossa and how it impacts upon their own study animals. The hunting 

ability of the fossa was brought into sharp focus in recent times when a black 
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and white ruffed lemur (Varecia variegata variegata), one of a number 

experimentally introduced from captivity, into the Betampona region of 

northeast Madagascar, was killed by a fossa (Britt et al. 1999). 

Although they preferentially take lemurs the diversity of habitats in which the 

fossa occurs, strongly affects the prey taken (Table 1.1). The results below 

reflect the adaptability of the fossa. In dry deciduous forest, a study by 

Rasoloarisan et al, (1995) found that lemurs comprised the majority of the diet. 

57% of scats examined contained lemur remains and the largest lemur found 

in the area, Verreaux's sifaka (Propithecus verreauxi), was the most 

commonly found in scats. 

Table 1.1 Mean mass of prey and location (Goodman et a1.1997) 

Location Mean mass of prey 
Dry deciduous forest 1140g 

Humid forest 480g 

Summital zone 40g 

Another study carried out in the Ranomafana National Park (RNP) on the east 

coast identified the impact of fossa predation on groups of Milne-Edwards 

sifaka (Propithecus diadema edwardsi) (Wright 1995, Wright et al. 1997). 

This is a large lemur, averaging 5.8 kg in weight, which lives in groups of 3-9 

individuals. Scats (n=8) were collected and prey remains analysed. Four 

lemurs were represented, Milne-Edwards sifaka, red-fronted lemur (Eulemur 

rubriventer), red-bellied brown lemur (Eulemur fulvus rufus) and the greater 
bamboo lemur (Hapalemur simus). In total 12 species of lemur are found in 

RNP, yet all four species represented in fossa scats were greater than 2 kg in 

weight with diurnal or cathemeral activity patterns. Goodman et al. (1993) 
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suggested that the main predators of the smaller, nocturnal species of lemur 

are large owls. 

Wright et al. (1997) also suggested, from evidence based on lemur remains, a 

hunting style for the fossa. Wright et al. (1997) hypothesised that fossa attack 

at night when their prey is sleeping. They apply a killing bite to the throat 

whilst restraining the prey with their fore paws and then proceed to eviscerate 

the victim. The ruffed lemur at Betampona appeared to have been killed in 

this manner (Britt et al. 1999). 

In contrast to the studies described above, Hawkins (1998), in a far more 

comprehensive study (scats, n= 376), reported a greater incidence of small, 

nocturnal lemurs (Lepilemur ruficaudatus, Phaner, furcifer, Mirza coquereli, 
Cheirogalus medius, Microcebus murinus, Microcebus myoxinus) in scats 

collected from the Morondava region, an area of dry deciduous forest on the 

west coast, as well as a larger diurnal species (Propithecus verreauxi). 
Hawkins found that the principle prey consisted of six species of lemur and 
two or three species of tenrec, with a significant relationship between 

abundance of prey found in scats and prey availability. Hawkins suggested 

that fossa were opportunistic predators, able to take prey larger than would be 

predicted for their body mass. 

1.3.7 Reproductive behaviour 

An unusual mating system has been described wherein a female in oestrus will 

take up residence in a tree. Males gather and compete for access to the tree 

and the female. The female may mate with a number of males over the course 

of her oestrus period, before relinquishing the tree to another female (Hawkins 

1998). 
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Female fossa are thought to use caves and dens as safe places to bear their 

young. Gestation is reported as 53-60 days with a litter size of one to four 

most likely. At birth the infants average 100 g in weight, are fully furred but 

blind and toothless (Albignac 1975). Although characteristically atricial they 

are reported to have control over their long tails (Kopel 1998). Development 

is slow in the fossa, not leaving their dens in the wild for nearly two months, 
before making their first climbing attempts and refusing solid food in captivity 
before 3 months. Weaning occurs at 4 to 5 months and it is over 2 years 
before their dentition reaches adult condition. Sexual maturity and full body 

size are not reached until 3 to 4 years (Albignac 1975). The mechanism of 
dispersal of the young is unknown. 

1.3.8 Status of the fossa in the wild and captivity 

At present the fossa is classified as endangered by the IUCN (003). It is 
listed under CITES II, which allows legal trade across borders, in this species. 
It is estimated that there are fewer than 2500 mature individuals found 

throughout its range (IUCN 2004). A breeding programme was established in 
1994, however, the fossa has been displayed in captivity in Europe since 1874 

when an individual was exhibited in Paris. An individual was then housed at 
London Zoo from 1890 to 1905 and photographs exist of this specimen 
(Edwards 1997). This individual may well be the model used for a 

chromolithograph published by Wyman & Sons in 1896 (Fig. 1.5). 

%r 

1.4 Threats to the fossa 

Madagascar is an economically impoverished country. The World Bank 

surveyed 203 countries, assessing poverty by Gross National Product per head 

of population. Madagascar languished at number 183 (Bradt 1997). The 

population at present stands at over 17 million with an annual growth rate of 
3.03%, a doubling time of 25 years. Half of the population is under 15, with a 

median age of 17.4 years. The birth rate is 41.9 births per 1000 with an infant 
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mortality rate of 78.5 per 100 live births. Compare this to the UK where the 

infant mortality rate is 5.22 per 1000 births. In addition life expectancy is just 

56.5 years. Illiteracy is running at 45% and the average Malagasy mother has 

6.6 children (Mittermeier et al. 1994, Bradt 1997, CIA World Factbook 2004). 

Coupled with the fact that agriculture, much of it small scale (rice, coffee, 

vanilla, spices) is the primary livelihood for 70% of the population, the land is 

under extreme pressure. 

Fig. 1.5 Chromolithagraph from 1896 

1.4.1 Habitat destruction und degradation 

In the south of the island cattle herding predominates and the zebu rapidly 

destroy native habitats, nutrient poor grasslands often replacing them. It is 

also in the south that much of the forests are being destroyed in charcoal 

burning, as most Malagasy still cook over charcoal (Mittermeier et al. 1994). 

It is estimated that 90% of Madagascar's original forest has been converted by 

man, for extraction of hardwoods, fuel-woods, for farming and for mining. In 

the eastern rainforest 111,000 ha have been lost every year from 1950-1985, a 

50% decline in 35 years. The eastern rainforest is thought to cover now just 

34% of its original extent (Mittermeier et al. 1994). The dry deciduous forest 

is believed to be declining at an even more advanced rate (WWF, 2000). 
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Inevitably, as the forests and other unique habitats disappear, so do the species 
that depend upon them. 

It is not only outright destruction of habitat that is of concern. Sustained 

exploitation can lead to that habitat being degraded and fragmented, creating 

small islands of remnant forests in seas of anthropogenic grasslands. 
Secondary forest growth may begin to predominate, which can have great 

effect on some species. Some may benefit, such as the introduced carnivore 

species, the small Indian civet (Viverricula indica), which is often found on 

the edges of human settlement (Garbutt 1999). Conversely endemic 

carnivores of a similar size may disappear with human encroachment. 

1.4.2 Conflict with humans 

The fossa is entirely reliant on forested areas, and as these disappear, it will 
face greater and greater problems. With large reported home ranges (Hawkins 

1998), fragmentation of habitats will also threaten the status of the fossa, 

bringing it into greater contact, and likely conflict with humans. Fossa are 
killed as livestock pests as well as falling victim to road kills, as people move 
into wilder areas. For example the Ankaranfantsika National Park, home to an 

estimated 158 fossa (Hawkins 1998), is completed bisected by the national 
highway RN4. 

Although in some areas of Madagascar hunting of certain species of lemur is 

prohibited by local tribal `fady' or taboo, no such fady apply to fossa. Until 

recently no direct scientific evidence indicated that fossa were hunted as a 
food source, but Garcia and Goodman (2003), investigating species utilised 
by forest users in the western dry region of Ankaranfantsika National Park, 

" found the remains of fossa bones belonging to two individuals, in the charred 
logs of a camp fire. The bones also exhibited the marks of butchery. 

However, it is not known whether fossa are actively hunted or whether 
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opportunistic killing or collection of road kill can account for the remains 
found. 

1.4.3 Trade 

Despite the IUCN classing the fossa as an endangered species, they are 

currently listed only on CITES Appendix II, which allows legal trade in this 

species. In 2001, a minimum of 35 fossa were exported from Madagascar as 

part of the pet trade, with their origin (captive bred or wild caught) unknown. 2 

Internet sites of animal dealers offer fossa for sale and it would appear that 

they are easily obtained. 

1.4.4 Madagascar as a 'hotspot' 

When discussing the fossa the importance of Madagascar globally, as a 
'hotspot', should be summarised. Norman Myers first coined the phrase 
hotspot in 1988 (Cincotta et al. 2000) to describe areas that were especially 

rich in endemic species and threatened by human activities, such as 
\1' 
teýrh' deforestation and urbanisation. Since then 25 areas worldwide have been 

identified as hotspots. These hotspots contain 44% of all species of vascular 

plants and 35% of all mammals, birds, amphibians and reptiles in only 1.4% 

of the land surface of the earth (Myers et al. 2000). Myers et al. (2000) have 
nod" _ 

since then identified the `hottest hotspots' to provide a focus for conservation 

priority setting, suggesting that global conservation bodies and governments 

take a `silver bullet' approach to the current extinction crises. They identify 

areas that should be targeted forthwith, in an effort to slow the rate of loss of 

species (Table 1.2) 

These five hotspot areas cover only 0.4% of the earths land surface, yet 

clearly account for a significant amount of global biodiversity. Madagascar 

and the Caribbean are also relatively small areas, intensifying their importance 

2 The figures for number of fossa exported were received from Dr A. Carpenter who found 
this information during his research into the reptile trade on Madagascar 
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as high biodiversity areas. Madagascar currently has only 9.9% of its original 

primary vegetation remaining and only slightly less than 20% of that 

remaining area is nominally protected (Myers et al. 2000). 

Table 1.2 The top five `hotspots' (Myers et al. 2000) 

Endemic Plants Endemic vertebrates 

Rotspot (% of global total) (% of global total) 

Tropical Andes 20,000 (6.7) 1,567 (5.7) 

Sundaland 15,000 (5.0) 701 (2.6) 

Madagascar 9,704 (3.2) 771 (2.8) 

Brazil's Atlantic forest 8,000 (2.7) 567 (2.1) 

Caribbean 7,000 (2.3) 779 (2.9) 

Totals 59,704 (19.9) 4,385 (16.1) 

Another way to examine areas of interest in terms of conservation is to assess 

the number of species currently listed as threatened by the IUCN. The Red 

List, produced by the IUCN, evaluates the level of threat to both species and 

subspecies, and categorises threatened species as critically endangered (CR), 

endangered (EN) or vulnerable (VU). Twenty-nine countries are listed as 
having over 100 species that are considered threatened. When examining the 

number of threatened species in relation to the total described Madagascar 

once again emerges as an area of high importance (Table 1.3). Coupled with 

the high levels of endemicity previously described it would appear imperative 

that global conservation efforts should focus, resources on this island 

`continent'. 

1.5 Aims and scope of the dissertation 

The aims of this project are broad, incorporating fundamental biological 

research with practical application, in the conservation management of an 

endangered carnivore species. This project is zoo based and utilises the 
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captive population of fossa to better understand key aspects of physiology and 
behaviour. Additionally, studbook information and wild population modelling 

will be utilised. The understanding gained will not only improve the care of 
fossa in captivity, but also pose future research questions and suggest an 
integrated approach to the conservation of the fossa. This approach will 
incorporate both ex and in situ strategies, combining a number of different 

fields of expertise. 

Table 1.3 The % of threatened animal species in countries where 

more than 100 threatened species occur 

No. of Threatened 

Country species evaluated (CR, EN, VU) % 

Madagascar 332 154 46.4% 

,, 
C 'USA 1911 859 45% 

Phillipines 480 215 44.8% 

Portugal 295 126 42.7% 

New Zealand 269 112 41.6% 

1.5.1 Aims 

" to understand the activity patterns of the fossa in captivity, 
investigating the role of husbandry in observed patterns, 

" to understand enclosure and management requirements of fossa in 

captivity, their link to repetitive behaviours, and make 

recommendations for improvements in husbandry, 
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" to understand the reproductive behaviour of fossa in captivity and 

extrapolate this to the wild to better understand the unusual mating 

system observed in the wild, 

" to investigate, and compare to related species, the baculum and suggest 

a possible role for the reported large baculum in the fossa mating 

system, 

" to characterise the reproductive hormone cycle in both females and 

males, 

" to understand scent-marking behaviour in captivity, and to extrapolate 

this to the wild to gain better understanding of the mediation of social 

contact and reproductive behaviour in wild fossa, 

0 to detail the current demographic and genetic status of the captive 

population, to assess what carnivore species are held in captivity, and 

use this data to suggest a future role for zoos in carnivore 

conservation. 

1.5.2 Overview of this study 
Many different questions are posed in an attempt to better understand 
fundamental aspects of the biology and behaviour of the fossa, and to better 

understand how they should be managed in captivity to achieve long-term 

conservation goals. To answer these questions and achieve the aims presented 

above, the results of this research are presented as follows: 

In Chapter 2, "Activity patterns and time budgets of the fossa in captivity", 

systematic observations of the fossa in captivity are presented. Twenty 

juvenile and adult animals were observed at six different zoological 
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collections in Europe. The behaviour is documented and compared across 

age/sex/enclosure size/enclosure complexity. Activity patterns and budgets 

are compared to available wild data and enclosure utilisation is examined. 

In Chapter 3, "Repetitive behaviour in captivity", observations of stereotypic 

and non-stereotypic pacing behaviour in six different zoological collections 

are presented. Repetitive behaviour is thought to indicate a welfare problem 

and causes are investigated by means of visual barriers. Factors, which may 

predispose the fossa to stereotypy, in the captive environment, are investigated 

by comparison to other species through the literature. 

In Chapter 4, "Scent-marking behaviour in captivity and its relevance to social 

organisation in the wild", the occurrence, form and function of scent marking 

is investigated and data presented. The techniques of direct observation and 

experimental manipulation are utilised to elucidate this area of interest. 

Changes in scent marking in relation to age and reproductive condition are 

discussed. Implications as to function and how this affects social organisation 

in the wild are considered. 

In Chapter 5, "Copulatory pattern, the function of the baculum and mating 

system", observations of copulatory behaviour in captivity are presented. The 

bacula is investigated and its form compared phylogenetically to related 

species. The possible role of the bacula in the observed mating system is 

suggested. Theoretical discussion of the mating system will suggest possible 

explanations for its form and propose a new theory to explain the mating and 

social system observed. 

In Chapter 6, "The reproductive physiology of the fossa in captivity", 

observations of the reproductive behaviour are presented. The technique of 

non-invasive faecal hormone analysis by enzyme immunoassay is used to 
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investigate seasonality, oestrus cycle duration, ovulation type and hormonal 

change in pregnancy. 

In Chapter 7, " The status of the captive population, extinction risk and 

conservation strategy for long-term viability in situ", the international 

studbook is used to investigate the demographic and genetic status of the 

captive population, whilst ISIS, an international database of zoo held species 
is examined to assess which carnivores are housed in captivity. The 

VORTEX modelling programme is used to model extinction risk in the fossa. 

The captive population and modelled extinction risk provides a framework in 

which to discuss conservation strategy. The role of zoos in carnivore 

conservation is discussed. 

In Chapter 8, " General discussion and future work", the previous chapters 

results are summarised and conclusions drawn. This and previously published 

information is used as a framework for recommendations as to the future of 

the fossa both ex and in situ. It is suggested that this information is used as a 

lobbying tool to create interest in the fossa and other endemic carnivore 

species. Future research avenues are suggested. 
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Activity patterns and time 
budgets of the fossa in captivity 
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2. Introduction 

Despite their charismatic appeal to both biologists and public alike, only 15% 

of terrestrial carnivores have been the focus of even a single scientific study 
(Schaller 1989). Studies that have been carried out have predominantly 
focused on the large, open habitat species, such as lions (Panthera leo), 

Yý( cheetahs (Acinonyx jubatus) and hyaenas (Hyaenidae sp. ). Group living 

species have proved particularly interesting, as not only are they more visible, 

they allow the study of complex social interactions between group members. 

Ease of observation is a major factor in choosing species to undertake studies 

upon and it is also relatively expensive and logistically difficult to mount field 

studies in remote areas. Dietz (1984), during a two-year field study of Maned 

wolves (Chrysocyon brachyurus) in Brazil, was unable to directly observe the 
ýQýý" wolves due to the extreme habitat and shy nature of the animals. These types 

of difficulties have led, in particular, to a paucity of research into the smaller, 

solitary, tropical forest species (Gittleman 1989). When Dietz (1984) returned 
from his field study he supplemented what data he had been able to collect in 

the field by direct observation of captive animals at the National Zoological 

Park in Washington. 

2.1 The use of zoo animals in research 

Captive animals provide a resource for direct observation when field studies 

either are logistically complex to carry out or provide only remote and/or 

limited data. What data are gleaned from these field studies prove to be 

vitally important, but direct observations are often missing or fleeting at best 

(Dietz 1984). Captive research can bridge these gaps and provide opportunity 
for basic biological research encompassing such fields as behaviour, nutrition, 

taxonomy, reproductive physiology, genetics and anatomy. 

However, the relevancy of captive research has been questioned (Kaufmann 

and Kaufmann 1963, Hosey 1997) and in addition the difficulties in carrying 
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out research in the zoo has been raised (Kleiman 1992). It can be argued that 

as captive environments are so different from wild habitats, behaviours 

witnessed in captivity are subject to modification by that environment. 
Captivity cannot provide the complexity of the wild, and therefore different 

selection pressures may be in operation. The magnitude of change produced 
by captivity is, however, unclear. Some species may be less able to adjust to 

captivity than others, for example specialists as opposed to generalists. 

Field studies often rely on the habituation of wild animals, a direct 

modification of usual flight reactions from humans. This process may be 

necessary to allow close quarters observation, however, the impact of this 

upon activity, time budgets and other behaviours is unknown. Remote 

observation may miss details of behaviour and a compromise is accepted. 
There is a similar compromise in zoo research, though much of the research 

carried out in zoos is directly interested in how animals are kept in captivity 

and how their welfare can be improved. Robinson (1990) also indicates that 

there are a number of benefits to captive research, particularly in regard to 

more cryptic species, in that, a large number of observations is possible, no 

time is wasted in locating the animal, and the social and physical environment 

can be altered to test hypotheses. 

2.1.1 The fossa in captivity 

The fossa has been the subject of relatively few studies in the wild and what 

studies have been carried have generally been remote, focussing on scat 

analysis and telemetry studies (Rasoloarisan et al. 1995, Goodman et al. 1997, 

Wright et al. 1997, Dollar 1999a). Hawkins (1998), in a field study based on 

telemetry, was able to directly observe mating behaviour in two consecutive 

seasons, however in this field study no other direct behavioural observations 

were possible. The captive population therefore facilitates studies of more 

cryptic species, in relation to their behaviour, but also allows the application 
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of techniques such as non-invasive endocrine monitoring. This captive 

generated data can be used to answer questions as to function that can be, with 
due caution, extrapolated to wild fossa. 

2.1.2 ChapterAims 

In this chapter the activity patterns and time budgets of 20 fossa at six zoos 

will be described and contrasted. The exhibits varied both across and within 

zoos, in respect of their size, cage furniture and husbandry schedules. The 

differences in observed behaviour will allow assessment of the effect of 

management practices, and provide baseline information for the following 

chapters in this thesis. Activity patterns and budgets observed will be 

discussed with respect to what is known about the behaviour of fossa in the 

wild. In addition the efficacy of the use of captive animals in behavioural 

research will be discussed. 

2.2 Animals and zoos participating in this study 

2.2.1 Study animals 
Table 2.1 details the animals observed in this part of the study (listed 

alphabetically), their sex, age (at time of observation), location (at time of 

observation), place of birth, studbook number and parents. 

2.2.2 Description of study zoos 

From November 2000 to April 2001 five zoological collections holding fossa 

were visited, four in the UK (Marwell Zoological Park, Belfast Zoo, Suffolk 

Wildlife Park and Colchester Zoo) and one in Germany (Duisburg Zoo). An 

additional zoo in the UK was visited in 2003 (Lakeland Wildlife Oasis). Each 

zoo had widely varying enclosures, differing in absolute size, cage furniture 

provision, substrate type and position in the zoo. Differences in management 

also prevailed. 
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A total of 18 individual enclosures were utilised across the six collections, 

some of which could be further subdivided. These enclosures varied in size 

and complexity both between and within zoos. Outdoor enclosures ranged in 

size from 10 m2 to 280 m2. Indoor enclosure provision varied from private 

sleeping boxes approximately 1.5 m2 to show dens of 27 m2. The first zoo 

visited was Marwell and from there a standard enclosure observational unit 

size of approximately 18 m2 was formalised such that each enclosure could be 

subdivided comparably and enclosure utilisation could be assessed. However, 

due to the varying sizes of exhibits and topography both between and within 

zoos, subdivisions ranging from 15 m2 to 18 m2 are present. In smaller 

enclosures (<18 m2) no subdivisions are made and this is also the case in 

slightly larger exhibits where subdivisions would fall below 15 m2. Enclosure 

furniture, management and husbandry also varied considerably among the 

collections. 

2.2.3 Marwell Zoo 

The fossa exhibit at Marwell Zoo was purpose built in 1999/2000. The 

enclosure comprises six discrete areas, which are connected by manual slides; 

one off-show denning area, of which the female only has access just prior to 

parturition, two on-show den areas and three outdoor areas (Fig. 2.1; Plate 

2.1). The female indoor den area was 12 m2 and comprised a concrete base 

covered with a thick layer of wood bark. Fixed wooden beams were in place 

for climbing and one additional shelf and two broad window sills were 

present. Two windows on two sides of the den were in place for public 

viewing. A denning area of approximately the same size was entered by a 

manual slide. A slide one metre off the ground connected the female indoor 

den area to the first outdoor area. 

This first outdoor area (Section 1 in Fig. 2.1) was 72 m2, and was comprised 

of a concrete base covered in thick wood bark. The back and side-wall to the 
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den area were brick. Public viewing was by windows, which ran along one 

side of the enclosure. The side connecting to the next outdoor area, by manual 

slide, was made of weld-mesh. When the slide to Section 2 (Fig. 2.1) was 

closed, the outdoor could be used by infants who would be small enough to 

squeeze through the larger gauge mesh used in the two further outdoor areas. 
Section 1 was covered by corrugated plastic sheeting to provide shelter in 

poor weather. Branches were suspended by ropes and chains from the ceiling 
to provide a moving, variable climbing frame for the fossa. Some logs of 

varying sizes had also been placed in this area. Section 1 was subdivided into 

four areas of approximately 18 m2 (1A/1B/1C/1D/). 

enning area 

Female Den 
Male Den \ Section 1 

Section 3 

Section 2 

Fig. 2.1 Plan of the Marwell Zoo fossa enclosure (not to scale) 

Section 2 was the largest of the units at Marwell, measuring 144 m2. In this 

area telegraph poles provided supports over which a flexible steel mesh had 

been suspended. This tented shape reached 8m at its highest point. The mesh 

was connected to a brick wall at the back of the enclosure and to a public 

viewing side with large windows running the length of the enclosure. The 

substrate in this section was comprised of earth, grass and bark. A small pool 

was also present in the centre of the exhibit. A mesh tunnel, secured by a 

manual slide at either end, connected Section 2 via a keeper area to Section 3. 

Section 2 was subdivided into 8 areas of approximately 18 m2 
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(2A/2B/2C/2D/2E/2F/2G/2H). Section 3 was a smaller version of Section 2 
t 

with telegraph poles supporting the flexible steel mesh and measured 72 m2. 
Section 3 was subdivided into four areas of approximately 18 m2 where 

possible (3A/3B/3C/3D). Again the substrate was made up of earth, grass and 

additional bark. A small pool was also present. In both Sections 2 and 3, 

planting of various forms, such as bamboos, had been added. Section 3 led, 

by way of a manual slide, into the male den area. This was very similar to the 

female den area and was approximately 15 m2. 

Section 2 was the largest of the units at Marwell, measuring 144 m2. In this 

area telegraph poles 
provided 

supports over which a flexible steel mesh had 

been suspended. , 
This tented shape reached 8m at its highest point. The mesh 

was connected'to a brick wall at the back of, th, e enclosure and to a public ' 
r< 

viewing side with large windows running the length of the enclosure. The 

substrate in this section was comprised of earth, grass and bark. A small pool 

was also present in the centre of the exhibit. A mesh tunnel, secured, by a 

manual slide at either end, connected Section 2 via a keeper area to Section 3. 

Section 2 was subdivided, / "into 8 areas of approximately 18 m2 

(2A/2B/2C/2D/2E/2F/2G/2H). 

Section 3 was a smaller version of Section 2 with telegraph poles supporting 

the flexible steel mesh and measured 72 m2. Section '3 was subdivided into 

four areas of approximately 18 m2 where possible (3A/3B/3C/3D). Again the 

substrate was made up of earth, grass and additional bark. A small pool was 

also present. In both Sections 2 and 3, planting of various forms, such as 
bamboos, had been added. Section 3 led by way of a manual slide, into the 

male, -den area. This was very similar to the female den area and was 

approximately 15 m2. 
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During the period of observation male 0107, ('enda, and female 0063, Grisha, 

were housed as a pair from Bam till 4pm each day. Whilst separated at night 

the male had access to his den and Section 3 whilst the female had access to 

her den and Sections 1 and 2. They were fed once a day, after separation in 

the evening, and no enrichment items were added to the enclosure during this 

observation period. 

Plate 2.1 Representative image of Marwell Zoo fossa enclosure 
(Section 2 shown) 

2.2.4 He/fust Zoo 

The fossa enclosure at Belfast Zoo ha housed a number of different species 

prior to the arrival of the fossa in 1999. The enclosure comprised one large 

outdoor area, three den areas and one off-show outdoor run behind the dens 

(Fig. 2.2). The outdoor area was 162 m2, with natural substrate comprised of 

earth and grass. A large gauge steel mesh enclosed the area, suspended from 

large vertical posts. The enclosure was terraced, rising 2m from the public 

viewing windows to the back of the enclosure. The enclosure itself was 
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surrounded by thick shrubbery on two sides. Its position in the zoo near the 

top of a steep hill provided views encompassing most of Belfast Bay. The 

enclosure had two low-level platforms, suspended, movable branches and 

ropes to provide both climbing and sleeping areas (Plate 2.2). 

The three indoor dens were 9 m2 each. Two were directly interconnected 

whilst a third was separated by a keeper area and could be reached by a 

narrow corridor running the length of the den area (Fig 2.2). The concrete 
floors of the den were covered by large grade bark shavings and in each den 

there was a concrete covered sleeping area, which was furnished with straw. 
Each den also had an additional large plastic barrel filled with straw as an 

alternative sleeping area. The dens had moving branches suspended in them 

for use as climbing apparatus. The outdoor enclosure was subdivided into 

nine areas of approximately 18 m2, (A/B//D/E/F/G/H/UJ). The male 0086, 

Odin, and female 0097, Freya, were housed together continuously at all times 

and allowed access to all parts of the exhibit at all times. They were fed twice 

a day, AM and PM. No enrichment was given during the observation period. 

Den Areas 

Fig. 2.2 Plan of Belfast Zoo fossa enclosure (not to scale) 
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Plate 2.2 Representative image of Belfast Zoo fossa exhibit 

2.2.5 SuJjoolk Wildlife Park 

Four enclosures were in use for fossa during the initial observation period of 

this study at Suffolk Wildlife Park (SWP). All four enclosures were similar in 

construction consisting of timber frame/weld mesh cages on concrete bases. 

A wooden hut with den and keeper area was attached to each enclosure. All 

enclosures were in part of a complex of similar constructions termed `Monkey 

Row'. Previously the enclosures had been utilised for other species, but 

primarily primates. Enclosure I (Fig. 2.3) consisted of an outdoor area of 

13.5 m2. The concrete base of the enclosure was covered in large grade bark 

chippings and branches had been suspended in the enclosure. A shelf attached 

to the den area provided an arboreal resting space. The indoor den measured 

5 m2 and a shelf ran along one side. The wooden floor had a thin covering of 

wood shavings to soak up urine and a small wooden sleeping box was 

provided and provisioned with straw. 
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Enclosures 3 and 4 were almost identical to 1. Enclosure 2 was split into two 

units. Unit I was the same as enclosures 1,3 and 4. This connected to a larger 

area of 20m2 (Plate 2.3). Unit 2 consisted of the same construction as Unit 1, 

with suspended branches and a bark substrate. Enclosure 3 connects to 

enclosure 2 by way of a manual slide between the enclosures. Between 

enclosures I and 2 was another unit of the same size, which at the time of 

observations was housing talapoin monkeys (Miopithecus talapoin). Between 

enclosures 3 and 4 was another double unit the size of 2/3, housing L'Hoest 

monkeys (Cercopithecus Ihoesti). 

Female 0069, Kra, was housed in enclosure 2, male 0041, Kastor, was housed 

in enclosure 3, and male 0119, Percy, was housed in enclosure 1. Initially 

male 0103, Henry, was housed in enclosure 4, but left the collection part way 

through the observation period. Female 0120, Henrietta, who had been off- 

show, was then moved to enclosure 4. 

Keeper Area Keeper Keeper Area 

Den 

EEEEEIIi::: 

__ 
Den Den 

Unit 1 Unit 2 

Enclosure 1 Enclosure 2 Enclosure 3 Enclosure 4 

Fig. 2.3 Plan of Fossa exhibit at Suffolk Wildlife Park (not to scale) 

During this observation period all animals were housed singly and locked into 

the den area overnight at approximately 3.30pm. They were then given access 

to both the den and outdoor area from approximately 8.30am. They were fed 
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Plate 2.3 Representative image of the fossa exhibits at Suffolk 

Wildlife Park 

2.2.6 Colchester Zoo 

The Colchester fossa were housed adjacently to each other in enclosures 

which could inter-connect. The enclosures were situated on a steep hill and 

surrounded by large trees and other animal enclosures. The male and female 

exhibits were almost identical to each other, and originally housed rusty 

spotted cats (F'elis rubiginosa). Both enclosures (Fig. 2.4; Plate 2.4) 

consisted of an outdoor weld mesh cage of 20 m2 connected by a manual slide 

to an indoor area of 4 m2. The outdoor concrete base is covered by large 

grade bark chippings and was branched and roped. Logs and branches of 

various sizes were found on the floor. An additional outdoor, unheated 

wooden den was found in one corner. The enclosures were separated by a 

small gap of Im and connected by an arboreal weld mesh tunnel operated by 

manual slides. The heated indoor dens had windows on the two longest sides, 

enabling the public a view through the indoor area to the outdoor area. A 
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small wooden sleeping box was provided, with straw or shredded paper as a 

bedding material. The tiled floor had a scattering of wood shavings each day 

to absorb urine. 

Keeper access areas were situated at each end of the respective dens. Unlike 

the other zoos visited the keepers at Colchester work in with the fossa, partly 

due to'he constraints of the exhibit. The male (0085), Forrsell, was housed in 

enclosure I and the female (0064), Fossa, in enclosure 2. The fossa had free 

access to both indoor and outdoor cages 24 hours a day, apart from times of 

freezing weather conditions when they were confined to the heated den areas 

overnight. The fossa has large ears and it is believed that they are susceptible 

to frostbite damage in severe weather conditions (pers. com. C. Barwick). 

The fossa were fed twice a day, AM and PM. They were fed both in the den 

area and outside. Enrichment, in some form or another, was provided daily. 

Connecting tunnel 

Fig. 2.4 Plan of Colchester Zoo fossa exhibit (not to scale) 
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shown using feeding enrichment device 

2.2.7 7_oo Duisburg, Germany 

Zoo Duisburg hold the international fossa studbook and manage the captive 

population worldwide. They produced some of the first successful captive 

matings in the late 1970s and consequently, since that time, have always 

housed a large number of fossa. Ten fossa were housed at Duisburg during 

this initial study, seven adults and three 9 month old infants, housed with their 

mother. Only the adults are discussed in this initial observation period. 

At the time of this initial study Duisburg had completed three new fossa 

exhibits to cope with this large number of adults. They also still housed four 

fossa in much older exhibits (Fig. 2.5; Plate 2.5). The older exhibits 

consisted of steel frame cages covered with chain-link fence, supported on a 

concrete base. These outdoor areas connected, by way of a manual slide, to 

concrete indoor dens. Enclosure I was split into two units, with an outdoor 

area measuring 13 m2 in each unit. The concrete base was covered in sand 
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and some sparse branching was suspended, with additional logs on the floor. 

The indoor dens were 1.4 m2 and straw was provided for bedding. In 

enclosure I unit 1, male 0084, Berenty, was housed adjacently to female 0090, 

Sakaraha, in unit 2. Enclosure 2 was another double unit and was linked to 

enclosure I by a connecting tunnel. It was slightly bigger, with each outdoor 

area measuring 14 m2. Den size remained the same as in enclosure 1. The 

concrete floor was covered by a thin layer of sand, and some logs were 

provided on the floor. Male 0089, Morombe, was housed in unit I and 2. 

Both enclosures I and 2 were elevated from the public path by 1.5 m. 

Keeper Area Keener Area 

Fig. 2.5 Plan of enclosure I and 2 Zoo Duisburg (not to scale) 

One hundred metres from these enclosures was the last of the old exhibits. 

This consisted of a single steel frame, wire mesh cage housing one male 

(0046) Mandoto (Fig. 2.6). The outside exhibit was extremely small, 11 m2, 

and was connected to a concrete constructed sleeping box of 1.4 m2. Sand 

covers the outdoor concrete base and straw is provided in the indoor den. A 

few logs and rocks are provided in the outdoor area. 
k 
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IDen I Keeper Area 

Enclosure 3 

Fig. 2.6 Zoo Duisburg plan of fossa enlosure 3 (not to scale) 

Plate 2.5 Representative photo of the old fossa exhibit at Zoo 

Duisburg 

The new exhibits at Zoo Duisburg all consisted of flexible steel mesh 

suspended over telegraph poles. Each of the three enclosures was 25 m2. The 

mesh was connected to the ground into concrete supports and each exhibit had 

a mix of earth, grass and bark as a substrate, giving them a much more 
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naturalistic appearance than the old exhibits. Each enclosure had tall vertical 

supports and additional branching to provide climbing opportunities. All 

three enclosures sloped down to large public viewing windows, except in 

enclosure 4 where a small pool and vertical steel cables, held taught, separated 

the public from the enclosure. The area surrounding each of the three 

enclosures was heavily landscaped, each enclosure partially screened from the 

other. In all three cases the indoor accommodation consisted of a heated 

sleeping box, provisioned with straw and 1.5 m2 (Fig. 2.7). 

Enclosure 6 

Fig. 2.7 New fossa exhibit plan at Zoo Duisburg (Not to scale) 

Enclosure 4 housed male 0067, Kirindy, enclosure 5 housed female 0072, 

Bekily, and enclosure 6 housed female 0087, Perinet, and her three infants. At 

Zoo Duisburg all fossa had access to the outdoor areas at all times. All bar the 

female with her three infants were housed singly. They were fed once a day, 
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in the afternoon, and during the period of observation no enrichment was 

offered. 

Plate 2.6 Representative photo of new fossa exhibits at Zoo Duisburg 

2.2. x Lakeland Wildlife Oasis 

Lakeland Wildlife Oasis housed two fossa at the time of this study, male 

0131, Remus, and female 0121, Purdey. The male had only just arrived and 

was off-show and unavailable for observation at the time of the visit. The 

fossa exhibit was situated in a small woodland and consisted of two outdoor 

cages, both leading to a wooden indoor area split into three sections. The 

outdoor areas were wooden frame constructions covered in weld mesh and 
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measured 21 m` (Fig. 2.8). Large grade bark chippings covered a concrete 

base and branches had been suspended from the roof of the enclosures. A 

small platform was also present in unit 2, the females' enclosure. The indoor 

area was split into three sections, a male den, a female den and a keeper area. 

The male and female dens 4.5m`. The indoor floor was covered in 

newspapers to soak up urine. 

Keeper Area 

Fig. 2.8 Lakeland Wildlife Oasis fossa exhibit (not to scale) 

The fossa at Lakeland were fed one main evening meal and were then locked 

in overnight from 5pm until 8.30am. On an irregular basis they would also be 

given a small amount of food in early afternoon in the outdoor exhibit. 

During the course of this study the female fossa at Lakeland was offered 

additional behavioural enrichment on one occasion. 

2.3 Methods 

Twenty individual fossa were observed, ranging in age from one year to 

twenty years. Initial data collection was in the form of 25 hours of ad libitum 

observations, of the two animals at Marwell Zoological Park. From this, and 
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with later additions, a comprehensive behavioural inventory was compiled 

(Appendix 2). Within this inventory, the behaviours were categorised; gross 

state (Active/Inactive), postures, locomotion, maintenance, eliminative 

behaviours, scent-marking, vocalisations, eating/drinking behaviours, 

exploratory/investigative, play, agonistic behaviours and mating behaviours. 

A data collection sheet was designed to record: gross state, postures, 

behaviour types, location (including height), and proximity to cage mate or 

fossa in an adjacent enclosure. Instantaneous sampling of a focal animal at 

five-minute intervals was used to collect data, and additional notes of interest 

were kept. All occurrences of scent-marking behaviour were recorded and 

these will be discussed in Chapter 4. With the exception of the observations 

made at Lakeland Wildlife Oasis in May/June all other observations were 

made during winter/early spring, from November to April. 

Samples sizes were small, and the assumptions of parametric statistical tests 

were violated in some cases. Data were transformed or non-parametric 

statistics employed where appropriate. To assess the use of the larger 

enclosures at Marwell and Belfast Zoos, a Spread of Participation Index 

(S. P. I) was used to determine space use. The sectors were of different sizes 

and therefore an adjusted S. P. I was used wherein; 

I(F,, -F0)/2(N-F i) 

where Fe = expected frequency 

Fo = observed frequency 

N= total observations 

Fi = lowest value for expected frequency 

(Pullen and Buchan 2001) 
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0 
The S. P. I varies between 0 and 1 where 'lis no preference for any area and 1 

the use of a single area only. The 63 individual behaviours in the behavioural 

inventory were placed into categories and these in turn were classified as 

active or inactive (Table 2.2). 

Table 2.2 Gross categories used in activity budgets 

Behaviour Grouping Brief Description 

Inactive Sleeping/resting 

Active 

Stationary but alert Lying, sitting or standing 

Locomoting All behaviours involved in movement 

Grooming Maintenance of self or cage mate 

Exploratory Active investigation of the surroundings 

Feeding/Drinking Ingestion of all food and drink 

Scent marking Marking of any part of the exhibit 

Elimination Urination and defaceation 

play Either with object or conspecific 

Agonistic Aggressive behaviour towards conspecific 

Repetitive pacing Both stereotypic and non-stereotypic 

An enclosure complexity index was also established (Table 2.3). This was 
based on seven features of an enclosure: enclosure size (m2), enclosure height, 

opportunity to go off-show from public, availability and variability of 

substrates, climbing/exercise opportunities, number of feeds presented per day 

and the provision of enrichment. Feeds were included as, once presented, 

they become a part of the exhibit and may be returned to from time to time. 
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Table 2.3 Enclosure complexity index scoring system 

Parameter Range 
Added 

Score score 
Enclosure Size 0- 49 m 1 

50-99m2 2 
100-149m2 3 
150- 199 m2 4 
200-249m2 5 
250-300m2 6 

Enclosure Height 0-2m. 1 
2-4m 2 
4-6m 3 
6-8m 4 

Off-show YES 1 
NO 0 

Substrates 1 1 (Variable 1) 
2 2 
3 3 

Climbing Opportunity YES 1 (Good 1) 
NO 0 

No. of feeds per day 1 1 
2 2 

Enrichment NEVER 0 
OCCASSIONALLY 1 
REGULAR 2 

2.4 Results 

2.4.1 Enclosure complexity index 

Scores were tallied using the enclosure complexity index for all individuals 

(Table 2.4). Marwell and Belfast zoos' score highest using this index, with 

the older Zoo Duisburg enclosures scoring the lowest marks. 
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Table 2.4 Enclosure complexity scores 

Individual Enclosure Height Off- Substrate Climbing Feeds Enrichment Total 
Size m2 show 

Cenda 6 4 0 2 2 1 0 15 
(Marwell) 
Grisha 6 4 0 2 2 1 0 15 
(Marwell) 
Freya 4 4 1 2 2 2 0 15 
(Belfast) 
Odin 4 4 1 2 2 2 0 15 
(Belfast) 
Henrietta 1 2 1 1 2 1 0 8 
(SWP) 
Percy 1 2 1 1 2 1 0 8 
(SWP) 
Henry 1 2 1 1 2 1 0 8 
(SWP) 
Kia 1 2 1 1 2 1 0 8 
(SWP) 
Kastor I 2 1 1 2 1 0 8 
(SWP) 
Edward 1 2 1 1 2 1 0 8 
(SWP) 
Forrsell 1 2 1 1 2 2 2 11 
(Colchcstcr) 
Fossa 1 2 1 1 2 2 2 11 
Cotchcstcr 
Mandoto I 1 1 1 0 1 0 5 
(Duisburg)- 
Morombe 1 2 1 1 1 1 0 7 
(Duisburg) 
Sakaraha 1 1 1 1 0 1 0 5 
(Duisburg) 
Berenty 1 I 1 1 1 1 0 6 
(Duisburg) 
Kirindy 1 4 1 2 2 1 0 11 
(Duisburg) 

_ Bekily 1 4 1 2 2 1 0 11 
(Duisburg) 
Perinet 1 4 1 2 2 1 0 11 
(Duisburg) 
Purdey 1 1 1 1 1 2 1 8 
Lakcland 

2.4.2 Activity Patterns, time budgets and enclosure utilisation 
2.4.2.1 All individuals 

Activity patterns were variable both between individuals and institutions. 

Both Marwell Zoo and Suffolk Wildlife Park exhibited patterns where a 

midday drop in activity was apparent. In contrast, fossa at Zoo Duisburg and 
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Belfast Zoo exhibited highest levels of activity around midday, whilst 

Colchester showed most activity in the morning (Fig. 2.9). Mean daytime 

activity was 56% ± 3.7 (n=20). Enclosure size was not significantly 

correlated with activity observed (Spearmans' Rank correlation, rs = -0.058, 

p=0.8065). 
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Fig. 2.9 Composite activity patterns for Belfast, Colchester, 

Marwell, SWP and Duisburg. 

There was no significant difference in mean daytime activity between males 

and females across the zoos (Table 2.5; female mean activity = 55% ± 7.3, 

n=9; male mean activity = 56%\ 4.1, n= 11; t=0.099,18 df, p=0.9215). 

Sixty-four per cent of males exhibited play behaviour in contrast to 33% of 

females, but this difference was not significant (U = 35.5, p=0.2758). In fact 

the second highest level of play exhibited was by the female Purdey. There 

was no correlation between age and play behaviour (rs = 0.108, p=0.759) and 

no difference in per cent locomotion (t = 0.547,18 df, p=0.591) or 

exploratory behaviour (t = 0.578,18 df, p=0.570) between males and 
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females. There was however a decline in exploratory behaviour with 
increasing age (Fig. 2.10). 

Table 2.5 Male and female gross behaviours (excluding scent- 

marking, see Chapter 4 and repetitive pacing, see Chapter 

3). 

Behaviour cate gories 

LC STA EX GR PL 

% mean % mean % mean % mean % mean 
(± SEM) (± SEM) (± SEM) (± SEM) (t SEM) 
CV% CV% CV% CV% CV% 

Female 17 15 32 2 2 

(n = 9) (2.8) (2.4) (6.2) (0.8) (1.3) 

50 48 58 120 190 

Male 16 13 30 4 3 

(n=11) (3.3) (3.2) (6.5) (1.0) (3.8) 

68 82 72 83 127 

LC = locomotion, STA = stationary but alert, EX = exploratory, GR = 
grooming, PL = play 

There was more variation among males than females in locomotion, stationary 
but alert and exploratory behaviours but less for grooming and play. There 

was an association between locomotion and enclosure complexity index, with 

more complex enclosures scoring higher levels of locomotion (Fig. 2.11). 

However, this did not reach significance (r5 = 0.422, p=0.0637). There were 

significant differences in activity budgets between individuals (G-test, G= 

53.8,4 df, p<0.0001) and zoos (Fig. 2.12), with Colchester Zoo having the 

highest mean score for per cent pacing and Marwell the least. 
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Fig. 2.10 Correlation between exploratory behaviour (encompassing 

investigative and vigilance behaviours) and animal age 
(with trendline added). 

Pacing varied between individuals and level of pacing declined with 
increasing enclosure complexity (Fig. 2.13) as part of a total time budget. 

When per cent pacing alone was considered this becomes a significant 

relationship (r, _ -0.567, p=0.0298). Repetitive pacing will be discussed 

further in Chapter 3. 
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Fig. 2.11 Correlation of locomotory behaviour (excluding pacing) 

and enclosure complexity index (with trendline added). 
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Fig. 2.12 Time budget comparisons between zoos (STA = stationary 

and alert, LOC = locomotion, EXP = exploratory, Pace = 

pacing); n= number of individuals 
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Fig. 2.13 Correlation of enclosure complexity index and level of 

pacing observed (with trendline added), as part of total 

daytime activity budget (r, =-0.402, p=0.161) 

Arboreality varied among individuals with a mean arboreality of 24% ± 4.0 

(n=20; CV = 75%) of the active period. Arboreality did not differ between 

males and females. However, increased arboreality was associated with 

increasing enclosure complexity (rs = 0.511, p=0.0227) (Fig. 2.14). 
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Fig. 2.14 Correlation of enclosure complexity index and arboreal 

activity, as part of a total daytime activity budget 

There was also a significant effect of age on the arboreality observed (rs =- 
0.4.77, p=0.0351) (Fig. 2.15). 

2.4.2.2 Marwell Zoo 

At Marwell Zoo the female was active for 35% of the total observation period, 
including observations over night (Table 2.5). However, as the female was 
inactive during the night observation, only daytime activity will be considered 

(Fig. 2.16). The female S. P. I for activity was 0.427, reflecting the uneven 
distribution of use of the exhibit, with most activity restricted to the female 

den and area one, despite access being available to the rest of the exhibit. 
This figure rises to 0.96 for inactivity, as the female was only observed to be 

sleep/rest in her den and section I a. 
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Fig. 2.15 Correlation of age and arboreal activity, as part of a total 

daytime activity budget 
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Fig. 2.16 Activity pattern male and female, Marwell Zoo 
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Table 2.6 Activity, arboreal activity and arboreal rest 

Activity (%) Arboreal (%) Rest arboreal (%) 

Grisha 59 27 47 

Cenda 33 59 86 

Freya 61 45 0 

Odin 59 17 0 

Forrsell 77 48 17 

Fossa 55 22 2 

Kastor 60 4 0 

Kia 62 20 0 

Henry 71 30 0 

Henrietta 51 52 0 

Percy 51 12 0 

Edward 35 22 0 

Morombe 50 4 0 

Sakaraha 49 6 0 

Berenty 53 31 5 

Perinet 15 43 0 

Kirindy 63 5 0 

Bekily 62 4 0 

Mandoto 64 0 0 

Purdey 94 22 0 

The male exhibited much lower levels of activity than the female. Both male 

and female showed peaks of activity after first being given access to the whole 

enclosure area, with lowest activity being observed in the mid-day. Increases 

in activity were noted in late afternoon, just before separation into their 

individual halves and the single feed of the day being offered. The male S. P. I 

for activity was 0.316, reflecting his more general use of the total environment 
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than the female. The male S. P. I for inactivity was 0.68, as he utilised only 

three areas for sleep, mostly the male den area. The male spent 12% of all 

sleep in area lb, adjacent to la, the area that the female often choose to rest in. 

The male was far more arboreal than the female spending 59% of the time he 

was active and 86% of inactive time in arboreal positions (he routinely slept 

on a raised platform in his den area). Several bouts of agonistic interaction 

were noted during this baseline period, that were not recorded when 
instantaneous sampling. The male approached the female, attempting to 

mount her and was rebuffed by the female on every occasion. Harsh `hiss- 

honk' vocalisations from the female were associated with these incidences, 

where she would vigorously pursue the male, on one occasion chasing him 

into the pool in area three. However, the male retreated without further 

escalation of aggression each time. During these tense episodes the female 

characteristically performed an `anal drag' form of marking, which will be 

discussed in Chapter 4. The female performed more than twice the level of 

exploratory behaviours than the male (Fig. 2.17). The only behaviour which 

the male performed more than the female was self-maintenance or grooming. 

The female was observed to display a limited level of stereotypic behaviour, 

which will be discussed in Chapter 3. 

2.4.2.3 Belfast Zoo 

This female exhibited some night activity, being active for 58% of the period 

between 0400-0600 hours. No other night activity was observed. The male 

was also active for all the period the female was active during the hours of 
darkness (Table 2. ý)ýBoth the male and female exhibited peaks of activity in 

the afternoon (Fig. 2.18). 
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Fig. 2.17 Activity budgets of male and female at Marwell Zoo from 

instantaneous sampling 
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Fig. 2.18 Activity pattern of the male and female at Belfast Zoo 
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In 35% of total observations, the male was in physical contact with the 

female, which predominantly took the form of resting together. On all 

occasions of inactivity the male rested in Den 2. The S. P. I during activity for 

the male was 0.25. In contrast, the activity S. P. I for the female was 0.51, as 

she spent a considerable amount of time in the indoor den areas in comparison 

to the male, whereas much of the males outdoor activity was in the form of 

repetitive pacing. The female only slept in Den 2. The female spent 45% of 

the time she was active in an arboreal position, much of this spent at the 

highest point of the exhibit looking out over the zoo (Fig. 2.5). Whereas the 

Marwell male and female had a `tense' relationship, the Belfast pair often 

played together, which took the form of wrestling. During these wrestling 

bouts the male would often have an erection and attempt to clasp the female. 
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Fig. 2.19 Activity budgets of male and female at Belfast Zoo from 

instantaneous sampling. 

Freya spent 33% of her budget in locomotion and exploratory activities, 

whilst the male Odin, spent only 11% of his time budget in those behaviours, 
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a difference of 22%. In contrast whilst the female did not exhibit any pacing, 

the male spent 18% of the total observation time in repetitive pacing 

behaviour. Ere vu also spent more than twice the amount of time arboreal than 

the male (Table 2.7). 

Table 2.7 Comparison of activity, arboreality and repetitive pacing 

between male and female at Belfast Zoo 

Total 

Activity (%) Arboreality (%) Pacing (%) 

F reva 61 26 0 

Odin 59 12 18 

2.4.2.4 Colchester Zoo 

The Colchester pair were only observed during the hours of daylight. Both 

the male and female exhibited highest levels of activity during the morning 

and early afternoon, with female activity declining to its lowest levels in the 

afternoon. The male also showed a decline of activity in the early afternoon, 

however, in contrast, he exhibited a sharp increase in activity in the latter part 

of the observation period (Fig. 2.20). 

Much of the males arboreal activity was in play, in which he moved objects 

such as barrels around his enclosure, or when arboreal feeding enrichment was 

used (Plate 2.4 shows the female using a feeding enrichment device). This 

male spent a considerable part of his active time in play with added 

enrichment objects in his enclosure (Plate 2.7). The female exhibited 

substantially less play behaviour (Fig. 2.21). 
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Fig. 2.20 Activity pattern of male and female at Colchester Zoo 

Plate 2.7 Colchester male playing with pipe 
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Fig. 2.21 Activity budgets of male and female at Colchester Zoo from 

instantaneous sampling 

2.4.2.5 Suffolk Wildlife Park 

The adult pair, Kastor and Kra, housed adjacently exhibited slightly different 

activity patterns. The female exhibited most activity when first let out of the 

den in the morning, before activity declined around day, slowly increasing 

until it reached another peak in the time period before being locked in and fed. 

In contrast the male slowly increased in activity during the morning, showed a 

decline at midday, before once again increasing activity (Fig. 2.22). The male 

often appeared slow in the morning and may have found the cold mornings 

uncomfortable. The male was only arboreal for 4% of the time he was active 

and not all when resting, probably reflecting his advanced years (19 years 

old). In contrast Kia was arboreal for 20% of the time she was active. 
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Fig. 2.22 The activity pattern for the adult pair housed adjacently at 

Suffolk Wildlife Park 
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Fig. 2.23 Activity budgets of Kastor and Kia at Suffolk Wildlife Park 

from instantaneous sampling 

This old male played most as a proportion of the time he was active than any 

other animal observed; he spent 12% of the active period playing with a small 
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log in his indoor exhibit. He would repeatedly turn the log over, or flick it 

with his forepaws though his back legs, an activity seen in a number of the 

other males. He also vocalised considerably during play, in the form of 

repeated staccato grunting. This was also observed in the Colchester male, 

and appears associated with excitement. For two of the three juvenile 

animals, both males, at S. W. P activity followed a similar pattern to that of the 

adult pair. These animals had been in their enclosures for some time before 

observations began. In contrast the female with the slightly different pattern 

had only just been moved to that enclosure, having not been in visual, 

olfactory or auditory contact with any other fossa in another area of the zoo 

(Fig. 2.24). Few play behaviours were observed in the young female. 

Although pacing was observed in both the young males, Henrietta did not 

exhibit pacing during this initial observation period. Changes in pacing will 

be described in Chapter 3 (Fig. 2.25). 
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Fig. 2.24 The activity pattern of the three juvenile animals, Henry, 

Percy and Henrietta, at Suffolk Wildlife Park 
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Fig. 2.25 Activity budgets of Percy, Henrietta and Henry at Suffolk 

Wildlife Park from instantaneous sampling 

A new male was brought to Suffolk Wildlife Park in 2003, to replace the adult 

breeding male who had been euthanased in 2001, due to cancer. This young 

male, Edward, was housed adjacently to the adult female and exhibited a 

similar activity pattern, being more active in the morning and late afternoon 

and resting at midday (Fig. 2.26). He did not repetitively pace during 

observations and spent a considerable length of time observing the female in 

the adjoining cage (Fig. 2.27) 
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Fig. 2.27 Activity budget of Edward at Suffolk Wildlife Park from 

instantaneous sampling 

2.4.2.6 Zoo Duisburg 

The animals at Zoo Duisburg were held in varying enclosure types but all had 

24 hour access to their outdoor area. The activity patterns of Morombe, 

Sakuruha and Rerenry are presented together as these three animals were 

Stationary but alert 

Inactive 
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housed adjacently (Table 2.5). Berenry was active for 28% and Sakaraha for 

35% of the observation period. For Berenty and Sakaraha this includes some 

limited night-time activity. When considering only the same observation 

period as Morombe, Sakaraha was active for 49% of the daytime and Berenry 

for 53% of the daylight hours. All three exhibited increases in activity in the 

early or mid-afternoon, although the main activity period of Sakaraha was 

shifted to the right of the activity pattern of Berenty, the male held in the cage 

adjoining hers (Fig. 2.28). 
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Fig. 2.28 Activity patterns for Berenty, Sakaraha, and Morombe at 

Zoo Duisburg 

Both Moromhe and Sakaruha spent a considerable period of time pacing, 

whilst Berenty spent most time observing Sakaraha (Fig. 2.29). None of 

these animals exhibited any play behaviours. 
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Fig. 2.29 Activity budgets of Berenty, Sakaraha and Morombe at Zoo 

Duisburg from instantaneous sampling 

The three individuals Perinet, Bekily and Kirindy were also considered 

together as they were housed adjacently in the new fossa exhibits. Perinet, 

the female with young, was active for only 15% of the day observation period. 

She did, however, in contrast to the other fossa, exhibit pronounced night 

activity, and was active for a total of 24% of the night observation period. 

Her activity began to increase in the late afternoon and early evening and 

there was also a peak of activity in the early morning (Figs. 2.30 & 2.31). 

However, as Bekily and Kirindy were introduced for part of the time period 

that they were observed, their time budgets are likely to be unrepresentative of 

`normal' levels. 
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Fig. 2.31 The total activity pattern for Perinet showing night activity 
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Fig. 2.32 Activity budgets of Kirindy, Bekily and Perinet at Zoo 

Duisburg from instantaneous sampling 

Yerinet was not observed to pace during this period. The oldest individual at 

Zoo Duisburg, Mundoto, was housed in an exhibit some way from the other 

fossa (Fig. 2.33). This male exhibited very high levels of repetitive pacing 

(Fig. 2.34) and was not arboreal at any time, reflecting the lack of opportunity 

available. Over 80% of the total observation time was spent either inactive or 

in pacing behaviour. 

2.4.2.7 Lakeland Wildlife Oasis 

The single female observed at Lakeland exhibited pronounced levels of 

activity (Table 2.5). She spent much of this time observing me. In addition a 

high level of repetitive pacing was observed (Fig. 2.35 & 2.36). Enrichment 

items had been added to the exhibit during the observation period and this 

young female spent 10% of her activity budget in play behaviours. 
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Fig. 2.33 The activity pattern of Mandoto at Zoo Duisburg 
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Fig. 2.34 Activity budget of Mandoto at Zoo Duisburg from 

instantaneous sampling (note very limited spread of 

behaviours). 
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Fig. 2.35 The activity pattern of Purdey at Lakeland Wildlife Oasis 
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Fig. 2.36 Activity budget of Purdey at Lakeland Wildlife Oasis from 

instantaneous sampling 
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2.4.3 Miscellaneous - Vocalisations 

A small number of vocalisations were recorded, though in general the fossa is 

a species that does not appear to have any heavy reliance on this form of 

communication, reflecting its solitary nature. During play behaviour a 

repetitive vocalisation was made, and it was noted that this appeared to be 

linked to episodes of excitement, such as a keeper arriving to feed or deliver 

an enrichment item. In the Colchester male this vocalisation was often 

accompanied by raised hair on the tail, similar to that of a cat. Vocalisations 

made during the breeding season are discussed in Chapter 6. 

2.5 Discussion 

Although the same suites of behaviour were observed at all zoos, activity 

patterns and budgets differed both between individuals and institutions, and 

appeared to be a consequence of housing and husbandry. 

Activity patterns 

Two zoos, Marwell and Suffolk Wildlife Park, showed a similar activity 

pattern, wherein peaks of activity were recorded in the morning and late 

afternoon. For the fossa at Marwell this appeared to be linked to the 

separation of the pair into different parts of the enclosure overnight. Suffolk 

Wildlife Park routinely locked their fossa into over night dens, regardless of 

weather conditions, and this may have accounted for the activity pattern 

observed. Both Belfast and Duisburg allowed their fossa free access 24 hours 

a day, and for both, an increase in activity is noted in the afternoon. At 

Colchester, although routine locking Iovernight did not occur, there were 

occasions when, due to poor weather, they would be locked in overnight, 

suggesting their husbandry routine was more unpredictable. For many years 
fossa were believed to be nocturnal (Albignac 1971) due to them rarely being 

observed in the hours of daylight. However, two studies in recent years have 

suggested that fossa display a cathemeral or non-period specific activity 
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pattern, being both day and night active. Hawkins (1998) reported that wild 
fossa were active 31 % of the time they were located, however this included 

both day and night activity. In this present study fossa were active 56% ± 3.7 

of daytime observations, with very little night activity observed at zoos where 
the animals had over-night access. Hawkins (1998) found that activity 

reached a peak at 22.00 - 23.00, with a lull at 12.00 - 13.00. However, there 

was no significant difference between day and night activity levels. Hawkins 

(1998) also reported daytime sightings of fossa made by herself and local 

inhabitants of the forest, including a local forester who reported that a fossa 

would regularly visit a waterhole at midday to drink during the winter dry 

season. In a shorter study in the eastern rainforest, Dollar (1999a) radio- 

collared two male fossa and also reported a cathemeral activity pattern, with 

peaks of activity reached between 00.00 and 04.00. In this study lulls in 

activity were reported early morning, early evening and late evening 

It would appear likely that locking the fossa in overnight or separating them 

from a cage mate or part of their enclosure, led to heightened activity bouts 

prior to the event. However, as feeding was carried out at the same time at Ur 

Marwell and Suffolk, it was not possible to separate these two events. 
Whether the fossa at Suffolk and Marwell found the restriction in their 

movement ̀stressful' or simply that it was an event which they were unable to 

control is ambiguous. In addition, the young female Henrietta, at Suffolk, 

showed a slightly different pattern. She had only just been moved to this 

exhibit near other fossa when the study had begun, and also exhibited no 

pacing activity, *4-4 i 
h, %A 

(- CL 
pW 

3) 

In the present study, fossa were predominantly day active, though this was 
likely exacerbated by these baseline analyses being carried out in the winter 

months. However, one animal, Perinet, did exhibit far greater night activity in 

comparison to day, with her activity pattern much more species specific. It 
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appears possible that this female altered her activity pattern due to the 

presence of her three young. In the wild, female ranges have been reported as 
distinct from other females (Hawkins 1998). At Zoo Duisburg this female 

was housed adjacently to another adult female, which may have been a cause 

of some ̀ distress'. It is unknown whether strange conspecifics would attack 

and injure young in the wild, but this observed activity pattern might have 

been a consequence of `avoiding' the other fossa, which exhibited no night 

activity. In addition, another female at Duisburg, Sakarah, may have altered 
her activity pattern, in relation to conspecifics, in an attempt to avoid the male 
housed adjacently, who had previously attacked her during an introduction 

attempt. 

V. 
f, Irp 

The size of enclosure did not appear to influence levels of activity, supporting 
ýf 

1eß\s 'ý 
a study in grey wolves (Canis lupus), where kenneled wolves were compared 

to animals in large enclosures. No differences were found in activity. 0" 

(Kreeger et al. 1996). Waitt and Buchanan-Smith (2001) highlight that 

routine husbandry procedurehare major events for animals in captivity and 

suggest that they therefore have an impact on their welfare. They go on to 

propose that predictable husbandry schedules in captivity can be a source of 

some distress, manifested in the form of altered behaviour patterns. This is in 

contrast to several studies that indicate that predictable uncontrollable stimuli 
have less aversive effects than unpredictable, uncontrollable stimuli (Seligman 

,. - 1968, Weinberg and Levine 1980 in Waitt and Buchanan-Smith 2001). Waitt 

and Buchanan-Smith (2001) argue that as few scheduled events are exactly 

carried out at the same times every day, they are not truly predictable. 
WL Furthermore, as events such as feeding times, and enclosure change are 

indicated ahead of time by `semi-reliable external cues', such as changed 
keeper activity, the lead-up time to the heightened arousal event can be 

prolonged. Wilson et al. (2004) found that rigidly controlled husbandry 
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events, in this case the moving of elephants from one area of their enclosure to 

another, resulted in heightened levels of stereotypic swaying (see Chapter 3). 

The predictability of food delivery in small cat species in captivity has been 

linked to low behavioural diversity and limited enclosure utilisation. 
Shepherdson et al. (1993b) found that presenting live fish to fishing cats 

resulted in greater activity, increased behavioural diversity and greater 

enclosure utilisation. They also found that these effects lasted for 48 hours 

after the initial food presentation. In addition, multiple feeds and hiding food 

increased activity and exploratory behaviours. They surmised that by 

presenting foods in such a way as to minimise the predictability of the event 

was beneficial, in addition to stimulating natural foraging behaviours. 

Macedonia (1987) reported increases in activity, specifically locomotion, 

feeding and playing, in two groups of Verreaux's sifaka (Propithecus 

verreauxi) when given access to outdoor as well as indoor enclosures. 

Macedonia (1987) suggested that this was not solely a function of a greater 

area, but that the additional area was more stimulating. 

Nearly all the enclosures observed in this study provided climbing 

opportunities, though some far more than others. Laborde (198619.86 

described the pronounced ability that fossa display for arboreal locomotion 

and anatomical studies (Turner 1997, Veron 1999) have demonstrated that 

fossa have adaptations for arboreality. However, Hawkins (1998) estimated 

elevation from the ground by minimum volumes of location detection through 

radio-telemetry, and found that, out with the mating season, fossa were rarely 

recorded at elevation, and suggested that fossa primarily travel terrestrially 

and only ascend trees to obtain prey or to locate distant prey. Hawkins (1998) 

also added that despite the fact that many researchers used this area of the 

forest and primarily studied arboreal species, none directly observed fossa in 

108 



Chapter 2 Activity patterns and time budgets 

X 

toe 
the trees, all sightings being terrestrial. In this study both locomotion and 

arboreality observed were associated with increasing enclosure complexity. 

Some of this heightened arboreality can be accounted for purely on the 

grounds of opportunity. Although fossa in the wild may not travel arboreally, 

this result suggests that increasing enclosure complexity may be beneficial in 

stimulating behaviour. This is of importance not only in providing an 

environment that allows the opportunity of behavioural variability, but one 

that also supports an interesting exhibit for the visiting public, which may 

have broader ramifications in the conservation of a species (Chapter 3, 

Chapter 7). In contrast decreasing enclosure complexity was associated with 

increased repetitive pacing and decreased exploratory behaviours. Arboreality ý- phOs cul 

also decreased with age in these captive animals. aY Q, -t 

Although Marwell and Belfast had provided relatively large exhibits for their 

fossa the spatial participation index indicated that they were only partially 

utilising their enclosures, with pronounced area preferences. Both enclosures 

were well stocked with cage furniture, though this was unchanging, with 

additional enrichment devices seldom, if ever, provided. Thus, although the 

enclosures appeared variable, they were in essence highly predictable over the 

long-term. Introducing enrichment items would stimulate activity and may 

result in greater enclosure utilisation (Shepherdson et al. 1993b). It was also 

noted that, when given objects, fossa could be very playful. Logs, ropes, 

pipes, plastic barrels and cardboard boxes were all items used for play by 

fossa during this study. All were inexpensive, easy to obtain and easy to 

present, requiring minimal staff input. The positive effects of enrichment for 

carnivores in captivity have been described in numerous studies (Carlstead et 

al. 1991, Markowitz, et al. 1995, Wooster 1997). 

Although some workers have suggested that the occurrence of play behaviours 

is indicative of `good welfare' (Koene 1998), amongst the fossa in this study 
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animals, high levels of play were found in individuals which also exhibited 

repetitive pacing (Chapter 3), therefore the relationship between these 
behaviours is equivocal in fossa. 

Behavioural research in zoos 
Zoological gardens have been used for the study of animals for much of their 
history, with zoos such as London being specifically built for scientific 

research. Much of the early research undertaken was taxonomic or anatomical, 
however, this research diversified in the 1960s with the observation of 
behaviour becoming the main focus of research in recent years (Hardy 1996). 

In a survey of zoo research carried out at American Zoos, Finlay and Maple --rid- "- 
rký' 1986) found that 70% (n=120) of zoos responding carried out research ( 

activities and the journal Zoo Biology was founded in 1982 to provide an 

avenue for publishing zoo based research and to encourage more zoos to 
include research as one of its activities. 

Kleiman (1992) argues that a number of barriers to zoo research, particularly 
behavioural research, have developed in recent years including, the changing 

conservation role of zoos, resulting in fewer species and non-breeding groups, 

and a shift amongst animal behaviour researchers in general, from causal to 

functional research. However, Hosey (1997) argues that functional research 

can take place in captivity, and that many published studies in this area have 

been carried out on captive animals, albeit in a lab setting. The lack of control 

over the environment has been postulated as a negative aspect of zoo research, 
however, Garner and Mason (2002) argue that lab studies, carried out on 

animals held in sterile, unstimulating conditions, may be flawed if those 

animals are observed to perform stereotypic behaviour, in that this may 

represent brain alteration, thereby affecting any results obtained (Chapter 3). 
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It is also suggested that activity patterns and time budgets displayed by 

captive animals do not replicate the wild condition. To assess this, a 

prerequisite is knowledge of this information in free-living animals. This has 

proved extremely difficult in nocturnal, solitary species, with social and 
diurnal species predominating in the literature (Somers 1997, O'Brien and 
Kinnaird 1997, Boyd and Bandi 2002, Huang et al. 2003, Switalski 2003). 

Social primates feature prominently in these studies as they are often found in 

large groups, are conspicuous and day active. Melfi and Feistner (2002) 

described activity patterns and time budgets at three zoos for Sulawesi 

macaques and compared them to two published studies of free-living 

conspecifics. They found that there were no significant differences observed, 
indicating that for social species, it may be possible to promote natural 

activities and budgets in captivity. 

Although Hawkins (1998) was able to assess levels of activity and surmise 

arboreality, observations were not possible and therefore budgets could not be 

constructed. Bestelmeyer (1998) investigated whether an ethogram and 
behavioural study of maned wolves in captivity proved to be a good model of 

wild maned wolf behaviour. She found that only two behaviours witnessed in 

the wild had not been observed in zoo wolves. In contrast 20 behavioural 

events observed in captive animals (relating to mate and pup interactions) 

were not seen in free-ranging wolves. Bestelmeyer (1998) did find that zoo 

wolves were less active than their wild conspecifics and that half of the 

captive wolves studied exhibited pacing behaviour for, on average, 1% ± 0.6 

of captive time budget. However, the captive study did provide a good basis 

on which to base the field study and also provided information on secretive 
behaviours that were not observed in the wild. Boyd and Bandi (2002) also 
found that reintroduced tahki (Equus ferus przewalskii) exhibited very similar 

activity patterns and budgets pre- and post-release, though increases in 

locomotion and decreases in time spent in grazing were evident. 
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Veasy et al. (1996) suggest that welfare of captive animals is not 

compromised if their full behavioural repertoire is not displayed in captivity, 

arguing that if some behaviours are stimulus-driven their non-performance in 

captivity is not relevant. They also suggest that the production of accurate 

time budgets for wild animals is difficult and vulnerable to error, due to 

observation difficulties. However, if zoos are to maintain animals in captivity 

as insurance populations, maintaining a full suite of wild behaviours, 

including those invoked by an aversive stimulus, is essential. Mathew et al. 
(2004) also suggest that increased lethargy in captive animals is implicated in 

poor results in reintroduction trials, due to weight gains, indicating again the 

necessity of stimulating appropriate levels of activity in captive species. A 

concern in this study is the levels of repetitive pacing observed in captive 
fossa, and this will be discussed in Chapter 3. 

2.6 Conclusion 

The results in this study suggest that, although captive fossa were at least as 

active as wild conspecifics, the pattern of activity displayed was very 
different. Activity patterns displayed appeared to be influenced by husbandry 

methods, including feeding schedule and moving individuals between areas of 

the enclosure. These also appeared to affect behaviours performed. More 

complex environments resulted in increased locomotion and arboreality, 

although play was unaffected. It is recommended that fossa in captivity 

should be given free access to indoor and outdoor facilities and that variable 
feeds are given throughout the day, to stimulate behavioural diversity. 

In summary; 

0 Enclosures varied widely, in absolute size, feed schedule, enrichment 

and behavioural opportunities; 
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" Mean daytime activity was 56% t 3.7 (n=20); 

" Activity patterns varied between zoos and individuals, and were 
influenced by husbandry procedures; 

" Increasing enclosure complexity resulted in increased locomotion, 

arboreality and decreased repetitive pacing; 

0 Exploratory behaviour and arboreality were negatively correlated with 
age; 

" These findings have been discussed with respect to wild fossa and 

captive environments and management. 
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Repetitive behaviour in captivity 
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3. Introduction 

The repetitive behaviours observed in some captive animals in lab, farm and 

zoo settings, are commonly suggested to be indicators of poor or substandard 

welfare and result from inadequate rearing or cage conditions (Mason 1991), 

leading to `stress". The reasons that a zoo animal may suffer stress are many 

and varied. Abnormal social settings, confinement with a highly aggressive 

conspecific, boredom, frustration, small enclosure sizes and an overall loss of 

control, are just some of the postulated reasons for stress in the captive animal 

(Moran 1987, Mason 1991, Shepherdson 199-f Wemelsfelder 1993). 

3.1 Zoos and repetitive behaviours 

The external form that this stress takes may be extreme lethargy, hyper- 

activity, repetitive pacing, other repetitive body movements, and in the most 

extreme cases, self-harm or mutilation. In some cases of repetitive 

behaviours, the behaviour may become so repetitive that it is termed a 

stereotypy. Stereotypies have been defined as repetitive, invariant behaviour 

patterns, with no obvious goal or function (Mason 1991). Stereotypies have 
nm 

been described in farm animals (Kiley-Worthington 1977, Sambraus 19855, 

laboratories (Berkson 1968) and zoo animals (Wechsler 1991, Marriner and 

Drickamer 1994, Wilson et al. 2004). The form of stereotypy appears to be 

somewhat taxa specific, with hoofstock more commonly found to perform 

oral stereotypies such as bar-biting, whereas in carnivores these are 

predominantly locomotory, with pacing at fence-lines and other boundaries a 

typical manifestation (Mason 1991, Mason and Mendl 1997). 

This pacing poses a problem for zoos in a number of ways. Stereotypic 

behaviour is generally believed to indicate a welfare problem affecting the 

1 Broom and Johnson (1993) provide a clear definition which will be used here, in that they 
attest that stress is the result of "environmental impositions which are sufficiently noxious, 
intense or prolonged to make even the maximum response inadequate to maintain 
homeostatic balance, and so the individual experiences adverse affects..... stimulation beyond 
the capacityfor complete adaptation". 
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individual exhibiting the stereotypy. Stereotypies which develop in young 

animals tend to be more resistant to change and can be long-term chronic 

problems (Mason 1991, Cooper et at. 1996). Repetitive behaviours can be 

distressing to witness, and, even if only performed for a short period of the 
day, can leave visitors with an image of "unhappy" animals. However, 

stereotypy is a poorly defined concept (Golani 1999). Mason (1991) has 

described in detail the difficulties in ascribing a stereotypy label to behaviour. 

How invariant is invariant? And when can behaviour be described as 
functionless? Where is the dividing line between a repetitive behaviour and a 

stereotypy, or does one lead on to the other? Golani (1999) describes this as 
`a transition, or gradient, from normal to stereotypic behaviour' and uses the 

analogy of turning a dial. Kiley-Worthington (1977) describes a stereotypy as 
fixed in all details, whereas Fraser and Broom (1990) suggest a definition with 
`relatively invariant'. Non-stereotypic repetitive behaviours, such as 

appetitive pacing in captive carnivores, have been labelled variable repetitive 
behaviours (VRB), however, the relationship between these two forms of 

repetitive behaviour is unclear (Lord 2002). 

It has been suggested that stereotypies are a way of coping with a sub-optimal 

environment, that the repetitive behaviours release opiates, which deliver a 

calming effect to the animal, therefore reducing arousal (Odberg 1978). 

Repeated leg swinging has been associated with reduced heart rate in children 
(Soussigan and Koch 1985), and Wiepkema and Koolhaas (1993) reviewed 

the interactions between stressful events and the activation of the 

neuroendocrine system in returning an animal to homeostasis. It has also been 

shown that stereotypic behaviours can be induced by psychostimulant drugs 

(Schwaibold and Pillay 2001). Increased levels of corticosterones have been 

measured in stereotypic animals (Carlstead et al. 1993, Wilson et al. 2004) 

and in animals submitted to stressful events (Carlstead et al. 1992). Increases 

in cortisol have also been measured in free-ranging ring-tailed lemurs (Lemur 
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catta) when subject to stressful natural events, such as increased food 

competition (Cavigelli 1999). 

Zoos have attempted to reduce the incidence of repetitive behaviours by 

means of environmental enrichment - enhancing an animals' enclosure to 

allow the performance of natural behaviour patterns and to provide general 

stimulation (Maple and Perkins 1996). However, in many cases this has been 

done without attempts to pinpoint the initial cause of the observed problem 
behaviour, using environmental enrichment to prevent the behaviour, without 

addressing the causal factors that explain its occurrence (McAfee et al. 2002). 

Generally the fossa is regarded, by keepers and zoo managers, as a species that 

is prone to repetitively pace in captivity. This chapter aims to examine the 

occurrence of repetitive behaviours in captive fossa, identifying the form of 

repetitive behaviour observed. Possible correlates with a number of factors, 

such as age, sex, housing and husbandry schedules, will be examined. 
Enclosure manipulation will examine the effect of near neighbour on the 

occurrence of repetitive pacing. Potential causal factors of repetitive 
behaviours will be discussed in the context of current literature, to identify 

possible management solutions, and in broader context, contribute to 

discussion of the development of repetitive behaviours in captive carnivores. 

3.2 Methods 

Two different methods were employed to investigate the occurrence of 

repetitive behaviours in captivity, as outlined below. 

3.2.1 Behavioural observations 
Behavioural observation of repetitive behaviours both stereotypic and non- 

stereotypic, were recorded during initial baseline observations (Chapter 2). 

Instantaneous sampling at five-minute intervals was used to record all pacing, 
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regardless of whether it was stereotypic or non-stereotypic. Isolated 

incidences of stereotypic pacing in one female were recorded on all occasions 

and the bout length recorded by stop-watch. All occurrences of repetitive 
behaviours were noted, including form, location in enclosure, position of 

conspecific and temporal occurrence. 

3.2.2 Manipulation of environment through use of a visual barrier 

It was observed, during baseline observations, that, in some animals, visual 

contact with an adjacently housed conspecific appeared to lead to an increase 

in speed of pacing at fence-lines. The visual avoidance of a conspecific has 

been shown to lower plasma levels of corticosterone, an important hormone in 

the normal functioning of the mammalian nervous system (Wiepkema and 

Koolhaas 1993). Therefore, an experiment was designed to test whether a 

simple visual barrier would lead to a decrease in pacing. This experiment 

was carried out at two zoos, Marwell Zoological Park and Colchester Zoo, 

where the adult pairs were housed adjacently, and a fence line visual barrier 

could be erected. The pair at Marwell had previously been housed together 

before the birth of two infants (1.1) on April 2nd 2001. 

A Marwell Zoo a bamboo screen was used as the barrier (Plate 3.1) whereas 

at Colchester Zoo, black polythene sheeting was used as the barrier. The 

experiment took place over four recording periods at each zoo. During each 

of these recording periods there was a consecutive five-day period of 

observation of both male and female, with no visual barrier between 

enclosures, followed by a consecutive five-day period with a visual barrier 

(bamboo screening/polythene screening) between enclosures. During these 

four 10-day observation periods, the behaviour of the fossa were recorded 
during three time blocks each day (0800-1000,1100-1300,1400-1600). The 

screens were in place at alternate times between observations (Table 3.1). 
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This allows a period of approximately one month between observation periods 

with either the barrier in place or not, to allow the barrier a protracted time to 

take effect. The same procedure was used at Colchester Zoo from September 

2002 to January 2003. 

Plate 3.1 Marwell Zoo - Visual barrier observed from 2 side 

During observation all periods of activity and repetitive behaviours were 

recorded. At both Marwell and Colchester repetitive behaviour was confined 

to pacing. Behavioural recording took place simultaneously for the male and 
female at both zoos. The total active time and time spent in pacing behaviour 

was rounded up or down to the nearest minute per day. Location in the 

enclosure where pacing took place was recorded, and in the case of the 

Marwell female, the proximity of the infants. 
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Table 3.1 Visual barrier observation schedule at Marwell 

(bold type indicates non-observation periods) 

Observation Period Date 
No visual 
barrier 

Visual 
barrier 

1 21/1-25/1/2002 Yes 

1 29/1-2/2/2002 Yes 

3/2-26/2/2002 Yes 

2 27/2-3/3/2002 Yes 

2 5/3-9/3/2002 Yes 

10/3-3/4/2002 Yes 

3 4/4-8/4/2002 Yes 

3 10/4-14/4/2002 Yes 

15/4-8/5/2002 Yes 

4 9/5-13/5/2002 Yes 

4 15/5-19/5/2002 Yes 

3.2.3 Statistical analyses 
Results are presented both graphically and statistically. Small sample sizes 

and non-normally distributed data led to non-parametric statistics being 

employed throughout. 

3.3 Results 

3.3.1 Baseline observation results all individuals 

During baseline observations 16 out of 20 fossa performed repetitive pacing 
behaviour, ranging from 1% to 72% of time active (Table 3.2) with a mean of 
26% ± 5.2% (n = 20). Pacing tended to increase with age (r3 = 0.597, p= 
0.0062; Fig. 3.1) but not with enclosure size (r$ = -0.314, p=0.1796). 
However when younger animals (<3 years) were excluded pacing decreased 

with enclosure size (rs = -0.523, p=0.0471; Fig. 3.2), unfortunately many of 
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the enclosures were small and similar in size, and this result must be viewed 

cautiously. Pacing also decreased with enclosure complexity (r, _ -0.567, p= 
0.0298) and decreased with exploratory behaviours (Fig. 3.3). Females paced 

more than males, although this difference was not significant (male median = 
25, IQR = 5-38, female median = 31, IQR = 0.5-49, U= 48.5, p=0.9552). 

Table 3.2 Pacing as a% of total active time per individual 

Location Individual Age Sex 

Enclosure 

Size Pacing 

Obs. 

Time 

Duisburg Mandoto 18 M 10 M2 72% 13 h 

Duisburg Sakaraha 4 F 12 m2 72% 25.8 h 

Suffolk Kia 9 F 34 m2 50% 17 h 

Colchester Fossa 10 F 20 m2 48% 40.8 h 

Duisburg Kirindy 9 M 25 m2 42% 26.6 h 

Colchester Forrsell 5 M 20 m2 38% 45.5 h 

Suffolk Kastor 19 M 14 m2 36% 20.8 h 

Lakeland Purdey 3 F 14 m2 34% 10.5 h 

Duisburg Bekily 8 F 25 m2 31% 13 h 

Duisburg Morombe 4 M 20 m2 29% 16 h 

Suffolk Henry 2 M 14 m2 25% 18 h 

Belfast Odin 5 M 162 m2 24% 29.6 h 

Suffolk Percy 1 M 14 m2 15% 18.1 h 

Duisburg Berenty 5 M 12 m2 5% 24 h 

Marwell Grisha 10 F 280 m2 4% 36 h 

Duisburg Perinet 5 F 25 m2 1% 26.9 h 

Marwell Cenda 2 M 280 m2 0% 28 h 

Suffolk Henrietta 1 F 14 m2 0% 15.7 h 

Belfast Freya 3 F 162 m2 0% 38h 

Suffolk Edward 2 M 14 m2 0% 10 h 
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For the majority of the individual animals observed during this baseline period 

the pacing observed was not considered truly stereotypic, rather variable 

repetitive pacing (VRB), though there were exceptions, which will be 

discussed later. Although the pacing was generally invariant in location 

(predominantly fence-line pacing) the pace lengths and form varied 

considerably`. In general all the animals were easily distracted from pacing, 

animals appeared highly aware at all times and did not appear to exhibit the 

condition of being `oblivious to the world' like the demeanour commonly 

observed in highly stereotypic individuals. 
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Fig. 3.1 A scattergram of the relationship between age and 

observed level of pacing. A trend line through the data 

points is also shown. 

2I have previously observed stereotypic behaviour in bears ((Irsus martimus Edinburgh and 
Dublin zoos, (Irsus ihihe[hanus ZSL) including pacing and head swinging. The pacing was 
highly invariant, with each foot fall landing in exactly the same place and with length of time 
to complete the pace 'route' exactly the same on all occasions. 
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3.3.2 Individuals 

3.3.2.1 Marwell Zoo 

During baseline observations the male and female were housed as a pair 
between 8 am and 4 pm, but they were separated overnight. The male was not 

observed to pace at all during this baseline period, with the exception of 

isolated bouts of running at the fence-line for a few moments after they had 

been separated. They were fed at 4 pm, after separation. However, the female 

exhibited stereotypic pacing on a window ledge in her den area. This window 

faced across a corridor, approx. 2 in wide, opposite an enclosure with golden- 
headed lion tamarins (Leontopithecus chrysomelas). During baseline 

observations she was not observed to pace either stereotypically or non- 

stereotypically anywhere else in the exhibit. 
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Fig. 3.2 A scattergram of the relationship between enclosure size and 

observed level of pacing. A trend line through the data points 

is also shown. 
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Ten bouts of stereotypic pacing were observed in the female over three days 

of daytime observations. She was not observed to pace at night. The pace 

line along the window ledge took -1.5 s. The shortest bout length was three s 

and the longest 300 s. The mean bout length was 82 s± 29.0 (n = 10). All 

stereotypic pacing bouts took place between 2 and 4 pm, prior to feeding. She 

paced for 1.1% of the total time she was active. This female had been held at 

another small animal collection in the UK for several years before arrival at 

Marwell and her cage type there is unknown, but Marwell staff, who had seen 

her in the previous collection, have said that she appeared to exhibit this 

pacing behaviour before coming to Marwell. 

Pscs 

/ 
CF 

T1AL 

Ac-nvlly 

Exploratory 

of T 1L acAmil 

Fig. 3.3 A scattergram of the relationship between pacing and 

exploratory behaviour (encompassing investigative and 

vigilance behaviours). .A trend line through the data points is 

also shown. 
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This pair mated in February 2001, and then separated. When next observed 

both the male and female were exhibiting high levels of fence-line pacing 

along the fence-line between their cages. All pacing observed in both the 

male and female at the fence-lines did not appear stereotypic in form. Initial 

observations during the visual barrier experiment (see 3.3.3) showed that the 

female paced for 43% of the total time she was active. She exhibited one bout 

of stereotypic pacing during that five-day period, which was performed on the 

window ledge, as before. This accounted for 3% of the total active period, 

and is not considerably different from the original level of pacing observed. 

The male, who had previously not paced, was observed to pace at the fence- 

line for 62% of the total time he was active. Often both animals would pace at 

the same time and if one animal started moving faster it appeared that other 

also did. 

3.3.2.2 ('olchester Zoo 

Both the male and female exhibited high levels of pacing over the course of 

the observation period (Table 3.2). All of the pacing observed was at fence- 

lines bar a few incidences of pacing when the animals had been locked into 

their den area. The male paced at the fence-line facing the female enclosure. 

The level of pacing for the male fluctuated throughout the day (Fig. 3.4), with 

small peaks in the 10-11 am and 4-5 pm periods. Two feeds were given to the 

Colchester animals, one in the morning and one in the evening. 80% of the 

morning feeds observed were presented in the 11-42 am period (n = 5). All 

afternoon feeds were presented in the 3-4 pm period. During this observation 

period the fossa were routinely locked into dens overnight because of poor 

weather. For the female, pacing peaked in the 1-2 pm period, when the male 

exhibited least pacing. The next highest peak for the female coincided with 

the male late afternoon peak. 81% of all female pacing took place at the 

fence-line adjacent to the male, 16% the opposite fence-line, facing down the 

public path towards the lion exhibit, leaving 3% at the fence-line opposite the 
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ocelot enclosure. All the observed pacing at the lion facing fence-line took 

place before 1 pm. 

3.3.2.3 Suffolk Wildlife 1'ark 

The adult male and female, Kastor and Kia, both exhibited high levels of 

pacing under baseline conditions. They were housed adjacently and, as with 

all the fossa at SWP, were fed once a day in the indoor den and locked in 

overnight, every night (Chapter 2). There was no correlation between male 

and female in the pattern of pacing observed (Fig. 3.5). Both animals tended 

to pace at the fence-line joining their two areas. The female exhibited highest 

levels of pacing in the last part of the observation period in the late afternoon, 

just prior to feeding and being locked in the den overnight. In contrast the 

male pacing was more evenly distributed 
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Fig. 3.4 The temporal pacing pattern (data pooled across days) for the 

male and female at Colchester Zoo 
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Fig. 3.5 The temporal pacing pattern (data pooled across days) for the 

adult pair housed adjacently at Suffolk Wildlife Park 

The adult female at Suffolk Wildlife Park paced far more than the male, 

however this difference did not quite reach significance (male median 33, IQR 

= 11 - 47, female median = 44, IQR = 35.5 - 69.5, U= 19, p=0.0588, ). 

The two juvenile males that were housed at SWP during this time, Henry and 

Percy, both exhibited pacing behaviour (Fig. 3.5). Percy was a very young 

animal that exhibited pacing behaviour on only one of the three days on which 

he was observed and only in the morning. In comparison the older male, 

Henry, exhibited pacing on all days and in both the morning and afternoon. 

There was a significant difference in pacing between the adult female and 

both the juvenile males (Kia and Henry, median = 18.5, IQR = 4.3 - 38.8, p= 

0.0071, Kia and Percy, median = 0, IQR =0- 33, p=0.0006, t=2.04,30 df, 

Kruskal-Wallis: all pairwise comparisons Conover-Inman post-hoc test). Both 

Percy and Henry displayed this pacing behaviour at fence-lines facing, though 

not closely adjacent, other fossa. The remaining two individuals housed at 
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Suffolk did not exhibit pacing behaviour during baseline observations, though 

both were young animals. The young female, Henrietta, had only recently 

been moved to be adjacent to the adult male Kastor, and on the next visit to 

the park, a few months later to observe mating behaviour in the adult pair, this 

young female had begun to exhibit pacing behaviour at the fence-line nearest 

the male. 

3.3.2.4 Belfast Zoo 

The young female Freya did not exhibit any pacing behaviour during these 

baseline observations. The male did display pacing in the outdoor area at 
fence-lines facing into the undergrowth that surrounded the exhibit for 24% of 

the total time he was active. This pair were fed in the indoor dens between 

10.30 am and 11.30 am and 2.30 to 3.30 pm on the days of observation, and 
level of pacing exhibited by the male falls dramatically after the afternoon 
feed and does not appear to resume again afterwards (Fig. 3.7). 

O 

O 

C 
ü 
cc 

a 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

® Henry 

  Percy 

0800-0900 0900-1000 1000-1100 1100-1200 1200-1300 1300-1400 1400-1500 1500-1600 

Observation period 

Fig. 3.6 The temporal pacing pattern (data pooled across days) for the 

two juvenile males, Henry and Percy, at Suffolk Wildlife Park 
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Fig. 3.7 The temporal pacing pattern (data pooled across days) for 

the male Odin at Belfast Zoo 

3.3.2.5 Zoo Duisburg 

All the adult animals observed at Duisburg exhibited some pacing, ranging 
from 5% to 72% of total activity. The three young fossa (< 1 year) housed 

with their mother displayed no pacing behaviour. Their mother, Perinet, 

paced for only I% of the total time she was active, and this pacing occurred in 

one isolated incident. Housed adjacently to Perinet was the female Bekily. 

She paced for 31 % of the time she was active. During part of the observation 

period she was introduced to the adult male in the adjoining exhibit and 

during this period she did not display any pacing behaviour. She exhibited 

high levels of pacing throughout the day (Fig. 3.8), but was not observed 
between 2 pm and 3 pm, and was not observed to be active in the period 
between 3 pm and 5 pm. All animals were fed late in the afternoon. The male 
Kirindy was housed in the enclosure next to Bekily. This male showed an 

increase in pacing behaviour up to the point he was given the one feed of the 

day and then exhibited no activity between 4 pm and 5 pm (Fig. 3.8). 
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Fig. 3.8 The temporal pacing pattern (data pooled across days) for 

the male Kirindy and female Bekily at Zoo Duisburg 

In the older enclosures at Duisburg three animals, Berenty, Morombe and 

Sakaraha, were housed adjacently. The male Berenty exhibited very little 

pacing behaviour (5%), however the male Morombe paced for 29% of the 

time he was active and the female Sakaraha paced for 72% of the time she 

was active. This very high level of pacing also appeared very stylised and 

invariant and bar the female at Marwell, this female is the only other animal 

who appeared to be pacing in a stereotypic fashion. For both Morombe and 

Sakaraha, highest peaks in pacing activity were recorded in the afternoon, 

with Sakaraha pacing for all the time she was active in the 4 pm to 5 pm time 

slot (Fig. 3.9). This female also displayed other repetitive behaviours (see 

3.3.3). The final individual at Duisburg was Mandoto, an old male who was 

housed in a small enclosure not adjacent to any other fossa. He paced for 72% 

of the total time he was active. Due to the small size of the enclosure he 

generally paced in a small circle, around a few rocks and branches. He paced 

throughout the day though more pacing was observed in the afternoon (Fig. 

3.10) 
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The temporal pacing pattern (data pooled across days) 

forthe male Mandoto at Zoo Duisburg 
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As all individuals at Duisburg paced to one extent or another, this pacing was 

compared to another frequently observed behaviour, vigilance, and the spatial 

use of their enclosure by measuring arboreality (Table 3.3). 

There was a significant negative relationship between levels of arboreality and 

pacing (r3 = -0.775, p=0.048) but this was not significant for vigilance and 

pacing (r3 _ -0.631, p=0.139). However, the two individuals Bekily and 
Kirindy were introduced for several hours during the period of time in which 

Bekily was being observed. As she did not pace during this period the total 

time recorded in pacing behaviour is most likely to be an under estimate of the 

true level of pacing demonstrated by this female. On the day previous to the 

introduction day she paced for 75% of the time she was active and here 

vigilance and pacing were negatively correlated (r9 = -0.811, p=0.0341; Fig. 

3.11). 

Table 3.3 Vigilance (observing/scanning), arboreality and pacing at 
Duisburg Zoo 

(%) 

Individual Vigilance 

(%) 

Arboreal 

(%) 

Pacing 

(Day-light) 

Time observed 

Perinet 40% 47% 1% 11.9 h 

Berenly 27% 33% 5% 11.7 h 

Morombe 15% 4% 58% 16 h 

Sakaraha 13% 7% 72% 13.5 h 

Kirindy 12% 8% 37% 15.5 h 

Bekily 10% 6% 31% 13 h 

Mandoto 8% 0% 72% 13 h 
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Fig. 3.11 A scattergram of the relationship between pacing and 

vigilance at Zoo Duisberg. A trend line through the data 

points is also shown. 

3.3.2.6 Lakeland Wildlife Oasis 

Although there were two individuals housed at Lakeland only the female was 

on exhibit as the male had only just arrived from Marwell at the time of 

observation. The male was held in the indoor den area and had olfactory and 

auditory, but not visual, contact with the female. This female paced for 34% 

of the time she was active. All pacing was performed at fence-lines. It was 

noted anecdotally that the female appeared to begin or increase speed of 

pacing in response to the noise of a gate clicking some 50 m from the 

enclosure. The female could not see the gate from her enclosure as the area 

was wooded, however, this gate signalled the arrival of both keepers and/or 

visitors in the area where the fossa were housed (Fig. 3.12). 
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Observation period 

The temporal pacing pattern (data pooled across days) of 

the female Purdey at Lakeland Wildlife Oasis 

3.3.3 Other forms of repetitive behaviour 

The four-year old female Sakaraha at Zoo Duisburg exhibited the highest 

levels of pacing of any of the females, spending 72% of the time she was 

active in pacing behaviour. In addition, she was the only animal to exhibit 

any other form of repetitive behaviour, in the form of a pronounced rearing up 

to the side of the cage followed by a head twist, a form of repetitive behaviour 

more commonly seen in captive hoofstock. She performed this behaviour in 

only one part of her enclosure, towards the front, farthest away from the 

adjoining male. This behaviour appeared stereotypic in form, being very 

invariant (Fig. 3.13). During 13 hours of daytime observations this behaviour 

was performed on 853 occasions, a rate of 66 head flicks per hour. She also 

performed head flicks in the hours of darkness, although poor visibility made 

counting them difficult. The female appeared "anxious" at all times and only 

used one form of scent-marking (Chapter 4). 
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Keeper Area Keener Area 

Fig. 3.13 Blue arrow marks area where repetitive head flick was 

performed 

3.3.4 Visual Barrier experiment 

3.3.4.1 Activity 

Both pairs were observed for 40 day in four 10-day observation periods. 
Differences in activity existed between both individuals and zoos (Table 3.4) 

(see Appendix 3 for full results). At Marwell, although the female exhibited 

higher levels of activity, there was a significant correlation in daily activity 

levels between the male and female (Fig. 3.14; r, = 0.690, p=0.0001). 

Activity of the Marwell male and female was compared across observation 

periods. There was a significant decline in female activity from period I to 

period 4 (H = 11.43,3 d. f., p=0.01, Fig. 3.15). Although a decline in male 

activity was noted across the time periods, this was not significant (H = 4.21, 

3 d. f., p=0.240; Fig. 3.16). 
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Table 3.4 Activity of pairs at Marwell and Colchester Zoo during 

visual barrier experiment 

Zoo Individual Observ. Time (min) % activity (min) 

Marwell (; ri. s"hu 14,175 39% (5,528) 

Marwell ('endu 14,175 34% (4,848) 

Colchester Fo. s. su 14,220 53% (7,546) 

Colchester Forrsell 14,220 67% (9,587) 

Within the five-day no barrier/barrier schedule there was also a change in 

activity pattern across the three daily time blocks. Initially, least activity was 

observed in the 8- 10 am time block and most in the 2-4 pm time block. 

The difference in activity between the time blocks was significant for both the 

male and female (male, H= 16.15,2 df, p=0.000, female, H= 27.52,2 df, p 

= 0.000). There was no significant difference in activity between the no 

barrier and barrier condition (male, U= 20.5, p=0.6025, female, U= 24.5, p 

= 0.823) 
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Fig. 3.14 Association of activity between male and female over 40 

days observation at Marwell Zoo 
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Fig. 3.15 Activity across the total observation period for the male at 
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Fig. 3.16 Activity across the total observation period for the female 

at Marwell Zoo 

At Colchester there was a significant difference in activity between the male 

and female, the male being significantly more active (U=467, P=0.0014). 
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However, there was a significant correlation in daily activity between the male 

and female over 40 days (rs 0.295, p=0.001; Fig. 3.17). 
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Fig. 3.17 Association of activity between male and female over 40 

days observation at Colchester Zoo (. 5c¬ P1316) 

In contrast to Marwell, activity increased over the total observation period at 

Colchester Zoo (Fig. 3.18 and Fig. 3.19). This difference in activity was 

significant for the male (H = 13.2, p=0.004) but not for the female (H = 7.16, 

p=0.067). 
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Trend Analysis Plot for Colchester Male 
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Fig. 3.18 Activity across the total observation period for the male at 

Colchester Zoo 
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Fig. 3.19 Activity across the total observation period for the female 

at Colchester Zoo 

At Colchester most activity was observed in 8- 10 am and 11 am -1 pm time 

blocks and this was significant in both the male and female (male, H= 10.41, 
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2 df, p=0.005, female, H= 17.16,2 df, p=0.0001). For the male there was a 

significant decline in activity levels (U = 59, P=0.0053). However, there 

was no significant difference in activity under the different conditions for the 

female (U = 48.5, P=0.1277). 

During the first two observation blocks in the study, both the male and female 

at Colchester had free access overnight to the outdoor area. However, fossa 

have extremely sensitive ears which are prone to developing frost-bite, and 

both the male and female at Colchester already had visible ear damage. 

Therefore, as the weather became colder during the study, the male and 

female were locked in overnight. There was a highly significant increase in 

activity in restricted access periods (male, U= 67.5, P=0.0002, female, U= 

104, P=0.0085, Table 3.5). 

Table 3.5 Activity under free and restricted access across the total 

observation period at Colchester Zoo 

Time in minutes (% of total observation) 

Free access Restricted access 

Male 4,016 (56) 5,571 (79) 

Female 3,207 (45) 4,339 (62) 

Significantly less activity was observed at Marwell Zoo over 40 days than at 

Colchester Zoo (U = 27.5, p=0.0001). In addition there was difference in 

activity across time blocks between the two collections over the cumulative 

observation period, with the pair at Marwell exhibiting more activity in the 

afternoon than the Colchester pair (Fig. 3.20). 
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Boxplot of Data vs Location, Time, Sex 
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Fig. 3.20 Activity over time blocks between Colchester and Marwell 

Zoos 

This difference in activity was also noted over the observation periods, with 

the Marwell fossa showing a decline in activity across the observation period 

from January to May 2002, whilst the Colchester animals exhibited an 

increase in activity across the observation period of September 2002 to 

January 2003 (Fig. 3.21). 

3.3.4.2 Pacing 

At Marwell although the female was more active, across all four observation 

periods, the male showed a greater incidence of pacing behaviour. In total the 

male was observed to pace for 67% of the total active time (3,236 min). This 

pacing was regarded as non-stereotypic and labelled as variable repetitive 
behaviour. The pacing occurred at the boundary fence-line to the female 

enclosure. The female was observed to pace for 24% of the total active time 
(1,310 min). 5% of this was considered stereotypic (0.5% of the total active 
time). The male paced significantly more than the female (U = 386, p= 
0.0001). The % of total activity spent pacing decreased over the four 
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observation periods for both male and female but the decrease was more 

pronounced in the female (Fig. 3.22 and Fig. 3.23). 

Boxplot of Data vs location, Period, Sex 
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Fig. 3.21 Activity over observation periods between Colchester and 

Marwell Zoos 
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Fig. 3.22 Repetitive pacing across the total observation period for the 

male at Marwell Zoo 
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Fig. 3.23 Repetitive pacing across the total observation period for the 

female at Marwell Zoo 

There was no significant difference in repetitive pacing over the four 

observation periods for the male (H = 4.62,3 df, p=0.202), however there 

was a significant decline in pacing observed in the female over the same time 

period (H = 34.6,3 df, p=0.000). When pacing under no barrier and barrier 

observation periods was compared, for both male and female, there was a 

slight increase in pacing under the barrier condition than under the no barrier 

condition. The male paced 65% of the time under no barrier conditions (1,643 

min) and for 69% of the time under barrier conditions (1,593 min). There was 

no difference in pacing between no barrier and barrier conditions (U = 5, p= 

0.0.6981). The female paced for 24% of the time (617 min) under no barrier 

conditions and for 24% of the time (693 min) under barrier conditions. (U=O, 

p=0.394). 

Over the study the Marwell female paced most in the 2-4 pm time block on 
five occasions, just prior to delivery of food. Pacing in the male was highest 

only once in the 2-4 pm block. Pacing was greatest on six occasions 
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between 8 and 10 am, however, differences were small. Male pacing 

remained relatively the same across the four observation periods. 

It was noted anecdotally that the female tended to pace more when the infants 

were asleep. On many occasions when the infants awoke and moved into the 

main enclosure where the female was pacing, the adult female would then 

stop pacing at the fence-line and begin moving around the exhibit with her 

infants. It was also noted that the female did not on any occasion defaecate in 

the den, where she predominantly slept with her infants, but at boundaries to 

the male enclosure and at the boundary from her covered area to the main area 

(Chapter 4). 

At Marwell observation period one began in January and observation period 

four ended in May during a spell of warm temperatures. During this period 

there has been a significant difference in daily average temperature, hours of 

daylight and consequently numbers of visitors (Fig. 3.24). It should also be 

noted that in period one both male and female were very active in the 2-4 

pm time block and less active in the 8- 10 am time block. By period four this 

had changed. It would seem that in the hotter parts of the day when most 

visitors were present, the fossa were choosing to be less active than the cooler 

early morning (Marwell opens at 10 am). Female activity was negatively 

correlated with increasing visitor numbers (rs = -0.33, p=0.037). 

At Colchester the male was observed pacing for 45% of the total active time 

(4,320 min). The female was observed pacing for 59% of the total active time 

(4,426 min) and this difference was significant (U = 380.5, P<0.0001). Pacing 

increased over the total observation period for both the male and female (Fig. 

3.25 and Fig. 3.26) 
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Zoo during the visual barrier experiment 
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Fig. 3.25 Repetitive pacing across the total observation period for the 

male at Colchester Zoo 
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Fig. 3.26 Repetitive pacing across the total observation period for the 

female at Colchester Zoo 

There was a significant correlation in daily pacing between the male and 

female (rs = 0.338, p<0.001, n= 120). The female paced most during the 11 

am -1 pm time block and this was significantly different to the other time 

blocks (H = 14.49,2 df, p=0.00 1). The male paced most in the 8 am - 10 am 

time block (H = 18.51,2 df, p=0.0001). There was a significant increase in 

pacing in both the male and female over the four observation periods (Male, H 

= 13.13,3 df, p=0.004, Female, H= 11.71,3 df, p=0.008). This was due to 

an increase in pacing in observation periods three and four, when overnight 

access to the outdoor area was restricted. The difference between free access 

and restricted access periods was significant for both males and females 

(Male, U= 93.5, p=0.0033, Female, U= 70, p=0.003). 
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Fig. 3.27 Pacing over observation periods under no barrier/barrier 

conditions at Colchester and Marwell Zoos 

There was a significant difference in observed male pacing between the no 

barrier and barrier conditions (U = 23, p=0.0137) with pacing decreasing 

under barrier conditions. There was also a significant decline in female 

pacing under the barrier condition (U = 19.5, p=0.0248). There was a 

significant difference between the two pairs, with the Colchester fossa pacing 

more than the Marwell animals (U = 0, p=0.0001). Highest levels of pacing 

were observed in the first two periods of the day at Colchester Zoo, whilst 

most pacing was observed in the afternoon at Marwell (Fig. 3.27). There 

were also differences in pacing over the observation period, with pacing 

declining in the Marwell animals and increasing in the Colchester pair. 

3.4 Discussion 

This study has shown that the occurrence of pacing is common in captive 

fossa, confirming their reputation for repetitive behaviours in captivity. One 

animal also exhibited a repetitive head flicking behaviour that appeared 
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stereotypic. These repetitive behaviours are problematic for a number of 

reasons. Repetitive behaviours are generally attributed to poor or sub-optimal 

welfare. Zoo managers are not in favour of keeping fossa for this reason, 
hindering the development of the captive breeding programme (see Chapter 

7). Repetitive behaviours, whether stereotypic or not, are unsightly to 

witness. But the manner in which they develop and their possible function is 

unclear. Moreover do fossa have traits that make them especially prone to 

pacing? 

Age, sex and pacing 

The majority of the pacing observed in fossa did not appear fixed and 
invariant, and was therefore assigned as variable repetitive behaviour (VRB), 

rather than stereotypic. There were however exceptions, which will be 

discussed. Older animals exhibited higher levels of pacing than younger 

animals and pacing was positively associated with age. Pacing appeared to 

develop at two to three years old, but could be acute in young animals, as was 
demonstrated from the stereotypic pacing and repetitive head flicks seen in the 

four year old female Sakaraha. This suggests that pacing in fossa is either a 
function of age, in that different age-related motivational states are implicated 

in the development of repetitive pacing, or that these behaviours ̀ build-up' 

over time, due to repeated exposure to the causal factor. No differences in 

pacing were apparent between males and females. 

` (Effects of enclosure size and variability 

, y` Enclosure size, enclosure complexity and arboreality were linked to declines 
V 

in levels of pacing observed. However, the results were equivocal, as 

pronounced pacing was observed in the Marwell female after separation from 

the male, and in the Belfast male, even though they both had access to a large 

enclosure space, which in both cases was relatively complex. Several studies 
have demonstrated reduction in stereotypic behaviours when enclosures have 

148 



Chapter 3 Repetitive behaviour 

been altered to be more complex and with the addition of enrichment, often in 

the form of altered diet presentation (Bayne et al. 1992, Shepherdson et al. 
1993b, Carlstead et al. 1994, Markowitz et al. 1995, Bashaw 2003), and this 

tidy tentatively supports the idea that a more complex, stimulating 
' environment helps prevent or reduces the level of repetitive behaviour 

displayed. It was also noted that j6'the elderly male, Mandoto, who paced for 

over 70% of active time per day, had a time budget that indicated little 

behavioural diversity. This male was housed in the smallest, least enriched 

enclosure in this study. 

The presence of a visual barrier resulted in significantly reduced levels of 

pacing in the fossa at Colchester Zoo, but not at Marwell. As both activity 

and pacing were declining over the total observation period at Marwell this 

appears unrelated to the barrier. Supporting the view that cage size and 

restriction may be important in stereotypy development, restriction of 

overnight outdoor access at Colchester Zoo, during the visual barrier 

experiment, led to an increase in daytime activity. There was also a 

significant increase in pacing behaviour, in both the male and female, during 

restriction periods. Changes in scent-marking in the pair housed at 
Colchester, noted during this experiment, will be discussed in Chapter 4. 

The female, Sakaraha, at Zoo Duisburg performed a head flicking behaviour 

repeatedly during the time she was observed, which was clearly stereotypic. 
This was in contrast to the other females in this study, who although they 

paced, did not exhibit such a stylised form of behaviour. She appeared 
`anxious' at all times and repeated a form of scent-marking that may be 
hostile in its intent (Chapter 4). After discussion with the keeping staff it 

emerged that the male that she was housed in closest proximity to, had 

attacked her during a previous introduction attempt. The behaviour observed 
appeared to be the result of extreme stress in this female, who could not 
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retreat from the threat stimulus, the adjacent male. The continual thwarting of 
this behaviour had become stereotypic in form. Did the rearing up at the 
farthest point from the male, and associated head flicking represent an escape 

response? It seems likely in this context. 

Additional aspects of the enclosure, such as location in the zoo, may be 

implicated in the development of repetitive behaviours. The Colchester fossa 

were housed in view, and in olfactory contact, with both lions and tigers. 

Carlstead et al. (1993) found that leopard cats (Fells bengalensis) housed in 

barren cages near lions and tigers had higher urinary cortisol levels in 

comparison to leopards held in similarly barren enclosures. In addition 
Wielebnowski et al. (2002b) found that clouded leopards (Neofells nebulosa) 
housed near potential predators had elevated faecal corticoids, in comparison 

to conspecifics without near predators. The clouded leopard is a species that 

is particularly difficult to breed in captivity (Kitchener 1999), and 
Wielebnowski et al. (2002b) also found elevated faecal corticoid correlated 

negatively with enclosure complexity and numbers of hours/week spent with 
the animals by keepers. 

Reproductive condition 
The reduction of pacing behaviour expressed by the female fossa at Marwell 

Zoo over the course of the visual barrier experiment could not be attributed to 

the presence of the barrier. Additionally, although the male paced less over 
the time period there was no significant difference between control and test 

conditions. Thus, an alternative explanation must be found. It was noted 
during the final observation period that the adult female exhibited behaviours 

associated with oestrus. These included the `snore' vocalisation, increased 

arboreality, adoption of the lordosis position and presenting to the juvenile 

male (see Chapter 5 and 6). Visitor numbers had increased and this was 
significantly associated with an observed decrease in daytime activity. Pacing 
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stopped during this increased visitor period, a somewhat counter-intuitive 

result as increased numbers appeared to negatively impact on activity. 

If the observed pacing throughout the year by the male and female was 

motivated by different stimuli, then a differential response to changing 

internal status may be expected. If the presence of the female acted as a 

sexual stimulus to the male throughout the year, then little change in observed 

pacing would be expected. However, the female response to the male may 

change over this time. This female was housed adjacently to the male with 

her infants. The level of interaction between males and females in the wild is 

unknown and there may be an infanticide risk. During the mating season 

females would wish to associate with males, thus the presence of the adjacent 

conspecific would become a positive stimulus to perform reproductive 

behaviours, rather than a stimulus to flight. Although the occurrence of 
SSOCat cd ý,, 1 

stereotypic behaviour has been shown too' disrupt reproductive hormones 

(Carlstead et al. 1993), the affect of changing reproductive status on the 

occurrence of repetitive behaviours has not been investigated. As changing 
hormonal status affects other aspects of behaviour (see Chapter 6), 

investigation of the likely impact of reproductive hormones on stereotypy is 

worthy of study. 

The link to foraging 

It was noted that for several of the individuals in this study there was a 

noticeable increase in pacing behaviour in the lead up to feeding time. The 

majority of animals were fed once a day, usually during the late afternoon. 
Mason and Mendl (1997) postulated that there are species-specific differences 

in the form and temporal occurrence of stereotypies that are related to their 

wild foraging strategies. Captive carnivores typically pace prior to feeding 

whereas species such as hoofstock more commonly display these behaviours 

after food has been delivered and consumed. In particular Mason and Mendl 
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(1997) and Clubb (2003) suggest that carnivores typically travel to locate food 

items, which are widespread yet discrete. Once they have found, dispatched 

and consumed the prey item it is unlikely that other possible prey items will 
be found immediately. In comparison, herbivores may be stimulated to forage 

more by the presence of a food item, resulting in the species-typical post- 
feeding stereotypies observed. In stabled horses, peaks of stereotypic weaving 

are recorded before feeding and are interpreted as an anticipatory behaviour 

(McAfee et al. 2002). After feeding, oral stereotypies predominate, 

particularly if concentrate, a rapidly consumed food, instead of hay, has been 

fed. So called feeding anticipation behaviours were observed by Swaisgood et 

al. (2001) in giant pandas in captivity. They investigated whether the 

application of environmental enrichment altered the behaviours observed. 
They also attempted to differentiate whether the enrichment effected 
behavioural change by occupying time, or whether particular motivational 

needs, as suggested by Hughes and Duncan (1998), were met by the altered 

environment, thereby providing a lasting behaviour change after interaction 

with the enrichment had ceased. Swaisgood et al. (2001) found that the 

addition of enrichment led to increased behavioural diversity and decreased 

stereotypic behaviour. They also found that stereotypic behaviour was 

reduced in the time outside of the period in which the enrichment device had 

been present. So 

At zoos where the single feed was presented at the end of the day 

(Marwell/Suffolk) elevated levels of pacing were observed in the late 

afternoon. However, at Suffolk, the fossa were also locked in over night when 
they received their diet, obscuring the underlying causal factor for the pacing 
observed. Mason and Mendl (1997) also described the increase in pacing 
behaviour noted in farmed mink in response to cues predicting the arrival of 
food. Purdey, the young female at Lakeland Wildlife Oasis, appeared to 
begin or increase pacing in response to a cue of a gate clicking. She could not 

152 



Chapter 3 Repetitive behaviour 

see this gate but it indicated that a person had entered the wooded area where 
the fossa enclosure was situated. In times of low visitor numbers, the gate cue 

may signal the presence of a member of staff. Waitt and Buchanan-Smith 

(1997) suggest that it is these ̀ semi-reliable external signals' that enhance the 

unpredictability of events such as food arrival, even if they are scheduled to be 

at set times. On some occasions the gate click will signal that a keeper will 

arrive at the enclosure and perform a task, resulting in heightened arousal in 

the female. On other occasions this will not occur. 

Therefore it would appear that a number of different factors may be important 

in relation to both non-stereotypic and stereotypic repetitive behaviours. In 

particular the role of reproductive condition has received little attention in the 

literature. As carnivores are typically housed adjacently to stimulate breeding 

behaviour, it would appear prudent to re-examine this practice. The social 

systems of animals are frequently ignored in designing housing, and solitary 

species may be particular vulnerable to this, with the constraints of space in 

the captive setting. The routine housing of fossa adjacent to conspecifics, few 

feeds per day of a diet that is quickly consumed, and small enclosures, with 

limited variability and complexity, are likely to work in conjunction in the 

development of pacing behaviours. 

Fossa also have a number of behaviours and/or ecological traits that may 

predispose them to repetitive locomotor behaviour in captivity. As discussed, 

fossa are solitary in the wild, yet are commonly housed adjacently to 

conspecifics, allowing them little control over how they interact. They also 
display a non-period specific activity pattern. Typically zoos lock fossa in 

dens overnight in cold weather, or in some cases lock them into small dens 

every night, regardless of temperature, thus curtailing their ability to be active 

at night. In the wild they are likely to be opportunistic predators who may 
feed more than once a day, and throughout the day (Hawkins 1998). 
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Additionally they have a short period where they are reproductively active 
(Chapter 6), thus continual housing adjacent to a conspecific may be 

stressful. 

The development of repetitive behaviours 

Repetitive behaviours have been recorded in a number of different species 
housed in zoos, and are usually associated with housing that is considered 
inadequate, where species-specific behaviours are thwarted (Wechsler 1991, 

Cooper et al. 1996). However, the reasons for the development of these 

abnormal behaviour patterns are equivocal. It has been suggested that 

motivational conflicts bring about stressful situations that lead to the 

performance of motor patterns that, in some way, allow the animal to cope 

with the stressor (Wechsler 1991, Wiepkema and Koolhaas 1993). Cooper et 

al. describe the performance of stereotypic behaviours as the result of 

redirected highly motivated activities. In the wild an individual may meet a. 

number of different situations daily that can be deemed stressful, and these 

events are variable in the environment and entail different degrees of 

controllability. However, animals have evolved methods with which to cope 

with unpredictable events. 

Wiepkema and Koolhaas (1993) described experiments with male tree shrews, 

wherein two were housed adjacently and could always see each other, and two 

were housed together, with hiding places in the enclosure provided. In the 

pair that were housed adjacently, the subordinate male rapidly lost weight and 
died. In contrast in the pair that were housed together, the subordinate male, 

even though he was subject to physical attack from the dominant male, could 

choose to retreat to hiding places and not see the other male. This subordinate 

male did not exhibit ill health. Wiepkema and Koolhaas (1993) argue that the 

subordinate male had a greater control over the situation, allowing the 

subordinate animal to develop a coping strategy, that of being out of visual 
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contact with the dominant animal. They also described trials with rats, 

wherein rats were given mild electric shocks. Some individuals were given a 
light signal that shocks were about to be delivered whereas a second group 

were not. Both rat groups were subject to the same number of shocks, 
however the group that did not have a reliable signal that a shock was to be 

delivered developed high corticosteroid plasma levels and stomach lesions. 

These symptoms were unseen in the signal receiving group. Weipkema and 
Koolhaas (1993) argued that allowing animals a level of predictability about 

an event, even if that event is stressful, lessens the impact of the stressor. This 

is in contrast to Waitt and Buchanan-Smith (2001), who found evidence that 

although some events in captivity are regular, this does not aid in coping, as 

even if the event is scheduled, it still constitutes a state of high arousal, which 

if prolonged may be difficult to cope with in the unnatural setting of a zoo. In 

addition, in the zoo setting a number of semi-reliable clues confound the 

apparent regularity of schedules. 

Wiepkema and Koolhaas (1993) developed a model to suggest how the 

inability to cope with a prolonged stressor leads to a decline in regulatory 

capacity, as the response, developed to cope with the wild, is inadequate in the 

captive environment (Fig. 3.28). The continued presence of the `stressor', 

such as an aggressive conspecific or barren environment, renders the normal 

response mechanisms, for instance, escape, inadequate. The animal then 

moves through different `states' of being, wherein the normal regulatory 

capacity is diminished as the response proves ineffectual. The animal 

continues to display the response, eventually to the detriment of other 

behaviours. This is observed in the depleted behavioural repertoire of 

stereotypic animals, the final `state' where the animals ability to regulate the 

effect of a stressor is severely depleted. The inability to change the situation, 

gives way to repetitive behaviours that allow the animal to `cope' with the 

ongoing stressor, which, through experience, it has found that it cannot avoid. 
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Fig. 3.28 Summary of the development of adaptation to chronic 

pathology in relation to stress (From Wiepkema and 

Koolhaas 1993). 

Causal factors leading to repetitive movements can be grouped into three 

categories; deprivation stereotypies, that result from a lack of sensory input, 

cage stereotypies, which develop from poor quality of sensory input and, 

stress, resulting from prolonged heightened levels of sensory input (Marriner 

and Drickamer 1994). Once established, it is suggested, these behaviours can 

be transferred to other situations of motivational conflict (Wechsler 1991). 

A lack of sensory input or poor quality sensory input was investigated in deer 

mice (Peromyscus maniculatus bairdii). A group housed in cages that lacked 

enrichment, compared to conspecifics raised in enriched environments, were 
found to display much higher levels of stereotypies (Powell et al. 1999). 

Wemelsfelder et al. (2000) found that pigs (Sus scrofa) raised in substrate 
impoverished pens performed more poorly in novel object tests in comparison 
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with pigs raised in substrate enriched pens. In particular, they suggest that 

this affect on the structure of behaviour may be most pronounced in 

interactive behaviours. This lack of stimulation may in itself be stressful and 

a coping strategy is initiated to cope with the impoverished environment. 

Dantzer (1986) also suggests that stereotypies lead to a reduced behavioural 

repertoire, and this was indicated in the older male Mandoto, who exhibited 

extremely high levels of repetitive pacing, and very few other behaviours 

(Chapter 2). 

Brain scans in humans with different mental disorders, such as Tourette's 

syndrome, autism and schizophrenia, have shown abnormalities in the region 

of the brain that controls behaviour, and it has been suggested that this may 

also be at the root of stereotypic behaviour in captive animals (Lord 2002). 

Garner and Mason (2002) suggest that disinhibition of selection by the basal 

ganglia result in the stereotypies observed in many animals. Messages about 

external stimuli are passed from the frontal context to the basal ganglia via a 

series of nerves. The basal ganglia then trigger different responses according 

to the stimulus received. Garner and Mason (2002) argue that a fault in this Vý 

. o's Qý'°J 
relationship results in the basal ganglia triggering repetitive behaviours 

(. 
A response to an original stimulus, if repeated often enough, results in 

changes in the brain that cause behaviours to be repeated over and over again, 
despite the original stimulus being absent. Therefore, the behaviour is without 

relevance to the current situation, but the animal is responding to a historical 

situation. Kozorovitskiy and Gould (2004) recently demonstrated the 
influence of dominance hierarchies on neurogenesis in the hippocampus of 

rats. They found that dominant rats were observed to possess more neurons 
than subordinate animals, demonstrating the importance of social setting on 
the brain development of young animals. However, they were not able to 
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measure any difference in stress levels between dominant and subordinate 

animals. 

The motivational state that initiates pacing may be linked to a number of 
different factors. From this study, it appears that placing fossa in adjacent 

cages can lead to pacing behaviour. 

This was seen in the Marwell male and female, and also in the young female, 

Henrietta, at Suffolk Wildlife Park. In addition the `anxious' state of the 

female, Sakaraha, may have been stimulated by the presence of an adjacent, 

previously aggressive male. The current evidence suggests that the fossa is a 

solitary species, which interacts little with conspecifics outside of mating 

season. The preponderance of variable repetitive pacing at fence-lines 

adjacent to conspecifics suggests that the neighbouring animal is implicated in 

the stimulus to pace. By placing a number of fossa in visual, olfactory and 

auditory contact, zoos create a situation of potential over-stimulation or 

prolonged heightened arousal states. 

This high state of arousal may lead to repetitive pacing as a way of 

`disseminating' the arousal, a displacement activity. As the stimulus, the 

presence of the other fossa, does not abate, the expected appropriate response, 

the behaviour, continues, with the frontal cortex continually sending the same 

message (Fig. 3.29). Garner and Mason argue (2002) that this response 
becomes hardwired into the animal, so that in time the `coping' behaviour 

continues in the absence of the original stimulus. 
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Fig. 3.29 The possible development of variable repetitive behaviours 

in the captive setting 

Even in the absence of the original unconditioned stimulus, a second new 

stimulus may result in the same motivational conflict, thereby eliciting the 

same response in an animal that is no longer able to respond appropriately 

(Wechsler 1991, Wiepkema and Koolhaas 1993). This second or conditioned 

stimulus may not be easily observed or fully recognised, as it is disassociated 

from the original stimulus (Fig. 3.30). Both these models suggest that 

variable repetitive behaviour leads on to the development of a stereotypy. 

Intuitively, this appears possible, but it is worth noting that Grisha, the adult 
female at Marwell Zoo performed stereotypic pacing in one area of her 

enclosure and variable repetitive behaviour in an entirely different area. Why 

were there different locations for the two behaviours? The original stressor 
for the stimulus to stereotypically pace may no longer be present, but 

originally compelled the female to pace on a window ledge. 
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Fig. 3.30 The change from repetitive behaviour to stereotypy using 

the presence of a female adjacent to the male as the 

stimulus 

It may be that the stereotypic pacing is one developed from a previous 

experience (this female was 10 years old) and therefore the `type' of location 

itself was linked to the previous experience. Alternatively the particular form 

of heightened arousal may have prompted the response. Likewise the non- 

stereotypic pacing was in direct response to a stimulus, the male, and therefore 
V the fence-line was the most appropriate location for displaying this behaviour. 

The stimulus array at the fence-line comes to act as the conditioned stimulus, 

thereby eliciting pacing when the unconditioned stimulus is removed. 
Whether the fence-line pacing could develop into a stereotypy or whether the 

difference in underlying motivation precludes this, is unclear. If the 

mechanism suggested by Garner and Mason (2002) is accepted then the 

development of one form of pacing into another may be inevitable through 

time. However, there is evidence to suggest that long-term, chronic 
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stereotypies can be reversed through the application of environmental 

enrichment and other management and housing changes (Cooper et al. 2000, 

McAfee et al. 2002), suggesting a reversibility that does not sit well with the 

suggestion of changes in brain structure. 

V 
Individual variation in response to stressors may/important in the development 

of repetitive behaviours (Manteca and Deag 1994). Schwaibold and Pillay 

(2001) found evidence in African striped mouse (Rhabdomys pumilio) that 

stereotypic behaviours may be genetically transmitted. Young of stereotyping 

mothers exhibited stereotypic behaviours significantly more than the young of 

non-stereotypic mothers. To control for the possibility of social learning 

leading to the stereotypic behaviours, cross-fostering of young to non- 

stereotypic mothers was carried out, however, the result persisted. As many 

of the fossa observed in this study were related (e. g. adult females at 
Colchester, Suffolk and Marwell were sisters) a possible genetic propensity 

may be present in the observed animals. 

Rees (2004) found that low temperature caused an increase in stereotypic 
behaviour of captive Asian elephants (Elephas maximus). The declining 

occurrence of pacing in the fossa at Marwell, was postulated to be linked to 

changing reproductive condition of the female, however, as a number of 

causal factors may be linked in repetitive behaviour development, the 

increasing temperatures should not be discarded. 

3.5 Conclusion 

Fossa were found to display high levels of repetitive behaviours in captivity, 

which were locomotory in form. The majority of pacing observed appeared to 

be variable, and therefore, not stereotypic. Causal factors underlying the 

pacing were not clearly identified, though it is likely that a number of 

variables were implicated including; cage restriction, lack of cage complexity, 
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adjacent conspecifics and few and rigid feed schedules. Repetitive pacing was 

most commonly exhibited by older animals, suggesting that continued 

exposure to the stimulus was necessary for the behaviour to develop. 

However, it may also suggest that other factors associated with older animals, 

such as reproductive condition, may be important. Shepherdson (1993) 

emphasised the contingency between performing behaviours and receiving the 

appropriate outcome. Under captive conditions, where the majority of aspects 

of control have been removed from an animal, this disjunction between 

behaviour and outcome may result in heightened anxiety and stress. 

In summary; 

During this study it was noted that; 

0 There was high incidence of pacing observed in fossa, which appeared 
to be both age and enclosure related; 

" The majority of the pacing observed was variable and did not appear to 
be stereotypic in form, though some animals did display stereotypic 

pacing and headflicks; 

. There were no sex differences in relation to pacing observed, though 

stimulus to perform repetitive pacing may be sex-specific; 

0 Changes in the captive environment led to changes in the level of 

pacing performed in some individuals; 

0 Changes in reproductive condition may be related to observed changes 
in behaviour; 
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There were increases in pacing observed in the lead up to feeding and 
lock-in times; 

" Other behaviours may be reduced in relation to stereotypies, which in 

turn may invoke a feedback stressor, ie, low levels of vigilance, 
increased anxiety, leading to increased emotional arousal - increased 

pacing. 
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Scent-marking behaviour in 
captivity and its relevance to 

social organisation in the wild 
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4. Introduction 

Animals communicate diverse and complicated information by a number of 

means. Many group living animals display repertoires of visual cues, 

vocalisations and odour signals. These forms of information transfer have 

been studied in some detail in socially co-operative carnivores (Gittleman 

1989). However, the means by which solitary carnivores mediate their social 

organisation is, for most species, not clear. Although the majority of 

carnivores are solitary (Sandell 1989), group living species have received 

more interest. This is partly due to the difficulty in studying solitary 

carnivores, which tend to be smaller and exhibit nocturnal activity patterns. 
They are also more commonly found in forested areas, rather than the open 
habitats of group-living species. 

In many carnivores this communication may be remote, through the means of 

scent-marking and has been the subject of much investigation (Kleiman 1966, 

Eisenberg and Kleiman 1972, Doty 1976, Verberne and Leyhausen 1976, 

MacDonald 1980, Gorman and Trowbridge 1989). It is probable that 

olfactory communication is of great importance to solitary species, using 

urine, faeces and secretions from modified skin glands. These scent- 

producing organs are derived from sebaceous and apocrine sweat glands of 

the skin (Gorman 1980). Scent-marking with urine and faeces can be 

distinguished from normal eliminative function by frequency and associated 
behaviours (Kleiman 1966). 

4.1 The Function of Scent-marking 

Johnson (1973) described the many proposed functions of scent-marking: to 

advertise territorial boundaries, to attract mates, as a sexual stimulant, as an 

orientation cue within the animals range, as a badge of individual 

identification, and as an alarm signal. Scent-marking may fulfil a number of 

different functions within a species. 
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An ability to distinguish between individuals has been demonstrated in the 

dwarf mongoose (Helogale parvula), small Indian mongoose (Herpestes 

auropunctatus), brown hyaena (Hyaena brunnea) and European badger 

(Meles meles) (Gorman 1976, Gorman and Trowbridge 1989). Giant pandas 
(Ailuropoda melanoeuca) have been demonstrated to distinguish the sex of 

ö, individuals from scent marks, and have also been shown to be able to detect 
4 
S oestrus (Swaisgood et al. 1999, Swaisgood et al. 2000). 
4 

Many small carnivores, that are territorial, are known to mark their boundaries 

with either faeces, urine or by scent-marking from specialised scent-glands 

ockie=1-966,. Gorman 1980, MacDonald 1980). The status of individuals can 
be discriminated in some species (Rich and Hurst 1998) and it has been found 

that scent from different glands can have different functions. In the dwarf 

mongoose (Helogale parvula) cheek marking carries a hostile message, 

whereas anal sac secretions carry clues to identity but with no hostile intent 

(Ewer 1973). 

4.1.1 Scent-marking in the fossa 

Hawkins (1998) observed through the use of radio-telemetry, that fossa are 

predominately solitary apart from their brief mating season and when females 

are with young. Home range size for two males was found to be over 20 km2 

for each, with overlap between the ranges. Females were found to have 

smaller home ranges, < 13 km2. The female ranges did not overlap. For both 

male and female, home ranges contracted in the wet season and expanded in 

the dry season. Dollar (1999a) tracked two males, and, although not able to 

give figures for home range size, found that the ranges overlapped. In 

addition Hawkins (1998) noted that a male was seen near to a live-trap 

containing another male during the course of her field work. 
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It is not clear from either study whether fossa are territorial at least some of 
the time, however, although they are predominately solitary, communication 
between the members of a population is likely to occur. Fossa have rarely 
been observed scent-marking in the wild, with only anecdotal accounts to go 

on, though they mark profusely in captivity. This has enabled me to study the 
form and function of scent-marking in captive fossa. 

In this chapter I will examine scent-marking behaviour in captivity. The form 

of marking observed will be described and compared across sex, age and 
institutions. Where possible, function will be assigned to scent-marks 

observed and discussed in the context of social organisation in the wild. 

4.2 Methods 

Four methods were used to study scent-marking in the fossa. 

4.2.1 Behavioural observation 
During baseline observations every occurrence of scent-marking observed was 

recorded. Temporal occurrence, bout length, location in exhibit and position 

of cage mate were noted. Twenty individuals were observed during this 

period (11.9). Scent-marking by use of urine and faeces was discriminated by 

adhering to the criteria identified by Kleiman (1966): i) that there is 

orientation to a specific object, ii) that there is elicitation by familiar 

landmarks and/or novel stimuli, iii) that there is frequent repetition on the 

same object, iv) that it involves small volumes, irrespective of posture. Either 

one, or a combination, of these criteria were used. 

4.2.2 Habitat manipulation 
During the visual barrier experiment (Chapter 3) scent-marking was recorded 
in detail at Colchester Zoo in both the male and female. Every occurrence of 

scent-marking was noted and as above, temporal occurrence, bout length, 
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location and behaviour and position of cage mate noted and examined in 

relation to the presence/absence of a visual barrier between the male and 
female exhibits. 

4.2.3 Presentation of novel fossa scents 

Although it is not understood whether faeces play an important role in scent- 

marking it is likely that some information is communicated. Faecal samples 

were collected from different individuals, both male and female, at different 

zoos, to ascertain whether individuals could be discriminated on the basis of 

scent alone. 

Swaisgood et al. (1999), used a habituation-discrimination paradigm in their 

investigation of giant panda scent discrimination. Pandas have an unusual 

mating system, and use chemical communication. Objects marked by an 
individual were presented to a conspecific, repeated over a period of time to 

habituate the conspecific to the scent of that individual. Then a marked object 

from a previously unknown individual was presented simultaneously. 

Discrepancies in response to the now familiar and novel scent were observed. 

This provided a good framework for discrimination trials in fossa. The null 

hypothesis tested in the first experiment was that there was no difference in 

behaviour directed towards a novel test faecal sample and faecal sample from 

a familiar animal. 

Fresh faecal samples were collected from different individuals, males and 
females, between 10 months and 13 years, at the participating zoos. Each 

sample was bagged, labelled and stored frozen until required. It was then 

defrosted in a sealed sample bag approximately 2 hours before use. Any 

female samples used were collected from females believed to be anoestrus. 
Anoestrus was determined by season and behaviour of individual. 
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The faecal samples were introduced into the test animals' enclosure in 

wooden presentation blocks. Each block was 60 x 9.5 x9 cm and weighed 2.5 

kg, constructed to withstand rough manipulation, including biting and 

scratching by the fossa. In the centre of each block was a hollowed out 

chamber containing a plastic drug sample pot. The pot sat flush in the 

chamber and 10 g samples of faeces were placed in these pots. To avoid 

contact these chambers were covered with a counter sunk perspex sheet. 
These sheets measured 5.5 x 5.5cm and were attached to the block by counter 

sunk screws. To allow olfactory transmission each perspex sheet had 17 drill 

holes of approximately 3mm in diameter (Fig. 4.1). 

ý. DI J 

Fig. 4.1 Plan and side diagram of woodblocks used to present faecal 

samples (not to scale). 

Two wooden blocks per animal were constructed allowing each animal their 

own "set" to avoid scent contamination of the wood itself by transfer between 
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different animals. These blocks were clearly marked A and B. Three 

observation periods per trial were planned: 

1) Block habituation phase 
Two wooden blocks without faecal samples were presented to the test animal 

approximately 2m apart. The fossa were then observed for three 30 minute 

periods throughout the day. Instantaneous sampling at five-minute intervals 

recorded the location of the animal in the exhibit, its proximity to the wooden 
block and behaviour at the time. Behaviour was recorded continuously during 

heightened activity phases 

2) Scent exposure phase 
One hour 50 minutes after the beginning of the initial period of observation 
began the wooden blocks were removed. Ten-gram faecal samples from the 

same donor animal were placed in each block. The blocks were then returned 
to the test area and placed in the same position as before, two hours after 
initial block presentation. A further 30-minute observation period then took 

place as described above. 

3) Test phase 
One hour 50 minutes after the scent exposure phase, both wooden blocks were 

removed. In one block (A or B chosen at random) the previous sample pot 

was discarded, and a new sample pot placed in the chamber. In this block a 

second 10 g sample, from a different individual than the initial donor, was 

placed. In the other block a fresh sample of the original sample was placed, 

thereby presenting a familiar and novel scent. Both blocks were then put back 

in the exhibit in the same positions as they were before two hours after the 

previous recording period began. A further 30-minute observation period then 

took place as described above. 
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Behaviours recorded: 

" Activity away from block - locomotion etc. not directed at either wood 
block 

Block directed behaviours 

" approaching the block 

" investigative sniffing of the block (specifying the area on the block) 

" touching of the block specifying oral manipulation, limbs or other body 

parts in contact with the block 

" play behaviour involving the block and the form it takes 

" all occurrences of scent marking- position, bout number, bout length 

The total time spent in interaction with each block was recorded. 

A second multi-discrimination study using scent-marks, rather than faecal 

samples was used to test for position effects. Six small wooden untreated 

blocks were placed in the enclosures of four fossa (2.2, two male and two 

females) for two days (some blocks were removed earlier due to the damage 

caused by the fossa) to allow them to be thoroughly scent-marked by those 

individuals. All blocks were observed to have been marked and handled by 

the fossa. These blocks were then removed and each block placed in a sealed 

and labelled polythene bag. These 24 blocks now constituted the test blocks. 

The male at Marwell was the initial focus animal, due to the good visibility 

afforded by the outdoor area of his enclosure (Fig. 4.2). Six positions were 

assigned in the enclosure (AB/C/D/E/F). These positions remain fixed. Six 

unmarked blocks were placed at these six positions and the male observed 

over a 30-minute period to allow for habituation to the blocks. 

After the initial habituation phase, there were six trials. In each trial there 

was a new novel block, a block from the initial habituation phase and four test 

blocks (one from each donor animal). The novel block started at position A, 
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the habituated block at position B, and the four test blocks at positions C, D, E 

and F. On each subsequent trial the habituated block remained and a new test 
block from each donor animal was added. The novel block was at position B 

and the other blocks moved around one position. This was then repeated 

until, after six trials, the test blocks, novel block and habituated block had 

been at each position in the grid. 

In each 30-minute observation period, instantaneous sampling at one-minute 
intervals was used to record where the focal animal was in the enclosure 
(using the original enclosure template), which wood block it was nearest to, 

and what it was doing. Any scent-marking behaviours were noted and bout 

length recorded. 

ABC 

POOL AREA 

D 

EF 

Fig. 4.2 Marwell male enclosure with block positions marked. 
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4.2.4 Examination offossa carcass 
During the course of the study the elderly male Kastor was euthanased after 
the reoccurrence of cancers that had previously led to the removal of one eye. 
His body was sent to the National Museum of Scotland, where it was utilised 
by the taxidermy department for the museums carnivore collection. The 

removal of the skin was observed and photos taken. 

4.3 Results 

4.3.1 Baseline scent-marking all zoos and individuals 

Seven distinct scent-marking behaviours were noted during baseline 

observations (Table 4.1). A total of 410 scent-marking bouts were recorded 

with 251 bouts observed in the 11 males and 159 bouts observed in the nine 
females. Both males and females performed single behaviour bouts and 

combination bouts, wherein more than one of the behaviours described in 

Table 4.1 would be observed. Plate 4.1 demonstrates whole body scent 

marking and Plate 4.2 shows chest and cheek marking. 

4.3.2 Comparisons of all individuals 

A summary of all individual results is included in Table 4.2. Males carried 

out a higher number of combination bouts than females. Although both males 

and females exhibited a much higher percentage of single form bouts, a 

greater total time was spent in combination marking (Table 4.3). Male 

combination bout lengths were significantly longer than single bout lengths 

(combination median = 30, IQR =10.7 -79.6, single median = 5.9, IQR =4- 
9.3, U= 1691, p<0.0001). Female combination bout lengths were 

significantly longer than single bout lengths (combination median = 18.7, IQR 

= 13 - 69.7, single median = 6.5, IQR = 3.5 - 13.5 U= 444, p<0.0001). 
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Table 4.1 Scent-marking behaviours observed during baseline 

observations 
Scent- 

marking Description of behaviour 
behaviour 

Urinating Distinguished from urination for purely eliminative 
(SCU) purposes by movement and context. Consisted of urinating 

whist moving around, most commonly a small circular 
motion, often over an object. Tail was held up and the back 
slightly arched. Individual may have urinated on itself. 
This was seen in both males and females. 

Defaecation Distinguished from defaecation for purely eliminative 
(SCD) purposes by the small amount excreted and by the context. 

This was often followed by another form of scent-marking. 
Elimination only was not generally followed by scent- 
marking. This was seen in both males and females. 

Anal drag Individual was crouched as in a sitting position and the anal 
(SCA) region dragged over the substrate in a forward motion. The 

tail was held of the ground in a slightly curved position. 
This was seen in both males and females and sometimes 
followed defaecation but not always. 

Whole body This was observed in either a standing or a sitting position 
Drag on an object such as a wooden post or log. The individual 
(SCW) grasped the object and an up/down or back/forward motion 

was performed where the neck/chest/abdomen/genitals were 
dragged over the object. Some individuals were observed to 
drag their bodies over substrate in this way as well. This 
was seen in both males and females. 

Head rub This was a very cat-like head rub where cheeks, neck and 
(SCH) the top of the head were rubbed on an object or substrate. In 

some cases this took the form of `neck-sliding' for its 
entirety. Seen in both males and females. 

Foot drag Dragging hind feet across substrate or an object. Frequently 

(SCFD) the feet were dragged through urine prior to this action. 
Seen only in males. 

Tail drag As above, this consisted of dragging the tail over the 

(SCTD) substrate or an object and often through urine. Seen only in 
males. 

Combination Although many of the above behaviours were carried out in 
(SCC) isolation, frequently scent-marking bouts were comprised of 

a suite of the behaviours described above. 
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Chapter 4 Scent-marking 

Table 4.3 Combination and single form bouts performed by males 

and female during baseline observations 

? (% of total) a(% of total) 

Single form 139 (87.4%) 201 (80%) 

Combination 20(12.6%) 50 (20%) 

Total time single(s) 928(31.5%) 1615 (35.6%) 

Total time combination (s) 2041 (68.5%) 2921 (64.4%) 

Plate 4.1 Whole body marking on upright by male at Marwell Zoo 
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Plate 4.2 Cheek rubbing on object by male at Marwell Zoo 

For both males and females there was no correlation between either number of 

bouts performed and age (Spearman Rank correlation, r, = -0.069, p=0.772) 

or between mean bout length and age (r, = 0.108, p=0.644). 

After controlling for length of observation period by comparing rates of scent- 

marking rather than total number of bouts, there was a significant difference 

between SWP and Duisburg (p = 0.0157), SWP and Belfast (p = 0.0076), 

SWP and Colchester (p = 0.0315) Marwell and Duisburg (p = 0.0391), 

Marwell and Belfast (p = 0.0132) and Marwell and Colchester (p = 0.0413) 

(all Kruskal-Wallis: Conover-Inman post-hoc pairwise comparisons, critical t 

= 2.145,14 df), with both SWP and Mar-well animals showing significantly 
higher rates of scent-marking than at the other zoos. 
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There was no significant difference in rates of scent-marking between males 

and females (Male median = 13, IQR =5- 37, Female median = 16, IQR = 
10.5 -20.5, U= 49.5, p=0.9844) and neither were there any correlation 
between age and rates of scent-marking (rs = -0.048, p=0.8412) and between 

age and the % of the total observation time spent in scent-marking behaviour 

(rs = 0.3606, p=0.1169). Although there were significant differences 

between zoos in rates of scent-marking there were no significant differences 

when looking at % of the total observation time spent in scent-marking 
behaviour (Table 4.2). 

There were differences between individuals (H=88.08,19 df, p<0.0001; Table 

4.2) with the Colchester Zoo male and female and the Belfast male exhibiting 

mean bout lengths significantly longer than the other individuals. There was, 
in addition, pronounced variability in bout lengths within individuals (Table 

4.2). Sex differences were observed in relation to the form of scent-marking 

observed. Females spent a mean of 36% ± 10.6% of all scent-marking 

behaviours displaying SCH bouts. In contrast males spent 21% ± 7.1% of 

total scent-marking observations in SCH, however this was not significant 

(female median = 37.8, IQR = 3.9 - 81.8, male median = 12.5, IQR =3- 

23.1, U= 38, p=0.3976). Males spent more time in SCW scent-marks than 

females, with a mean of 55% ± 10.4% of scent-marks in the form of SCW, 

compared to 26% ± 11.6% in the female, although this was not significant 

(female median = 14.3, IQR =0- 55.5, male median = 60, IQR =0- 84.6, U 

= 24, p=0.0529). There was a difference between prevalence of SCW in 

females, dependent on age. Females of the age three and under spent a mean 

of 54% ± 28.1% of their total scent-marking time on SCW marks in 

comparison to females over three, who spent a mean of 12% ± 6.7% in SCW. 

When comparing females of more than three years of age to males in terms of 
% of SCW observed there was a significant difference (U = 8.5, p=0.0112). 
In males 1% ± 0.8% of all scent-marks were SCA in comparison to females, 

178 



Chapter 4 Scent-marking 

where 20% E 10.6 of all scent-marks were in this form. This difference is 

significant (female median = 9, IQR =0- 23.5, male median = 0, IQR =0- 
2.7, U= 22.5, p=0.0248). However, not all females displayed this form. 

4.3.3 Individuals and zoos 

4.3.3.1 Colchester Zoo 

Scent-marking behaviour could be observed in both the den and outdoor areas. 
The male, Forrsell, was observed to perform 28 scent-marking bouts over six 

observation days (Table 4.2). 64% of all bouts were performed in the den 

area (n = 18), leaving 36% performed in the outdoor area (n =10) (x2 = 14.3, 

ldf, p<0.01). Mean bout length differed according to location, with a mean 
bout length in the den area of 92 s± 19, (n=18) against 40 s± 26 in the 

outdoor area (n = 10). The difference in bout length between the two areas 

was significant (den median = 82.7, IQR = 13.5 - 135, out median = 9.3,6.5 - 
38.8, U= 40, p=0.0248). 

Of the single form bouts, three (30%) were performed in the den area whilst 

seven (70%) were performed in the outside area. In contrast for the 

combination form bouts only two (11%) were performed in the outdoor area, 

whereas 16 (89%) were performed in the den area. Combination bouts were 

significantly longer than single form bouts (combination median = 100.7, IQR 

= 31.9 - 159.4, single median = 9.2, IQR = 5.4 - 11.8, U=6.5, p<0.0001) 

The female, Fossa, was observed to perform 11 scent-marking bouts over five 

observation days. There was no significant difference between male and 
female bout length (male median = 30, IQR = 93 - 131, female median = 13, 

IQR = 6.5 - 19.7, U= 118.5, p=0.276). 82% of all bouts were performed in 

the outdoor area (n = 9), leaving 18% (n = 2) performed in the den area. 
There was a difference in mean bout length according to location, with mean 
bout length in the den area of 236 s± 87.0, (n=2) against 11 s±1.9 in the 
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outdoor area (n = 9). The difference in bout length between the two areas was 

significant (den median = 149, IQR =2- 323, out median = 12.5, IQR = 7.4 - 
17.2, U=0, p=0.0364). The single combination bout observed consisted of 
SCHISCW. The female was not observed to use urination, defaecation or foot 

dragging in any scent-marking bouts. The prolonged marking in the den area 

was in the form of `neck-sliding' in the remains of her meal from the night 
before. 

4.3.3.2 Marwell Zoo 

Observations of scent-marking could be made in both den and outside areas at 
Marwell. A male and female were held as pair during this time. The male, 
Cenda, was observed to scent-mark 33 times over four days (Table 4.2). 

Only three bouts consisted of more than one form of scent-marking (9%). 

There was significant difference between bout type and bout length, with 

combination bouts being longer than single form bouts (single median = 7.5, 

IQR = 3.4 - 14.2, combination median = 56, IQR = 48.5 - 56.1, U=3, p= 
0.0026). Five bouts were observed in the male den area, 13 bouts were 

observed in the female outdoor covered area and 15 bouts were observed in 

the mixed area. No bouts were performed in the female den or the male 

outdoor area. 

Combination bouts most commonly occurred in the male den. There were 

observable differences in mean bout length between the areas, with mean bout 

length in the male den 35 sf 11.7 (n = 5), in the female outdoor area 13 s± 
2.6 (n = 13) and in the mixed area 7s±1.3 (n = 15). The difference in bout 
length was significantly different between the male den area and the mixed 
area (Kruskal-Wallis: pairwise comparisons Conover-Inman, critical t=2.04, 
30 df, p= 0.0289) 
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The female, Grisha, was observed to scent-mark on 45 occasions over three 

days of daytime observations (Table 4.2). The female was not observed to 

perform SCFD or SCTD type scent-marking. There was a significant 
difference between bout length and type when comparing combination and 

single bouts, with combination bouts being longer (U = 32, p=0.0028). 

The female was not observed to scent-mark in her own den area or the male 

outdoor area, as with the male. Twenty-seven bouts were observed in the 

female outdoor area (60%), 11 in the male den (24%) and seven in the mixed 

area (16%). There was a difference in mean bout length between scent- 

marking locations, female area 11 s±2.1 (n = 27), mixed area 18 s± 12.0 (n = 
7) and male den 83 s± 19.3 (n = 11), with a significant difference in bout 

length between the male den and the female outdoor area (male area median = 
75, IQR = 20.3 - 148.5, female area median = 5.6, IQR = 3.3 - 15.9, critical t 

= 2.02,40 df, p<0.0001). 

There was a significant association between type of scent-mark and the 
location. No marking was carried out in the female den or in the male outside 

area. In the three other areas, SCA was only performed in the female outdoor 

area (Wilkes G2 = 36.83,8 df, P<0.0001; note 4 expected cell counts <1 and 
13 <5 - test probably invalid). The majority of SCH were also performed in 

the female outdoor area. In contrast both SCW and combination bouts (67% 

of which included SCW) were performed in the male den area (Table 4.4). 

Proximity of the male to the female also appeared to influence the form of 

scent-marking exhibited by the female (Table 4.5). When the male was 

within a two-metre distance of the female, SCA was the most commonly 

observed scent-mark (Wilkes G2 =28.40,4 df, p<0.0001; note 1 expected cell 

count <1 and 7 <5 - test probably invalid). Plate 4.3 shows a sequence 

181 



Chapter 4 Scent-marking 

wherein the male approaches the female, attempts to mount her and then the 

female using SCA type marking. 

Table 4.4 Contingency table of scent-marking form displayed by 

female, and location of scent-mark, Marwell Zoo 

Area SCH SCW SCU SCA Combination Totals 

a` den 2 5 0 0 5 12 

CT out 0 0 0 0 0 0 

Mixed 3 1 1 0 1 6 

den 0 0 0 0 0 0 

out 12 1 1 13 0 27 

Totals 17 7 2 13 6 45 

Table 4.5 Contingency table of scent-marking form displayed by 

female and proximity of male, Marwell Zoo 

Proximity 

of male 

SCH SCW SCU SCA Combination Totals 

6>2m 16 7 2 3 6 34 

c3 <2m 1 0 0 10 0 11 

Totals 17 7 2 13 6 45 
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Plate 4.3 Sequence of approach by male, mount attempt and SCA 

marking by female at Marwell Zoo 
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For both male and female, most scent-marking bouts were carried out in the 8 

- 10 am time period, just after being allowed access to each other after 

overnight separation. The male carried out 56% of all marking bouts in this 

period, whilst the female had performed 65% of all bouts in this time period. 

4.3.3.3 Suffolk Wildlife Park 

Six individuals were observed at SWP. Although on occasion it was possible 

to see into the den areas, in general scent-marking observations were 

predominately made in the out door areas. The adult male of the original 

breeding pair, Kastor, was observed to scent-mark on 60 different occasions 

over three days (Table 4.2). This male was not observed to perform SCFD or 

SCTD type scent-marking. There was no difference in bout length when 

comparing combination and single bouts. More SCW type scent-marking 

occurred when the female was in the adjacent exhibit (Table 4.6; Wilkes G2 = 

14.29, p=0.025; note 4 expected cell counts <1,9 <5 - test probably invalid). 

Table 4.6 Contingency table of scent-marking form displayed by 

male in relation to the proximity of the female, SWP 

Proximity 

of female 

SCH SCw SCU Combination Totals 

Den 5 1 0 0 6 

Out 1 11 1 0 0 12 

Out 2 

(adjacent 

a) 

17 20 1 4 42 

Totals 33 22 1 4 60 
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The adult female, Kia, was observed to perform 19 scent-marking bouts over 
four observation days, with 79% of all bouts (n = 15) performed in the 

enclosure adjacent to the males. Henrietta, a juvenile female, was observed to 

scent-mark 16 times over three days (Table 4.2). Edward, a juvenile male, 

was observed to scent-mark five times over two days. Only scent-marks of 
the SCW form were observed. He was housed adjacent to the adult breeding 

female during this period. The juvenile male Henry, was observed to scent- 

mark on 52 different occasions over three days. There was no difference 

between bout lengths when comparing combination and single bouts. Another 

young SWP male, Percy, scent-marked 37 times over three days (Table 4.2). 

As with the Marwell fossa, the adult pair at Suffolk performed a high 

proportion of marking observed in the 8- 10 am time period. The fossa at 
Jý 

Suffolk were locked in overnight and let out during this period. The female 

carried out 53% of all observed marking in this two-hour time slot and the 

male 48%. In comparison, the juvenile animals exhibited scent-marks that 
c 

were distributed across the observation period. Henry performed 24% o 

marks, Percy 34% and Henrietta only 19% during the 8- 10 am time period. 

4.3.3.4 Belfast Zoo 

A pair were observed at Belfast and housed together throughout the 

observation period. The adult male, Odin, was observed to scent-mark on 

only four occasions over three days. One combination bout was observed in 

the outdoor area, whilst the remaining three bouts took place in the den within 

a five-minute period. All three of the remaining bouts were SCH and 

consisted of neck-sliding in the entrails of the carcass the pair had previously 
been presented with. The juvenile female Freya, was observed to scent-mark 
11 times over the three days of observation. Two SCA bouts were performed 

after elimination, and the male was in another den when these SCA bouts 
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were performed. Seven of the eight SCH bouts observed consisted of neck- 

sliding in the entrails of carcass food items (Table 4.2). 

4.3.3.5 Zoo Duisburg 

Seven individuals (4.3) were observed at Zoo Duisburg. Only one animal, 

the old male Mandoto, was not housed adjacently to other fossa. He was 

observed to scent-mark 13 times over two days. The mean bout length for 

combination bouts was 29 s±7.4 (n = 7), whereas the mean bout length for 

single form bouts was 14 s±4.5 (n = 6), though this difference was not 

significant. 

The adult male Morombe was housed adjacently to the female Sakaraha, 

throughout the observation period. Morombe was observed to scent-mark on 

only six occasions during the observation period. All six bouts observed were 
SCW. Berenty scent-marked on five separate occasions over two days. The 

female Sakaraha, housed between these two males, was observed to scent- 

mark 10 times and all consisted only of one form, SCA. In addition all scent- 

marks were performed in the same raised area of the small enclosure. The 

mean bout length was 4s±0.5. This is the shorted mean bout length recorded 
in any of the fossa observed. These scent-marks were carried out on differing 

days but on all occasions the female appeared ̀anxious'. Repetitive pacing 

and head flicking were also repeatedly observed (Chapter 3). 

The male Kirindy was observed to scent-mark on eight separate occasions 

over 13 hours and 45 minutes of observation. He was housed adjacently to 

the female Bekily, who scent-marked on 22 separate occasions. During part of 

this observation period Bekily was introduced to Kirindy and had access to his 

enclosure. For Bekily there was a significant difference in bout length 

between the combination and single form bouts (combination median = 35, 

IQR = 15.6 - 45.6, single median = 8.4, IQR = 3.3 - 14.9, U=8, p=0.046). 
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All the combination form bouts took place in the male exhibit and therefore 

there was a significant difference in bout lengths between those that took 

place in the female exhibit and those that occurred in the male exhibit. The 

mean bout length in the female exhibit was 8st2.4 (n = 10) whereas the 

mean bout length in the male exhibit was 19 sf3.9 (n = 12) (male area 

median = 16, IQR = 12 - 30.8, female area median = 5.6, IQR = 3.5 - 11.3, U 

= 28, p=0.036). The total time spent in scent-marking behaviour in the 

female exhibit was 1.4 min as opposed to 3.9 min in the male exhibit. The 

scent-marking rate when restricted to her own exhibit was 0.97 scent-marks 

per observation hour compared to a rate of 4.36 scent-marks per hour when in 

the male exhibit. All five combination bouts observed in the male exhibit 

consisted of a SCH/SCA combinations. The male followed the female around 

the enclosure from most of the period they were introduced, attempting to 

sniff at, and have contact with, the female (Plate 4.4). The female invariably 

moved away from the male. She was also observed to roll in the faeces of the 

male. The female Perinet had three young during this observation period. 

She was observed to scent-mark seven times over 15 hours of observation 

(Table 4.2). 

4.3.3.6 Lakeland Wildlife Oasis 

Only one animal, the female Purdey, was observed at this institution. At the 

time of observation a male had arrived but was held only in the dens due to 

alterations to his exhibit. The female had olfactory and auditory contact with 

this male. The female was observed to scent-mark on 18 occasions over two 

days (Table 4.2) 
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Plate 4.4 Kirindy (on left) and Bekily at Zoo Duisburg 

4.3.4 Habitat alteration Colchester Zoo 

The male was observed to scent-mark on 371 occasions over 40 days of 

observations, a total observation time of 237 hours (Table 4.7). Although 

mean bout lengths increased, there was no significant difference in bout length 

under control and test conditions (control median = 20, IQR =8- 55, test 

median = 33, IQR =9- 93, U= 15128, p=0.0635). There was a notable 

difference between control and test conditions in terms of the % of the total 

observation period spent in scent-marking behaviour (Fig. 4.3). When the 
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barrier was first erected there was an immediate rise in scent-marking 
behaviour by the male, which declined over the next three observation 

periods, only to significantly increase again with the re-erection of the visual 
barrier. However, the difference between total scent-marking under control 

and test conditions was not significant (U = 4, p=0.3429). In addition there 

was a difference in number of bouts under the different experimental 

conditions with 167 scent-marking bouts under control conditions and 204 

under test conditions. 

Table 4.7 Colchester ('/4 habitat alteration/scent-marking gross 
differences between control and test neriods. 

ýý 

Control Test Control Test 

No. of bouts 167 204 25 26 

Mean(s)±SEM 46+5 58±4 9±2 16+5 

Sum (minutes) 127.6 195.6 3.7 7 

Rate per hour 1.4 1.7 0.2 0.2 

% of total obs. 1.7 2.8 0.05 0.1 

5 

45 

4.4 

3.5 

3 

2.5 
N 

2 

wI 
0 

0.5 

0 

Fig. 4.3 

4.05 

zz 
- -2-71 

1.86 
- 164 --1 fi5 - 

0.99 

Control Test lest Control Control Test Test Control 

Control/Test Condition 

The % of the total observation period spent in scent- 

marking behaviour under different habitat conditions 

189 



Chapter 4 Scent-marking 

Two hundred and eighty six (77%) bouts were performed outside, 83 (22%) 

bouts were performed in the den and two bouts were across both areas (0.5%) 

(Table 4.8). The difference in bout length between the two areas was 

significant (den median = 71, IQR = 17.3 - 134, out median = 19, IQR =7- 
60.3 U= 7448, p<0.0001). 60% (n = 224) of the bouts were combination 
bouts, 33% (n = 123) were SCH, 4% (n = 15) were SCW and 2% (n = 9) were 
SCFD. During combination bouts SCFD, SCTD, SCU, SCD, SCW, SCA and 
SCH were all observed. In particular it was noted that the male would urinate 

and then drag his feet and tail through the urine. It was also noted that during 

urine marking the male would extrude his penis, not observed during 

eliminative urination. 

Table 4.8 Location of single and combination form bouts 

Den Outside 

Combination bout 63 (75.9%) 158 (55.2%) 
0 

Single bout 20(24.1%) 128 (44.8%) 

Totals 83 286 

More combination bouts were observed in the den area than would be 

expected (Wilkes G2 =12.01,1 df, p<0.001). Under test conditions the male 
b 

performed 17% more bouts in the outdoor area than under control conditions. 
In contrast the male performed 7% fewer scent-marking bout in the den area 

VP 

under test conditions than under control conditions. 1 

1P ̀ß/j 
N 

The female was observed to scent-mark on 51 occasions over 40 days of 
observations, a total observation time of 237 hours (Table 4.7). Although the 

number of bouts differed very little between the two different conditions, the \. 

female spent twice as long in total scent-marking, as a% of the observation 

period, under test conditions. There was, however, no significant difference 

between median bout lengths (test median = 8, IQR = 3.8 - 18.5, control 
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median = 7, IQR =4- 12, U= 294, P=0.564). Ninety-four per cent (n = 48) 

of all female scent-marks took place in the outdoor area; 39 (76%) of the 

bouts were SCH, six (12%) were SCA, five (10%) were combination and only 

one was SCW (2%). There was a significant difference in bout length 

between male and females (male median = 25, IQ =8- 50, female median = 
9.5, IQR =8-9.5, U= 4368, p<0.0001). 

4.3.5 Scent presentation experiments - Habituation/Discrimination trials 

The first habituation/discrimination trial was at Colchester Zoo. The blocks 

were presented to the adult male Forrsell. The initial scent donor was Percy, 

a two-year old male from SWP, and the second scent donor was Henrietta, a 
ö e-yeatfemale from SWP. The male was initially very interested in the 

blocks and block directed behaviour accounted for 26% of the total 

observation time in the habituation phase. However, no behaviours were 
directed towards the blocks either in the 2°d scent exposure phase or in the 3rd 

test phase. 

A second trial was repeated the following day with the adult female, Fossa. 

No block directed behaviours were observed in the habituation phase. In the 

scent exposure phase, faecal samples from Kia, the adult female from SWP, 

were added to both blocks. During the second observation period the female 

spent 87% of the observation period in block directed behaviours and a total 

of 61% of the period in contact with the blocks. This behaviour took the form 

of biting and pawing at the blocks, whilst vigorously sniffing the chambers. 

In the test discrimination phase faecal matter from Henrietta, a juvenile 

female from SWP was added to block A. During this phase only 48% of the 

observation time consisted of block directed behaviour. However, of the 

block contact observed, 90% was in relation to Block A, the novel scent 

block. No scent-marking was observed in relation to the blocks. 
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Further trials with the male proved to be unsuccessful, with little or no interest 

in the blocks presented. A different approach was then taken. Wood blocks 

that had previously been in the adult male, Forrsell, and the juvenile female, 

Fianars, enclosures, were presented to the adult female, Fossa, as she had 

appeared to show some interest in the scents. The first block presented was 
the block from the juvenile females exhibit alongside a habituation block 

previously used by the adult female (it had only been in her own exhibit). 
Only 7% of the entire observation period was spent in block directed 

behaviour, which consisted of sniffing and pawing at the block from the 

young females exhibit. 1ýýý 

Following the described presentation pattern, the adult female was presented 

with the young females block and a block that had been in the males exhibit. 
After being allowed into the den the female immediately scent-marked on the 

male block. Having previously not scent-marked during the other trials she 

scent-marked the male block on three occasions with a mean bout length of 54 

s± 19.4. She also sniffed, bit and pawed at the male block and spent 16% of 
the observation period in direct contact with the male block. Bar cursory 

sniffing, no activity was directed towards the female block. However, after 
initial interest in the male block the female then spent 74% of the remaining 

observation period in rapid repetitive pacing behaviour in the outdoor area, 

and appeared very `agitated'. ý, 1, ýý`V" j60 

The faecal scent trial was also carried out at SWP with the adult female Kia as 

the test animal, with no success, and little block directed behaviours at any 

stage. The movement of the blocks between enclosures at Colchester was a 

more promising approach and prompted the second form of trial, using the 

marked wood blocks. Blocks that had been exposed to Fossa, Forrsell, 

Edward, and Kia were presented to the Marwell male during the second 

experiment. However, this also proved unsuccessful as the male directed the 
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majority of his behaviour towards the female in the adjoining exhibit, 

exhibiting high levels of repetitive pacing behaviour. The experiment was 

restarted allowing both the male and female access to the area, but again very 
little block directed behaviours were observed and both animals then spent the 

vast majority of their time in other areas of the complex. At this point this set 

of scent trials was discontinued. 

4.3.6 Fossa skin removal 

During removal of the skin, this animal was found to be emaciated, with 

numerous black marks of globular material. These were assumed to be 

metastes of cancer, which appeared to riddle the carcass (Plate 4.5). The anus 

appeared to be cupped with a raised rim (Plate 4.6). In addition there were 
large, approximately 2.5 cm diameter, raised pale oval regions on either side 

of the chest, in the area between the chest and forelimbs (Plate 4.7). These 

raised areas coincide with areas of deepest red colouration observed in males 
(Plate 4.8). 
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Plate 4.5 Possible cancers throughout tissue of fossa carcass 
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Plate 4.7 Raised pale oval regions of the inside of skin which 

correspond to red colouration on male 

Plate 4.8 Male at Marwell. Red colouration on the inside of the 

forelimbs is clearly visible and runs onto the chest area 
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4.4 Discussion 

This study has shown that fossa scent-mark profusely in captivity, and that it 

appears to be an important form of communication in this species. A number 

of different forms of scent-marking could be distinguished. Scent-marking 

appeared to be influenced by the presence of conspecifics and husbandry 

procedures. 

Age and sex 
There were clear sex and age differences in both the forms of scent-marking, 

and proportions of those forms portrayed. Males appeared to scent-mark for 

longer periods of time, more frequently adopting the whole body rubbing 
form, whereas females more commonly used cheek marking and anal drag 

marking. Females did not use feet-dragging or tail dragging behaviours and 

males performed very few anal drag marks. On all occasions that males did 

perform anal drags they had recently defaecated, which was not the case in 

females. Marking was either in a single form in a bout or a combination of 
forms, and for both males and females, combination bouts were of longer 

duration. Young female fossa were observed to mark in the SCW form, 

common in males, more often than the adult females and this difference was 

significant. Although age dependent changes in marking were observed, there 

was no significant correlation between age and number of marking bouts 

observed. 

Housing and husbandry 

The pair at Colchester exhibited extremely long scent-marking bouts, though 

the male mean was considerably longer than the females. These bouts 

predominately followed their den areas being swept out and washed down 

with detergent, thereby diluting or completely erasing any previous scents 
deposited. The male tended to mark in his den area and the female outside. 
This in comparison to Suffolk, where inside dens were swept out, but not 
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often washed, Marwell and Belfast, where inside dens had deep layers of bark 

chippings, and at Zoo Duisburg where dens were again swept out, but not 

often completely washed out. It appears likely that the `hyper-marking' 

observed in the male at Colchester was in response to this daily cleaning 

procedure. The male may have been ̀ re-establishing' his core area, with the 

observed long bout lengths in the female a response to this exaggerated male 
behaviour. Male marking in the den was significantly longer than in the 

outside area. 

Although rates of marking were higher at both Marwell and Suffolk, bout 

lengths were significantly shorter. A long mean bout length was also 

observed in the Belfast male, however, this was in the performance of neck- 

sliding behaviours on carcasses, as has been described in African civets 
(Civettictis civetta) (Ewer and Wemmer 1974). The females at both Belfast 

and Colchester were also observed to neck-slide. This behaviour appeared 

stimulated by whole or part food carcasses and was not observed at Suffolk or 
Marwell, indicating that diet presentation is important in the stimulation of 
behavioural diversity (Shepherdson et al. 1993b, Bashaw et al. 2003). Ewer 

and Wemmer (1974) noted that guts in particular appeared to stimulate this 

behaviour. 

Conspecifics 

The close presence of males appeared to stimulate anal-drag marking in the 

Marwell female, and Sakarah, the young female housed in between two males 

at Duisburg. This will be discussed later. In addition the elevated rate of 

marking at Suffolk may have been due to the large number of individuals 

housed adjacently in visual, auditory and olfactory contact. The possible 
function of these behaviours is discussed below. 
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Function 

Scent-marks have been studied in the Carnivora in some detail (Kleiman 

1966, Ewer 1973, Macdonald 1985) and many carnivores exhibit particularly 

conspicuous scent-marking behaviour. However, the functional significance 

of social odours is not clear, with few studies able to accurately assign 

function to observed marking behaviour. There is pronounced intra- and 

inter-specific variation in forms observed, reflecting both phylogeny and an 

adaptive response to ecological circumstances (Macdonald 1985). Although 

the experimental trials were logistically difficult to accomplish and likely 

flawed by the use of previously frozen samples (as volatile compounds may 

have been destroyed), there was some indication that fossa could discriminate 

between individuals. Rozhnov and Rozhnov (2003) also found that common 

palm civets (Paradoxurus hermaphroditus), could not distinguish between 

faecal samples of conspecifics, suggesting that faecal samples may not be the 

most appropriate scent to test. 

Macdonald (1985), in reviewing the use of social odours in carnivores, 

summarised the glandular sources of odours, and the observed fossa 

behaviours in this study can be tentatively assigned to a source (Table 4.9). 

Perineal marking was difficult to clearly discriminate from anal dragging. 

Macdonald (1985) lists the Viverridae, in general, as possessing an anal pouch 

and accessory gland, anal sacs, perineal glands and perioral cheek glands. He 

also notes that token urine and faeces are used in viverrid marking, most 

notably in civet latrines (Bearder and Randall 1978). The pronounced sternal 

gland marking noted in this study, particularly by males, and conspicuously 

flagged by the red colouration on the chest, is suggested to be atypical for the 

v yer ds and was noted previously in fossa by both Vosseler (1929) 

" 
"anatomically 

and Wemmer (1977b) behaviourally. The skinned male in this 

study appeared to have oval areas of raised tissue on the inside of the skin, 
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Chapter 4 Scent-marking 

corresponding to areas of deepest red coat colouration. The hugging motion, 

observed in males, brings the whole chest and forelimb area in contact with 

the surface to be marked, and it is postulated that these raised areas may have 

a role in the production of the oily secretion described by Hawkins (1998). 

Fossa at all zoos tended to mark conspicuous objects and often chose to mark 

the objects repeatedly, leaving behind reddish stains after a time. Macdonald 

(1985) describes the ventral gland as discharging through the abdominal skin, 

typical in mustelids, anterior to the genitalia. However, male fossa use the 

chest area in marking, not solely the abdomen, though this also comes into 

play. Only fossa and binturong (Actictis binturong)(Wemmer 1977b) amongst 

the viverrids have been observed to mark using this `standing-up posture' 
V '- -"- 

There are few studies of marking in ld viwe 
d> (Macdonald 1985) though 

it is known that anal marking appears common in civets (Charles-Dominique 

1978). Genets and civets use urine extensively in scent-marking, urinating on 

their own body and/or scuffing their hind limbs through the stream of urine 
(Wemmer 1977b), as was observed in the fossa in the present study. Kleiman 

(1974) observed binturong (Arctictis binturong) foot dragging and tail 

dragging in urine. Cheek and head marking are noted to occur in the 

Viverridae (Macdonald 1985) but also the occurrence of `neck-sliding' 

wherein the animal rubs its neck on the ground, typically over strong smells 

and carcasess (Ewer 1973, Ewer and Wemmer 1974, Wemmer 1977a). As 

noted, this was seen in several of the individuals in this study, particularly in 

the pair at Belfast who were routinely fed whole prey items. Rozhnov and 

Rozhnov (2003) studied the common palm civet in captivity and found that 

cheek rubbing and perineal rubbing were observed in both males and females, 

however, foot rubbing was more commonly observed in males, whilst anal 

dragging was observed at higher frequencies in females, which corresponds 

with the fossa in this study. Studies of clouded leopards (Neofelis nebulosa) 
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also found foot dragging or rubbing to be more common in males (Law and 
Tatner 1998). 

The function of marking behaviour in the fossa 

Although Macdonald (1985) indicates that function is difficult to ascribe, 

some indications of the function of scent-marking in the fossa can be 

postulated when examined in the context of their suggested behaviour and 

ecology in the wild, including their low density, cathemeral activity pattern, 

primary primate food source and the unusual mating and social system 
(Hawkins 1998). 

Male fossa are reported to have overlapping home ranges in the wild whereas 
females have distinct non-overlapping areas of their ranges (Hawkins 1998). 

The likely demands of rearing infants may require that female fossa defend 

areas of resources for food and/or infant defence. Males do not invest in the 

rearing of young, as with most mammal species (Krebs and Davies 1981). 

The unusual mating system (Chapter 5) also indicates that males may not 

need to defend an area to attract mates, in contrast to the more commonly 
described lekking grounds observed in other species, wherein a male secures a 

conspicuous display ground, vigorously defending it from other males 
(Bradbury 1981, Isvaren and St. Mary 2003). 

Although males may not attract females directly by defending resources from 

other males, a male may wish to familiarise himself with females whose 

ranges overlap his own, by leaving individual recognition marks. This may 

give the familiar male a competitive advantage during the breeding season, as 

cryptic female choice mechanisms may be important in mate choice (Eberhard 

1985). If a female recognised the odour of male, whose area overlapped her 

own, she may preferentially mate with him to ensure the safety of any future 

young. Individual recognition has been postulated as one of the functions of 

201 



Chapter 4 Scent-marking 

scent-marking and has been successfully demonstrated for dwarf (Rasa 1973) 

and Indian mongooses (Gorman 1976) and badgers (Ostborn 1976, in 

Macdonald 1985), though the glands used to discriminate identity were not 

universal, highlighting inter-specific variation. 

Males in this study also scent-marked throughout their enclosures (although 

the small size of exhibits at most zoos possibly hindered a more delineated 

scent-marking map) and did not appear to mark boundary areas profusely, in a y- 
ps 

manner described for territorial species (Macdonald 1985). The klippspringer 
ý 

(Oreotragus oreotragus), a small monogamous antelope, has been examined `ý'^ 
in some detail in reference to its use of scent to defend borders. Craig Roberts 

and Lowen (1997) found that scent-marks and dung middens were deposited 

in a non-random pattern within the defended home ranges of this species, in a 

ring shape. In the Carnivora, golden jackals (Canis aureus) used faeces 

middens to ring their territories. These middens were composed of large 

numbers of faeces, whereas faeces left in the interior of the area were 

generally single (Macdonald 1979a). Mills et al. (1980) found that brown 

hyenas (Hyena brunnea) pasted at higher rates when travelling near the 

boundaries of their territories whereas Macdonald (1979b) found that red 
foxes (Vulpes vulpes) marked most in areas of their territory, not necessarily 

near perimeters, that had high levels of resources. Pine martens deposit most 
droppings near boundaries (Hutchings and White 2000), whilst aardwolves 
(Proteles cristatus) when finding a foreign scent-mark in their area, marked at 

the boundaries that corresponded to the challenging scent (Silwa and 
Richardson 1998). 

Observed scent-marking of the males in this study may indicate that defended 

ranges or territories are not a feature of male social organisation in the fossa. 

There may exist some communication related to status, a loose dominance 

hierarchy that could be of importance when competing for access to females 
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during the short breeding season. Status has been assigned as a function of 

scent-marking in some species, with dominant red fox females marking at 
higher rates than subordinates (Macdonald 1979b). Gosling (1982) suggested 
that marking by males may be related to loose dominance hierarchies, the 
`scent-matching' hypothesis. This suggests that there is an odour association 
between dominant individuals and the predominant scent-mark in any one 

area, thereby allowing subordinate males to recognise dominant males in any 

encounter. This was originally advocated for species with defended ranges 
but recently it has been suggested that this may also be the case for species 

with overlapping ranges (Luque-Larena et al. 2001). Begg et al. (2003) 

additionally find evidence for this function in honey badgers (Mellivora 

capensis). 

The low densities at which fossa are found could indicate that food resources 

are scarce and therefore that large home ranges are required. Alternatively as 
their primary food source is also highly mobile, with lemur groups possibly 

moving across and between areas of male fossa, there may be little need to 
defend areas. In addition their non-period specific activity pattern ensures that 

they are able to prey on night and day active lemurs, as well as rodents and 
tenrecs. In contrast, females with infants are likely to be substantially less 

mobile, reliant upon more local sources of food, with the possibility of 

catching highly manoeuvrable arboreal prey hampered in heavily pregnant 
females. This could explain the non-overlapping territories amongst females 

observed by Hawkins (1998). In addition resource niche separation may 

result in the sexually dimorphic male and female fossa preying on different 

food items. Thus although females may not compete against males, for 

resources, they may face competition from other females, particularly 
important during lactation and early infant growth. In this study males 

appeared to be more likely to scent-mark in their den areas, with longer bout 

lengths than outdoors, whilst females did not. Females may be reluctant to do 
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so, as in the wild this may alert other individuals as to the location of her 

young. 

Does form signify message? 

It has been shown in the stoat (Mustela erminea) that secretions from different 

glands can chemically vary, indicating that function may differ between 

different glands and forms of scent-marking (Ewer 1973, Macdonald 1985). 
Two female fossa in the data set presented displayed anal drag marking that 

appeared to be in response to `stressful' situations. The Marwell fossa pair 
had an aggressive relationship when housed together (Chapter 2) wherein the 
female frequently rebuffed the approaches of the young male (Plate 4.3). Her 

preponderance to scent-mark by anal drag when the male approached suggests 
that this scent-mark may carry a hostile message. In contrast the pair housed 

together at Belfast Zoo, who had a much more peaceful coexistence of the 

exhibit, and were often observed in contact and play, displayed far fewer 

scent-marks in general and the SCA scent-mark when employed by the 
female, was not done so in the presence of the male. 

The young female housed at Zoo Duisburg who exhibited pronounced 

repetitive behaviours (Chapter 3) was only observed to perform anal drag 

form marks. Throughout the observation period she was housed adjacently to 

a male who had previously severely attacked her during an introduction'. In 

addition, the male and female were swapped around between the two 

enclosures, during the course of the study. Wild females have been observed 
to perform this scent-mark in situations described as 'tense' in particular after 
the ending of a mating, which is invariably initiated by the female (pers. 

comm. C. Hawkins). 

1 Communication from the head of the carnivore section at Zoo Duisburg 
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Genets have the ability to evacuate anal sacs during agonistic interactions, 

spraying a fluid, which may splash on the animals own fur (Wemmer 1977c). 

Albignac (1976) also noted that the Malagasy narrow-striped mongoose anal \, Qý 
drags on the ground, and that they exhibit higher rates of anal dragging during 

agonistic encounters, further supporting the suggestion that anal dragging in 

female fossa conveys a hostile message. 

During the visual barrier experiment at Colchester Zoo both the male and 
female exhibited more bouts and spent a longer time in scent-marking 
behaviour when the visual barrier was in place. This may have been to 

compensate for the loss of visual communication. In particular the male 
increased the rate of scent-marking that he performed in his outdoor area, 

suggesting that this was directly related to conveying an olfactory message to 

the female. 

Marking as a welfare indicator 

The differing level of scent-marking between the zoos may indicate the level 

of welfare experienced. The hyper-marking exhibited by the Colchester male 
in his indoor area, where he would indulge in prolonged bouts of combination 

marking, was in general in response to the den having been cleaned, with 

prolonged combination bouts on most occasions when he was allowed to re- 

enter the den after cleaning. The den was cleaned every day, frequently being 

washed out. This vigorous scent-marking display generally involved urinating 
by extruding the penis and moving in a circle, shaking the penis as he moved. 
This is in stark contrast to eliminative urination where the penis is never 

extruded and the animal generally squats and does not move around. This use 

of the penis in urine scent-marking has been observed in one other carnivore, 
the bush dog (Speothos venaticus) (Kleiman 1972). This is also a forest 

species that has been observed to heighten the rate of urination when placed in 

new enclosures in captivity. This indicates that the Colchester male may have 
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been marking to `match' the enclosure to him. Lyall-Watson (1964)(in 

Macdonald 1985) suggested that such marking may increase the individuals 

familiarity to its own range and did not include a territorial function per se. In 

contrast, the high levels of marking at Marwell could be attributed to the 

antagonistic relationship between the pair. The female in particular would 

exhibit her longest bouts when observed in marking behaviours in the male 
den, ov rý maring areas previously marked by the male. At SWP the high 

number of scent-marking bouts may be due to a state of heightened anxiety 
between the individuals. All the individuals at SWP were housed adjacently 

and were clearly visible to each other, and possibly provoked a response to 

clearly define areas or make the individuals feel more comfortable in their 

own enclosure, in line with the function assigned to marking by Lyall-Watson 

(1964 in Macdonald 1985) 

Reproductive status and function 

Young female fossa spent a larger percentage of their observed scent-marking 
in the SCW form. This `male-type' marking was less common after three 

years of age. The phenomenon of transient genital masculinsation, wherein 
juvenile females exhibit masculinised genitalia, is unique to fossa, and occurs 
during the period of time when it is likely that they disperse from their natal 

area. Hawkins (1998) has hypothesised that this masculinsation is so that 

young dispersing females are protected from harassment from adult males. 
However, as fossa are observed to have a stylised and pronounced mating 

system which occurs in only a few weeks of the year, this explanation appears 

unlikely. In other species where females exhibit masculinised genitalia, such 

as hyaenids (East and Hofer 2002) and ring-tailed lemurs, Lemur catta (Ostner 

et al. 2005, the females exhibit dominance hierarchies. It is therefore 

suggested that this transient masculinisation may bring with it a transient 
} hierarchy as young females compete for territories with other females, 
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suggesting again that females may practice a territorial system of habitat use. 

The observed ̀male' scent-marks may function to initially define these area 
((, 

-PVV 

Many carnivore species exhibit higher rates of marking during oestrus 

periods, with cheek marking in particular suggested to denote heightened 

excitement (Macdonald 1985). Higher rates of such cheek marking were noted 
in females when in oestrus, and this is discussed in conjunction with hormonal 

data in Chapter 6. 

4.5 Conclusion 

The use of scent-marking in captive fossa is frequent and characterised by 

different forms, that appeared to differ in frequency according to situation. It 

would appear likely that fossa have developed a distinctive suite of scent- 

marking forms in adaptive response to their ecological parameters. However, 

clearly tying function to form is difficult. Further study of this topic may 

assist in achieving better understanding of a number of features of fossa social 

organisation, and may also be cautiously used as an indicator of welfare status 
in the captive environment. 

In summary; 

. Fossa were observed to exhibit seven different forms of scent-marking 
behaviour; 

" There were sex differences in relation to the forms displayed and in what 

proportions, 

" Males tended to spe 
#a 

greater part of their active periods in scent- 

marking behaviours than females, 
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" Husbandry procedures, such as den cleaning and food presentation, 

appeared to stimulate and/or alter marking behaviour observed, 

0 Different scent-marking forms may convey different messages, such as 

aggressive intent, status marking, and reproductive condition (Chapter 

6), 

" Function could be tentatively assigned to specific scent-marking forms in 

the fossa, 

0 Juvenile female fossa exhibited more `male-type' SCW scent-marks than 

adult females, which may be related to transient masculinisation in young 
females (see Chapter 5). 
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Copulatory pattern, the function 
of the baculum and mating 

system 
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5. Introduction 

Carnivores display a number of different mating strategies including 

monogamy, promiscuity and polygamy. The strategies adopted reflect a 

complex interaction between ecology, physiology and social systems (Emlen 

& Oring 1977). Describing these relationships is important both in respect of 
increasing our understanding of the diversity of the natural world, but also in 

relation to conservation both in and ex situ. Captive breeding programmes are 

often halted at the first hurdle, that of getting an animal to breed in captivity, 

and a lack of understanding of mating systems may result in inadequate design 

of protected areas or reserves in the wild. 

The majority of carnivores are solitary for much of the time. In females, 

access to resources is critical in order to successfully raise young. Male 

spatial organisation is predominantly determined by access to mates (Sandell 

1989, Gehrt and Fritzell 1998), although, and especially outside the breeding 

season, prey availability is important. Males may compete for access to 

females: through direct physical competition with other males, through 

acquiring areas with plentiful resources which the female can access, or 

through secondary sexual characteristics (Darwin 1871), e. g. ornamental tails 

in peacocks and birds of paradise (Halliday 1980). However, the role of 
females in mating systems and cryptic female choice has attracted more 

attention in recent years (Eberhard 1985, Cunningham and Birkhead 1998). 

For example, it has been suggested that cryptic female choice selective 

pressure has led to variation in the size and shape of bacula in mammals 
(Patterson and Thaeler 1982). 

5.1 The mammalian baculum 

The baculum, or os penis, is the most morphologically diverse bone in the 

mammalian skeleton (Sherwood Romer & Parsons 1977). Located in the 

glans penis, the baculum is a heterotopic element, a bone that arises as an 
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accessory to body organs. It forms between the copora cavernosa and the 

urethra (Sherwood Romer & Parsons 1977). 

Due to its variability, the os penis can be used to identify species and age of 

individuals (Burt 1960). It is found in five orders; Primates, Carnivora 

(encompassing Pinnipeda), Insectivora, Rodentia and Chiroptera. Sherwood 

Romer & Parsons (1977) suggest that because it is widespread it is likely to 

have developed early in the evolutionary history of mammals. Because bacula 

must be energetically costly to grow and vulnerable to breakage (Laidler 

1982), it has been suggested that strong selective forces have maintained the 

presence of a bacula in the above orders. A number of theories have been 

postulated as to the function of the baculum and are discussed in some detail 

by Dixon (1995) and Larivere and Ferguson (2002). Briefly, they are as 

follows; 

1. The Vaginal. Friction Theory 

First postulated by Long and Frank (1968) in relation to mustelids, the vaginal 
friction theory suggests that the presence of a baculum allows easier 
intromission in species with pronounced sexual dimorphism. 

2. The Prolonged Intromission Theory 

Ewer (1973) suggested that in species in which prolonged intromission (PI) is 

common and where genital locks occur, the presence of a baculum can 

prevent the urethra becoming blocked and aid in the flow of sperm. 

3. The Induced Ovulation Theory 

A number of authors (Dixson 1995, Stockley 2002) have suggested that 

increased stimulation by the bacula is a trigger to ovulation in various species. 

This has become a widely accepted theory, often quoted in text-books when 

discussing carnivores (Macdonald 2002, Sunquist & Sunquist 2003). 
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4. The Female Choice Theory 

The female choice hypothesis proposed by Eberhard (1985) suggests that 

females judge males on their ability to stimulate their genital tracts during 

copulation and, in doing so, are able to choose which male's sperm to accept. 
Bacula can be highly variable within species, both in size and morphology, 

and it may be possible that females detect this variability and respond 

accordingly (Miller and Burton 2001). 

Dixson (1995) examined the relationships between baculum length and 

copulatory behaviour in the carnivores (including pinnipeds) and suggested 
that prolonged intromission was associated with longer bacula. He also noted 

pronounced taxonomic differences, with the felids possessing much shorter 
bacula than the Canoidea (Fig. 5.1). He did not include any other of the 
Feloidea in his analysis, but speculated that they should fall close to the felid 

pattern. 

Hawkins (1998) noted that the fossa has a large, spinescent penis (length 17.7 

cm, SD = 1.6, n= 16), prominent testes (width 24.5 mm, SD = 1.9, n=17) and 

a pronounced baculum (73.7 mm, SD = 7.6, n =16). 
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Fig. 5.1 The relationship between baculum length and body weight 

for 66 species of Carnivora, including pinnipeds (after 

Dixson 1995) 

5.1.1 Reproductive behaviour in the fossa 

The mating season in fossa occurs between October and November. 

Anecdotal evidence from Albignac (1973) suggested that several males 

converge upon one female and compete to gain access to that female. 

Hawkins (1998) observed matings in the wild over two consecutive seasons, 

and found that one female at a time will take up residence for approximately 

one week, in what she described as a `traditional mating tree'. Several males 

then converge on this tree and fight to gain access to the tree and resident 

female. The `victorious' male ascends the tree and approaches the female, 

who invariably moves to the outer, thinner branches. The female then presents 

to the male, adopting a position of lordosis. The male enters the female by a 

series of thrusts and a copulatory tie ensues. Copulation is generally 

prolonged, and may last several hours. The male stays with the female for a 

short period after mating has ended. It appears to be always the female who 
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ends the mating, this being signalled by increased restlessness on her part. 
Over the course of her oestrus a female may mate with several males and a 

new female takes up residence in the tree after the encumbent female vacates 
the tree. However, more than one female can, 

'ýobserved 
congregating near the 

tree at any one time, and a female who was observed to approach a male on 
the ground was rebuffed (Hawkins 1998). 

This unique mating system has been described as a combination of lekking 

and scramble competition polygyny (Hawkins 1998, Piertney et al 2000). In 

captivity, the mating season in the northern hemisphere takes place from 

February to May. Matings occur over the course of 7-13 days, with the 
female exhibiting extreme aggression towards the male on initial introduction, 

greater than that described for fossa in the wild (Hawkins 1998, Hornsey 

2000). This aggression may be due to the female feeling vulnerable in the 

captive setting. Hawkins (1998) suggested that, females have some control 

over the situation by moving to the finer branches of mating trees, which may 
be less feasible for captive females. However, Klockenkamper (1988) 

reported that most matings in captive fossa took place arboreally in her study. 
Intromission may last as long as eight hours in the captive setting (Kopel 

1998). 

Here I will re-examine Dixson's (1995) data set with additional data from the 

literature, including those on both the viverrids and herpestids, and additional 

measurements of carnivore bacula from museum specimens. In addition, 
information regarding carnivore mating systems will be examined in relation 
to bacula length and copulatory behaviour, and the observed mating system in 

fossa. 
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5.2 Methods 

5.2.1 Observations of matings 

Matings were observed at Suffolk Wildlife Park in two different years, 2001 

and 2003. In 2001 Kia mated Kastor, a male with whom she had previously 

successfully mated to produce offspring. At the time of this observed mating 

period, the male was nearly 20 years old. This male was euthanased in 

September 2001 due to ill health. In 2003 Kia was introduced to the young 

male, Edward, who at the time of this introduction was two years of age. In 

addition, details of a number of matings in the wild, recorded by Hawkins 

(1998), are used with the captive matings, to formally describe the copulatory 

pattern in fossa, and to compare this with the published classification of 

carnivore copulation by Dewsbury (1972;, Fig. 5.2) and Dixson (1998). 

5.2.2 Literature search - bacula 

Dataýn body weight (kg) and baculum length (mm) were collected for 81 

species of carnivore. In addition, information on mating systems was collated 
for 47 species and intromission times (min) for 34 species. Dixson (1995) had 

previously summarised data on body weight and baculum length for 66 

carnivore species and Larivere and Ferguson (2002) compiled a similar data 

set for North American carnivores, albeit with some overlap with Dixson. 

Specifically, the additional material I collected were mainly from the 

Viverridae and Herpestidae. 
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Fig. 5.2 Patterns of copulatory behaviour in male mammals 
(Dewsbury 1972) 

5.2.3 Measurement of carnivore bacula 

Bacula of a number of carnivore species held at the Natural History Museum 

(London) were examined and measured and added to the data set. 

5.2.4 Phylogenetic tree 

Cytochorome b gene sequences were sourced from Genbank (Genbank 2004) 

for 65 species in the bacula data set, together with the sequence for the 

gemsbok (Oryx gazella) which was used as an outgroup in the phylogenetic 

reconstruction. These sequences were exported as a FASTA file to BioEdit 
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(BioEdit 2004) where the sequences were aligned. Species with more than 
60% of the total sequence missing were removed from the data set, leaving 47 

species represented (58% of the data set). Parsimony analysis, using a 
heuristic algorithm, produced four trees, using PAUP*4.0 (Phylogenetic 

Analysis Using Parsimony) (Swafford 2000). A consensus tree was produced 

and branch strengths were determined using 100 bootstrap eplicätes. 

5.3 Results 

5.3.1 Mating 

Kia and Fossa were introduced during the day, and separated at night, from 

the 17`h to the 24th April 2001 and mated on five occasions during that time. 
Although they had access to both the male and female areas, matings only 

occurred in the male area. Upon being given access to the male exhibit the 
female would immediately enter, often approaching the male directly, giving 
the `snore' vocalisation. The male frequently responded with a high-pitched 

`miaow' calls. Typically these encounters were aggressive, with the female 

initially rebuffing the male, either by moving away or actively attacking him. 

However, in between these aggressive encounters, the female solicited the 

male, either through vocalisations or by adopting the position of lordosis. The 

female would move up onto higher branches in the enclosure and vocalise to 

the male, perhaps replicating the wild condition, wherein females move to the 

outer most branches of `mating trees'. However, as this male was elderly, he 

appeared reluctant to follow the female on the branches, often vocalising from 

the ground, using contact calls. 

The mean time from introduction to first mating was 58 min (± 16.4) (n = 4). 

The range was 22 - 90 minutes. During this time the male would typically 

repeatedly attempt to mount the female by gripping with his mouth at the back 

of her neck, stepping over her back and pushing his weight onto her, a 

commonly observed copulatory posture in mammals (Jiang and Wang 2001; 
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Plate 5.1). Both the male and female would vocalise repeatedly during these 

encounters. Once the male had clasped the female and was attempting 
intromission, his vocalisations became more aggressive, short, harsh `barks'. 

The female attempted to stand on a number of occasions, and the male would 

snap or bite at the back of her neck. 

4-;:, 

-f 
1 

Plate 5.1 Mating at Suffolk Wildlife Park between Kastor and Kia 

2001 

The male would thrust to gain intromission, though this appeared difficult, 

with the female moving considerably. Some treading by the male with his 

hind paws during this initial stage of gaining intromission was apparent. The 

thrusts were extremely rapid. However, once intromission was achieved no 
further thrusting was observed. Throughout the prolonged matings both 

animals would intermittently vocalise and the male would bite or grip the neck 

for much of the copulation. The female invariably ended the mating by 

repeatedly standing and try to move away from the male. In turn, the male 
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would try to prevent this by biting at the female and aggressively vocalising. 
The female would then twist round, and on two occasions the female managed 

to turn and face the male whilst still locked. The female would bite at the 

male, on the face or legs, in attempts to end the mating. Both the male and 

female sustained visible injuries. After a mating bout had ended both the male 

and female groomed their genitalia. On one occasion blood was clearly 

observed on the penis. Three matings were long, ranging from 84 to 149 min, 

and two were short, 18 and 22 min. The two short matings were on the same 

day, with an inter-mating interval of 50 minutes. The mean mating time over 

all five matings was 75 min (± 24.7). 

In contrast, the numerous matings observed between Kia and the young male 

Edward in 2003 were very much shorter in duration. Although the same 

pattern of approach was made by this young male, he was considerably less 

aggressive. The adult female was taller and heavier than the young male at 

this time. A total of 29 matings were observed between the 19th and the 22na 

April 2003. The mean time from introduction to first mating was 7 min (± 

1.3) (range 4- 10 min). The mean intromission time was 5 min (± 0.9) (range 

1- 19 min). As with previous male Kastor, matings were ended by the 

female. This young male appeared to be unable to clasp the female tightly 

enough to prolong the copulations, frequently panting and appearing 

exhausted after the brief matings had ended. The female would end 

intromission attempts by rolling onto her side. The young male would then 

attempt to `lift' her up again, but appear to abandon attempts to do so through 

exhaustion. The matings between the young male Edward and Kia were 

significantly shorter that the matings between Kastor and Kia (Kruskal- 

Wallis: H= 40.33,73 df, p<0.0001). There was no difference in the duration 

of mating between Kia and the old male Kastor and that reported from the 

wild. 
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5.3.2 Copulatory pattern classification 

Dewsbury's (1972) classification of copulatory patterns (Fig. 5.2) was based 

on four behaviours; lock, thrust, multiple intromission and multiple 

ejaculation. Dixson (1998) used a variation of this substituting prolonged 
intromission for multiple ejaculations. From the observed matings in this 

study and the published accounts of wild mating, fossa exhibit a pattern of 

thrusting to gain intromission but thereafter no thrusting, a single 
intromission, which is prolonged, and a lock. This conforms to Dewsbury 

(1972) pattern 8 and to Dixson (1998) Pattern 7. These patterns have not 

previously been described in the Carnivora. 

5.3.3 The baculum 

Plate 5.2 shows the position of the baculum in the fossa and its considerable 

size is clear. An uncleaned specimen of a fossa baculum was found to be 

covered by large, backward facing spines (Plate 5.3), whereas a cleaned 

specimen showed curvature but little ornamentation, either on the head or 

along the shaft (Plate 5.4). 

Plate 5.2 Computer tomography image of a fossa baculum (courtesy 

of Dr T. Hildebrand, Dr F. "Goritz and B. Vogler, Institute 

of Zoo and Wildlife Biology, Berlin) 

See Plates 5.3 and 5.4 for an approximation of baculum size 
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Plate 5.3 Uncleaned specimen of a fossa baculum (Natural History 

Museum, London) 

v IV II 

Plate 5.4 Cleaned specimen of a fossa baculum (Natural History 

Museum, London) 

This is in contrast to the ornamentation apparent on the head of the bacula of 

some of the Mustelidae (Plate 5.5) and the hollowing out of the shaft apparent 

in a number of the Feloidea (Plate 5.6). 

Scales used in Plates 5.3 and 5.4 are in centimetres with millimetres additionally marked. 
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Plate 5.5 a) and b) bacula head of a ratel (Mellivora capensis), c) 

bacula head of a tayra (Eira barabara) 
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Plate 5.6 Baculum of the banded mongoose (Munges mungo) 

The regression of bacula length (In transformed) on body weight (In 

transformed) for 80 species of terrestrial carnivore was significant (F1,7H = 

7.262, p=0.009) but an R2 value of 9% showed that little of the variation in 

baculum size was explained by body size (Fig. 5.3). In fact, as Dixson (1995) 

found (Fig. 5.1), clear taxonomic differences in the relationship between 

baculum size and body size were apparent (Fig. 5.4). An Analysis of 

Covariance (ANCOVA; software program Xlstat), was used to find out how 

the length of the bacula varied according to taxonomic group (Superfamily or 

Family), controlling for body weight. Both baculum length and body weight 

were In transformed. Because the position of the fossa on the plot of bacula 

length against body weight was out of place according to its taxonomic 

affinity (Figs. 5.5,5.6), these analyses was carried out excluding the fossa 

data. 
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Fitted Line Plot 
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Fig. 5.3 The regression of In baculum length on In body weight for 

80 species of carnivore 

First an ANCOVA was carried out to find out how bacula length varied with 
Superfamily (qualitative) and body weight (quantitative covariate) as 

explanatory variables. An adj R2 value of 83% was obtained indicating that 

the model explains a reasonable amount of variation in baculum length. The 

model was significant (F2775 = 190.11, p<0.0001), and each of the explanatory 

variables provided similar amounts of information (In weight F= 39.61, 

p<0.0001; Superfamily F= 340.61, p <0.0001). This supports the very 

evident distinction in baculum size and the relationship between members of 

the ('unoidea and members of the P'eloidea (Fig. 5.6). 

The analysis was repeated using Family rather than Superfamily as one of the 

explanatory variables (Table 5.1). An examination of the standardised 

residuals from a first analysis showed that the American badger was an 

outlier, and the analysis was redone omitting this species. 
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Scatterplot of Ln Bacula (mm) vs Ln Weight (Kg) (without fossa) 
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Fig. 5.4 The relationship between baculum length and body weight 
for 8 families of carnivore - excluding fossa 

Scatterplot of Ln Bacula (mm) vs In Weight (Kg) - with fossa 
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Fig. 5.5. The relationship between baculum length and body weight 
for 8 families of carnivore - including fossa (F) 
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Fig. 5.6 The relationship between baculum length and body weight 
for carnivores grouped into Canoidea (black circles) and 
Feloidea (red squares) (including fossa) 

A high adj R2 value of 93% indicated a good fit to the data, and the F 

statistics showed that both weight and Family provide a significant amount of 
information (Table 5.1). The model parameters show clear differences 

between the felids, herpestids, viverrids, and the mephitids to the other groups 
belonging to the Canoidea. A multiple comparisons Tukey test (results not 

presented) gives the groupings as shown in Table 5.2. In general, these 

findings support the taxonomic relationships among these families, with the 

exception of the Mephitidae. 

Baculum size and intromission time 

To see if intromission time was related to baculum size, a linear regression 

analysis was carried out using intromission time as the response variable and 

the residuals from the regression of In bacula length on In body weight as the 

explanatory variable. This data set was considerably smaller than that used 

above because information on intromission times was not available for many 
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species. A significant regression model was obtained (F1,34 = 5.63, p=0.023) but 
little of the variation in intromission times was explained (R2 = 14%). 

Table 5.1 The results from the ANCOVA of bacula length (in 

transformed) and Family, with body weight (in transformed) as 

covariate. 

Anova Table 
Sum of Mean Fisher's 

Source df squares square F Pr >F 
Model 8 97.710 12.214 126.080 < 0.0001 
Residuals 69 6.684 0.097 
Total 77 104.394 

Tyne III Sums of Squares 
Sum of Mean Fisher's 

Source df squares square F Pr >F 
Ln Weight (Kg) 1 9.084 9.084 93.768 < 0.0001 
Taxa (Family) 7 88.626 12.661 130.696 < 0.0001 

Model parameters: 
Lower Upper 

Standard Student's bound 95 bound 9,4zt 
Parameter Value deviation t Pr >t%% 

Intercept 3.68 0.105 34.85 < 0.0001 3.47 3.89 
Ln Weight (Kg) 0.24 0.031 7.63 < 0.0001 0.18 0.30 
Taxa (Family) - Canidae 
Taxa (Family) - Felidae 
Taxa (Family) - Herpestidae 
Taxa (Family) - Mustelidae 
Taxa (Family) - Mephitidae 
Taxa (Family) - Procyonidae 
Taxa (Family) - Ursidae 
Taxa (Family) - Viverridae 

0.00 
-2.65 0.128 -20.71 
-1.31 0.146 -8.99 
0.07 0.112 0.61 

-0.83 0.207 -4.01 
0.27 0.199 1.35 

-0.05 0.175 -0.26 
-1.99 0.148 -13.47 

< 0.0001 -2.90 -2.39 
< 0.0001 -1.60 -1.02 

0.542 -0.16 0.29 
0.000 -1.25 -0.42 
0.183 -0.13 0.67 
0.796 -0.39 0.30 

< 0.0001 -2.29 -1.70 
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Table 5.2 Results of a multiple comparison Tukey test for the 

ANCOVA model of In bacula length according to Family, 

with In body weight as covariate. Families that share the 

same letter are not significantly different. 

Familys Mean Groupings 
Felidae 1.781 A 
Viverridae 1.949 AB 
Herpestidae 2.343 BC 
Mephitidae 2.868 C 
Mustelidae 3.994 D 
Canidae 4.139 D 
Procyonidae 4.368 DE 
Ursidae 4.830 E 

Baculum size and mating system 
An ANCOVA of bacula length according to mating system with body weight 

as covariate produced a low adj R2 value of 10%. This was unsurprising 
because polygyny is found in a wide range of species with different baculum 

sizes and body sizes (Fig 5.7). Nevertheless the ANCOVA model was 

significant (F3,48 = 2.86, p<0.047). Body weight was not a significant variable 
(F = 1.81, p=0.185), but mating system was (F = 3.845, p=0.042). A Tukey 

multiple comparison test showed that Multi-male carnivores were 

significantly different to Monogamous carnivores (p = 0.035), but there was 

no difference between Polygynous and Multi-male (p = 0.124) and 

Polygynous and Monogamous species (p = 0.455) 
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Scatterplot of Ln Bacula (nin) vs Ln Weight (Kg) 
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Fig. 5.7 The relationship between baculum length and body weight 
for 55 species according to mating system 

5.3.4 7uxonomic position ofthe. fos. s'a 

Parsimony analysis confirmed the position of the fossa among the Feloidea 

(Fig. 5.8). In common with Yoder et al. (J93) this phyiogeny places the 

three Malagasy species in the data set as nested within the herpestid Glade, not 

within the viverrids, although further studies are needed to support this 

finding. 
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Fig. 5.8 Parsimony analysis, using PAUP 4.0, for 47 species of 

carnivore including the Fossa (orange square), 
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5.4 Discussion 

Mating and copulatory pattern 

Very few matings were observed during the period of this study as the 

international studbook keeper had given instruction to holders to restrict 

breeding because of a lack of additional holders being available for offspring 

(Chapter 7). 

Nevertheless, a total of 34 intromissions were observed. The older male 

Kastor, who had sired three litters prior to the 2001 mating season, mated the 

female Kia five times in 2001. The young male Edward, achieved 

intromission with the same female 29 times in 2003. Additionally, time to 

first intromission was considerably shorter in this young male. This apparent 

difference in achieving intromission may be due to mechanical differences, in 

that the young male was smaller than the female, and therefore likely to have 

a smaller penis than the older male, making intromission easier to achieve. It 

is also probable that the young male would not be able to successfully 

compete with other males for access to the mating tree in the wild. 

Ewer and Wemmer (1974) noted multiple intromissions of less than 40 s in 

the African civet (Civettictis civella), whilst masked palm civets (Paguma 

larvata) have a reported mean intromission time of 6.4 minutes (Jiang and 

Wang 2001). Both of these are considerably shorter than mean intromission 

times reported for wild fossa, and observed in the adult male in this study. 

Copulatory patterns previously reported for carnivores are 3,9,10,11 and 15 

(Fig. 5.2). In the Viverridae, patterns 1l (Dewsbury scheme) for the African 

civet (Ewer and Wemmer 1974) and 9 (Dewsbury) /10 (Dixson) for the 

masked palm civet have been described (Jiang and Wang 2001). The pattern 

observed in the fossa falls into pattern 8 in the Dewsbury scheme and 7 in the 
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Dixson scheme, indicating that the copulatory pattern observed in the fossa 

has not been previously described in the ('urnivora. 

The repeated vocalisations, pre and during copulation, were in contrast to the 

usually silent activity observed in this species. Most notably, the `snore' 

vocalisation described by Hawkins (1998) was recorded at Suffolk Wildlife 

Park, and during oestrus at Colchester Zoo (Chapter 6). Vocalisations related 
directly to oestrus have previously been noted in the Viverridue. Ewer and 
Wemmer (1974) described a `sex call' in the African civet as a cross between 

a moan and a miaow. They also noted that the male made repeated contact 

calls to the female, as was observed in both male fossa in this study. 

Although few observations of copulation are available for other viverrids, it 

would appear that this copulatory behaviour is unique. 

The function of the baculum and penile spines in the fossa 

Patterson and Thaeler (1982) examined bacular variability in rodents, testing 

whether the differences observed in baculum size between species arose 

incidentally, or were subject to selective pressures. They concluded that 

bacular variability had been selected for sexually, and that bacula played an 

important role in eliciting behavioural and physiological responses in females. 

Dixson (1995) investigated baculum length and copulatory position in the 

carnivores (Fig. 5.1). This indicated that felids have markedly shorter bacula 

than the Canoidea. He speculated that a similar relationship would be found 

for the viverrids and herpestids. This present study confirms that the Feb idea 

in general have smaller bacula than Canoidea of an equivalent body size, with 

some notable exceptions. The American badger (7axidea taxus) possesses a 

baculum considerably smaller in relation to body weight than the other 

mustelids. The elongated baculum of the fossa, far longer than would be 

predicted for a member of the P'eloidea, suggests that strong, selective forces 
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have acted upon the fossa, and that the observed baculum elongation is 

functional. 

Dixson (1995) attempted to link baculum length to copulatory pattern by 

examining intromission times. He found that prolonged intromission times 

were associated with elongated bacula, echoing the suggestion of Ewer (1973) 

that elongated bacula may assist in sperm transport, by preventing occlusion 

of the urethral channel. An association between elongated bacula and 
increased intromission times was found in this present study of fossa, 

however, the variation in intromission times was poorly explained. In 

contrast, Lariviere and Ferguson (2002), in their study of North American 

carnivores, found baculum length to be independent of intromission time, after 

correcting for weight and phylogeny. 

Subsequently, Lariviere and Ferguson (2004) postulated that carnivores living 

at low density, face selective pressures that may act to produce morphological 

change to facilitate the assessment of mate quality by females. In particular, 

they suggested that elongated bacula allow females to make post-copulatory 

paternity choices leading to differential fertilization (Stockley 2003). They 

also found that elongated bacula were associated with multi-male and 

monogamous mating systems. In this present study, few data were available, 

especially for multi-male species. This is because the description of mating 

systems in the literature is often equivocal or vague, or descriptions of mating 

systems of species that are geographically wide-ranging are variable. 

Multiple paternity has been found in species traditionally believed to be 

monogamous or polygynous (Carling et al. 2003), indicating that a cautious 

assignment of mating system might be possible. However, in the case of the 

fossa, this study supports the idea that multi-male mating selects for larger 

bacula. 
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In addition Lariviere and Ferguson (2004) found correlations between high 

latitude, snow-fall and elongated bacula, suggesting that this harsh 

environment, with reduced prey availability, led to solitary social systems. 

These in turn selected for multi-male mating in the female, allowing the 

females to assess quality of males through the baculum size. Miller and 
Burton (2001) found that bacular size increased with length in the harp seal 
(Pagophilus groenlandicus) and they suggest that the baculum is an honest 

signal of male quality, in this promiscuous species. 

There has been considerable interest in penile morphology in the primates 

(Harcourt and Gardiner 1994, Dixson 1998, Anderson 1998), particularly in 

the presence or absence of penile spines. In contrast, little has been written 

about the penile spines observed in carnivores. Four theories have been 

postulated for the role of spines in mammalian copulation; that they act as 

accessory sense organs, that they provide additional stimulation to the genital 

tract of the female and function to induce ovulation, that they aid in the 

maintenance of the lock, and that they may function to remove sperm plugs 

(Stoddart 1979). 

No evidence is currently available to test the first suggestion in fossa, yet it 

would appear likely that spines provide additional stimulation to the female. 

However, assigning function is problematic. Observations from the adult pair 

at Suffolk Wildlife Park indicate that ending a mating is extremely difficult. 

When the female attempted to pull away from the male, the penis would be 

stretched considerably before intromission ended, and the male often had 

blood on his penis shaft, which may suggest that the female genital tracts had 

been grazed or cut during copulations. Stockley (2002) suggested that an 

alterative role for penile spines in primates may be to lengthen inter-mating 

intervals in females in multi-male systems and/or shorten the length of female 

receptivity, by increasing copulatory stimulation. Stockley suggests that 
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males should be selected to increase copulatory stimulation, via increased 

penile spinosity, thereby reducing sperm competition. Cuts and grazes 

attributed to penile spines may enhance risk of infection, thereby adding an 

additional cost to multiple mating. Spines have also been suggested to 

function in removing sperm plugs. Sperm plug displacement has been 

observed in primates (Parga 2003) and carnivores (Jiang and Wang 2001), 

however, no observations of the occurrence of sperm plugs in the fossa have 

been recorded. Harcourt and Gardiner (1994) found that no single function 

9 could be attributed to primate penile spines. In contrast, Dixson (1987), 

suggested that sexual selection, through females, maintained the presence and 

enhancement of spines. Verrell (1992) reanalysed Dixsons data set and found 

that species with multi-male mating systems had more complex penile 

morphology. 

In fossa an elongated bacula may fulfil more than one function, however, this 

function remains unclear. Sexual dimorphism in the fossa is slight. It 

therefore appears unlikely that the vaginal friction theory (Long and Frank 

1968) would be particularly relevant in the fossa. In addition, many 

mammalian taxa with pronounced size differences do not possess bacula (e. g. 

elephants), whilst felids with only small or vestigal bacula achieve repeated 

and multiple intromissions despite size differences. The induced ovulation 

theory has had some support in the literature (Lariviere and Ferguson 2002), 

yet many species, such as felids, who are predominantly induced ovulators, 

possess small bacula. In addition, caution should be used when assigning 

labels of induced and spontaneous ovulation, as this is likely a continuum of 

response and may vary with ecological circumstances (see Chapter 6). 

The prolonged intromission (Ewer 1973) and female choice (Eberhard 1985) 

explanations may be more likely. As fossa females mate with a number of 

males over the course of oestrus, female choice could facilitate post- 
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copulatory strategies. (Tregenza and Weddell 2000, Stockley 2003). 

Prolonged copulation may be an adaptive strategy of the male to counter male 

competition, through mate guarding. 

Composite theory of mating system and bacular function in the fossu 

Fossa are solitary and exhibit a multi-male mating system in which both 

females and males converge on a `traditional mating tree' in any one area. 
Males will compete aggressively to gain access to the female in residence in 

the mating tree. Copulation is prolonged, typically lasting more than one 
hour. Both males and females will mate with a number of partners. This has 

been termed a cross between a lek and scramble competition polygyny 
(Hawkins 1998). A somewhat similar mating system has been observed in the 

masked palm civet, wherein, during the reproductive season multiple male and 
female groups have been observed. The males fight for access to females, and 
females mate multiply (Jiang and Wang 2001). 

Three unusual aspects relating to fossa reproduction have now been reported; 

their mating system (Hawkins 1998), unique copulatory pattern and elongated 

baculum (distinctive in the Feloidea). Fossa are found at low densities for a 

carnivore of their size, and therefore females are not able to assess male 

quality, throughout the year, as is possible in group living species. 

The function of multi-male mating has been investigated (Stockley 2003, 

Wolff and Macdonald 2004) in relation to the benefits it accrues to the female, 

despite potential costs, and how this mating system exerts selective pressure 

on males. Hypotheses postulated include the avoidance of sexual harassment, 

increased litter size, and increased genetic compatibility (Tregenza and 

Wedell 2000, Wolff and Macdonald 2004). However, the most widely 

accepted explanation is that by mating with multiple males, paternity is 

confused, thereby preventing infanticide (Hrdy 1979). It has additionally been 
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suggested that multi-male mating also allows post-copulatory paternity 

biasing mechanisms (Stockley 2002,2003), and that in polytocous species, 

multi-male mating may serve to increase genetic diversity of offspring, 

thereby enhancing fitness (Keil and Sachser 1998). 

Infanticide has not been reported in the fossa, however, as they are a cryptic, 
difficult to observe species, rare behaviours, such as infanticide, may be 

hidden. None the less, the risk to infant fossa from males may be relatively 

low as fossa are found at low densities (Hawkins 1998). Fossa are seasonal 

breeders, therefore killing a litter will not result in the female coming back 

into season until the following year. However, in some squirrel species, 

which are seasonal breeders, infanticide occurs. In these cases it has been 

suggested that the likelihood to breed the following year increases in females 

who have lost their offspring from the previous season (Michener 1982). This 

is a long-term strategy for the male but may have benefits. The age at which 

young fossa disperse is not known. However, the transient masculinisation 

observed in juvenile females occurs at about one year of age and has been 

linked to dispersal (Hawkins 1998). Fossa are weaned at 4-5 months and 

could be fully independent by one year. Therefore, female fossa would have 

the opportunity to mate again, and may produce a litter a year, thereby 

negating any possible gains to the male through infanticide. Wolff and 

Macdonald (2004) reviewed all current literature on multi-male mating and 

concluded that paternity confusion had most support. 

The position of the mating tree may be important to our understanding of this 

mating system in fossa. If the mating tree is situated in an area not occupied 

by any female, then sequential use of the tree, as has been observed by 

Hawkins (1998), would not draw aggression from a resident female. 

However, it is unlikely that an area would be un-occupied. It is more 

reasonable to assume that mating trees occur within the home range of a 
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single female, particularly as two mating trees described in the literature 

(Hawkins 1998) are situated next to bodies of water. Water may be an 

important resource, as young are born in the dry season in Western 

Madagascar. Hawkins (1998) saw several females near the tree 

simultaneously, although only one had residence in the mating tree at any one 

time. Why does a resident female tolerate other females in her home range? 

This is more easily explained if all females using a mating tree were related 

and kin-benefits were accrued through the tolerance of this situation. 

In general, mammalian dispersal is male biased with natal philopatry 

predominately observed in females, particularly in polygynous species 

(Greenwood 1980, Wolff 1994). In other solitary carnivores such as racoons 

and coatis, overlap between the female home ranges is observed, and where 
V, there is overlap a higher level of genetic similarity is found, indicating that 

natal philopatry occurs (Gompper et al. 1998, Ratnayeke at al. 2002). Female 

fossa may tolerate their offspring setting up territories at the edge of their 

range and using their mating tree(s) during the breeding season, but be 

intolerant of strange females. Species in which female dominance hierarchies 

exist can exhibit masculinised genitalia (e. g. hyeana, ring-tailed lemurs (East 

and Hofer 2002). Intense transient competition for territories may have led to 

the development of the transient masculinisation observed. However, by 

allowing female offspring to use the tree in her territory during the mating 

season, the female may increase her own fitness. 

Resource inheritance may take many forms, either allowing young females to 

stay near or share a natal area or, has been described in some species of 

squirrel, an adult female may give her home range to her female off-spring, 

the `bequethal' or `silver spoon' hypothesis (Berteaux and Boutin 2000). 

Therefore, I propose that fossa exhibit a dispersal and mating system of 

transient natal (mating tree) philopatry, wherein a female will tolerate her 
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female offspring setting up territories at the edge of her range and allow them 

the use of the mating tree in her territory during the breeding season. In this 

model, young males would disperse further afield to minimise the risk of 
inbreeding (also see Olsson et al. 1996, Stockley 2002). 

In conjunction with this female influenced mating system, cryptic female mate 

choice may have led to the bacula being subject to pronounced sexual 

selection. Several factors may be acting on the bacula. As females have been 

demonstrated to mate with a number of different males when in oestrus, males 

may employ a number of strategies to ensure paternity. Male-male aggression 

occurs and the male to mate first may have an advantage. To date no evidence 

of sperm plugs has yet to be observed either in the wild or captivity. If the 

fossa is an induced ovulator in the wild then the bacula may play a role in 

stimulating the female to ovulation, hence its large size. The bacula may have 

developed to facilitate the pronounced intromission observed in fossa, which 

may function as a form of mate guarding, which in conjunction with penile 

spines, prevent the female mating with additional males. Fossa also have 

large testes, indicating that sperm competition may be an important selective 

force (Birkhead and Moller 1998, Preston et al. 200 i 

However, another possibility is that the female may be assessing males during 

copulation and that the size and form of the bacula is part of the basis of this 

choice. The following model to integrate the findings of this study and 

previous studies is presented below. This transient natal philopatry hypothesis 

attempts to provide an explanation of the observed mating system, copulatory 

pattern, elongated bacula, and transient masculinisation (Fig. 5.9) 
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Transient natal philopatry hypothesis 

If young fossa are at a low risk of infanticide then multi-male mating in this 

species may have a different function entirely. It may simply be a by-product 

of efficient female advertisement. If one of the functions of the mating tree is 

to ensure that a female meets a male when in oestrus, it may be that more 

males than are `needed' congregate at the tree and the female mates with a 

number to avoid harassment (Wolff and Macdonald 2004). Also, as the 

female is already in residence in the tree, the male that gains access to the tree, 
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is not connected to the female but is a result of competition between the 

males, which may differ as different males leave and arrive at the site. The 

female can still reject any male that approaches, but she may be indiscriminate 

in her mating. 

5.5 Conclusion 

This study has shown that fossa have a unique copulatory pattern and that the 

elongated baculum is exceptional in the Feloidea. An integrated hypothesis 

has been presented that attempts to explain these unusual findings; this 

requires further testing. Little information is currently available for 

intromission times and penile morphology in the viverrids and herpestids, 

which makes comparative analyses difficult. In addition, the observed mating 

system may not be the only strategy pursued. In many species ̀ sneaky' 

copulations have been observed (Dunbar 1984, Soltis et al. 2001). An 

alternative cryptic mating system may be operating, which would be difficult 

to study. 

In summary; 

The fossa has a copulatory pattern not previously described in the 

Carnivora , 

The baculum of the fossa is elongated and distinctive among the Feloidea 

supergroup, 

" It is postulated that the elongated bacula is derived from sexual selection, 
in that females may be choosy and assess male quality during copulation, 

and there after use p(6-copulatory paternity biasing mechanisms, 

S 
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" The prolonged copulation observed is postulated to perform a mate 

guarding function, and the presence of penile spines may deter the female 

from further copulations with other males, 

" An integrated hypothesis, called transient natal philopatry, is presented to 

provide an explanation for the unusual reproductive behaviours observed. 

0 Transient masculinisation, observed in young females, is suggested to be 

related to temporary dominance hierarchies, to establish territories on the 

edge of their mothers range. 
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6. Introduction 

Our understanding of reproductive physiology has progressed rapidly in the 

recent past, due in the most part to advances in technology (Pukazhenthi & 

Wildt 2004). However, detailed knowledge of both reproductive behaviour 

and physiology is restricted to a small number of species. These have 

predominately been the domesticated forms of use in agriculture (Wildt and 
Wemmer 1999) and in addition the high profile developments in human 

reproductive health. 

In mammals, Wildt et al. (2003) indicate that reproduction has been 

investigated in a core group of 14 species, which includes the economically 
important agricultural stock, humans, laboratory animals such as rodents and 

companion animals that have been extensively studied. These taxa have 

received large sums of public money and scientific interest, yet represent only 
0.3% of all known mammalian species. Understanding the reproductive 
biology of the cat/dog may be a useful starting point for other carnivores, but 

is unlikely to provide generalities across the carnivores as a whole. 
Furthermore, when wild animals were first blood sampled for endocrine 

monitoring, they were found to differ significantly from domestic animals 
(Pukazhenthi and Wildt 2004). 

In response to these narrow interests, the use of reproductive sciences has 

largely been ignored or misunderstood by the conservation community, and 

wider public, until relatively recently. In particular, reproductive sciences 
have been intrinsically linked, in the minds of conservation professionals, to 

assisted reproduction techniques, an area that has limited application at the 

present time to zoo and wildlife conservation. This is an unfortunate state of 

affairs as, "reproduction is the essence of species survival' (Wildt and 
Wemmer 1999). More specifically, reproductive sciences have their greatest 

potential in generating advances in knowledge and particularly in relation to 
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the diversity of reproductive patterns found in nature, which will ultimately 

aid species conservation. 

6.1 Non-invasive techniques for investigating reproductive physiology 
The development and generation of specific antibodies for reproductive 
hormones led to the development of immunoassays. The first reports of faecal 

steroid analysis, in the 1970s, described oestrogen levels during normal 

pregnancy in humans (Schwarzenberger et al. 1996), and in the past 25 years 

the development of non-invasive techniques for measuring steroid hormones 

in the urine, faeces and saliva of wildlife has gathered pace (Pickard 2003). 

Previously blood samples were required, necessitating the use of anaesthesia 
in both wild and captive animals, a stressful event that compromised the 

welfare of the animal, and may have led to misleading results due to the 

effects of handling and the disruptive effects of anaesthetic drugs on hormone 

secretion (Monfort 2003). Schramm et al. (1994) suggest that elevated 
hormone levels early in their study of serum progesterone in lions, may have 

been the result of an adrenal response to physical restraint in a squeeze cage 
for blood sampling. 

Formerly, the technique of radio-immunoassay (RIA) predominated. In recent 

years enzyme-immunoassays (EIA) have become more widely used, in part 
due to their cost effectiveness and inherent `user-friendly' form. EIAS have 

been applied to both urine and faeces, however the route of excreted 

metabolites tends to be species specific (Schwarzenberger et al. 1997). 

Though most steroid hormones are metabolised by the liver, conversely in 

some species this takes place in the kidneys or can be different within a 

species depending on which hormone is being investigated, e. g. the majority 

of progestagens are excreted in the faeces of elephants whereas the majority of 

oestrogens are excreted in the urine (Brown 2000). In felids >90% of gonadal 
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steroid hormones are excreted in faeces (Brown et al. 1994). Fig. 6.1 

illustrates the route of steroid hormone metabolism. 

Ovary Kidney --t Urine 
Placenta 
Testis 
Adrenal 

Liver 

Bile 
Blood 

Milk, saliva 
Gut 

_ý 
Faeces 

Fig. 6.1 The metabolism and excretory route of steroid hormones 

(from Schwarzenberger et al. 1997) 

The measurement of steroid hormones in waste products has been shown to 

accurately reflect plasma levels, with a time delay of a few hours to a few 

days depending on the species of interest (Schwarzenberger et al. 1997). Data 

generated from waste products also has the advantage that they represent 

pooled data rather than a snapshot of pulsatile hormone excretion into blood. 

The numbers of species investigated by these non-invasive techniques grows 

every year and it may be possible to establish baseline reproductive data to 

help understand problems associated with breeding in the captive setting. 

Non-invasive hormone monitoring also has application in the wild in many 

species where faecal samples can be collected from monitored animals. After 

validation in captivity this technique can also be utilised in an ecological 
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context. Berger et al. (1999) used faecal hormone assays in conjunction with 
demographic data to examine whether predation or food availability was the 

limiting factor on population growth and juvenile recruitment in a moose 
(Alces alces) population. The importance of applying this technology is 

particularly pertinent, as it permits long term monitoring of reproductive 
hormones, allowing more integrated studies of seasonality, diet and social 

system (Creel et al. 1992, Kretzschmar et al. 2004). Ostner and Heistermann 

(2003) also showed that in wild red fronted lemurs (Eulemur fulvus rufus), 
level of faecal oestrogen in the last third of pregnancy indicated the sex of the 
infant in utero, elevated levels indicating a male foetus. 

Non-invasive hormone monitoring has now been applied in number of 

wildlife taxa in captivity and the wild, including Equus sp. (Klima et al. 1999, 

Asa et al. 2001), rhinos (Berkeley et al. 1997, Gamier et al. 1998, 

Kretzschmar et al. 2004), felids (Brown et al. 1994,1996, Czekala et al. 
1994), canids (Gross et al. 1991, Monfort et al. 1998), rodents (Clarke & 

Faulkes 1998), elephants (Graham et al. 2002), edentates (Patzl et al. 1998), 

bovids (Pickard et al. 2001) and primates (Cavigelli 1999, Curtis et al. 2000). 

Caution must be used when evaluating and comparing different studies, even 

within the same species, as different anti-body cross-reactivities, extraction 

and storage methods may lead to differences in steroid hormone level 

measured (Terio et al. 2002, Czekala et al. 2003). However, comparing 

profiles and the indicated reproductive status, regardless of quantitative levels 

of hormones, is possible. 

This chapter will examine the reproductive physiology of fossa in captivity, 

characterising gonadal hormone cycles in both females and males in the 

context of observed behaviour. It will examine excreted gonadal hormones in 
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faeces through enzyme-linked immunosorbent assays (ELISA). Possible 

effects of the captive environment on physiology will be discussed. 

6.2 Methods 

6.2.1 Observations of reproductive behaviour 

Due to the small numbers of fossa that are held in captivity in Europe and the 
lack of additional new holder zoos, I observed very few matings, as mating 
had been restricted by the studbook keeper. In addition a number of zoos 
house the fossa in their collection as a pair, not singly, and therefore, cannot 

give prior knowledge of expected mating times. Matings were observed at 
Suffolk Wildlife Park in 2001 and 2003. In 2001 the adult pair mated to 

produce a litter of three offspring. The breeding male was euthanased due to 
ill health in September 2001 and replaced by a young male in March 2003. In 

addition, a mating was noted, by keepers at Marwell Zoo, between the adult 
female and juvenile male in March 2003. 

When I observed mating behaviour I recorded occurrences of solicitation 
(attempts to mount by the male, presenting by the female), duration of 
intromission, position in the enclosure, scent marking, aggression and 

vocalisations (see Chapter 5). 

Females displaying behaviours relating to oestrus were observed at Colchester 

Zoo in 2003. At the time of these observations the female was housed 

separately from the adult, breeding male. As before, all occurrences of 

solicitation, vocalisation, and scent marking were recorded, in conjunction 

with one-minute instantaneous sampling of behaviour. Some additional 

observations of oestrus behaviours were noted at Marwell Zoo in 2003. The 

keepers in charge of each exhibit were also asked to fill in check sheets to 

accompany faecal collection (see below), noting any changes in behaviour for 

additional information. 
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6.2.2 Faecal sample collection for EIA -Study animals and zoos 
As gonadal hormone metabolites are predominately excreted in faeces in other 

members of the Feloidea (Brown et al. 1994), faecal samples were collected 
for EIA analysis. Furthermore, this approach was most efficient as faeces are 

easily collected and frozen during routine cleaning procedures. Zoos were 

asked to collect samples before, during and shortly after, the reported months 
(April/May) of mating activity in the fossa. Faecal samples were collected 
from a total of 11 individuals at five zoos in Europe comprising seven females 

and four males. In the case of two females, ̀ Kia' from SWP and `Fossa', 

from Colchester, samples were collected in 2001,2002 and 2003 (Table 6.1). 

6.2.3 Faecal sample storage and preparation 
All hormone assays were carried out at the Institute of Zoology (IOZ), 

Zoological Society of London, Regents' Park. Samples were frozen at the 

study zoos on the day of collection and held at -20°C until transfer in cool 

boxes (in dry ice from Germany) to IOZ. They were then defrosted, 

transferred to labelled weigh boats and dried in a fan-assisted lab oven 

overnight at 60°C. The samples were then transferred to labelled Ziploc bags 

and crushed. 

6.2.4 Assay methodology 

All reagents described in assay methodology were prepared by D. Green 

(IOZ), unless otherwise stated. A full description of each reagent is presented 

in Appendix 5. 
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Table 6.1 Individuals, zoos and years of sample collection for 

reproductive hormone analysis 

Individual Sex Birth date Institution 2001 2002 2003 

Grisha F 10/7/1990 Marwell -- Yes 

Cenda m 14/7/1998 Marwell -- Yes 

Fossa F 10/7/990 Colchester Yes Yes Yes 

Forrsell M 23/5/1995 Colchester Yes Yes Yes 

Fiana F 25/6/1999 Colchester -- Yes 

Kia F 22/6/1991 S. W. P Yes Yes Yes 

Perinet F 23/6/1995 Duisburg -- Yes 

Sakarah F 23/6/1996 Duisburg -- Yes 

Berenty M 23/6/1995 Duisburg -- Yes 

Morombe M 23/6/1995 Duisburg -- Yes 

Purdey F 6/7/1999 Lakeland -- Yes 

6.2.4.1 Progesterone assay 

The method used followed Graham et al. (2001) with some modifications. 
NI _Ö 

Methanol extraction was used to remove steroid metabolites from faecal 

matter wherein, 0. lg of crushed and sieved faecal material was added to 100µl - 
na 

`1 

of deionised and distilled water (DIDW) and 9O0µ1 of MeOH in a glass vial 
ýl 

ü i2 

(Samco, 75 x 12mm). It is generally recommended that concentrations of 
'J 

alcohol should exceed 80% in progesterone metabolite extraction 
(Schwarzenberger et al. 1997). The vials were capped and vortexed for ten 

minutes. Samples were then centrifuged for 20 minutes at 2400 rpm, 4°C. 

The supernatant was removed and used immediately or stored frozen at -20°C 
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until analysis. Faecal extracts were diluted in assay buffer, 1: 300/1: 600 for 

non-pregnant animals and 1: 3000/1: 6000 for pregnant animals. V. Sw 

Micro-titre plates were coated in 250µl/well goat anti-mouse IgG (Sigma 
j ,\ \tc 

Chemicals Co. M8890), at a concentration of 4µg/ml in coating buffer and left - 

to incubate overnight at room temperature (21°C). The plates were then 

emptied, washed and wells filled with storage buffer. Plates were wrapped in 

cling-film and stored at 4°C until use. (r 

rJ 
Prior to use, plates were washed with washing solution (0.05% Tween 20). A 

standard progesterone curve was prepared (Sigma Chemical Co. P0130) with 

a working range of 5ng/ml to 0.078ng/ml and dispensed at 50µ1/well in 

duplicate. Samples at the appropriate dilution were then added in duplicate at 
50µl/well. 100µl/well of primary anti-body (Quidel clone 425,1: 200000, 

r4 1nVGSo' supplied by C. Munro, Davis, Ca. ) was dispensed to all wells except the non- 

o' specific binding well (blank) and Bo (maximum binding) well, followed by 

100µl/well of biotinylaGydtpQ8gesterone to all wells (1: 750000, supplied by 

.- Dr. E Mosti, Vienna). Plates were then wrapped in cling-film, placed in a 

vv, 
9 foil-covered box and incubated overnight a fridge (4°C). 

ý rkt 1c J21(a 
Po. Eiticks ". 

)u.. ß` 

wh t" ccm i c. cý psi" d`t. C &u -L2 
6ýý 

r 
After overnight incubation plates were washed four times with 

washing 

solution, and then, 250µ1 of the enzyme Streptavidin-horseradish-peroxidase 

(Sigma Chemical Co. S5512) was added to each well. The plates were then 

re-covered and returned to the fridge for a further 60 minutes to incubate. 

After incubation the plates were washed with washing solution four times and 

250µl of substrate solution (30mg OPD tablet, Sigma Chemical Co., dissolved 

in 75m1 substrate buffer, 30µl hydrogen peroxide) added to each well. The 

plates were subsequently covered and incubated at room temperature for 35 

minutes. The reaction was stopped with 50tUwel1 stopping solution (3M 

H2S04). Plates were read at X490-650 nm on an Emax microtitre plate reader 
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(Molecular Devices Corporation, Ca. ) using Softmax Pro. (4) software 
(Molecular Devices Corporation, Ca. ). 

The primary anti-body showed cross-reactivity with the following 

progesterone metabolites; 4-Pregen-3,20-dione (100%), 4-Pregen-3a-of-20- 

one (188%), 4-Pregen-3ß-ol-20-one (172%), 4-Pregen-lla-ol-3,20-dione 

(147%), 5a-Pregnan-30-o1-20-one (94%), 5a-Pregnan-3a-ol-20-one (64%), 

5a-Pregnan-3,20 dione (55%), 50-Pregnan-30-o1-20-one (12.5%), 50- 

Pregnan-3,20-dione (8.0%), 4-Pregnen-110-ol-3,20-dione (2.7%), 50- 

Pregnan-3a-ol-20-one (2.5%), 50-Pregnan-3a, 20a-diol (<0.1%), 5a- 

Pregnan-3a, 20ß-diol (<0.1%), 50-Pregnan-3,17-dione (<0.1%) and 50- 

Pregnan-l lß, 21-diol-3,20 -dione (<0.1%). 

The metabolite(s) excreted was not identified in this study therefore all results 

are listed as ng progestagen/g dried faeces. 

Before a faecal EIA can be applied it must be validated in each new species in 

which it is used. Two methods of validation were used for all hormone 

assays: parallelism and recovery. In parallelism, percentage-binding data 

from the standard curve were plotted against logarithmically transformed 

doses on the x-axis. Serially diluted sample data were then treated in the same 

manner and the results examined for parallelism by analysis of covariance 
(Fig 6.2). In recovery, known quantities of standard were added to extracted 

samples and then assayed and compared to untreated equivalents. The mean 

recovery of exogenous hormone was then measured. 
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6.2.4.2 Oestrogen assay 

At the time of this study IOZ did not possess a working assay system for the 

measurement of oestradiol, therefore two different commercial kits were 

tested and their efficacy measured when used with fossa. The first 

commercial oestradiol EIA tested was produced by DRG diagnostics, 

Germany (Catalogue # 2693). This kit was being successfully used at IOZ for 

the measurement of oestradiol in the Mohor gazelle (Gazella dama mhorr). 

As with the progesterone and testosterone assay systems this is a competitive 

immunoassay wherein a fixed amount of oestradiol conjugated with 

horseradish peroxidase competes with unknown quantities of oestradiol in 

faecal extracts for binding sites with a polyclonal estradiol antiserum, pre- 

coated on a microtitre plate. 
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The manufacturers recommended methodology was followed. However, as 
this kit had not been used on this species before five different extraction 

protocols were applied and tested. 

1. MeOH 

This was as described for the progesterone assay and samples already 

extracted were utilised. This was tested separately by D. Green (IOZ) prior to 

the other extraction methods being tested. 

2. KOH/MeOH 

0.1g dried, crushed sample was transferred into a glass vial and lml KOH 

added. The samples were then capped and vortexed for 10 minutes before 

centrifugation at 4°C, 2400 rpm for 20 minutes. The supernatant was then 

removed and the pellet neutralised with 12µl of sulphuric acid (H2S04). lml 

MeOH was then added and the sample vortexed for 10 minutes before 0.5ml 

of petroleum ether was added. The sample was then vortexed for a further 10 

minutes before the samples were centrifuged as before. The middle, 

methanolic layer of the supernatant was removed using a pasteur pipette and 

retained for analysis. 

3. KOH 

Oestradiol was extracted by adding 0.1g of dried and crushed faecal sample to 

lml of potassium hydroxide (KOH). As before, this was capped, vortexed for 

10 minutes at room temperature then centrifuged for 20 minutes at 2400 rpm 

at 4°C, and the supernatant retained for analysis. 

4. Chloroform: hexane 1-step method (CWHX-1) 

O. lg of dried, crushed sample was added to lml of KOH in a glass vial and 

vortexed for 10 minutes. 0.5m1 of chloroform: hexane (6: 4) was then added 

and the mixture vortexed for a further 10 minutes. After centrifugation for 20 
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minutes at 2400 rpm at 4°C, the aqueous fraction was removed with a pasteur 

pipette and placed in a clean test tube for dilution and analysis. 

5. Chloroform: hexane 2-step method (CH/EX-2) 

This was initially as method 4, however both the aqueous and solvent layers 

were removed after centrifugation. The residue was then neutralised by the 

addition of 25µl of 3M sulphuric acid (H2S04). lml of MeOH was added to 

the pellet and vortexed for 10 minutes after which 0.5m1 of petroleum ether 

was added and the vial centrifuged at 2400 rpm for 20 minutes at 4°C. The 

middle supernatant layer was then removed and diluted as required. 

For all extraction methods faecal extracts were diluted in assay buffer at 1: 50 

to 1: 1500. The majority of samples were diluted at 1: 400/1: 600 to fall within 

the range of the standard curve. 

A standard curve with a working range of 25 pg/mI to 2000 pg/ml was 

supplied. The assay was carried out according to the manufacturers 
instructions as follows; 25gl of each of the standards supplied was added to 

duplicate wells, followed by 25µ1 of each sample, also in duplicate. 200µl of 

enzyme-conjugate was then added to each well. The plate was then mixed by 

gently agitating the plate before being incubated in the dark for 120 minutes at 

room temperature. The plate was washed out three times with wash solution 

supplied in the kit. 100µi of substrate solution (provided in the kit) was then 

added to each well and the plate incubated for 15 minutes at room temperature 

under cover. The reaction was stopped with 50µl of stop solution added to 

each well and the plate read, using the plate reader and software described for 

the progesterone assay, at X450 nm. 

No controls were supplied with thi kitbu 
performance 

characteristics were as 
intra-assay coefficients of variation (CVs) that ranged from 5.01 to 6.30%, 

255 



Chapter 6 Reproductive physiology 

and inter-assay CVs from 1.99 to 3.78%. The lowest detectable level of 

oestradiol was listed as 4.6 pg/ml. 

The specificity of the kit was given as follows. Oestradiol (100%), Oestrone 

(0.02%), Oestriol (0.05%) with the following all listed as 0%; 

Androstenedione, Androsterone, Corticosterone, Epiandrosterone, 16- 

Epiestriol, Oestradiol-3-sulphate, Oestradiol-3-glucuronide, Oestradiol-17a, 

Oestradiol-16-glucuronide, Oestrone-3-sulphate, Dehydroepiandrosterone, 11- 

Desoxycortisol, 11-Desoxycorticosterone, 21-Desoxycortisol, 

Dihydrotesterone, Dihydroepiandrosterone, 21-Desoxycortisol, 

Dihydrotestosterone, Dihydroepiandrosterone, 20-Dihydroprogesterone, 11- 

Hydroxyprogesterone, 17a-Hydroxyprogesterone, 17a-Pregnenolone, 17a 

Progesterone, Pregnanediol, Pregnantriol, Pregnenolone, Progesterone and 
Testosterone. 

The second commercial kit tested was manufactured by the Cayman Chemical 

Company, USA (Catalogue # 582251). Again this was a competitive EIA 

with a known amount of oestradiol conjugated to acetylcholinesterase (AChE) 

competing with standard or sample oestradiol for a limited number of binding 

sites on oestradiol specific rabbit antiserum. The rabbit antiserum against 

oestradiol binds to mouse monoclonal anti-rabbit IgG that has been pre-coated 

on the micro-titre plate. All buffers used in this assay were supplied in the kit. 

The assay was performed as follows; l00µ1 and 50µl of EIA buffer was added 

to the non-specific binding (blank) wells and the maximum binding (BO) well 

Sr respectively. Standards of increasing concentration between 0.008 ng/ml and 
ing/ml were added in duplicate, S0µ1 per well. 50µl of sample, diluted in 

C`` 

buffer, was added in duplicate to the sample wells. 50µl of AChE tracer was { 
added to each well except the blank well. Finally 50µ1 of the oestradiol 

antiserum was added to all wells except the blank and maximum binding 
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wells. The plate was covered with a plastic film and incubated at room 

temperature on an orbital shaker for 60 minutes. After this period, the wells 

were emptied and washed out five times with the wash solution provided. 

200µ1 of reconstituted Ellman's reagent was then added to each well, the plate 

Jr, 
recovered in a plastic film, placed on an orbital shaker, covered with a box 

and left to develop for 60 - 90 minutes in the dark. The plate was then read at 

X405 to 420 nm using the plate reader and software as before. As no stop 
rrq, 

VS, solution was used in this assay the plate could be checked periodically until 

the maximum binding well reached a concentration of between 0.3 - 0.8 

-, --ý absorbance units. 

As with the DRG kit no controls were supplied with the Cayman assay. The 
ý 

VJ detection limit of this assay was listed as 8pg/ml at 80% BBo. Between 

20pg/ml and 300pgIml both the intra-assay and inter-assay Cvs were 

presented graphically as being below 10%. The specificity of the kit was 
listed as the following; Oestradiol (100%), Oestradiol-3-glucuronide (17%), 

Oestrone (4%), Oestriol (0.57%), Testosterone (0.1%), 5a-dihydro 

Testosterone (0.1%), 17a-Oestradiol (0.07%), Ethynylestradiol (0.05%), 

Progesterone (0.03%), Aldosterone (<0.01%), 5-Androstan-17ß-ol-3-one 

(<0.01%), Aldostenediol (<0.01%), Androstenedione (<0.01%), Cortsiol 

(<0.01%), Oestradiol-17-glucuronide (<0.01%), Hydrocortisone (<0.01%) and 

17a-hydroxy Progesterone (<0.01%). 

6.2.4.3 Testosterone assay 

Extraction of steroid hormones was as described for the progesterone assay. 

Micro-titre plates were coated in donkey anti-goat/sheep IgG at 200gl/well in 

coating buffer concentration of 5 µg/ml. Incubation and storage was as 

described for the progesterone assay. Plates were washed, as with the 

progesterone assay and a standard curve with a working range of lOng/ml to 

0.0019ng/ml was prepared and dispensed in duplicate at 50µl/well. Samples 
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diluted in buffer solution were dispensed in duplicate at 50µI/well. 50gl/well 

of buffer was added to all standard and sample wells and 100tUwell and 

150pl/well added to the Bo and non-specific binding wells respectively. The 

primary anti-body used was sheep anti-testosterone-3-cmo BSA 505 (supplied 

by MRC Reproductive Physiology Unit, Edinburgh), dispensed at 50iUwe11 

except the non-specific binding well, followed by 50µd/well of enzyme label, 

testosterone-3-cmo horseradish-peroxidase (supplied by MRC Reproductive 

Physiology Unit, Edinburgh) to all wells. The plates were wrapped in cling- 
film, placed in a darkened box and incubated overnight in the fridge (4°C). 

Following incubation plates were washed out four times and 200µl/well of 

substrate solution (as progesterone assay) added. The plates were then placed 
in a covered box at room temperature for 25 minutes before 50µl/well of 

stopping solution was added and the plates read as per the description of the 

progesterone assay. 

Cross-reactivities for this testosterone anti-body, as listed by Loudon and 

Curlewis (1988) were as follows; 5a-dihydroxytestosterone (42%), 

androstenedione (5.6%), progesterone (0.4%), oestradiol-173 (0.4%), 

androstanediol (0.3%) and androsterone(<0.1%). 

6.2.5 Statistical analyses 
The statistical software program StatsDirect was used in all analyses. All data 

were tested for normality using the Shapiro-Wilk W test. None of the data 

were normally distributed therefore non-parametric tests were employed or 

the data were transformed and parametric tests used. Values are presented as 

means ± SEM unless otherwise stated. Data were compared both 

descriptively and statistically. A baseline progestagen value was determined 

using the iterative process described by Moreira et al (2001) in which values 

that exceeded the mean +2S. D. were excluded and the mean recalculated 
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continually until no values exceeded the new value. A baseline oestradiol 

value was attained by employing the same iterative method, though with data 

points above mean + 1.5 S. D. considered significant, after Moreira et al. 
(2001). The onset of a luteal phase was identified as when the concentration 

of progestagens had exceeded the baseline +2S. D and remained elevated for 

50% of the samples in a given elevated cluster, identified visually. Where 

applicable oestrus cycle length was defined as the time from the start of one 
luteal phase to the start of the next (Paris et al. 2002). 

6.3 Results 

6.3.1 Validation 

Validation results were as follows; 

" Progesterone - Four extracted samples gave displacement curves 

parallel to that of the standard (p=0.119, p=0.410, p=0.775 and 

p=0.543). Mean recovery of exogenous progesterone from early 

pregnancy was 132% ± 22.6 S. D. (n = 3) and for late pregnancy 116% 

± 7.2 S. D. (n=4). 

9 Oestradiol - Four extracted samples (KOH method) gave displacement 

curves parallel to that of the standard (p=0.168, p=0.211, p=0.729, and 

p=0.793). Mean recovery of exogenous oestradiol was 124% ± 33.4 

S. D. (n=3) for non-pregnant samples (using the Cayman Company 

kit). 

9 Testosterone - Four extracted samples gave displacement curves 

parallel to that of the standard (p=0.310, p=0.152, p=0.286, and 

p=0.310). Mean recovery of exogenous testosterone was 104% ± 19.8 

S. D. (n=8). 
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6.3.2 Characterisation of reproductive cycles in female fossa 

6.3.2.1 Progeslagens 

A total of 26 plates were assayed to produce eleven progesterone metabolite 

profiles for seven females at five different zoos. A high (1.25 ng/g) and low 

(0.4 ng/g) quality control was included on each plate and inter-assay 

coefficients of variation were 15% and 17% for high and low respectively. A 

composite standard curve indicated assay sensitivity was 0.123 ng/g at 80% 

BBo (Fig. 6.3). 
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Fig. 6.3 Composite standard curve for progesterone assay (n=26) 

Colchester Zoo 

Fossa 2001 

This adult female was housed next to an adult male with which she had 

previously bred, but was not allowed access to his enclosure throughout this 

breeding season. Samples were collected and analysed from 10/4/2001 to 

31/5/2001 (n = 40; Fig. 6.4). The range was 72 -160,000 ng/g. Baseline 

progestagens were measured as 651 ng/g ± 72 (n = 23). The three highest data 
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points were estimated samples of 160,000 ng/g, as even at high dilution 

(1/6000) these three samples were outside the sensitivity of the assay. These 

figures represent low estimates and the real figures may have been 

considerably higher. Greater dilutions were not attempted as accuracy would 
have been diminished. These peak data were 246 times greater than the 

baseline mean. 

To assess changes in progestagen level it was noted when sample data began 

exceeding the baseline +2S. D. level (1345 ng/g). This first occurred on the 

29/4/2001 and continued sporadically until the 14/5/200p 
when 

progestagen 

concentrations rose considerably and were sustained until the end of the 

sampling period. To assess whether the earlier sporadic increases were 

significant, the elevated samples were split into two groups; cluster 1 (29/4/01 

- 12/5/01) (n = 12) and cluster 2 (14/5/01 - 31/5/01) (n = 14). Cluster 1 and 

cluster 2 were both found to be significantly different from baseline levels (U 

= 48, p=0.0062 and U=0, p<0.0001 respectively) suggesting that 

spontaneous ovulation occurred. Small rises may indicate a sub-normal 

gonadal function, with pronounced luteal phase changes noted from the 

14/5/01. Collectively these changes occurred over a one-month period, with 

the prolonged increases in progestagen occurring over the last 17 days of the 

sampling period. However, as progestagen levels had not returned to baseline 

before the end of the analysis period a clear indication of the length of the 

luteal phase was not possible. 

Fossa 2002 

As in the previous year, the male and female were housed adjacently but no 

access permitted. Samples were collected and analysed from 2/3/02 to 7/6/02 

(n = 70) (Fig. 6.5). The range of concentrations recorded was 135 - 25,860 

ng/g. Baseline progestagens were measured as 682 ng/g ± 36.2 (n = 47). The 

baseline +2S. D. threshold was 1,178 ng/g. Progestagen levels 
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Fig. 6.4 Fossa 2001 steroid hormone profile. (Po - progestagen, E2 

-oestradiol). Red bar indicates period of reduced appetite 

and increased scent-marking 
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Fig. 6.5 Fossa 2002 steroid hormone profile. Red bar indicates 

period of reduced appetite 
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Fig. 6.6 Fossa 2003 steroid hormone profile. Red bar indicates 

period of increased scent-marking, decreased appetite and 

lordosis 
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Fig. 6.7 Fianar 2003 steroid hormone profile 
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exceeded this threshold consistently from 9/4/02 until 3/5/02 (n = 15) when 
they returned to baseline levels on the 4/5/02, a period of 24 days. The peak 

progestagen level measured was 25,860 ng/g, 38 times greater than the 
baseline mean. This period of elevated progestagens was significantly 
different from baseline levels (U = 19.5, p<0.0001). As in 2001, spontaneous 

ovulation appears to have occurred. 

Fossa 2003 

Samples were collected and analysed from 1/3/2003 to 30/5/2003 (n = 86) to 

produce a progesterone metabolite profile for this female (Fig. 6.6) in 2003. 

As in previous years although housed alongside the male, no access was 

permitted. The range of data points was 75-7,788 ng/g. Baseline progestagen 

in this instance was 684 ng/g ± 45.5 (n = 69). A possible luteal phase was 

identified as a cluster in which data points exceeded the baseline mean +2 

S. D. (1440 ng/g). A cluster of points from the 20/4/2003 until the 7/5/2003 

exceeded that threshold. The highest point in this period was considered the 

luteal peak and measured 7,788 ng/g, 11 times greater than the baseline mean. 

This cluster of points was significantly different from baseline (U=138.5, 

p<0.0001), indicating that spontaneous ovulation had occurred. 

Fianar 2003 

This four-year old female, the offspring of the adult pair, was housed 

approximately 100 m from the adults, but not in sight. She had not been 

introduced to a male during this study. Samples were collected and analysed 
from 1/3/2003 to 31/5/2003 (n = 85) (Fig. 6.7). The range was 162-2,958 

ng/g. Baseline mean progestagen measured 806 ng/g ± 48.5 (n = 73). There 

were no significant deviations from this mean. Peak progestagen 

concentration was 2,958 ng/g, 3.7 times greater than baseline. A small cluster 

of elevated points was noted from 27/3/03 to 7/4/03, however these were not 

significantly different from the baseline levels (U = 287, p=0.242). No 

264 



Chapter 6 Reproductive physiology 

possible luteal phase, therefore, was noted, indicating that ovulation had not 
occurred and when compared to `Fossa' in 2003 no pronounced elevations 
were apparent (Fig. 6.8). 
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Fig. 6.8 Fossa/ Fianar 2003 comparison profile 

Data from these two females are summarised in Table 6.2. There were no 

signitºcant differences in baseline level between the two females or between 

the three years for `Eossa' (Kruskal-Wallis post hoc test, t=3.863, p=0.277 

and t=0.291, p=0.865 respectively). However, a significant decline of 

luteal phase levels was noted from 2001 to 2003 in `Fossa' (Conover-Inman 

post hoc test, 2001/2002 p=0.0002,2001 12003 p<o. 0001, and 2002/2003 p 

0.0014). 

Marwell 

Grisha 2003 

This adult female was housed with her two 24 month-old offspring and 

adjacently to the adult male, father of the offspring. Faecal samples were 

265 

888888888888 

ý/1 NT V1 N Oý ýD MO 1ý ý 
ONNONO^N 

Date 



Chapter 6 Reproductive physiology 

Table 6.2 Cumulative progestagen data for two females at Colchester 
Zoo 2001-2003. Comparisons between cluster peaks and 
baseline (Mann-Whitney U Test). Data in ng/g dried 

faeces. 

Individual Year 

Baseline 
Mean ± 
SEM (n) Peak 

Deviation 
from 

baseline 
Spontaneous 

ovulation 
651 ±72 160,000 

`Fossa' 2001 (23) (est. ) p<0.0001 Yes 
682±36 

`Fossa' 2002 (47) 25,860 p<0.0001 Yes 
684 ± 45.5 

`Fossa' 2003 (69) 7,788 p<0.0001 Yes 
806 ±49 

`Fianar' 2003 (73) 2,958 p=0.242 No 

collected and analysed from the 2/3/03 till the 30/5/03 (n = 81)(Fig. 6.9). 

The range was 1011-183,000 ng/g. During collection the adult faecal samples 

were distinguished from the juveniles by size. The iterative process used 

previously was not effective with this data set due to the number of estimated 

points in the data set. This was due to the extremely high levels of 

progestagens present in the samples, outwith the sensitivity of the assay. 
Further dilution of 1/10000 - 1/20000 would be required and this would have 

led to a number of inaccuracies, therefore estimates were used. These 

estimates are likely to be less than the true values. 

The mean of the total sample set was 61,870 ng/g ± 7,715, considerably 
higher than the apparent baseline. Therefore the mean of all samples before 

the first sharp peak (2/3/03 - 13/4/03) was used to estimate the baseline. 

Baseline mean was 12,197 ng/g ± 1,105. Keeping staff reported that the adult 
female was mated by her juvenile son on the 23/3/03. This was described as a 
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full mating of over one hour in duration. No rise in progestagens was noted 

until the 14/4/03, some three weeks later. No significant difference between 

pre-copulation and post-copulation baseline was noted (U = 137, p=0.635). 
Progestagens appear elevated for approximately six and half weeks. Gestation 

length in fossa is estimated as 52-58 days, suggesting that the observed rise in 

progesterone metabolites may have been due to a pregnancy. However, no 
infants were found. Hypotheses for the high baseline levels, delay in 

progestagen rise and the absence of infants will be examined in the discussion 

section. 

Suffolk Wildlife Park 

Kiu 2001 

Kra was housed adjacently to an adult male Kastor and introduced for mating 

on the 17/4/01. Matings occurred on the 17'h-23`d and 26`x' April. Samples 

were collected and analysed from 15/3/01 to 25/6/01 (n = 34) (Fig. 
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Fig. 6.9 Grisha 2003 steroid hormone profile 
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6.10). The range was 93-237,770 ng/g. Baseline progestagen was determined 

by the iterative method as 4,858 ng/g ± 1071. A sharp rise in progestagens 

occurred from the 19/4/01 and remained elevated until parturition on the 

12/6/01. Gestation length was estimated at 55 days. 1.2 infants were 

produced. 

Kia 2002 

The adult male was euthanased due to ill health in September 2001 and the 

infants had been removed from the female enclosure after weaning, therefore 

the female was housed on her own. Few samples were collected in this year. 

A profile from 14/3/03 to 6/6/02 was produced (n=28) (Fig. 6.11). The range 

was 231-6,348 ng/g. Baseline progestagen was 1,635 ng/g ± 156 (n = 25). 

Only three data points exceeded the threshold of baseline +2S. D. No "º 

ovulation appears to have occurred, however, as very few samples were 

available for analyses this may have been misleading. 
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Fig. 6.10 Kia 2001 steroid hormone profile 
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Fig. 6.11 Kia 2002 steroid hormone profile 

Kra 2003 

A more complete sample set was available in 2003. Samples from the 2/3/03 

to the 31/5/03 were collected and analysed (n = 65) (Fig. 6.12). The range 

was 156-7,542 ng/g. The baseline progestagen level was 1,234 ng/g ± 88 (n 

49). The female had been housed on her own since the adult breeding male 

had been euthanased 18 months previously. A new male arrived in late March 

2003 and was placed in the adjacent enclosure to the female. They were 
introduced on the 8/4/03. The female was initially aggressive to the male, who 

at less than 24 months was somewhat smaller than the female. The female 

then began to solicit the male and the first mating occurred on the 18/4/03. 

Four matings occurred on the 19th, 20t', 22nd and 23rd April respectively, 
before the female once again became aggressive to the male 
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Two different clusters of elevated points were identified on the profile with 

several points within the individual clusters above the baseline +2S. D. 

deviation threshold of 2,452 ng/g. The first cluster was from the 2/3/03 till the 

27/3/03 (n = 17) and was significantly different from the baseline (U = 99, 

p<0.0001). The second cluster was from 22/4/03 to 30/4/03 (n = 9), after the 

matings had occurred. This was also significantly different from baseline (U 

= 80, p=0.0034). This first elevation of progestagens occurred before the 

arrival of the male in the collection and appears to indicate that spontaneous 

ovulation may have occurred. The second elevated region occurs after mating 

and may indicate induced ovulation occurred. No pregnancy resulted from the 

matings observed. Mean luteal phase was 18 days and a possible 4 oestrus 

cycle length of 26 days was indicated. Looking at data across the three 

collection years there is a decline in baseline levels from 2001 to 2003 (Table 

6.3). This baseline decline is significant (t =6.681, p=0.0354, Kruskal- 

Wallis post hoc test 2003/2001, p=0.0199). 

Table 6.3 Cumulative progestagen data for one female at Suffolk 

Wildlife Park 2001 - 2003. Comparisons between cluster 

peaks and baseline (Mann-Whitney U Test). Data in ng/g 

dried faeces. 

Individual Year Baseline Mean f peak Deviation from Type of 
SEM (n) baseline ovulation 

`Kia' 2001* 4,858 ± 1071 (23) 237,720 p<0.0001 Induced (gestation) 
`Kia' 2002** 1,635 f 156 (25) 6,348 -- None 
`Kia' 2003*** 1,234 t 87 (49) 7,542 P<0.0001 Spontaneous 

P=0.0034 Induced 
*Gestation lasted -56 days. **No luteal phase peak was observed but this 
may have due to the low number of data points available. ***Two possible 
luteal phase peaks were noted, one prior to mating and deemed to be 
spontaneous and one immediately following mating and deemed to be 
induced. 
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Fig. 6.12 Kia 2003 steroid hormone profile 

Zoo Duisburg 

Perinet 2003 

Samples were collected and analysed from 17/3/03 toi 1/5/03 at Zoo Duisburg 

in Germany (n = 70) (Fig. 6.13). This female was housed on her own, though 

had previously produced off-spring. The range was 102-11,646 ng/g. The 

baseline mean was 1,609 ng/g ± 149 (n = 55). Two clusters appear prominent 

when assessing the plotted data using the baseline +2S. D. threshold. Cluster 

1 from 17/3/03 to 4/4/03 (n = 16) and cluster 2 from 5/5/03 to 21/5/03 (n = 
15). Cluster I was found to be not significantly different from the baseline (U 

= 262.5, p=0.111) though there was a trend towards significance. Cluster 2, 

however, was found to be significantly different from baseline values (U = 70, 

p<0.0001). Mean luteal phase was 18 days and a possible oestrus cycle length 

of 31 days was suggested by the data. 
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Fig. 6.13 Perinet 2003 steroid hormone profile 
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Fig. 6.14 Sakarah 2003 steroid hormone profile 
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Sakarah 2003 

Samples were collected and analysed from the 17/3/03 till the 31/5/03 (n=72). 

The range was 36-5064 ng/g and the baseline mean was 818 ng/g ± 73 (n=48). 

Peak progestagen concentration measured was 5064 ng/g. As with `Perinet' 

two visual clusters of elevated points were apparent from the profile produced 
(Fig. 6.14). Cluster 1 is an elevated group from the 17/3/03 till the 30/3/03 

(n=14) and cluster 2 is from the 25/4/03 till the 24/5/03 (n=28). Both clusters 

are significantly different from baseline (Cluster 1 U=186.5, P=0.0037 and 
Cluster 2 U=202, p<0.0001). This is suggestive of luteal phase changes, 
indicating that ovulation occurred twice in the study period with a mean luteal 

phase of 22 days and oestrus cycle length of 39 days. 

Lakeland Wildlife Oasis 

Purdey 2003 

Samples were collected and analysed from 1/3/03 to31/5/03 (n = 85) (Fig 

6.15). The range was 6-3,495 ng/g and the baseline mean was 573 ng/g ± 28 

(n = 57). Three potential clusters of elevated progestagens were identified 

from the profile produced. Cluster 1 from 12/3/03 to23/3/03 (n = 13), cluster 

2 from 14/4/03 to 28/4/03 (n = 14) and cluster 3 from 12/5/03 to31/5/03 (n = 

18). All were significantly different from baseline levels (Cluster 1U= 

179.5, p=0.0101, Cluster 2U= 205, p=0.0175, Cluster 3U= 134, 

p<0.0001). These elevations indicated three separate luteal phase changes 

suggesting that ovulation had occurred three times in the study period with a 

mean luteal phase of 15.7 days and an estimated toestrus cycle length of 30.5 

days. 

Progestagen data for all females is summarised in Table 6.4. 
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Fig. 6.15 Purdey Lakeland Wildlife Oasis 2003 steroid hormone 

profile 

6.3.3.2 Oestradiol 

Both commercial kits tested proved to be poor at assessing oestradiol change 
in this species. Although the DRG kit lists cross-specificity with native 

progesterone and many of its metabolites as 0%, the profile produced, with 
four extraction methods, appears to be tracking progestagen change (Fig. 

6.16). The Cayman kit also proved to be unreliable with the samples used in 

this preliminary stage, although many of the points were outside the 

sensitivity of the assay due to insufficient dilution (Fig. 6.17). Examining 

once again the cross-reactivities of the Cayman kit we find that the anti-serum 

used cross-reacts 0.03% with progesterone. The standard curve used in this 

assay system runs from 0.008 ng/ml to I ng/ml, therefore, samples that contain 

more than 3,333 ng/g progestagen, measured using the progesterone assay, 

may mask all oestradiol contained in the sample, making it impossible to 

measure accurately. 
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Fig. 6.17 Cayman Oestradiol/Extraction comparison (all extractions) 

DRG Oestradiol/Extraction comparison (all extractions) 
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To counteract this problem and attempt to measure possible oestradiol change 

with the samples available, only samples directly before apparent luteal phase 

changes, below 2000 ng/g were analysed. As the DRG kit did not list cross- 

reactivities to an accuracy below 0.05% the Cayman Chemical Co. kit was 

used to produce all oestradiol profiles. The KOH extraction method was used 

as it produced results comparable to the other samples and was most time 

efficient. Oestradiol profiles were produced for four females from three zoos. 

Colchester Zoo 

h ossa 2001 

Fig. 6.4 shows the full profile for this individual. Samples from 20/4/01 to 

11/5/01 were assayed for oestradiol (n = 15). The change in oestradiol level 

was most clearly seen when the graph was altered to a more appropriate scale 

(Fig. 6.18). Although there is considerable fluctuation in the profile it builds 

to reach a peak of 9,347 ng/g on the 5/5/01, some six days before a steady rise 
in progestagens begins. Only two data points fall below the level of 

progestagen measured and the last four points indicate declining oestradiol 
levels. However, it must be borne in mind for these, and all oestradiol profiles 

produced, that some of the observed hormones measured are likely to be 

progestagens. 

Fossa 2002 

Oestradiol was measured from 16/3/02 tol0/4/02 (n = 22). A sharp rise in 

oestradiol measured was noted on the 30/3/02 and remained elevated, with 

some fluctuations, till the 10/4/02 (Fig. 6.5). After this data point progestagen 
levels increased to a level that precluded further measurement of oestradiol 

using this assay kit. The baseline mean of 958 ng/g ± 179 was found to be 

significantly different from the cluster of elevated points with a mean of 8,234 

ng/g ±1,682 (U = 21, p=0.0082). Two of the elevated points were estimates 

of 15,000 ng/g, as they were out-with the sensitivity of the kit due to 
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Fig. 6.18 Fossa 2001 Oestradiol scale change 

insufficient dilution. The peak directly measured oestradiol result was 14,504 

ng/g on the 4/4/02, six days before progestagen levels began to rise. The 

cluster of elevated points lasted for 12 days. 

b ossa 2003 

Oestradiol was measured in samples from 19/3/03 to 19/4/03 (n = 31) (Fig. 

6.6). The baseline mean was 263 ng/g ± 44 (n = 9) and the peak cluster mean 

3,079 ng/g ± 695 (n = 20). These were significantly different (U = 64, 

p<0.0001). The highest peak was 10,605 ng/g. 

Suffolk Wildlife Park 

Kia 2003 

Faecal samples from the period in which mating occurred and directly after 
the measured luteal phase change were analysed. However, a limited number 
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of data points were available around the presumed per]-ovulatory period due 

to high progestagen levels. A small rise in oestradiol can be observed from 

14/4/03 to 21/4/03 (n = 4) with a mean of 1,382 ng/g ± 387 (Fig. 6.12). 

Directly after the luteal phase a more prominent rise in oestradiol is noted 

from the 1/5/03 till the 9/5/03 (n = 8). The mean was 4,987 ng/g ± 1495 with 

the peak measured as 11,910, however, this was not followed by any clear 

cluster of elevated progestagen points. 

Zoo Duisburg 

Perinet 2003 

Two groups of samples were analysed for oestradiol content, from 18/3/03 to 

1/4/03 (n = 11) and from 23/4/03 to 3/5/03 (n = 8). Neither group proved 

conclusive, though a peak of 6,000 ng/g was recorded before the first elevated 

progestagen cluster (Fig. 6.13). 

Sakarah 2003 

Twenty data points were assessed from 5/4/03 to 24/4/03 (n = 20). The mean 

was 175 ng/g ± 32 (n = 9). The elevated cluster from 20/4/03 to 23/4/03 (n = 

4) was significantly different from baseline values (U = 0, p=0.0028; Fig. 

6.14). 

6.3.3 Characterisation of reproductive cycles in males 

6.3.3.1 Testosterone 

A total of 11 plates were used to produce mean monthly testosterone levels for 

four males at three zoos. As with the progesterone assay, quality controls 

were included in each plate. QC high was 0.625 ng/g and QC low was 0.075 

ng/g. Over the lI plates the CVs were 17% and 18% for high and low 

respectively. A composite standard curve indicated assay sensitivity was 0.03 

ng/g at 80% B/Bo (Fig. 6.19). 
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Fig. 6.19 Composite standard curve for testosterone assay (n=11) 

Colchester 

1, orrsell 2002 

Mean monthly testosterone levels could be calculated from January to May 

(Fig. 6.20). A steady rise is found from January till its peak in April with a 

decline in May. Monthly means were as follows; January 3,069 ± 683 (n = 4), 

February 3,572 ± 992 (n = 4), March 3,985 ng/g ± 845 (n = 7), April 4,857 ± 

583 (n = 25) and May 3,923 ng/g ± 516 (n = 21). A peak of 11,936 was 

recorded on the 29/4/02. However, there were no significant differences 

between any of the months (Kruskal-Wallis, t=1.483, p=0.829). 

Forrsell 2003 

Mean monthly testosterone values were calculated from January to May. 

Testosterone levels rose from January to February, remained steady in March 

and then declined in April and May (Fig. 6.21). Mean monthly levels were as 

follows; January 3,751 ng/g ± 619 (n = 17), February 5,545 ng/g ± 896 (n = 

16), March 5,545 ng/g ± 2,800 (n = 21), April 5,183 ng/g ± 1257 (n = 16) and 
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May 4,524 ng/g ± 846 (n = 18). A peak of 25,256 ng/g was recorded on the 

25/3/03. There was no significant difference found between any of the 

months (t = 2.602, p=0.626). 

Marwell 

('ender 2003 

it was possible to collate mean monthly testosterone levels for March, April 

and May only in 2003 (Fig. 6.22). The profile indicates that there was a rise 

in mean testosterone from March to April followed by a decline in May. 

Monthly means were; March 6,254 ng/g ± 1,235 (n = 10), April 11,562 ± 

2078 (n = 12) and May 8,527 ng/g ± 1,702 (n = 14). However, there was no 

significant difference in medians (t = 3.152, p=0.207). A peak testosterone 

value of 26,328 ng/g was recorded on 11/4/03. 

Zoo Duisburg 

Berenty 2003 

Mean monthly testosterone values for March, April and May were 2,614 ng/g 

± 799 (n = 8), 2,218 ng/g ± 317 (n = 14) and 2,396 ng/g ± 416 (n = 17) 

respectively (Fig. 6.23). The highest value of 6,184 ng/g was recorded on the 

17/5/03. No clear pattern is obvious and there are no significant differences 

between monthly medians (t = 0.011, p=0.995). As data were not available 

for January and February these results may be misleading. 

Morombe 2003 

Mean monthly testosterone values for March, April and May were 3,971 ng/g 

± 1758 (n = 8), 4,831 ng/g ± 2,333 (n = 13) and 5,658 ng/g ± 971 (n = 16) 

respectively (Fig. 6.24). This represents a rise in testosterone from March to 

May but this was not significant (t = 3.072, p=0.215). The highest single 

point was on the 21/4/03 at 31,956 ng/g. 
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Fig. 6.24 Morombe 2003 Mean monthly testosterone value (± SEM) 

6.3.4 Behaviour and physiology 

Zoos were asked to supply information on behaviour around the breeding 

season by filling in check-sheets for the year 2003. Of the five zoos 
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participating in the study, two completed check sheets. Behavioural 

observations or notes during the breeding season were carried out at three 

zoos (Colchester, Marwell and S. W. P), whilst mating was observed at one zoo 
(S. W. P). Some additional keeper notes for 2001/2002 were available from 

Colchester Zoo. 

6.3.4.1 Information from check sheets 
Colchester Zoo - 2001 

Fossa 

Keepers noted an increase in scent marking behaviour on the 28th of April and 

reduced appetite from the 1St to the 4th of May. This reduced appetite 

continued sporadically until the 16th of May when it returned to normal levels 

(Fig. 6.4). No notes on male behaviour were available. 

Colchester Zoo - 2002 

Fossa 

Keeping staff noted an increase in scent marking behaviour on the 12/4/02 and 
from the 16th until the 20`x' of April the female refused food. No notes on male 
behaviour were available. 

Colchester Zoo - 2003 

Forrsell 

For the months of January, February and March keeping staff reported no 

unusual behaviours in this male. However, in the months of April and May, a 

considerable amount of deviation from `baseline' was noted. On the 10th and 

11th of April it was noted that he was sitting observing the females enclosure 

closely and vocalising a great deal. This vocalising took the form of a high- 

pitched cat-like miaow call that appeared to be a contact call directed at the 

female. On the 22nd and 23`' of the month he again was noted watching the 

female intently. On the 25`h of the month the keepers once again described the 
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male emitting the long plaintive cries described above. This behaviour 

continued until the 6/5/03. The male began vocalising again on the 29/5/03. 

Fossa 

No unusual behaviours were noted by the keepers in January, February and 
March 2003. On the 10"` and 11"` of April the staff observed that the female 

did not exhibit any pacing behaviour, something she commonly did out with 
the breeding season. On the 17'x', 19'', 20"` and 21s` the female growled at 
keeping staff and refused food, both very unusual occurrences. On the 2nd of 
April she began to become more arboreal than usual and began presenting to 

the male, i. e. adopting the position of lordosis. This continued until the 

6/5/03. During this period she also was observed scent marking repeatedly by 

rubbing her cheeks and neck on branches and rocks, so much so that 

pronounced hair loss and some abrasions were apparent (Plate 6.1). 

From the 10th of May repetitive pacing behaviour, which she had not shown 
during the above oestrus period, returned. However, oestrus behaviours were 

once again observed from the 29/5/03 and continued throughout much of the 

month of June. Although faecal samples were not analysed for June 

progestagen levels appeared to be rising again at the end of May and this may 

represent the beginning of another luteal phase. 

Fianar 

The keepers noted no behaviours indicative of oestrus during the period of 
faecal sample collection. 
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Suffolk Wildlife Park 2003 

Kia 

The male was introduced to the female on the 8/4/03 and aggression was 

noted until the 17/4/03. From the 13th onwards the keepers had also noted 

increased scent-marking behaviours. The pair mated on the 18`h, 19th 
, 

22nd 

and 23`d of April. From the 25`h onwards aggression from the female to the 

male was noted and the pair separated. No further oestrus behaviours were 

noted by the keeping staff. 

Plate 6.1 Colchester Zoo `Fossa' Note cuts and abrasions to face due 

to repeated scent-marking behaviour 
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6.3.4.2 Behavioural observations 
Systematic behavioural observations were carried out at Colchester Zoo and 

Suffolk Wildlife Park of oestrus and mating behaviours, during the period of 

study (2001 - 2003). Behavioural notes were also made at Marwell Zoo. 

Colchester Zoo - 2003 

Fossa 

Behavioural observations were carried out from 30/4/03 to the 4/5/03 (n=5). 

This was compared to baseline data, collected from the 29/1/01 to the 6/2/01 

(n=5). Comparisons were made between % total activity, % of total activity 

spent repetitively pacing and % of total activity arboreal (Table 6.5). 

The female was never observed presenting to the male outside of the breeding 

season. All occasions on which presenting occurred during the 
/oestrus 

observation period was carried out arboreally on the same branch, which was 

most adjacent to the male enclosure (Plate 6.2). In addition, during this 

period, the female vocalised on all five days, both the high-pitched contact 

call and snore vocalisations (see Chapter 5). She was rarely heard to vocalise 

at other times. 

Table 6.5 Comparative gross behaviours between baseline (2001) and 

oestrus period (2003) for Fossa 

Baseline % Oestrus % 

Activity 56 42 

Pacing* 51 9 

Arboreality** 20 74 

*(U=O, p=0.0079), **(U=O, p=0.0079). No significant difference in activity 

levels between baseline and oestrus. 
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Plate 6.2 Colchester Zoo - Fossa on `mating tree' 

period, the female vocalised on all five days, both the high-pitched contact 

call and snore vocalisations (see Chapter 5). She was rarely heard to vocalise 

at other times. 

During the five day oestrus period it was noted that pacing behaviour declined 

in relation to increased presenting behaviour, however, there was no 

significant correlation between these two behaviours (r., = -0.7, p=0.233, n= 

5). There was no significant correlation between presenting behaviour and 

arboreality as the female spent much time being arboreal during this period, 

observing the male (r, = 0.7, p=0.133, n= 5). In addition there was no 

association between pacing and arboreality (r$ = -0.8, p=0.133, n=5, Fig. 

6.25). 
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Fig. 6.25 Gross behaviours over five days during oestrus for Fossa 

2003 

During the oestrus period observations 15 bouts of scent-marking by the 

female were observed. However, this is probably not a true reflection of the 

rates of scent-marking that would be observed due to the injuries to the 

females face, which may have been preventing her from scent marking as 

vigorously as before. The female spent a total of 341 seconds in scent 

marking activity, with a mean bout length of 22.7 s. (n = 15). In comparison 

during the original baseline period (over five days) the female was observed to 

scent mark for 598 s, with a mean bout length of 49.8 s (n = 12). There was 

no significant difference in scent-marking between these two periods (U = 9, p 

= 0.547). This result is in contrast to the observations of the keeping staff, 

who noted a increase in scent marking behaviour in the form of cheek rubbing 

over the entire oestrus period. It was also noted on 22/4/03 that the female's 

genitalia appeared swollen, though no colour change was apparent. 
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Forrsell 

Behavioural observations were carried out from 30/4/03 to 4/5/03 (n = 5). As 

with the female this was compared to baseline data, in this case collected from 

the 30/1/01 to the 7/2/01 (n = 5). Again comparisons were made between % 

total activity, % of total activity spent repetitively pacing and % of total 

activity arboreal (Table 6.6). 

As observed in the female, the male was less active during the oestrus period 
than during original baseline observations and in the case of the male 

significantly so (U = 2, p=0.0317). However, in contrast to the female, the 

male exhibited more repetitive pacing behaviour and significantly less 

arboreality (U = 0, p=0.0079) over the two periods. cc 

Table 6.6 Comparative gross behaviours between baseline (2001) and 

oestrus period of female (2003) for Forrsell 

Baseline % Oestrus % 

Activity* 77 59 
Pacing 38 48 
Arboreality** 44 10 
*(U=2, p=0.0317), **(U=O, p=0.0079). No significant difference in pacing 
levels was noted between the two periods. 

Vocalisations were recorded if they did or did not occur in any single 

observation interval. The male very rarely vocalised under baseline 

conditions (0.9% of total activity) but this increased during the oestrus period 
(11.3% of total activity). 
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Suffolk Wildlife Park 2001 

Kia and Kastor 

The pair were first introduced on 1/4/01. The female ran into the male 

outdoor area immediately where she was observed scent marking on a number 

of occasions. The male attempted to mount the female repeatedly over the 

course of the day but was rebuffed by the female on every occasion by 

aggressive vocalisations and chasing behaviour. In response the male would 

emit low, faint `miaow' like vocalisations and retreat. They were separated by 

mid-afternoon. This pattern continued until the 6`h April. Over the course of 

this six-day period the female became increasingly intolerant of the male, 

vocalising aggressively and chasing whenever the male attempted to 

approach, including physically attacking the male. The male did not appear to 

actively defend himself, but rather simply attempted to get away from the 

female. 

The keeping staff noted that the female appeared to be showing more interest 

in the male by mid-April and another attempt at introduction was begun. 

They were introduced on the 17th April and full, prolonged matings took 

place from the 17th 23rd and 26`h of April. After the 26th April the female once 

again began to display aggressive behaviours to the male (see Chapter 5 for 

full description of copulatory behaviour). Three infants were produced on the 

12/06/2001, an approximate gestation period of 55 days. The adult male was 

euthanased in September 2001. 

Suffolk Wildlife Park - 2003 

Kia 

Behavioural observations were carried out from 8/4/03 to 11/5/03 (n = 3) and 
from 19/4/03 to 22/4/03 (n = 4). This was compared to baseline data, 

collected from 29/1/01 to 6/2/01 (n = 5). Comparisons were made between % 

291 



Chapter 6 Reproductive physiology 

total activity, % of total activity spent repetitively pacing and % of total 

activity arboreal (Table 6.7). 

Table 6.7 Comparative gross behaviours between baseline (2001) and 

oestrus period (2003) for Kia 

Baseline % 1st Intro. %* Oestrus %* 

Activity 64 70 69 
Pacing 48 00 
Arboreality 20 15 3 
*Observations during periods of introduction. 

Little difference in activity was noted between the different periods, however, 

in phases of introduction to the male no repetitive pacing behaviours were 

observed. The female rebuffed the male on every attempt to mount the 
female. She achieved this by aggressively vocalising at the male, chasing and 

on some occasions attacking him. The keeping staff did not introduce the 
female again until they believed she was showing more interest in the male, 

such as observing the male closely and vocalising. 

Mating behaviour took place on the first day of the second introduction 

period. The female spent 20% of the active period in which she was 
introduced to the male in mating behaviour during the second period of 
introduction (see Chapter 5 for details of copulatory behaviour). She was 

never observed to present to the male out with this brief oestrus period. No 

vocalisations were heard during baseline observations. In comparison the 

female was heard vocalising 28% and 27% respectively of the time in the two 
introduction periods. There was a significant difference in bout length--SG Jýv 
between the oestrus period and baseline period (Table 6.8; Conover-Inman 
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post-hoc test, t=6.81, p=0.0102). The female was also noted to have a 
decreased appetite during the oestrus period. 

Table 6.8 Comparative scent marking behaviours between baseline 

(2001) and oestrus period (2003) for Kia 

Baseline % 1't Intro. %* Oestrus* 

No. of bouts 19 27 15 

Mean bout length (s)** 5 15 21 

*Observations during periods of introduction, ** (Conover-Inman post-hoc 

test, t=6.81, p=0.0102) 

The male, Edward arrived at S. W. P in March 2003, shortly before being 

introduced to the female. Behavioural observations were carried out from 

8/4/03 to 11/5/03 (n = 3) and from 19/4/03 to 22/4/03 (n = 4). This was 

compared to baseline data, collected from the 2/9/03 to the 3/9/03 (n = 2). 

This male was not observed to repetitively pace at any time during the 

observation periods (Table 6.9). However, as he was less than two years of 

age when he arrived at S. W. P this lack of observed pacing could be age 

related (see Chapter 3). He was considerably more active during 

introduction periods than during baseline. This may also have been related to 

his recent arrival at the park just prior to being introduced to the female. 
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Table 6.9 Comparative gross behaviours between baseline (2003) and 
oestrus period (2003) for Edward 

ist 

Baseline% Introduction %* Oestrus % 

Activity 31.1% 82.1% 86.6% 

Pacing 0% 0% 0% 

Arboreality 47.4% 30.2% 5.3% 

*Observations durin g periods of introduction. 

Arboreality was reduced during the second period of introduction compared to 
both the baseline and first, unsuccessful introduction period. Consequently all 

matings taking place on the ground. Previously, the matings observed on the 

ground between the older male and the female in 2001, were thought to be a 

consequence of the infirmity of the old male. However, once again the female 

did not make great effort to place herself in the branches to be mated. This is 

stark contrast to the greatly increased arboreality noted in the Colchester 

female during the oestrus period. 

Marwell Zoo - 2003 

Grisha 

Brief notes were taken on the behaviour of the female fossa around the period 

of mating with the juvenile male, her off-spring, with which she was still 
housed at that time. The mating took place on the 23d March, however, as 
baseline progestagen levels were so elevated no analysis of oestrogens could 
be undertaken. It was observed that the female did not exhibit any pacing 
behaviour at this time and was arboreal 58% of the time she was active. In 

comparison during earlier observations in the study, when the female was 
isolated from the adult male, (21/1/2002 - 25/1/2002) the female paced for 

43% of the time she was active. During the original baseline period (Chapter 

2) this female was arboreal for 27% of the daytime active period. She was 
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also observed to be vocalising aggressively to the juvenile female during this 

period. The juvenile female was not observed to mate with the male and no 

overt estrus behaviours were noted. 

6.3.4.3 Linking behaviour to physiological change 
The increased scent marking, reduced appetite and decreased repetitive pacing 

observed in the females Fossa at Colchester Zoo, Kia at S. W. P and decreased 

pacing and increased arboreality observed in Grisha at Marwell Zoo appear to 

be linked to the peri-ovulatory phase of the observed profiles. 

For Fossa in 2001/2002 appetite returned and scent marking reduced in 

conjunction with observed changes in the luteal phase. However, in 2003 the 

reduced pacing and some scent marking was observed during the luteal phase 

changes with pacing returning to `normal' levels after progestagen levels had 

declined. Increases in behaviours indicative of oestrus returned by the end of 
May 2003 and coincided with a rise in progestagens, which may have 

indicated the onset of another luteal phase. Keepers at Colchester reported 
that this female continued to display cycles of oestrus behaviour until the end 

of July. She continued to scent mark heavily during this period, exacerbating 

the wounds to her face. This prolonged season was not observed or reported 

in any other females or in this female in 2001/2002 and the reasons for this 

remain unclear. Fossa also exhibited a pronounced increase in arboreality 

around this period. 

Forrsell, the male at Colchester Zoo, showed greatly altered behaviour during 

the period of oestrus in Fossa. He was significantly less active and when he 

was active paced more and was less arboreal. The increase in pacing can 

account for some of the reduction in arboreality observed. 
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6.4 Discussion 

The present study represents the first occasion on which faecal hormone 

analysis has been used to infer steroid hormone profiles in a member of the 
Viverridae. Variation among both zoos and individuals was apparent and the 
influence of captivity on reproductive physiology will be discussed later in 

this chapter. 

Seasonality 

Seasonality of reproduction is observed in numerous species and is an 

adaptive response to many factors that lead to young being born at the most 

advantageous time of the year (Perret and Aujard 2001). From previous 

observations in both the wild and captivity, fossa appear to be seasonal 
breeders, mono-oestrus, with oestrus stimulated by long-day photoperiod. 
This pattern is observed in other small carnivores (Amstislavsky and 
Ternovskaya 2000, Wolf et al. 2000). In the wild fossa come into oestrus in 

the hot, rainy summer month of November (Hawkins 1998), in contrast to the 

northern hemisphere where they exhibit reproductive behaviour in March and 
April (Chapter 5). 

Brown et al. (2002) clearly demonstrated the influence of photoperiod on 

reproductive condition in Pallas cats (Olocolobus manul). They found that the 

Pallas cat exhibited the shortest breeding season of all felids studied to date, 

approximately three months, and that they showed pronounced seasonality. 

Although snow leopards (Panthera uncia) can produce young all year round, 

their peak reproductive out put occurs in winter, peak reproductive activity in 

this case being stimulated by a short-day photoperiod (Johnston et al. 1994). 

The present study indicates that fossa are highly seasonal, but this will be 

examined in further detail in Chapter 7 using studbook data. 
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Induced or spontaneous ovulation? 
Ovulatory type is often inferred from anatomy and behaviour, yet few studies 

are carried out to investigate whether these assumptions bear scrutiny. Many 

felid species that have previously been presumed to be induced ovulators, 
have been shown to occasionally ovulate spontaneously, including the Pallas 

cat (Brown et al. 2002), the clouded leopard (Neofelis nebulosa) (Brown et al. 
1995), the margay (Moreira et al. 2001) and the lion (Panthera leo) (Schramm 

et al. 1994). Caution should be exercised when assigning ovulatory type 

based on closely related species. The koala (Phascolarctos cinereus) is an 
induced ovulator, however the related species, the common wombat 
(Vombatus ursinus) and the southern hairy-nosed wombat (Lasiorhinus 

latifrons), are spontaneous ovulators (Paris et al. 2002). 

It has been suggested that these two ovulatory strategies observed in mammals 

should not be viewed separately, rather as a part of a continuum (Feldhamer et 

al. 1999). Induced ovulation requires the stimulation of coitus to bring about 

an ovulatory response, most commonly via a surge in lutenizing hormone. 

However, a combination of factors may also be required in successful 

ovulation and conception. In rats, although ovulation is spontaneous, 

activation of the corpora lutea is not. Mechanical stimulation of the cervix, 
i. e. coitus, is required at about the time of ovulation (Eckert et al. 1988). 

The precise nature of the stimulation needed to ovulate may be a complex mix 

of more than one factor. Schmidt et al. (1988) found that female lions housed 

together participated in mounting behaviour and spontaneously ovulated, also 

observed in female leopards (Panthera pardus). When the female leopards 

were housed separately however, no spontaneous ovulations occurred 

suggesting that the mounting behaviour may have played a role in stimulating 

a lutenizing hormone surge, which led to ovulation in this species. This was 

also found in the lions, prompting Schramm et al (2W2) to suggest that, `it is 

1 CI(jLt 
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unlikely that ovulation was induced by visual, olfactory, or auditory stimuli in 

the females housed together since these types of signals could be perceived by 

isolated lions'. 

In contrast, the female profiles presented here suggest that fossa have a 
flexible strategy with some females ovulating spontaneously, through non- 
tactile stimulation, whilst others exhibit an inferred induced ovulatory strategy 

or combination of the two (Table 6.4). These data support the view that 

ovulation type is part of a continuum and suggest that different environmental 

conditions can give rise to different ovulatory mechanisms and processes. 
Whether this is an accurate reflection of hormone profiles in the wild is 

unclear. It is likely that the proximity of males to females in captivity 

stimulated spontaneous ovulation either through the action of pheromones, 

visual stimulation or both. Swaisgood et al. (2002) have provided data to 
demonstrate the importance of olfaction in reproduction in another 

endangered, solitary carnivore: the Giant panda (Ailuropoda melanoleuca). 
They found that males could discriminate between females in different 

reproductive condition by investigation of urine samples. It may, therefore, be 

likely that females can also interpret male olfactory clues in this way and that 

this may be sufficient to stimulate a response, particularly in a species found 

at low densities. 

The female Fianar at Colchester Zoo exhibited no hormonal or behavioural 

change associated with reproduction, despite being relatively close to the 

male. This may suggest that the role of visual stimulation is important in 

stimulating spontaneous ovulation in captive females. 

Delayed implantation, psuedopregnancy or both? 

The profile of the female Grisha 2003 (Fig. 6.9) bears little resemblance to 

the immediate and sharp rise in progestagens after mating noted in the 
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pregnancy profile of Kid in 2001 (Fig. 6.10), which resulted in a litter of three 

offspring. Marwell Zoo noted no behavioural or physical changes in the 

female during this period and did not believe her to pregnant. No infants or 
trace of infants were found. Possible explanations may be that: 1) the infants 

were stillborn and then consumed by the female, 2) the infants were live born 

and then cannibalised by the female, or 3) the female experienced a 

psuedopregnancy. 

This was the only female housed with another female during this study. In the 

wild, this juvenile female is most likely to have left her natal area and close 

proximity to her mother in captivity was highly unusual. The high baseline 

levels of progestagens reported in the adult female may be linked to the 

presence of the younger female, perhaps as a result of stress or even an 

attempt by the adult to suppress the reproductive capacity of the younger 
female. Wielebnowski et al. (2002a) found that housing and management 

could have profound effects on reproductive output in their study of cheetah 
(Acinonyx jubatus) wherein `enforced social conditions' of females being 

housed together led to a suppression of ovarian cyclicity in some females. 

If the adult female had become pregnant by the juvenile male the continued 

presence of the juvenile female and the adult male adjacently may have 

proved to be a source of stress for the pregnant animal, causing developmental 

problems during gestation which resulted in a still born delivery. The female 

may then have eaten the dead young. Alternatively if a live birth had occurred 

possible stresses as outlined above may have contributed to the female killing 

and then eating the infants. As no trace of infants were found this is purely 

speculation. What other explanations for the prolonged elevation of 

progestagens are then possible? 
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Pseudopregnancy is a process by which the corpus luteum are maintained 

without fertilization beyond normal time scales. The maintenance of this 

structure results in higher than baseline levels of progesterone being secreted 
for a prolonged period of time, in some cases the length of a normal gestation. 
Pseudopregnancy has been documented in many carnivore species including 

domestic cats and dogs (Feldhamer et al. 1999), black-footed ferrets (Mustela 

nigripes) (Wolf et al. 2000), and wolverine (Gulo gulo) (Mead et al. 1993) and 

appears to always occur in giant panda when ovulation is not followed by 

fertilization (Czekala et al. 2003). Therefore the occurrence of 

pseudopregnancy, although unreported in viverrids, may not be unusual. High 

baseline levels of progestagens had been measured, the female was housed 

with her juvenile daughter during this period, a full mating had occurred and 
the female was housed adjacently to another adult male. These factors acting 

singly, or in combination may have been responsible, in a process not hitherto 

described, to bring about the occurrence of a false pregnancy in this female. It 

must therefore not be discounted as a possibility. However, whether the 
female was pregnant or experienced a false pregnancy, the delay between the 

single copulation and the first increases in progestagens is also unusual. 

The answer may lie in the phenomenon of delayed implantation. Delayed 

implantation or embryonic diapause is a process in which the blastocyst (at 

32-64 cell embryo) does not implant into the uterine wall after fertilisation. 

Instead, the embryo, protected by the zonapellucida, floats in the uterine tract 

and only implants at a later date, after which time it continues its development 

(Feldhamer et al. 1999). The length of this delay is highly variable both 

within and between species. It should also be noted that in closely related 

taxa, some exhibit delayed implantation, whereas others do not 

Delayed implantation has been well documented in carnivores, in the ursids, 

phocids, pinnipeds and particularly in the mustelids with the stoat (Mustela 
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eriminea) exhibiting an embryonic diapause of nine months (Amstislavsky 

and Ternovskaya 2000). It has also been extensively described in marsupials, 
bats and rodents (Renfree and Calaby 1981). In addition Spanner et al. 

91 97) 
suggest that embryonic diapause may explain the protracted gestation 

length (in relation to body size for a terrestrial carnivore) exhibited in the red 

panda (Ailurus fulgens fulgens). 

Amstislavsky and Ternovskaya (2000) found that during embryonic diapause 

in the stoat the copora lutea were inactive, and quote Gulamhusein and 
Thawley (1974) as recording that a lack of luteal activity during diapause was 

reflected in low plasma progesterone levels during the period of delayed 

implantation. Mead (1981) found in ovariectomised mustelids that the ovary 

was required for long-term blastocyst survival and for the induction of }cit. 
implantation. In addition Mead (1981) noted that plasma progesterone levels 

were low throughout the pre-implantation period. Therefore, in some 
Mustelids, plasma progesterone increases do not coincide with the date of 

successful mating, but with the period of corpus luteum activation. This 

corpora lutea activation also appears to be photoperiod sensitive, with change 
in day length stimulating pituitary activity, which activates the secretion of 

gonadotropic hormones, which in turn act upon the ovary and corpus lutea. In 

domestic cats the placenta does not synthesize progesterone (Brown et al. 

2002), therefore elevated progesterone is produced from another source. 

This process may explain the delay in progestagen rise noted after copulation 
in the fossa. However, delayed implantation is, in general, believed to occur 

to facilitate infants being born at the most advantageous time and commonly 

occurs in species which live in seasonal environments (Canivenc and Bonnin 

1981). Delayed implantation has not been reported in fossa in captivity and 
has not been reported in the wild. 
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In the wild a female may mate with more than one male over the course of her 

oestrus period (Hawkins 1998, see Chapter 5). These matings occur every 
day during her receptive period, without any pauses in between. The fossa is 

a polytocous species and it is not yet known if one or more than one male sires 

a litter (Chapter 5). Could the delay in implantation reflect the female 

responding to the adjacent adult male? The mating by the juvenile male could 
have resulted in the fertilisation of one ova, however, the juvenile male was 
then removed leaving the female to display to the adult male. Could a delay 

in implantation, a pause before the rise in progestagens, represent a process to 
facilitate the fertilisation of remaining ova by the other male? Again this is 

purely speculation based on a single profile. However, it does suggest that 

one of a number of reproductive strategies may be employed by the fossa 

which require further investigation. 

Changes in reproductive potential over time - decline in baseline and luteal 

phase peaks? 
Over the three years of profiles produced from samples from the female Kia a 
decline in baseline levels of progestagens was noted. This did not occur in the 

female Fossa in which a comparable sample is available. The difference in 

the years 2001/2003 was significant. In Fossa it was noted that progestagen 
luteal phase mean levels and peaks declined over the three years of study. 
The decline in luteal phase progestagen levels was significant. In both these 

females are these observed changes representative of functional changes? 

Nagy et al. (2004) found that plasma progesterone levels in domestic mares 
(Equus caballus) were significantly higher after multiple rather than single 

ovulations. In a polytocous species such as the fossa, the significant decline 

in faecal progestagens observed over the three years of study in the female 

`Fossa' may indicate a diminishing number of ova released due to declining 

fertility with age and the reduced baseline level, observed in Kia, may also be 
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age related. Wolf et al. (2000) found that male fertility of black-footed ferrets 

declined with age, withfage of 5-7 being a transitional period in that species. 
Males after this age had significantly lower levels of serum testosterone. 

Therefore it is likely that age related declines in fertility in female carnivores 

can be observed in hormonal output and may best explain the declining 

metabolite levels observed in both cases. 

Spermatogenesis in the male 
Spermatognesis is the development of sperm by chromosome reduction under 

the influence of follicle stimulating hormone. In a number of species it has 

now been demonstrated that increases in testicular androgens prior to the 

breeding season ensure that sperm production coincides with oestrus and that 

this gonadal activity is also driven by photoperiod (Brown et al. 2002). In 

Pallas cats the females come into oestrus in January/February and Brown et al. 
(1996) found that testosterone metabolite levels in the faeces of males peaked 
in January/February and were at their lowest in June/July. Swanson-et-al. 

(1996) also found that seminal quality in Pallas cats peaked at this time and 

that testicular volume, serum testosterone and serum lutenising hormone 

reached their highest levels in December/January. In black-footed ferrets, 

increased testes size correlates with circulating testosterone and 

spermatogenesis (Wolf et al. 2000) and Johnston et al. (1994) found that in 

snow leopards, testosterone, testicular volume, total sperm concentration and 

motile sperm per ejaculate increased and peaked in the winter months when 

the majority of females are in oestrus. In fossa increased testes size during the 

mating period had been reported by zoo staff and was observed visually by 

the author in 2001 at SWP. In this present study the zoos were asked to 

collect samples from the males from January. Not all institutions achieved 

this and it is likely that the short collection period may not have been 

1 Personal communication T. Hornsey S. W. P 
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sufficient to demonstrate longitudinal change in faecal testosterone levels. A 

more prolonged collection period may have proved to be more instructive. 

One invasive study (Swanson et al. 2003), assaying serum, demonstrated that 

co-ordinated efforts could be effective in gaining vital knowledge of a wide 

range of species. They evaluated reproductive parameters including 

testosterone and cortisol serum levels and behaviour in 144 individuals over 

eight species of endemic carnivore in South American zoos. They found that 

breeding success was sub-optimal for a number of species. Again a fuller 

study in which correlates of stress hormones and gonadotropins in faeces 

linked to physical changes including testes size and colouration could help 

elucidate the male role in reproduction in the fossa. 

Physiology and behaviour 

In the context of improving breeding success of endangered species in the 

captive setting, the ability to link behaviour and physiology may be vital. 
Successful management of housing, husbandry, mate introductions, pregnancy 
diagnosis and management may be improved if keepers had greater access to 

information and knowledge of what behaviour may imply about physiological 

condition. Recently a number of studies have linked underlying physiological 

change to overt behaviour in as varied an array of species as greylag geese 

(Anser anser) (Hirschenhauser et al. 2000), Mohor gazelle (Pickard et al. 

2001) and Giant panda (McGeehan et al. 2002). 

1 

The clear need for effective information, regarding reproductive condition, 

can be demonstrated by the maned wolf (Chrysocyon brachyurus). This large 

South American canid, although commonly kept in captivity, has a poor 
breeding record. They commonly consume any pups they deliver and 
frequently zoo personnel are unaware that a female was even pregnant. 
Wasser et al. (1995) validated faecal assays for both oestrogen and 
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progesterone metabolites in this species, finding that, in common with other 

canids, the maned wolf exhibits a pronounced rise in faecal oestrogens and 

progestagens around the time of ovulation. They also found that mean 

progestagen concentrations increased 2.5 fold in pregnant individuals. This 

ability to track both ovulation and pregnancy allows managers and keepers to 

adapt management regimes to reduce the incidence of infanticide. 

McGeehan et al. (2002) found that oestrus in giant pandas was associated with 

a number of behaviours such as increased scent marking and vocalisations 

around the oestrogen peak. They found, however, that overt proceptive 
behaviours such as lordosis were associated with declining oestrogen levels. 

Their study also indicated that there was a great deal of variation in behaviour 

between females, which did not appear to be hormonally linked. Carlstead et 
1c\nG. - al. (1999) found that in small exotic cats in captivity those that were 

reproductively active scent-marked more than those that were not active. 

In conjunction with the measurement of reproductive hormones (Brown et al. 
1995) it is also possible to assess levels of corticisteroids, so called stress 
hormones, from urine and faecal samples (Carlstead et al. 1992, Carlstead et 

al. 1993). Wielebnowski et al. (2002b) measured faecal cortocoid levels in 

A- 
-`clouded leopards (Neofelis nebulosa) under different management conditions 

and found correlations which indicated that sub-optimal housing and 

k husbandry resulted in increased corticoid levels, a factor which could also 
help explain the very poor breeding record of the clouded leopard in captivity. 

Morais et al. (1997) looked at the males of three small South American cats, 
he ocelot (Leopardus pardalis), tigrina (Leopardus tigrina) and the margay 

(Leopardus wiedii). They found significant negative correlations between 

corticoid levels and body weight, testicular volume and total sperm per 

96) 
ejaculate, suggesting that management and housing of these small cats may 
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strongly influence reproductive output. The influence, on rearing behaviour, 

of maternal stress was noted by Bahr et al. (1998) in western lowland gorillas 
(Gorilla gorilla gorilla). They found that females with elevated urinary levels 

of cortisol displayed fewer positive rearing behaviours than females with 
lower levels. This technique has also been applied to field conditions where 
faecal cortisol levels have been measured in free-living social primates, ring- 
tailed lemurs (Lemur calla), allowing the assessment of `stress' associated 

with dominance hierarchy and reproductive condition such as pregnancy 
(Cavigelli 1999). 

In the female fossa in this study clear changes in behaviour were noted. Overt 

oestrus behaviours, such as lordosis, were associated with peri-ovulatory 
hormone change. However, more subtle responses were also observed and in 

particular the decreases in pacing behaviour provide a good estimation of 

changing hormonal state. This may indicate that female fossa out with the 
breeding season may find the close presence of a male in an adjoining exhibit 

a stressful experience. During the breeding season this unnatural state of 

affairs becomes less so and the female exhibits a decline in pacing behaviour 

accordingly as the presence of the male is now acceptable (Chapter 3). The 

reverse may be true of males in adjoining exhibits. It was noted that pacing 

by the male Forrsell at Colchester Zoo increased during the period the female 

was in oestrus, indicating perhaps a heightened frustration during this time. 

The increased levels of scent marking noted are perhaps unsurprising. As 

fossa are a solitary species, advertisement of impending readiness to mate may 
be important in ensuring synchronisation of physiological state. This may be 

particularly so in ensuring a number of females converge on the `mating tree' 

at a similar time, consequently making certain large numbers of males gather 

at the tree (Chapter 5). Increased vocalisations may also assist in this 

process. 
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The increased arboreality observed in Fossa and Grisha in the peri-ovulatory 

period may mimic the arboreal position of wild females in the mating tree. 
Fossa are thought to travel on the ground in the wild (Hawkins 1998), only 
venturing into the trees to find prey or sleeping positions. This is reflected in 

the relatively low rates of arboreality observed in captive fossa (Chapter 2). 

6.5 Conclusion 

The present study provides evidence that gonadal hormones can be measured 

non-invasively in faeces by enzyme immunoassay in the fossa. This is the 
first study in which to do so in a member of the Viverridae. Using this 

technique a clearer indication of fossa reproductive physiology has been 

gained which are, in summary; 

" fossa appeared to be mono-oestrus, 

" spontaneous and inferred induced ovulation was recorded, 

" multiple ovulations in one season were recorded, 

" mean luteal phase was 18.6 days ± 1.14 (n = 11), 

" mean oestrus cycle duration was 33.4 days f 2.81 (n = 5), 

" increases in mean monthly testosterone in males coincided with 

oestrus behaviours and ovulation in females, 

" possible age effects leading to declining baseline progestagens and 

reduced luteal phase peaks were observed, 
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" possible delayed implantation and pseudopregancy were noted in one 
female. 

" oestrus behaviours were associated with underlying physiological 

change, with behaviours such as decreased pacing, increased 

arboreality and increased vocalisations associated with oestrus 
W61'W" in females, though variation between females was noted. 

This study also suggests that housing and management can have pronounced 

affect on the reproductive condition of females, and consequently the 

behaviour of males should be borne in mind when planning future exhibits. 
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7. Introduction 

Fossa are held in a limited number of zoos around the world with a captive 

meta-population not exceeding 100 living animals. Yet the fossa is an 

endangered species from one of the worlds acknowledged biodiversity 

hotspots. In previous chapters it has been discussed that fossa exhibit both 

behaviour and anatomy unreported in any other species and that the fossa may 
be taxonomically unique, yet few zoos have shown interest in housing this 

species. 

Previously in this thesis management practices have been discussed and 

solutions suggested to existing problems, yet, more fundamental questions 

must be addressed. Is the captive population viable, both demographically 

and genetically? Is it self-sustaining or will future imports from the wild be 

necessary? Does this small number of individuals have the potential to be 

useful as a safety net for the dwindling wild population, allowing future 

reintroductions if appropriate? Why do zoos choose to maintain some species 

and not others? 

7.1 Wild animals in captivity and the changing role of the zoo 
Wild animals have been kept in captivity for thousands of years and used in 

many ways, from the gladiatorial arenas of the Roman Empire to the private 

menageries of the crowned heads of Europe. The keeping of wild animals 

from far-flung places was, for millennia, a symbol of power and influence and 

also a source of exotic hunting and entertainment. Species kept often 

symbolised the power of their owners, such as large vertebrates and in 

particular carnivores. In addition, religious significance prompted the keeping 

of wild animals in societies such as ancient Egypt and Mesopotamia. These 

animal collections have been reported from every kind of early society, from 

the vast collection of species kept by Montezuma to the great collections of 

the Ming dynasty in China (Mazur 2001). 
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However, what we now recognise as zoological gardens developed in the 

early part of the 19`h century in Europe, with London, Paris and Dublin zoos 

all opening within a few years of each other. Probably this was partly a 

response to increasing urbanisation, the industrial evolution drawing workers 
to the city, with more recreation time, whilst alienating them from the natural 

world. In addition the Victorian fascination with natural history was 
flourishing. Zoos proved to be immensely popular with millions flocking to 

see animals such as chimpanzees, lions and rhinoceros. 

7.1.1 The development of captive breeding programmes in zoos 
A growing concern for animal welfare in the past century led to a fall in the 

numbers visiting zoos. They became `old fashioned' and some how not 
`politically correct'. At the same time it was also becoming apparent that 

species in the wild were declining. Responsible zoos saw the need to change 

not only how they operated, but the very reasons for their existence (Mazur 

2001). 

Zoos, for much of their history, acquired animals from the wild. Replacement 

stock was sourced directly through zoo expeditions or through the middlemen 

of animal dealers. This was the case for two reasons. In the first place many 

animals did not breed well in captivity and secondly, there seemed to be an 
inexhaustible supply. With the growing realisation of the current 

anthropogenic extinction crisis, some individuals recognised that alternative 

means had to be found if animals were to continue to be exhibited in zoos. 
Others, such as Gerald Durrell, also realised that the function of zoos could 

change from consumers to producers of wildlife, for the benefit of 

conservation. 

Although many zoos kept the same species and traded informally, populations 

were not managed, limiting what each individual zoo and zoos as a group 
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could achieve. Therefore the need to coordinate effort was recognised and 
formal breeding programmes were begun. These programmes proliferated 

throughout the 1970s and 1980s. Two intrinsic pieces of computer software 

to aid in this international effort were developed by the International Species 

Inventory System (ISIS), based in America. The Animal Record Keeping 

System (ARKS) is a database programme used by hundreds of zoos 

throughout the world. It compiles information on what species are kept, in 

what numbers and by which registered institutions. Each zoo will have its 

own ARKS records and by accessing the ISIS website the totals for all ISIS 

registered zoos can be viewed. At present ISIS has 586 registered member 

zoos in 72 countries in six continents. One point six-five million individual 

animals representing approximately 10,000 species are recorded (ISIS 2004). 

It was also recognised that an increased numbers of individuals of each 

species in captivity was only part of the challenge. If zoos were to play any 

real role in conservation then the genetic make-up of the individuals kept had 

to be managed. Soule et at. (1986) recommended that captive populations 

should aim to maintain 90% of original heterozygosity over a period of 200 

years to ensure that captive populations did not begin to genetically drift away 

from their wild progenitors. Although this is figure is arbitrary, the ̀ 90%/200 

years' golden rule gives a focus to ex situ programmes and strives to ensure 

that both genetic and demographic parameters are rigorously assessed. To aid 

in this the SPARKS (Single Population Analysis Record Keeping System) 

studbook keeping software was developed by ISIS. This software allows 

studbook keepers to more easily assess the demographic and genetic status of 

their subject species in captivity and therefore make management 

recommendations that best reflects the aims of the programme. In conjunction 

with studbook keepers, Taxonomic Advisory Groups (TAGs) were instigated. 

1A studbook had been kept for Wisent since the 1930s and although a small number of other 
studbooks had developed over the years they could not truly be called managed programmes 
until recent times. 
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These TAGs bring together all the managed programmes for selected taxa to 
better enhance management by combining experience. Examples of such 
TAGs include the Small Carnivore TAG, the Cgeat Ape TAG and the Parrot 

TAG of the European Association of Zoos and Aquaria (EAZA). 

7.1.2 The history of the fossa in captivity 
Fossa were first exhibited alive outside Madagascar in 1874 in Paris. An 

individual was then housed at London Zoo from 1890 to 1905 and 

photographs exist of this specimen (Edwards 1996). A male lived for eight 

years at the National Zoo in Washington from 1954, and they received a 

second animal in 1966. San Diego Zoo held two males from 1967 to the mid- 
1970s. However, it was not until the early 1970s that mixed sex pairs were 
housed at Basel, Montpellier and Duisburg Zoos. The first births in captivity 

occurred at Montpellier in 1974 (Albignac 1975). 

This chapter will look at the current captive fossa population and assess its 

viability. Non-endangered species, such as grey wolves (Canis lupus), 

abound in captivity, taking up large amounts of the limited enclosure space 

available. The role of zoos in conservation and choice of carnivore species in 

captivity will be discussed. It will also briefly examine the likelihood of 

extinction in the wild through the use of a modelling programme. The future 

of fossa both in captivity and the wild is discussed in the light of the animal 

conservation literature, and strategies to enhance the survival of this species in 

the current century will be suggested. 

7.2 Methods 

A number of approaches will be used to assess the captive and wild 

populations of fossa and assess carnivores in captivity in general. 
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7.2.1 Studbook Analyses 

A European breeding programme (EEP) for the fossa was initiated in 1994 by 

Zoo Duisburg in Germany. This was upgraded to an International studbook 

and managed programme in the year 2000. Demographic and genetic 

analyses of the data provided in the studbook will be utilised to investigate the 

viability of the captive population. The numbers of individuals, longevity, 

mortality, infant mortality, seasonality and population growth rates will be 

assessed. In addition genetic parameters such as number of founders and 
inbreeding will be investigated. The SPARKS program has a number of built- 

in features to aid in both demographic and genetic analyses and will be used 

when appropriate. Some data could only be calculated until the year 2002. 

7.2.1.1.1 Definitions of genetic and demographic terms and equations used 
in these analyses (definitions used by SPARKS) 

" Age-spec ific fertility (ALr) is the number of offspring produced 
by an individual in age class x. This can also be interpreted as 
the average % of individuals that will reproduce at that age. 

" Age-specific mortality ((, c) is the number of individuals which 
die in age class x. This can also be interpreted as the % of 
individuals of that sex, which die at that age. 

0T is the generation time and is the average length of time 

between the birth of a parent and the birth of its offspring. 

0 Lambda Q, ) is the % of population change per year. If A, >1 

then the population is increasing, if X=1 the population is 

stable and if %<1 then the population is declining. 
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"r is the instantaneous rate of change and is related to lambda 

= e7. 

0 Ro is the net reproductive rate, the rate of change of population 

size per generation, and is similar to lambda. 

0 Mean kinship is the average coefficient of relatedness of an 

animal to each living, non-founder in the population 

0 Founder genome equivalent (FGE) is the number of founders 

in the wild that would be expected to produce the same genetic 
diversity as in the captive population, i. e. there may be 20 

animals in captivity but they only represent the genomes of 5 

wild animals (Lacy 1995). 

0 Gene diversity (expected heterozygosity) is assessed by the 

equation; 

GDo l- 
2Ne 

(Lacy 1995j)) 

GDo is gene diversity for the wild, where t is the generation 

and N. is the effective population size. (Gene Diversity 

compares gene diversity retained in the captive population with 

the original amount of gene diversity in the founders. ) 

0 Effective population size - how much and how quickly a 

population loses genetic diversity depends on the size of the 

genetically effective population size (Ne) (Ballou and Foose 

1996). This is another measure of how well a population 
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maintains genetic diversity over generations. Small 

populations lose genetic diversity faster than large populations. 
This can be assessed by using the equation; 

N_4N, �Nf 
e N, 

�+Nf 
(Ballou and Foose 1996) 

Where N. and Nf are the numbers of adult males and females 

in the population in one generation. However, this does not 

take into account the non-random mating pattern in captivity. 
Therefore further equations, which use information on family 

size, are more accurate: 

N_ Nmkm -1 
e(m) - 

km + 
Va. 

-1 
m 

(Ballou and Foose 1996) 

Where m is for male, k is the mean family size and Vk is the 

variance in family size. The same is then used for the females. 

The variance is determined by using the equation; 

_ 
Z(km =km)2 Vk(mý 

Nm 

(Ballou and Foose 1996) 

Where km is the number of offspring surviving to adulthood for 

each male. The same equation, substituting kf is used for 

females. 
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7.2.2 VORTEX 

VORTEX (Version 9) (Lacy et al 2003) is a program developed by the 

Conservation Breeding Specialist Group (CBSG), one of the specialist groups 

of the IUCN. It models likely extinction risk in wild populations and is a 

component of Population Viability Analyses (PVA) carried out by CBSG and 

partners for a variety of species. It is an individual based simulation and looks 

at discrete events such births, deaths and catastrophes. Both deterministic and 

stochastic events can be modelled. Data from the literature and the captive 

population will be used in the inputs to this programme and likely extinction 

risk under different hypothetical conditions will be assessed. VORTEX 

allows for the use of best guess estimates where wild demographic and habitat 

information is unavailable or patchy, as with the fossa. 

7.2.3 ISIS animal inventory and IUCNRed List 

The ISIS animal inventory was accessed and all terrestrial carnivores held in 

ISIS registered zoos were recorded. Although it was noted that hybrids of 

some species were held these were not included in the analyses. In addition 

only full species were assessed and only as individual animals, not those listed 

as a `group' only (a number of unsexed individuals held in one enclosure). 
This means that the data analysed here do not represent the total number of all 

carnivores in ISIS registered zoos2, rather the data are used to determine 

patterns as to which species are kept and in what approximate levels. Not all 

zoos are ISIS registered and therefore the numbers of individuals may not 
fully match those recorded in studbooks. The IUCN Red List (2003) was 

accessed to ascertain the recognised conservation status for each species. 
Those species that are ̀ listed' as critically endangered (CR), endangered (EN) 

or vulnerable (VU) are considered threatened. 

2 There are an estimated 10,000 zoos in the world. Less than 1000 will be members of 
professional zoo associations such as WAZA, the World Association of Zoos and Aquaria, 
which provide published welfare and ethical guidelines. 
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7.2.4 Statistical methods 
The statistical software program StatsDirect was used in all analyses. Where 

data were not normally distributed non-parametric tests were employed or the 

data were transformed and parametric tests used. Values are presented as 

means ± SEM and/or medians with IQR (inter-quartile range), unless 

otherwise stated. Data are presented both descriptively and statistically. 

Numbers and sexes of individuals will be presented numerically as 

(m. funsexed), e. g. (1.2.1), meaning one adult male, two adult females and one 

unsexed young. 

7.3 Results 

7.3.1 Demographics of the captive population 1974-2003 

7.3.1.1 Wild caught or captive born 

At the beginning of 2003 a total of 80 fossa (43.37) were held in 29 

institutions in Europe, America and Madagascar. Of this number 11 were 

wild caught and 69 captive born. The first captive births occurred in 1974. 

Of the 29 studbook institutions holding fossa, 19 were in Europe, nine in 

North America and one in Madagascar. Fossa are held in facilities, or by 

private owners, who do not take part in the managed programme, though exact 

numbers are unknown. This includes a pet trade, most predominant in 

America. 

7.3.1.2 Reproductive Seasonality 

A total of 48 litters were produced in captivity between 1974 and 2002. The 

first litter was produced in January 1974, however this female arrived in 

Europe pregnant, having conceived in Madagascar in the southern hemisphere 

summer. All other captive births took place in the northern hemisphere spring 

or summer with June by far the most common month in which young were 

produced (Fig. 7.1). 
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7.3.1.3 Litter sizes and female productivity 

From 1974 to 2002, litter size ranges were from one to six with a mean of 2.9 

± 0.2 (n=48) (Table 7.1). A total of 141 infants were born to 19 different 

dams (6 wild caught, 13 captive born). Number of total young produced by 

females ranged from 1 to 17. Twenty litters were produced by wild caught 

females and 28 by captive born females. Mean litter size for wild caught 

females was 2.7 ± 0.37 (median = 2.5, IQR =1-4, n= 20) and for captive x11 

females 3±0.21 (median =3, IQR =2-4, n= 28). There was no significant 

difference in litter size born to wild caught or captive born dams (U = 230, p= 

0.2951). Initial mean first litter size born to wild caught females was 3.2 t 

0.66. Of the 19 females that produced infants, six have subsequently died 

(five of whom were wild caught founders). Of the dead females the mean 

number of infants produced over their lifetime was 9±2.1 (n = 5), ranging 

from 2 to 17. Twelve (25%) of the recorded litters were completely unsexed. 

The mean unsexed litter size was 3.8 ± 0.25 (median = 4, IQR =3-4, n= 12), 

whilst the mean litter size for sexed litters was 2.6 ± 0.23 (median = 2, IQR = 

1-4, n= 36). There was significant difference in litter size between sexed 

and unsexed litters (U = 107, p=0.0065 ). In the mid 1970s, due to the influx 

of wild caught founders from Madagascar, a number of births took place, but 

were accompanied by high infant mortality. There was also a lull in the 

population (Fig. 7.2). 

7.3.1.4 Age specific fertility (M, r) 
In captive females, fertility peaked at around 8-9 years, whilst male fertility 

peaked at 16 -19 years (Fig. 7.3). The last peak of the male data is based on 

one male who produced three offspring in his 20"' year (Table 7.2; Fig. 7.3). 
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Table 7.2 Reproductive demographics for male and female fossa 

Male Female 
T 12.8 7.5 
A 1.08 1.1 

r 0.08 0.09 
Ro 2.79 1.9 
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Fig. 7.1 Seasonality of births 
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Fig. 7.2 Births and infant mortality 1974 - 2002 
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Table 7.1 Litters born in captivity 1974-2003 
Dam 
(studbook) 

Litter Infant mortality 
(< 1 month) 

Juvenile mortality 
(< 1 year) 

0006 0.2 0.1 ----- 
0006 0.0.3 ----- 0.0.2 
0006 0.0.4 0.0.4 ----- 
0008 0.0.3 0.0.3 ----- 
0008 0.0.6 0.0.6 ----- 
0008 0.0.4 0.0.4 ----- 
0013 1.0 ----- ----- 
0008 0.0.3 0.0.3 ----- 
0013 3.2 1.0 ----- 
0013 4.2 0.2 ----- 
0011 2.0.2 0.02 ----- 
0008 1.0 ----- ----- 
0031 0.1 ----- ----- 
0031 1.0 ----- ----- 
0011 0.1 ----- ----- 
0011 0.1 ----- ----- 
0013 0.1 ----- ----- 
0059 1.0 ----- ----- 
0060 0.3 ----- 
0060 2.2 1.0 ----- 
0061 1.2 1.0 ----- 
0000 12 0I ----- Managed programme 
0059 0.1 ----- ----- begins 1994 
0068 1.1.1 0.0.1 ----- 
0061 2.2 2.2 ----- 
0060 3.2 0.1 ----- 
0072 1.1 ----- ----- 
0068 2.2 ----- 0.1 
0069 1.3 ----- ----- 
0065 2.0 ----- ----- 
0069 1.3 ----- ----- 
0068 3.1 ----- ----- 
0102 1.1 ----- ----- 
0078 2.1 ----- 2.0 
0102 1.2 ----- ----- 
0069 1.2 ----- ----- 
0068 3.1 ----- ----- 
0064 0.1 ----- ----- 
0087 3.0.1 0.0.1 ----- 
0063 1.1 ----- ----- 
0102 2.0 ----- ----- 
0069 1.2 ----- ----- 
0068 2.0 ----- 1.0 
0097 0.0.3 0.0.3 ----- 
0065 3.0.1 0.0.1 ----- 
0072 0.2 ------ ----- 
0112 3.0.1 0.0.1 ----- 
0097 1.1 ------ 0.1 

Totals 141 41 7 
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The mean annual growth rate from 1974 - 2003 was 8.7% ± 2.91%. In both 

sexes, X>1 and the populations are expanding (Table 7.2. ).. 
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Fig. 7.3 Age specific fertility (MI) 

7.3.1.5 Birth sex ratio 

Thirty-six fully sexed litters were recorded in the studbook from 1974 to 

2002; 45 males and 48 females were recorded with no significant differences 

between the numbers of each sex observed (mean proportion males = 0.44, 

S. D. = 0.35 1, n= 36; the mean was not significantly different to 0.5, t=1.09, 

p=0.283). 

7.3.1.6 Infant and juvenile mortality 

Of the 141 captive born young recorded, 41 died within one month of birth 

(29.1 %) and seven died within one year of birth (5%). Of those that died 

within one month 29 were unsexed (71 %) and of those that died within one 

year, two were unsexed (29%). Mean infant mortality (<1 year) per litter was 

27% ± 6.4% (n = 48). There was a significant correlation between increased 

litter size and increased infant mortality (rs = 0.547, p<0.0001) (Fig. 7.4) over 

the data set as a whole. To assess if this association between litter size and 

infant mortality was driven by the high mortality associated with the early 

births (Table 7.1), the database was split into two halves; 1974-1993 inclusive 
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(pre-managed programme) and 1994-2002 inclusive. 21 litters were produced 

prior to 1994 and 27 since 1994. There was no significant difference found in 

litter sizes between the two groups 1974-1993 and 1994 onwards. (mean 

1974-1993 = 2.8 ± 0.37, median = 3, IQR =1- 4, n= 21, mean 1994 onwards 
5o 
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Fig. 7.4 Scatter-plot of litter size and infant mortality 
' Years with no data 

As an alternative to Fig. 7.4 the effect of dam age on infant mortality was examined. 
Infant mortality in wild caught female litters was not examined as age could not be 
estimated. Highest levels of mortality were seen in the 34 age range This was followed 
by declines in mortality in the 5-6 age range. However, high mortality was recorded in 
the 7-8 ages, with one more additional increase in the 12 year age group Individual 
variation between females was apparent, with several females losing no infants whilst 
one had 100% infant mortality. 

Whilst infant mortality was significantly correlated with litter size from 1974 

to 1993 inclusive (rg = 0.807, p<0.0001)(n=21) this relationship, although 

reduced, held for litters born from 1994 to 2002 (rs = 0.476, p=0.0129, n= 

27). There was however, an overall higher mortality rate pre-managed 

programme than post the beginning of the managed programme 1974-1993, 

mean mortality per litter 34% ± 9% (median = 33, IQR =0- 50, n= 21), 

1994-2002 mean infant mortality rate per litter 13% ± 5.4% (median = 17, 

IQR =0- 27, n= 27), although this was not significant (U = 203, p=0.0614). 

Wild caught females showed higher infant mortality rates per litter than wild 

caught females overall, wild caught females having an mean infant mortality 

(` rate per litter of 33% ± 9.6% (median = 0, IQR =0- 83, n= 20), and captive 

born females a mean mortality rate per litter of I4%± 5. I% (median = 0, IQR 
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=0- 25, n= 28). This difference was not a/significant (U = 224.5, p= 

0.1863). 

7.3.1.7 Longevity 

There have been 165 animals in total registered in the fossa studbook, 85 of 

which were dead by the year ending 2003 (30.23.32). Of the 85 recorded, 16 

were wild caught and the age at which they came into captivity is unknown. 
41 were infants when they died and a further 7 were juveniles, leaving 21 

captive born animals that lived past one year of age (30% of the captive born 

population, Table 7.3). There was no significant difference in longevity after 

arrival in captivity between males and females (U = 24, p=0.467). One 

captive born animal that died at two years of age was not sexed. Although 

females do not appear to live as long as males, there was no significant 

difference in median age between males and females (U = 33.5, p=0.277). 

Of the 69 captive born living animals (34.35) the mean age was 7.3 ± 0.58, 

with a range of 1-21. The mean age of living captive born females was 8.2 

years ± 0.81, whilst the mean age of captive born males in was 6.3 years ± 

0.81. There was a significant difference in the median age between males and 

females (U = 431.5, p=0.048), which reflects that there are a number of older 

living females in the population. 

7.3.1.8 Age-specific mortality (Qx) 

Both sexes show high infant mortality, but whereas male mortality then 

remains very low until the mid-teens, female mortality show fluctuations at a 

younger age (Fig. 7.5). 
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Table 7.3 The longevity in captivity of wild caught and captive born 

fossa 

(Longevity in years ± SEM) 

Wild Wild Wild Captive Captive Captive 

0 
Mean age 10.1 9.0 11.4 10.4 12.6 8.6 

(1.46) (1.95) (2.29) (1.66) (2.24) (2.45) 

Medians 8.5 8.0 13 10 15 7.5 

Range 0.6-18 -- -- 1-23 -- -- 

7.3.1.9 Populalion increase 

The first animal registered in the studbook was a male, which was held in the 

National Zoo in Washington from 1954 until 1962. There was then a small 

break until 1966 when another male arrived at the National Zoo, and since that 
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Fig. 7.5 Age-specific mortality (Q1) 

time a small population has been held in studbook participating zoos. The 

population increased very slowly in the initial years. In the eight years from 

1994, when an EEP was established to actively manage the population, to 
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2002 there was 2.8 times increase in numbers. In the eight years previous to 

the beginning of this active management period the increase was 1.25 times 

(Fig. 7.6). The captive population is currently in a growth phase. The annual 
% change in population per year (a. ) can be charted to clearly show years in 

which there were decreases or increases in population (Fig. 7.7). Where the 

chart dips below the line representing one, the population is in decline phase. 
Declines in population growth rate canttributed in some cases to 

moratoriums on breeding, imposed by the studbook keeper, due to a lack of 

additional holders to take young produced. The mean growth rate was 8.7%. 

7.3.2 Genetic viability of the captive population 
By using the GENES programmes incorporated into SPARKS a number of 
different parameters regarding the genetic status of the captive fossa 

population were generated. 

7.3.2.1 Number of founders in the population 

A total of 11 founders, wild caught individuals, had contributed to the current 

captive population. In addition there were 9 potential founders, wild caught 
individuals that had not yet bred. The mean heterozygosity of the founder 

population, (average fraction of original heterozygosity remaining in the 

population) is 95.5%, i. e. the founder population represents 95.5% of all the 

expected gene diversity in the wild population. The loss of 4.6% of GD to the 

wild is known as the founder effect. 
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7.3.2.2 Inbreeding, mean kinship and founder genome equivalents 

60 individuals in the total studbook (n=168) were listed, by SPARKS, as 

having inbreeding coefficients (index of relatedness to all other members of 

the total population) higher than 0. Of the living population, 41 were listed as 

having >0 inbreeding coefficients, 51% of the current population. In turn 

there were 69 living descendents, of which 59% were inbred. The mean 

kinship, could also be assessed. The closer to one the more related an 

individual is to the rest of the living population. The mean kinship for the 
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whole population was 0.1295. The founder genome equivalent was also 

assessed, as 3.835. A summary of all genetic data is shown in Table 7.4. 

Table 7.4 Genetic summary of the current fossa population 

Living descendants 

Present Potential 

Nf 11 20 

Mean retention 
FGE 

Mean inbreeding 

Mean kinship 

Mean heterozygosity 

0.752 0.865 

3.835 17.3 

0.073 ----- 
0.1295y ---- 
95.5% 

(Nf = number of founders, Mean retention = fraction of founders' genome 

retained, Mean inbreeding = relatedness to entire population, Mean kinship = 

relatedness to all living individuals) 

It can be clearly observed that by breeding all current potential founders there 

would be a substantial effect on the FGE figures, creating a genetically more 

varied population. 

7.3.2.3 Effective population size 
Table 7.5 shows the effective population size for captive fossa. This can be 

compared to a species, golden Lion Tamarin (Leontopithecus rosalia) with a 

similar generation time but larger population (Table 7.6) (Ballou and Foose 

1996). A NC/N ratio of between 0.3 and 0.5 generally reflects a population 

that has not been genetically managed (Flesness 196). 

f^ý/ý 
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Table. 7.5 Effective population size for the captive population of fossa 
during a one-generation (5-year) period between 1998 and 
2003 

Variable Males Females 

No. of adults in the population Nm 35 Nß--32 

Mean number of offspring' mean k. =0.69 mean ki=1.03 

Variance in no. of offspring Vom, =2.6 Vß=2.6 

Effective size by sex N 6.7 N 1=12.5 
Overall effective size Ne 17.4 

Actual population size 5 N=73.2 

Ratio of effective size to real size No/N=0.24 

Table. 7.6 Effective population size for the captive population of 
golden Lion Tamarins during a one-generation (6-year) 
period between 1981 and 1987 (Ballou and Foose 1996) 

Variable Males Females 

No. of adults in the population N. =269 Nj-=275 

Mean number of offspring mean km 1.71 mean kf=1.6 

Variance in no. of offspring/indiv. Vom, =12.1 Vkf=13.5 

Effective size by sex N n=58.4 Nef=48.6 

Overall effective size Ne 106 

Actual population size N=357 

Ratio of effective size to real size NjN=0.3 

3 Calculated from total number of males and females that lived in the population 1998-2003 
4 Mean number of offspring (per adult) surviving past two years of age born in the five year 
time span 
5 Mean population size from the five yearly totals 
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Ballou and Foose (1996) demonstrate that if the NeN ratio, X and effective 

founder number are known then the carrying capacity required for the 

`90%/200 year' golden rule can be ascertained. Table 7.7 demonstrates this 

for a hypothetical species for a number of different founders and NO/N. 

However, this table serves as a good indication of likely carrying capacities 

required for fossa as the hypothetical growth rate is 8% year -1 (Table 7.7), 

compared to the 8.7% mean for fossa, and the generation length of five years 

is analogous to the fossa (Table 7.5). 

Table 7.7 Carrying capacities necessary for maintaining 90% of the 

founders heterozygosity for 200 years in a population with 

generation length of 5 years and aI of 1.08 (8% growth 

rate per year) (Ballou and Foose 1996; after Soule et al 
1986) 

Effective founder number 

Ne/N 
Ratio 10 15 20 25 30 

0.1 3620 2452 2084 1917 1822 

0.3 1207 817 695 639 607 

0.5 724 490 417 383 364 

0.7 517 350 298 274 260 

0.9 402 272 232 213 202 

1.1 329 223 189 174 166 

(Ballou and Foose 1996; after Soule et al 1986) 

At the present time, with a population of -84 animals (numbers not available 

for 2004), the captive fossa population falls well short of the numbers required 

to maintain 90% of heterozygosity over 200 years. Approximately 1400 

hundred animals would be required to achieve this aim under present genetic 
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conditions. This number would fall dramatically if all nine potential founders 

were to breed. 

7.3.3 Modelling extinction risk in the wild population 

For all runs of VORTEX, most inputs remained the same in order to judge the 

influence of two parameters (inbreeding/changing K). Data inputs such as 

mean litter size and age-specific mortality were estimated from the captive 

studbook analyses. Only one population was modelled because dispersal in 

the wild is unknown. A population size of 395 was used; this is the estimated 

population of the Tsingy de Bemaraha Nature Reserve, the largest protected 

reserve where fossa are known to occur, covering 1520 km2 (Hawkins 1998). 

All runs were over 100 years, and 1000 iterations were executed for each run. 

7.3.3.1 Model- No inbreeding/Inbreeding and changing carrying capacity (K) 

In the original model with no inbreeding and a stable K, 72% of all 

hypothetical populations became extinct within 100 years. Inbreeding 

appeared to slightly increase the likelihood of extinction, all other parameters 

remaining the same. However, far greater changes in likely extinction risk are 

found when decreases in carrying capacity (K) are factored into the 

simulation. This changing K simulates a deteriorating environment less able 

to support the original population size. If the deterioration is halted after only 

10 years then extinction risk is not substantially different from the original 

model. However, if this deterioration remains for 25 years then complete 

extinction of that population occurs. (Table 7.8) 

7.3.4 Carnivore species currently held in captivity 

99% of all described mammal species have been evaluated by the current 

IUCN Red List (200JCN Red List of Threatened Species). Of these 24% 

of the 278 described carnivores (terrestrial and aquatic) are classed as extinct 

in the wild or threatened (listed as critically endangered, endangered or 

vJ- 
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vulnerable). In comparison only 12% of bird species are described as such 
(100% of bird species have been evaluated)6. In all, 243 terrestrial carnivores 

are recognised and have had their threat status evaluated. Sixty-eight (28%) 

fall into the categories; extinct in the wild, critically endangered, endangered 

or vulnerable. This does not include species evaluated as low risk. 

A total of 136 species, 56% of all described terrestrial carnivores, are 

maintained in ISIS registered zoos (see Appendix 6). All the ursid and 

hyaenid species are held, reflecting the small number of species in each 

family, with differing representation of the remaining taxa. In the Red List, 

fossa are included in the family Cryptoproctidae. However, for the present 

purposes they are included in the Viverridae (Table 7.9). The felids, canids 

and mustelids all have good representation of extant species. However the 

viverrids, procyonids and especially the herpestids have a limited number of 

species maintained in captivity. Of the 18,354 individuals held in ISIS zoos 

numbers of species held varied between taxa and six species were represented 

by only a single individual. The felids are the most numerous family in zoos 

whilst the hyaenids are the most poorly represented (Table 7.9). 

Meta-population size also differs between both species and families. For the 

viverrids 82% of all species held have a worldwide captive population of less 

than 50 animals. The mustelids, herpestids and hyaenids also fare badly with 

populations numbering less than 50 for 79%, 60% and 50% of species 

respectively. In relation to viable populations the felids fare best with 38% of 

all species in captivity represented by more than 200 individuals (Table 7.10) 

6 Of the other taxa too few species have been evaluated to date to make meaningful '0 

comparison e. g. reptiles, amphibians etc. t_ 
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Table 7.9 Families, species and numbers of terrestrial carnivores held 

in ISIS zoos. 

No. of species % of No. of 
Family in ISIS zoos total individuals Range 

Hyaenidae 4 100% 265 26-128 

Ursidae 8 100% 1434 16-453 

Felidae 29 81% 6906 1-1182 

Canidae 21 62% 3201 1-1036 

Mustelidae 39 60% 2271 1-493 

Viverridae 17 46% 486 1-188 

Procyonidae 8 42% 1814 10-506 

Herpestidae 10 26% 1977 1-1338 

Totals 136 56% 18354 1-1338 

Of the 136 species represented in ISIS zoos 33 are listed as extinct in the wild 

or threatened (24%). However, the level of threatened species held differs 

greatly between families (Table 7.10). Numerically the felids are best 

represented with 11 species listed as threatened representing some 40% of the 

captive population. The smaller taxa such as herpestids, procyonids and 

viverrids are least represented. When compared to the current IUCN listing 

for the taxa as a whole the numbers of endangered species held again varies 

among species with the ursids, canids, felids and mustelids all achieving good 

captive representation of threatened members of their respective taxa. The 

viverrids, procyonids and herpestids achieve poor representation (Table 7.10). 
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Table 7.10 Threatened carnivores held in captivity and the total 

number of threatened species per family. 

Family Threatened Total no. of Total no. 'listed' 

species in 

ISIS zoos 

species held 

(% threatened) 

in family 

(% in captivity) 

Hyaenidae 0 47 0 

Ursidae 4 8(50%) 4(100%) 

Felidae 11 29 (38%) 17(65%) 

Canidae 4 21(19%) 5 (80%) 

Mustelidae 9 39 (23%) 17(53%) 

Viverridae 3 17(18%) 8(38%) 

Procyonidae 1 8(13%) 8(13%) 

Herpestidae 1 10 (10%) 9(11%) 

Total 33 136(24%) 68 (49%) 

Table 7.11 lists the numbers of species per family in their threatened status 

and Table 7.12 considers meta-population size. The most numerous species 
held is the meerkat (Suricata suricata) (Table 7.13). All three felids held in 

large numbers are considered endangered whilst the canid, herpestid and 

procyonid are all considered low risk. 

The % of species with threatened status per family in total is significantly 

correlated with % of species in each family with meta-populations of over 101 

individuals in captivity (n = 48, rs = 0.786, p=0.0341). The larger bodied 

threatened canids and felids are well represented in the captive setting, the 

smaller bodied viverrids, procyonids and herpestids are not. This does not 

correspond entirely to the level of threat recorded for each family in the wild 

as threatened procyonids are under-represented in captivity. 

7 No hyaenids are currently considered threatened under IUCN classification 
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Species richness, the number of species found in each family, does not show 

any correlation to the degree of threat to the family (r$ = 0.047, p=0.882, Fig. 

7.8). In addition threatened status does not show any correlation with 

numbers of individuals in each species held in captivity (All taxa, n= 130, rs = 

0.111, p=0.207, DD species not included) apart from in the ursids where 

there is a significant negative correlation between degree of threat and 

numbers in captivity (n = 7, r$ = -0.926, p=0.0067). 

Table 7.13 Species represented in captivity with meta-populations 

numbering more than 500 individuals 

Species No. of individuals IUCN Red List status 

Meerkat 1338 LR/lc 

Lion 1182 VU 

Tiger 1044 EN 

Grey wolf 1036 LR/lc 

Cheetah 729 VU 

Ring-tailed coati 506 LR/lc 

When directly examining the Red List status of Malagasy carnivores all eight 

endemic species are listed as threatened (Table 7.14). However ISIS only 

lists two species, the fossa and the narrow-striped mongoose, as being held in 

captivity8. 

8 In addition a small number (<10) ring-tailed mongoose are held in one EAZA zoo, though 
not listed on ISIS 
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Percentage of species listed as threatened versus the species 

richness of each family 

Table 7.14 The IUCN Red List status of all Malagasy carnivores 

Species 

(common name) 

Captive Red List Status 

Fossa Yes EN 

Falanouc No EN 

Malagasy civet No VIJ 

Ring-tailed mongoose Yes9 VU 

Broad striped mongoose No VU 

Giant striped mongoose No EN 

Narrow striped mongoose Yes EN 

Brown-tailed mongoose No VU 

Small Indian civet1° Yes LR/lc 

9 As above, not noted by ISIS 
10 Not endemic 
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7.4 Discussion 

Why conserve carnivores? 
Funding currently available to conservationists is limited despite the monies 

required to provide protection in the wild being relatively small sums 
(Macdonald 2001). Therefore priorities must be made as to which species and 
habitats are protected and how to allocate limited resources. Do carnivores, 
therefore, have a special case for conservation? 

Despite the fact that carnivores are at no more risk of extinction than many 

other mammalian genera (Mace and Balmford 2000), many would argue that 

carnivores have a unique place (Gittleman et al. 2001). Of primary 
vti 

Y11 
importance may be the complex relationship that people have with carnivores. 
Visitor surveys at London Zoo have indicated that in the top 10 `favourite' 

ý4.. species of the public, five were carnivores (Carvell et al. 1998). Kruuk (2003) 

highlights our long and complex relationships with carnivores throughout the 

world, the `special place' they have reserved in the development of human 

societies as sentinels, working animals, religious figures and companions. 
Indeed large numbers of people throughout the world preferentially choose, 
for reasons purely of pleasure, to retain domesticated forms of wild carnivores IreY 
in their homes. 

Gittleman et al. (2001) argue convincingly that, although many of our actions 
for conserving carnivores may derive from an emotional response to them, 

carnivores are special in that they are a, "renaissance taxa, involving a 

synthesis of conservation problems, causal factors and solutions". By this 

they mean that many single carnivores fill the roles of indicator species, 
keystone species, umbrella species, flagship species and vulnerable species. 
Indeed, some entire clades fall into all of the above categories. They are also 

geographically widespread and monitoring populations of carnivores gives a 

global view of the current extinction crises. In addition, although the 
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Carnivora as a whole may persist far into the future they may be entirely 

represented by only a few species such as the European badger and common 

weasel, despite the fact that carnivores are the most diverse of the mammalian 

orders extant today (Purvis et al. 2001). 

Carnivores also face a unique set of challenges and threats in the current 

extinction crises. They are persecuted as livestock pests and as a danger to 

people, hunted as trophies and used in traditional medicines in addition to the 

well documented problems of habitat loss and fragmentation (Mace and 
Balmford 2000). It is in relation to conflict with people that carnivore 

conservation is most problematic. Throughout the world compensation 

schemes have been used to provide help for people, often subsistence farmers, 

to co-exist with wild carnivores, although these have sometimes been 

criticised in that this may be open to false claims. Instead some argue the case 
for incentive schemes, which will more actively involve local people in the 

conservation of carnivores whilst protecting them from economic deprivation 

resulting from carnivore presence (Mishra et al. 2003). This becomes more 

problematic again in areas where carnivores not only prey on livestock, but 

also present a threat to human life. Carnivores may also play important roles 
in `top down' regulation of the ecosystem through the control of prey species 

numbers that may affect forest succession, particularly in regard to seed 
dispersing species. The loss of top predators can also result in meso-predator 

release (Rogers and Caro 1998), which in turn may affect change in the 

structure of the habitat. 

In investigating extinction processes, Mace and Balmford (2000) identified 

several factors that may be linked to greater extinction risk. They found that 

island species are at greater risk than continental species, old world species 

are more threatened than new world species and that more threatened taxa are 

generally found in species poor families and of greater evolutionary age. 
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Purvis et al. (2001) argue that extinction is not a random process, that certain 

species do face greater risks and their study indicates several factors such as 
larger body size, restricted and isolated populations and strictly carnivorous 
diets. They also list various factors that may play a role in increased 

extinction risk in some species such as island endemics, complex social 

structures that may involve strategies such as lekking, species with wide home 

ranges and species found at low densities. 

Fossa can be placed in many of these suggested categories; an island endemic, 
found at low density, a large body size (in relation to the fauna of the island), 

occupying the highest trophic level, and a complex lek-type mating system. 
Previously in this thesis and chapter we have seen that fossa are currently 
listed as endangered and that tentative models suggest future declines could 

result in extinction in a relatively short space of time. In addition fossa, and 

all Malagasy carnivores, are likely to represent the loss of an unique 

evolutionary pathway, resulting in a high `biodiversity cost' should they 

disappear (Purvis et al. 2001). The most recent paper addressing the 

likelihood of extinction in carnivores (Cardillo 2004) suggests that extinction 

risk is more closely related to intrinsic biological traits, rather than extrinsic 

anthropogenic habitat alteration. They identified four variables, small 

geographic range, long gestation, low population density and high trophic 

level, which were indicators of extinction risk in the future. Fossa, exhibit 

three out of four of these variables (leaving out gestation length). They also 

suggested that many of the African viverrids, whilst not listed as at risk at the 

moment, face an uncertain future. Fossa are a unique species, with an 

assemblage of traits which make them particularly at risk of disappearing. 

What then are we doing to prevent their loss? Is the captive population 

viable? 
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77w captive population 
Without a well-maintained studbook, animals in captivity cannot be 

effectively managed. It provides a source of both demographic and genetic 
information, which is vital if captive populations are to provide an effective 
back-up in the worst scenario for their wild counterparts (Glatson 2001). The 
fossa studbook has been produced for over ten years and provides detailed 
information dating to the initial breeding of fossa in the early 1970s. The 

current captive population is small, in the danger zone of less than 100 
individuals, where population crashes can occur, if care is not taken (Ballou 

and Foose 1996). This results from the low number of holders of this species 

worldwide, which has hampered development of the programme. However, 

the well-maintained studbook allows for analyses of the current captive 

population, which can be used to develop strategies for future expansion of 

numbers. 

Birth season was, as expected in the Northern hemisphere summer and it is 

therefore likely that seasonal changes such as changing day-length stimulate 

reproductive activity in this species (Chapter 6). None the less, this season is 

somewhat artificial as many zoos house their fossa pairs separately and put 

them together at set times, which may results in injury if both anima are not 
fully in season and hostile to each another. 

OV-L 

Both males and females mature at a young age, and can parent offspring at 2-3 

years. Whether this reflects the beginning of their reproductive life in the wild 
is not known. Fossa exhibit slow growth rates, with males only reaching their 

full size at approximately four years. Males can reproduce for all of their 

adult lives, producing most off-spring annually when they have reached their 

teens. In contrast females in captivity show a decline in reproductive output 

after a peak at the 8-9 year class. Physiological change noted in Chapter 6 

also pointed towards possible declining fertility levels in females in their early 
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teens. The mean reproductive output for females in the studbook was 9 young 

f 2.1. However, it may be possible, under improved circumstances, for 

females to produce many young over a reproductive lifetime, if they bred each 

year and achieved an average litter size over that period. However, as yet we 
do not know if wild females produce young every year, and as such yearly 
breeding may not be possible, nor advisable for all females. 

Birth sex ratio was approximately equal, with males slightly more common, 

though a number of litters that were either stillborn or died very young were 

not sexed. For some this would have been due to cannibalisation. Although it 

is unlikely that the ratio amongst these litters would be any different from the 

sexed litters, it does demonstrate the need to gather all available information 

to aid research and enhance breeding programmes. Sex allocation theory 

suggests, although the mechanism is unclear, that females of good condition 
in polygynous species (fossa are multi-male) should bias offspring production 

towards that of the sex with most variable lifetime reproductive success which 

would most likely to be males (Faust et al. 2000). This cannot be effectively 

tested without knowing the sex of all young produced. 

Infant mortality was 29% overall, however this has been reduced during the 

development of the programme. Wild caught females were much more likely 

to produce litters that did not survive and litter size was positively correlated 

with infant mortality. This was most pronounced in the early years of 

breeding in captivity where wild caught females were producing very large 

litters that did not survive. This was likely, in part, due to the changed diet 

experienced by these females, resulting in unsustainable litter sizes, though 

throughout the studbook, in wild and captive born females, large litters have 

higher mortality rates. In addition the probable stress associating with being 

brought into captivity may have been linked. At the present time no analyses 
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of diet has been carried out for the fossa. It would seem prudent to do so, 

particularly focusing on nutrition of breeding females. 

Fossa can live up to their early twenties, however the mean age was much 
lower with males living to their early teens and females to approximately eight 

years. The captive population as a whole is growing, with a current mean 

growth rate of over 8%, therefore it is self-sustaining. It is, however, 

vulnerable to demographic and genetic stochastic events. Three phases 

characterise captive population development: the founding event, the growth 

to carrying capacity, and the management of a stable population (Ballou and 
Foose 1996). Presently the fossa programme has left the founder area (though 

new founders can be added at any point) and has begun the growth to carrying 

capacity phase. The numbers of founders and how quickly the population 

reaches the stable phase is crucial with respect to how much genetic diversity 

or heterozygosity is lost from the captive population (Ballou and Foose 1996). 

The rate of loss of heterozygosity changes between the three phases. The 

number of original founders will profoundly affect the loss of genetic 
diversity due to the `founder effect'. The current population has only 11 

founders, a very limited number. However, there are an additional nine 

potential founders within the population. If each could contribute genes to the 

population the FGE would rise to 17.3 rather than the current 3.8. In addition 

the effective overall population size is only 17.4 animals, which gives a low 

Na1N ratio of 0.24. 

During the second phase, the rate of loss of gene diversity is a function of the 

time taken to reach the stable, carrying capacity phase. Therefore the 

population should be expanded as quickly as possible to slow this rate of loss. 

In this phase although the genetic make-up of the population is important, 

expanding the population as quickly as possible supersedes it, as genetic 
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imbalances, if not to extreme, can be rectified later. Care must be taken, 

however, to avoid severe inbreeding, which results in physical abnormalities 

or reduction in breeding (Laikre et al. 1993, Laikre et al. 1996). The current 

mean growth rate of nearly 9% would mean that the population would reach 

402 animals in 22 years. If all potential founders were to breed and the NJN 

ratio could be improved to 0.5 then a figure of -400 could ensure the 

maintenance of the `90%/200 year' rule for this species in captivity. This 

would mean that a minimum of twice as many holders at present would need 

to enter the programme to provide enough cage space for this to occur. If 

additional founders were to be included and the Ne/N ratio was improved 

again the number required for carrying capacity would fall again. It is 

unlikely, at current level of holders to the population, that this could be 

achieved". 

Why them is there a lack of holders for this unique, endangered species? 
A number of reasons can be suggested for the low number of zoos wishing to 
keep the fossa as part of their collection. The first is prosaic, that fossa are not 

regarded as an attractive species, and therefore unpopular with visitors. In 

addition, adult fossa exhibit high levels of repetitive pacing (Chapter 3) 12. It 

is hoped that by addressing the issues as to why fossa pace in captivity and 

choosing to manage and house them appropriately could redress this `bad 

press'. A third reason, and one much more difficult to address, is that much of 

the carnivore cage space available in zoos is utilised by non-endangered taxa. 

What species of carnivore are housed in captivity? 

The World Zoo Conservation Strategy (WAZA 1993) states four main aims 

for the modern zoo; education, research, conservation and entertainment. In 

recent years, with changing public perception relating to animal welfare and a 

tt A. Winkler, Zoo Duisburg, International Studbook holder for the fosse 
12 A director of a large, well known UK collection has said in conversation to the author that 
he would not house fossa in his collection for precisely that reason. 
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greater environmental awareness, many have questioned the role of zoos. At 

the same time some zoos have begun a process of more closely questioning 

and evaluating their own contribution to those stated aims. 

Educating the public as to the natural world is an important way in which zoos 

can contribute to conservation. One aspect of this is in presenting the 
diversity of the Carnivora and this is done with some success with 56% of all 
described species of carnivore exhibited in ISIS zoos. There are however, 

wide discrepancies between taxa with viverrids, procyonids and herpestids 

being poorly represented. 

It is in their role as conservators of nature that zoos have focused much 

attention. Zoo promotional publications often suggest that their main role is 

one of breeding endangered species, and many indicate the possibility of 

reintroductions to the wild. In this thesis I have used a database designed for 

the zoo community that, although it does not claim to give accurate figures for 

carnivores kept in the myriad of `zoos' operating worldwide, it does contain 

information from some of the largest zoological institutions and, therefore, is 

likely to give an accurate impression of the pattern of which species, and in 

what number, are housed in captivity. From this information it can be seen 

that rather than focusing on endangered species, most terrestrial carnivore 

species housed in captivity (76%) are not endangered and that the numbers of 

endangered species housed varies between taxa. 

Zoos cannot house all the threatened species currently listed. Therefore they 

must carefully evaluate which species they choose to work with. In the case 

of carnivores the overall numbers of species housed could be reduced whilst 

the numbers of threatened species increased. Sixty-eight species of terrestrial 

carnivore are considered extinct in the wild or threatened, 33 of which are 

housed in captivity. The small number remaining (35) could be 
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accommodated in the worlds' zoos and as threatened species are found in all 
families of Carnivora, zoos globally and individual collections could continue 

to house species with an educational role whilst focusing on species that have 

a higher conservation priority. 

There are cases for keeping non-listed taxa in captivity such as hyeanids, as 
their role would be primarily to demonstrate biodiversity. In addition the 

change to more endangered taxa would take a considerable amount of time. If 

zoos are to move to more endangered species then cage space must be made 

available. To accomplish this, existing non-endangered taxa must be phased 

out, either by prevention of breeding or by euthanasing non-endangered 

species. There would be little public support for the latter and by waiting for 

large populations of species such as grey wolves to die out would lessen the 
likelihood that effective ex situ conservation measures could be taken in time 

to enhance the likelihood of long-term survival of endangered species in situ. 

Zoos face the difficulty that before they can actively pursue conservation 

activities they must create revenue by attracting visitors. It has been assumed 

that large bodied species are the species of interest to the visiting public and 
Balmford (2000) found that body mass correlated with existence of managed 

ex situ breeding programme of species. Balmford et al. (1996) however, 

emphasise the economic realities of keeping large species, suggesting that 

more cost effective smaller species should be presented. There may be an 

expectation, of visitors, of what animals should be present and that 

disappointment may result if this is not the case. 13 In addition Ward et al. 
(1998) suggest that moving away from large bodied taxa may be premature. 

13 Whilst a zookeeper at Edinburgh Zoo I noted that one of the most common entries in the 
visitor book was that there were no elephants housed at the zoo, leading to disappointment 
amongst the visitors. This was despite there being a large statue of an elephant at the main 
entrance with a board explaining that the zoo had chosen not to house this species as it felt 
that it could not ofrcr adequate facilities to maintain high welfare standards. 
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A systematic approach gauging visitor expectation before they visit a zoo 

would be helpful to understand this area better. 

This however, may not be particularly problematic for the keeping of large 

carnivores, as many of the large bodied charismatic species such as tigers, 

giant panda and African hunting dogs, are threatened in the wild, therefore 

providing a good ̀ display' animal as well as being conservation dependent. 

Felids in particular are a popular zoo exhibit, and 65% of all threatened felids 

are represented in captivity (though some are held in non-viable numbers). 
Critical evaluation of current species held should be carried out both by 

individual zoos and regional associations. Species are often chosen because 

there are already many of them in zoos in the local region, or that they are 
believed to be attractive to the public, however critical scoring systems as to 

threatened status, affordability and educational value are rare. In recent years 

regional collection plans have been begun that aim to focus on more 
threatened taxa. 

However, zoos must become more proactive and seek to provide solutions to 

change the species structure already present. In addition the performance of 

current breeding programmes should be evaluated to identify which 

threatened species are self-sustaining in captivity and achieving the aims of 
being demographically and genetically balanced. A first step should be to 

discontinue breeding of some non-threatened species, to begin a phasing out 

programme, a long-term strategy that must be widely supported to be 

effective. Zoos are in a unique position in that they compete for visitors yet 

are colleagues who work collectively in managed programmes, often pooling 

resources and expertise. It is also a truism that many zoos, within a relatively 

short travelling distance of each other, hold the same species. The benefit of 

this is that if the species are threatened, and managed as meta-populations, 

more can be achieved than one zoo working on its own. However, in many 
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cases, it is the same non-threatened species that are housed. A possible 

solution to the problem of the numbers of non-threatened species currently 
held is for zoos to pool resources to build facilities to house non-breeding 

stock, allowing the species to be phased out, and then utilising the enclosure 

space for a more threatened species (Fig 7.9). This is a long-term strategy 

which in the short term diverts money that could be utilised elsewhere, 
however, as this is a cooperative strategy individual zoos may be able to 

contribute a smaller sum than the yearly expenditure that housing the species 

already entails. 

Flagships, umbrellas and the single-species approach 
In recent years there has been a shift of focus in the type of approach used to 

achieve the conservation of threatened species, in which the ecosystem in 

which the species persists is targeted rather than the species per se. This move 

away from a single species approach is believed to better enhance the health 

of an environment and thereby protecting species present (Simberloff 1998) 

Moreover, there has been a change in emphasis away from a protectionist 

approach to one of sustainable use of environmental resources (Entwistle et al. (y, 

o 2000). L 

Flagship, umbrella, indicator and keystone species approaches all fall under 

the heading of `surrogate species', in that a single, or small group of taxa, 

represent or achieve something greater than that for the single species alone. 
They serve as a short cut to achieving rapid conservation aims with limited 

resources (Caro and O'Doherty 1998). The term flagship species has been 

widely used in conservation over the past 15 years and indicates a species 

which has importance in garnering attention and funding for an area, habitat 

or assemblage of species which are at risk of degradation or extinction if 

anthropogenic processes remain unchecked (Caro 2003, Leader-Williams and 
Dublin 2001). Traditionally these have been charismatic mega-fauna, such as 
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tigers, elephants and great apes. The term has often been confused with that 

of umbrella species (Caro et al. 2004), but the two terms convey different 

messages. Whereas the role of a flagship species is strategic and political, an 

umbrella species fulfils a biological/ecological function. 

AB 

c Grey Wolf Phaue out )molder 

A 

All fin zoos are currently paying Sr 
the maintenance of this wow-tluealewed 
candd (housing, food, stag, veterinary 
care). By designating one zoo in the 
local region as the phase out zoo for 
this species, resources can be pooled. 
A centre can then be built (fire 
enclosures holding the fire groups) 
and expenditure such as staff and 
maintenance can be mom cost 
effectively managed. This then flees 
up fur enclosures which can then be 
utilised fir the maintenance of an 
endangered species, or the space 
utilised for the building of new exhibits 
hr tltzealesed taxa. 

Fig. 7.9 Suggested pooling of resources to phase out non-threatened 

taxa that currently lock up enclosure space that could be 

more effectively used for conservation. 

An umbrella species ideally has a large home range and demanding 

requirements, such that protection of this focus animal brings with it 

protection of all species that are found within its home range. Can the fossa 

fill one or both these roles? 

Whether the fossa makes a good flagship is equivocal. It has an advantage in 

that mammals are popular with a developed world that will be required to 

fund its protection. It is large bodied (largest endemic mammal on the island), 

a top predator and an endemic from an island considered important in 

biodiversity conservation. However, its relatively low key profile means that 
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it may not have the immediate appeal of those species, such as lions and 
tigers, which are to the general public. Fostering a feeling that this is a unique 

carnivore, perhaps to borrow the phrase, ̀ the pink panther of Madagascar', 

from Gerald Durrell, may help stimulate interest in this species. 

Unfortunately for the fossa its preferred diet, the lemur, also invoke strong 
feelings, and this may work against it, but a campaign headed by fossa and a 
lemur species could convey both the problems facing the conservation of 
Malagasy fauna and of the ecological relationships present. In addition, a 
flagship must have good local appeal in order for people within the range to 
become supportive of conservation aims. At present fossa are commonly seen 

as pests, killers of livestock and somewhat of a night monster for Malagasy 

children. Fossa may also occasionally be eaten. How then can this be 

changed? The answer may partly lie in the provision of education 

programmes, small grants and donations to allow rural peoples to build more 

effective chicken runs and coops in which to keep their livestock and 

providing a combined compensation/incentive scheme. This could reduce 
losses to local communities, whilst helping them should livestock be taken. 

Feral cats may also be taking local livestock and control of such animals may 
help reduce losses to local people and the spread of any possible pathogens to 

la the fossa 

It is unclear whether the fossa can also act as an umbrella species. An 

umbrella species is a species "whose conservation confers protection to a 
large number of naturally co-occurring species" (Roberge and Angelstarr 

2003). An alternative definition is that they are "species with large area 

requirements, which if given sufficient protected habitat area, will bring many 

other species under protection" (Caro 2003). This has been a debated concept 

14 Whilst working on a fossa radio-tracking project in north-west Madagascar (1999) I often 
caught large, feral cats, in live traps, that weighed in at over 6kg, as large as a female fossa 
and an equally likely culprit for the killing of domestic fowl. I 
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in recent years (Berger 1996, Simberloff 1997, Caro 2003, Roberge and 
Angelstarr 2003), with some evidence that it has limited use (Berger 1996), to 

evidence that it has been successful in providing long-term protection at a 
large scale (Caro 2003). 

Traditionally those species chosen as umbrellas have been those with large 

area requirements to encompass as much of the surrounding environment, and 

therefore co-existing species, as possible. Although home ranges for fossa 

(-20km2 aa, ~81an2 ?? ) are not large by comparison to those of some 

carnivore species on mainland Africa, they should be assessed on the scale of 

Madagascar and that of forest species (umbrella schemes have often focused 

on open habitat species). Protecting enough habitat to maintain a viable 

population (>500) of fossa, at known densities of 0.26 km2 (Hawkins 1998) 

would entail conserving an area of approximately 1900 km2. As the largest of 

the lemurs, the Indri (Indri indri) occurs at densities of more than 35 times 

that of fossa (Hawkins 1998) it would appear that if this protection could be 

accomplished there would be ample habitat to allow viable populations of 

other species. 

In his review of East African reserves Caro (2003) found that native small 

carnivores achieved higher persistence levels inside park boundaries than 

outside. In contrast he found that small rodents and insectivores did better 

outside park boundaries and increasing conflicts between endangered species 

will become a growing problem for conservationists (Roemer and Wayne 

2003 

Conservation strategies - linking the captive and the wild 

Although it is unlikely that captive born fossa would be reintroduced into the 

wild, the captive population must grow rapidly, and ensure that all available 

founders contribute to the gene pool. A healthy, genetically stable, self- 
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sustaining captive population can act as a conduit to research, an emergency 
back-up population and a living `marketing' tool. The fossa as a flagship, the 
`pink panther of Madagascar', could ensure awareness of the non-lemur taxa 

of Madagascar, raise funding and create political and campaigning goodwill. 
Whilst the focus animal may be the fossa, funds could be used for a range of 

species and community projects. In Madagascar an education programme to 
inform Malagasy of the fossa (many town dwelling Malagasy will never have 

seen a fossa or other endemic wildlife) and provide solutions to the problems 

of domestic stock being taken, may help facilitate a change in thinking about 
this species (Ogada et al. 2003, Shivik et al. 2003, Treves and Karanth 2003). 

In addition agricultural compensation and incentive schemes (Ferraro 2000, 

Mishra et al. 2003) could prove useful in helping poorer peoples survive in 

areas where traditional lands may now be protected or changed, and allow the 
development of alternative livelihoods that integrate with, or enhance, the 
developing wildlife tourism seen in Madagascar (Fig. 7.10). 

sources of income to, rural-peoples may; help liält-this -process, though: politica1-' x. will'todo sa müst. be apparent: " ý' 

Research both ex and in situ should be given higher priority, perhaps shifting 
focus from the primates (of which there has been substantial research focus 

for many years) to that of the Carnivora. Funding generated by captive fossa 

as flagships in the richer nations, could help provide resources 15. Areas in 

which fossa are found in good numbers need to be identified, as has been 

accomplished for jaguars (Sanderson et al. 2001) and tigers (Wikramanyake et 

al. 1997). Hawkins (1998) estimates that no single protected reserve is large 

enough to support a population of >400 fossa. 

is The current fossa programme coordinator, Achim Winkler, put in place, ̀The Fossa Fund', 
in which any zoo wishing to display fossa must first pay money into the Fossa Fund before 
receiving the animals. All money raised in this way is used for research and in situ 
conservation projects. 
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Fig. 7.10 An integrated conservation strategy for the fossa 
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Land in between protected areas may already be degraded. The golden lion 

tamarin project in Brazil has had success in building vegetation corridors to 
link such areas and this may also be possible for fossa and other species. 

All of the above requires expertise, good will, money, effort and time. 
Simberloff (1998)_ has criticised the single-species approach ecologically. 
However, the strategies suggested above also accommodate knock-on benefits 

for other Malagasy species and may be more akin to a focal species approach, 

using a suite of species which in tandem can best help protect an environment, 

a combination of single species and environment approaches (Lambeck 1997, 

Bani et al. 2001). 

7.5 Conclusion 

As zoos are reluctant to house fossa in their collections due to their reputation 

as a species prone to repetitive pacing in captivity, and the accompanying 

public disquiet, poor housing affects not only the individual experiencing 

substandard welfare but the outlook for the development of the captive 

population as a whole. If public sympathy and funding are to be harnessed to 

help ensure a long-term future for the fossa, then housing and management 

should be improved, as pacing animals do not make effective flagships or 

champions for their species. 

There has been a sea change amongst zoo professionals 16 in recent years, 

typified by the recent Catalysts for Conservation: A Direction for Zoos in the 

21'' Century symposium, hosted by ZSL in February 2004. This meeting set 

out to establish the recent progress of zoos, but to also critique where zoos 

were failing to deliver conservation aims. The conference summary stated 

that all zoos should "adopt species conservation as their highest moral 

imperative and in situ conservation as the primary goal of each individual 

16 By which I mean those working at professional, responsible zoos who do wish to have a 
conservation, research and education focus. 

356 



Chapter 7 The captive population, extinction risk and conservation strategy 

organisation" (Zimmerman et al. in press). Retaining animals in a zoo, even 
if listed and in a coordinated breeding programme, does not constitute 

effective conservation, they must have a measurable impact in the wild. 

In summary; 

" The captive population of the fossa is small (<90), with a small 

effective population size and few founders, 

" The captive population should be increased in number as quickly as 

possible to limit the further loss of gene diversity, 

" Additional founders would be beneficial, 

" Approximately double the number the number of current holders 

would be required to achieve effective population growth, 

"A re-evaluation of carnivore species currently maintained in zoos 

should be carried out and the phasing out of certain taxa should be 

implemented, 

" An integrated conservation project, utilising the captive population to 

achieve measurable conservation impact in the wild should be 

implemented. 
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8. Introduction 

The study described in this thesis provides new data on a number of aspects of 

the behaviour and reproductive physiology of the fossa, allowing hypotheses 

to be generated to explain the unusual mating system, the occurrence of 

transient masculinisation in juvenile females and the functional significance of 

scent-marking and the elongated baculum. In addition recommendations are 

made for the improvement of the management of this species in captivity, its 

long-term survival in the wild and the future role of zoos in carnivore 

conservation. 

Each part of the work presented in this thesis has been fully described in the 

appropriate chapter. In this last chapter I will reiterate my findings and 
discuss them in the broader context of small carnivore biology and 

conservation. 

8.1 Behaviour and physiology of captive fossa 

Activity patterns and time budgets 

The data presented here suggest that the manner in which fossa are housed 

and managed in captivity can have profound effects upon both behaviour 

(Chapter 2,3,4) and physiology (Chapter 6). Activity patterns were found 

to be influenced by the husbandry methods employed. Husbandry varied 

across the study zoos, with differences found in housing, diet and feeding 

schedules, access to different parts of the exhibit and access to conspecifics. 

Other studies have noted that behaviour can be influenced by enclosure 

modification and/or husbandry regime (Bestelmeyer 1999, Wilson et al. 

2004). 

It was not possible to compare time budgets between the wild and captivity, as 

has been accomplished for group living, diurnal species (Melfi and Feistner 

2002). Fossa are cryptic in the wild, and only a few data have been obtained 

359 



Chapter 8 General discussion and future work 

in regard to activity patterns. The captive activity patterns did not correspond 

well to that of the wild patterns observed. Wild fossa exhibit cathemeral, or 

non-period specific activity, being both day and night active. Although they 

exhibit daytime activity, peaks in activity are recorded late at night (Hawkins 

1998). Wild fossa exhibit dips in activity around midday, also observed in 

some captive individuals, however, the dips in activity at midday in captive 

animals Evas 
<möst likely influenced by husbandry routines. Little night 

activity was observed in captive animals, with the exception of one female 

with infants, who was predominantly night active. 

Melfi and Feistner (2002) suggest that captive animals can exhibit time 

budgets not significantly different from those of wild conspecifics and 
Bestelmeyer (1998) indicated that in cryptic species, it is possible to observe 
in captivity, secretive behaviours. However, comparison of time budgets 

between captive and wild tropical forest carnivores is difficult due to the 

paucity of field data regarding these species. It is likely that time budgets of 
fossa in captivity are considerably different from their wild counterparts, not 
least because of the high levels of repetitive behaviours observed (see section 
below). Finding and processing prey is likely to consume a significant portion 

of their active time in the wild, whereas in captivity diets are consumed 

rapidly. 

Repetitive behaviours -filling time or expressing needs? 
Repetitive pacing has been recorded for many captive species, and in 

particular carnivores (Mason and Mendl 1997). This pacing is termed 

stereotypic when it becomes highly invariant and with no obvious function 

(Mason 1991). Fossa exhibited high levels of repetitive pacing in captivity, 

although much of the observed pacing was not considered stereotypic, due to 

its variability. Rather, it was labelled variable repetitive behaviour. 

Numerous studies have examined the prevalence of stereotypies in captive 
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animals (Keiper 1970, Suom et 

Z 

al. 1971, Masop 1991, Wechsler 1991, 

Kennedy et al. 1991, ýi ýý =äI ýA'00, Waitt and Buchanan- 

Smith 2001), however only a few have studied the development of repetitive 
behaviour, from first occurrence (Powell et al. 1999). Therefore only an 
isolated part of the developmental process is considered, hampering attempts 
to link ecological predisposition to housing, management and individual 

variation. cv-ý&, K(n( L 

. e', -r ok c-S 

Draper and Bernstein (1963) suggested that restricted cage size led to the 

development of repetitive behaviours, and this was supported by Paulk et al. 

(1977). In contrast, Crockett et al. (1993,1995) found no links between 

spatial restriction and development of stereotypy. Powell et al. (1999) 

observed the development of stereotypy in deer mice in cages of different size 

and complexity and found that mice in restricted cages exhibited higher levels 

of stereotypy. However, factors such as cage furniture were not controlled 
for, obscuring the effect of cage size on its own as a causal factor. In this 

present study on fossa, cage size did appear to have some effect on occurrence 

of pacing and stereotypy. However, as other factors, such as management, 

could not be controlled, further research is required. In addition, animals that 

had previously exhibited little pacing, increased pacing when housed 

adjacently to conspecifics. 

A number of studies have focused on behaviour in the wild in an attempt to 

assess whether ecological factors predispose animals in captivity to exhibit 

repetitive behaviour patterns. Clubb and Mason (2003) suggest that carnivore 
home ranges in the wild predict the level of pacing observed in captivity. 
However, this study regarded all observed pacing reported, in a review of 
broad-based literature, as stereotypic. In addition, as solitary carnivores are 

routinely housed adjacently in captivity, an aspect of housing which appears 
important in the likelihood of pacing development in the fossa, the proximity 
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of conspecifics, was a variable that was not investigated. It does appear likely 

that much of the pacing observed in fossa was linked to feed times, and 

therefore may have been anticipatory pacing. 

This present study suggests that the routine housing of solitary fossa adjacent 

to conspecifics may act as a source of unnecessary over-stimulation and 

possible distress. It has been established that chronic stress can inhibit 

reproductive function (Carlstead et al. 1993) with, for example, cheetahs 

exhibiting elevated levels of lutenizing hormone in captivity (Wild et al. 
1987), therefore repetitive behaviours may hinder attempts by zoos to actively 
breed rare species in captivity. 

Although it is argued that captive animals do not need to exhibit the full range 

of behaviours observed in the wild to achieve good welfare in captivity 
(Veasey et al. 1996), this is in contrast to proposed models of motivational 

need (Hughes and Duncan 1988), and some evidence has been presented that 

expression of needs may be important for captive carnivores (Swaisgood et al. 

2001). The performance of highly unusual repetitive behaviours, not observed 

routinely in the wild, does suggest that welfare is compromised. Repetitive 

behaviours performed at high levels, may also block the performance of 

`normal' behaviours (Bashaw et al. 2003). In addition the scent-marking 

behaviours observed in some of the females suggest that some captive 

conditions were stressful. In particular the anal drag scent-mark was noted in 

females during or directly after agonistic encounters, or when appearing 

`anxious'. Anal dragging was also noted to follow defaecation on some 

occasions; however, the context distinguishes the possible function of the 

behaviour. Although a controlled level of `stress' may be regarded to be 

beneficial in some circumstances (Chamove and Moodie 1990), a lack of 

control over surroundings, conspecifics and food delivery, and the 

disengaging of the links between performance of behaviour and outcomes, is 
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likely to result in prolonged stress and consequently poor welfare (Carstead et 

al. 1993, Shepherdson 1993a). In light of the high levels of non-stereotypic 

pacing, and in some cases stereotypic behaviour, that have been observed in 

fossa in this study, further investigation of the prevalence of pacing should be 

carried out in regard to housing in relation to conspecifics, in fossa and other 

solitary carnivores. 

Scent-marking in captivity - implications for social organisation 

Scent-marking behaviours were observed at all the study zoos and differences 

in form and frequency were noted between sexes and age groups (Chapter 4). 

There appeared to be a difference in frequency of marking and bout length 

between zoos, suggesting again that husbandry influenced observed 

behaviours. Particularly high levels of scent-marking were observed at 

Colchester and Suffolk, zoos with very small cages. In addition, both zoos 

housed fossa adjacently. Tentative assigning of function to the forms 

observed suggest that scent-marks can convey a number of different functions, 

depending on the body part used (Albignac 1976, Mills et al. 1980, 

Macdonald 1985). In addition extrapolation of proposed function to the wild 

has been considered. It was suggested that scent-marking in male and females 

may have different functions, with females marking territories and males 

advertising status, reflecting the need for females to acquire resources and 

males to acquire mating opportunities (Gehrt and Fritzell 1998). Additionally, 

females probably advertise reproductive status during the breeding season. 

Copulation, the baculum and mating system 
Earlier studies (Hawkins 1998) established that the unusual mating system 

exhibited by fossa is unique in the Mammalia studied to date, and the 

copulatory pattern I observed had previously not been described for the 

Carnivora (Dewsbury 1972, Dixson 1998) (Chapter 5). In addition, it was 
found that the baculum of fossa is larger than would be predicted for the 
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Feloidea (Dixson 1995). The baculum is the most variable bone in the 

mammalian skeleton (Sherwood Romer and Parsons 1977), and is used to 

identify species and also to age individuals. As the taxonomic position of the 
fossa is unclear, re-examining its position in regard to the bacula may be 

useful, as has been done with other species (Pessöa et al. 1996). Combining 

the unusual mating system, social system and the proposed function of the 

baculum (Lariviere and Ferguson 2002), a ne th ö of transient natal 
is ersa is proposed. This suggests that young of both sexes disperse, with 

males dispersing further. Young females stay close to the natal area, 
10 

establishing territories. These young females then return to their natal core 

area to gain access to a resource, the mating tree or trees. The resident female 

may permit this temporary over lap because the successful mating of her kin 

will increase her fitness. In addition, females congregating near the tree also 
draw a number of males to the area, affording opportunity for female choice. 

This theory also suggests a transient dominance hierarchical function for the 

transient genital masculinisation observed in juvenile females, in contrast to 

the view of Hawkins (1998), Piertney et al. 
02000) that this is an anti- 

harassment feature. Although unique, little is known about the social and 

mating systems of tropical carnivores, therefore aspects of the strategies 

employed by the fossa may be more common. There is a paucity of data 

regarding the other endemic Malagasy carnivores. As only eight species of 

endemic carnivore are found on Madagascar, there exists the possibility of 

gathering data to understand the behavioural ecology of an entire Glade of 

carnivores. This would further understanding of interactions between taxa, by 

examining niche separation in tropical forests. 

Reproductive physiology -flexibility and the influence of husbandry 

The physiology underlying observed behaviour was investigated using non- 
invasive endocrine monitoring techniques, the first occasion in which this has 
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been done for a member of the Viverridae. Environment shapes observed 
behaviour and their underlying physiological systems, thus captive husbandry 

will also affect underlying physiology. Although this study has shown that 

fossa can be flexible in the pattern of ovulation (Schramm et al. 1994), it 

suggests that spontaneous ovulation is likely to be rare in the wild, and captive 
females not housed adjacently to males produce hormonal profiles indicating 

that ovulation has not occurred. As with the occurrence of repetitive pacing, 
housing pairs adjacently may disrupt reproductive hormone function 

(Carlstead et al. 1993) resulting in extended periods of oestrus, as seen in the 

Colchester pair. Therefore, it is likely that inadequate housing may also 
disrupt physiology, undermining attempts to breed rare species in captivity 

(Soede et. al 1997). 

Conservation breeding of small carnivores 

The current captive population of fossa is small, with few founders, leaving it 

vulnerable to random genetic effects and population crashes. Although the 

management of captive populations has been improved in recent years, with 

the development of computer software to aid studbook analyses (Ballou and 

Foose 1996), the problems of limited space and competing species remain. 

This is further exacerbated by the predominance of non-threatened taxa held 

in zoos. Small carnivores in particular are generally represented by more 

abundant, group-living species (ISIS 2004). The housing of forest dwelling 

small carnivores would aid their conservation in a number of ways. Our 

understanding of forest carnivore ecology and behaviour is limited and it is 

imperative that greater knowledge is acquired as many of these species are 

predicted to be vulnerable to future population decline and extinction 

(Cardillo et al. 2004). Making conservation decisions without data may be 

vulnerable to flaws in the long-term. In addition greater focus, through 

research, may highlight these lesser-known species, thus affording them 

greater protection in the future. This thesis has indicated that captive studies 
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on carnivores, often cryptic and difficult to observe in situ (Bestelmeyer 

1998), allow investigation of unusual behaviour, suggest that function can be 

assigned, and that tentative extrapolation to the wild condition is possible. 

8.2 Recommendations for captive management 
A number of recommendations can be made for the future management of this 

species in captivity: 

Housing and husbandry 

In situ studies have shown that fossa have a cathemeral or non-period specific 

activity budget (Hawkins 1998, Dollar 1999a). At least one zoo in the study 
locked their animals into small dens overnight every night and others locked 

them in when it is very cold in an attempt to prevent ear damage. This 

compromises the natural activity cycle of this species by preventing night 

activity (Hawkins 1998). In addition, it is believed that animals with a degree 

of `control' may have lower levels of stress in the captive environment, thus 

improving welfare (Carstead et al. 1993, Shepherdson 1993a, Wemelsfelder 

1993). The majority of den areas observed in this study were < 5m2, with 

most lacking in even rudimentary cage furniture. Because fossa suffer from 

ear damage in cold weather it may be necessary to house fossa in indoor pens 

overnight, with space to exercise, as well as a den area (Chapter 3). 

This study indicated that housing fossa next to each other may lead to 

heightened levels of arousal, which may be displayed as repetitive behaviours 

(Chapter 3). In addition reproductioir hormone function may be disrupted in 

some cases (Chapter 6). It is recommended that fossa are not housed 

adjacently, rather that a pair (or one female and several males) should be 

housed in separate facilities in different parts of the zoo. By designing the 

female enclosure to encompass a `mating tree' (Hawkins 1998) (Chapter 5), 

males could be moved to the female during the breeding season. Fossa were 
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shown to scent-mark profusely in captivity, indicating that olfactory 

communication may be important in the wild, in social organisation. 

Olfactory contact outside of the breeding season could be facilitated by the 

movement of cage furniture between the enclosures, to simulate overlapping 

wild ranges, and would also allow for study of the role of olfaction in more 

`wild' conditions. 

The female and infants could utilise the whole area, including the male 

introduction area, out with the breeding season. The male could then be 

moved to the introduction area to allow a gradual introduction process (Law 

and Tatner 1998) and when the female exhibited signs of `heat' the barrier 

could be removed. This would allow a high level of control over the 

environment by keeping staff, to foster a safe introduction for both the male 

and female. The presence of a mating tree would allow the female to replicate 

wild behaviour and assert control over the mating, as has been observed in the 

wild (Hawkins 1998). After the brief mating period the males could be moved 

back to their own exhibits, more closely emulating the suggested social 

system in the wild (Fig. 8.1). Females and infants could then remain in the 

enlarged female exhibit, with young fossa `dispersing' to other zoos at 

approximately one year of age, to establish their `home ranges' for a period of 

one to two years before mating. 
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Fig. 8.1 Plan of suggested fossa complex to better cater for 

behavioural, ecological and physiological needs. 

In addition it would appear prudent to feed fossa on a number of occasions per 

day (Chapter 2,3) to stimulate activity, combat boredom and attempt to 

replicate wild activity levels (Wemelsfelder 1993, Bashaw et al. 2003). 

Although small carcasses were fed at some zoos, all diets were consumed 

quickly and with little difficulty. Colchester Zoo did make efforts to provide 

food enrichment by placing food inside puzzles, and this resulted in longer 

processing times (pers. obs. ). However, a number of the zoos fed red muscle 

meat as the predominant diet, which was quickly consumed and provided no 

stimulation. The increase in pacing prior to delivery of food may be reduced 

not only by increasing the number of feeds per day, but by presenting a diet 

that was challenging and took some time to process (Shepherdson et al. 

1993b, Lindburg 1998, Bashaw et al. 2003). 
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8.3 Fossa conservation 
For fossa, there has been greater attention by zoos due to the managed 
breeding programme (Chapter 7). However, if captive fossa are to be an 

effective `insurance' population, there must be an increase in the number of 

effective founders and rapid increase in the population size (Ballou and Foose 

1996). The analysis of the current captive population indicated that few 

animals are held, inbreeding is apparent and that additional founders are 

required to contribute to the population if the `90%/200 year' rule is the goal 

to aim for (i. e. 90% of original heterozygosity is retained over 200 years in 

captivity; Soule et al. 1986). To achieve this, more holders must be found. 

As new holders also contribute money to the Fossa Fund, this ensures 

additional funding for research and in situ conservation work. Additional 

focus on the plight of endemic Malagasy carnivores would also be welcome. 
Only a few zoos worldwide hold Malagasy carnivores (Galidia elegans and 
Mungotictis decemlineata) other than fossa. However, these few animals 

could provide valuable comparative behavioural and physiological data for the 

fossa, as well as providing basic data on those species. 

Collectively zoos should reassess what species they hold, not only in relation 

to carnivores but all taxa, to focus on specific endangered species as part of a 

conservation effort. A loss of species represents a loss of biodiversity, 

however this is not a 1: 1 relationship (Myers 1998). Biodiversity lost is 

measured by the amount of unique evolution lost, most acute at higher taxa 

such as genera, sub-family and family. The loss of the fossa would represent 

a large biodiversity loss as it is the only representative of its genus, possibly 

the only representative of its sub-family. Not only do fossa represent high 

levels of phylogenetic uniqueness, they are also behaviourally unique as has 

been demonstrated by this and other studies (Hawkins 1998, Piertney et al. 
2000, Yoder et al. 2003). 
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Fund-raising for conservation is led by the `charismatic megafauna' or 
flagships (Leader-Williams and Dublin 2001) and there is significant debate 

over how zoos should spend their limited conservation funds. A future niche 
for zoos may be through enhancing education programmes. By bringing 

attention to the smaller, lesser-known carnivores, zoos could play an 
important role, particularly in lobbying for greater protection of such species, 

as carnivores of any size have a certain public fascination. 

8.4.1 Recommendations for future work 
1) The role of housing and management in the development of repetitive 
behaviours should be further investigated. Manipulation of housing and 
feeding regimes could be implemented both for individuals who currently 

exhibit high levels of pacing, and in addition to attempt to prevent the 

development of repetitive pacing in young animals (Powell et al. 1999). As 

reproductive endocrine monitoring has now been validated for this species, 
investigation of `stress' hormones (e. g. cortisol), in conjunction with repetitive 
behaviours, could be facilitated (Wilson et al. 2004). 

2) The tentative assigning of function to different scent-marks, and the 

suggestion that the message delivered is controlled by the body part used 
(Ewer 1973), should be investigated further by the use of gas chromatography 

to identify the volatile compounds excreted. Analyses of these compounds 

may identify whether they are sufficiently different to support this theory. In 

addition, the experimental procedures set out, with modification, could prove 

effective in investigating function more clearly. If fossa were housed further 

apart (see 8.3) the presentation of cage furniture or objects from a conspecifics 

enclosure could be used in different experiments, including individual 

discrimination trials (Swaisgood et al. 1999). 
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3) It is unclear from current knowledge whether the first male to mate a 
female fathers the litter or whether more than one male may sire infants with 

one female (Lank et al. 2002). Captivity allows for paternity experiments to 

test these questions. Multiple males can be sequentially introduced to a 

female in heat and paternity testing of young produced carried out. This 

would allow for the testing of a number of questions such as the role of the 

prolonged copulation - is it a form of mate guarding that enhances the 

likelihood of the male to impregnate the female? By mating with more than 

one male, does the female gain paternity insurance, thus avoiding the risks of 

infanticide (Wolff and Macdonald 2003)? Investigation of sperm structure and 

motility could assist studies of sperm competition. 

4) The function of the baculum is uncertain with a number of competing 

hypotheses postulated (Dixson 1995, Lariviere 2002, Ferguson and Lariviere 

2004). Most studies of carnivore bacula give little attention to ecological 

factors and none to date have incorporated studies of penile morphology. The 

presence of spines on the fossa penis is of interest and should be investigated 

further. Do the spines and the baculum work in tandem, or do they have 

differing functions? Much work has been completed on penile morphology in 

the primates (Verrell 1992, Harcourt and Gardiner 1994, Anderson 1998), 

allowing comparative analyses, which could identify the different roles of the 

penis structure in totality. It is intended to further investigate penile and 

baculum morphology in the Carnivora, and attempt to find links to ecological 

and behavioural factors, such as mating and rearing system. 

5) The present study is the first to validate the use of non-invasive faecal 

hormone analysis in a member of the Viverridae. It would, however, be 

useful to identify the metabolites excreted in faeces, by HPLC, to focus assay 

techniques more accurately. The difficulties in attaining clear oestrogen 

metabolite profiles could then be surmounted. In addition, through further 
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validation in captivity and by using genetic analysis, it may be possible to 

establish baseline levels in the wild, although profiles would prove extremely 
difficult to get in a cryptic carnivore. Curtis et al. (2000) were able to 

successfully measure reproductive hormone change in wild lemurs using 

techniques developed in the lab setting. Further to this, by collecting samples, / 

in captivity from a number of juvenile masculinised females and adult non- 

masculinised females, comparisons of the ratios of 

testosterone/oestrogen/progesterone could examine in more detail the possible 

role hormones play in this masculinisation process. Hawkins (1998) only 

measured absolute levels, not ratios, which may have proved more 
informative. Validation of stress hormone assays, such as corticoids, could 

assist in identifying causal factors in the development of repetitive behaviours 

(Wielebnowski et al. 2002b). 

6) Madagascar is the 4"' largest island in the world and the fossa is not 
found uniformly across the island, leading to suggestions that the east and 

west coast forms may be sub-specific (pers comm. G. Veron). There are 

additional theories that two different species exist, as well as the supposed 

melanistic forms reported from small east coast islands. In situ research 
involving taking biopsy samples from fossa from different sites on the island 

would be very interesting and could a o- assess genetic relatedness and 

population sub-structuring. Comparative morphology studies between the 

rainforest and dry forest habitats could lead to a better understanding of the 

role of environment in shaping behaviour in a tropical forest carnivore. As 

some forested areas on the island are known to contain all the endemic 

carnivores it would also be useful to look at niche separation in such a small 

Glade of animals. Genetic studies on other carnivore species have also shed 

new light on dispersal patterns (Gompper et al. 1998) and discovered a hidden 

matrilineal structure in another solitary Malagasy species, Coquerels' dwarf 

lemur (Mirza coquereli). Similar studies using molecular markers could 
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provide interesting insights into female social constraints and social 

organisation in the fossa (Kappeler et al. 2002). 
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Classification of the Carnivora of Madagascar (Wozencraft 1989a). 

This classification by Wozencraft has been the mostly widely accepted 

throughout the 1990s. 

Order Carnivora (Bowditch 1821) 

Family Herpestidae (Bonaparte 1845) 

Subfamily Galidinae (Gray 1864) 

Galidia elegans I. Geoffroy 1837, 

Galidictisfasciata (Gmelin 1788), 

Galidictis grandidieri (Wozencraft 1986), 

Mungotictis decemlineta (A. Grandidier 1867), 

Salanoia concolor (I. Geofffroy 1837), 

Family Viverridae (Gray 1821) 

Ring-tailed mongoose 
Broad-striped mongoose 
Grandidiers' mongoose 
Narrow-striped mongoose 
Salano/brown mongoose 

Subfamily Cryptoproctinae (Gray 1864) 

Cyptoproctaferox (Bennett 1833), 

Eupleres goudoti (Doyere 1835), 
Fossafossana (P. L. S. Muller 1776), 

Subfamily Viverrinae (Gray 1864) 

Fossa 

Falanouc 

Fanaloka/Malagasy civet 

Viverricula indica (Desmarest 1817), Small Indian civet 

Some alternative classifications list Cryptoprocta as the sole representative of 

the sub-family Cryptoproctinae and assign Eupleres and Fossa to the sub- 
family Euplerinae (Garbutt 1999). 
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Classification of the Carnivora of Madagascar based on Yoder et al. 
(2003) 

Order Carnivora (Bowditch 1821) 

Family Herpestidae (Bonaparte 1845) 
Subfamily Galidinae (Gray 1864) 

Galidia elegans (I. Geofftoy 1837), 

Galidictis fasciata (Gmelin 1788), 

Galidictis grandidieri (Wozencraft 1986), 

Mungotictis decemlineta (A. Grandidier 1867), 

Salanoia concolor (I. Geoffroy 1837), 

Ring-tailed mongoose 
Broad-striped mongoose 
Grandidiers' mongoose 
Narrow-striped mongoose 
Salano/brown mongoose 

The positions of the remaining three endemic species are unresolved, but 

Yoder et al. (2003) suggest that they cannot be assigned to the Viverridae. 

Cyptoproeta ferox (Bennett 1833), Fossa 

Eupleres goudoti (Doyere 1835), Falanouc 

Fossafossana (P. L. S. Muller 1776), Fanaloka/Malagasy civet 

Family Viverridae (Gray 1821) 

Subfamily Viverrinae (Gray 1864) 

Viverricula indica (Desmarest 1817), Small Indian civet 
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Materials used for faecal extraction and enzyme immunoassay 

Reagents prepared by D. Green (Institute of Zoology) unless otherwise 

stated. 

Progesta2en Assay 

3.1 Microtitre plate 

Nunc immuno 1 (pre-tested, 96 well, flat bottomed) (NUNC, Roskilde, 

Denmark) 

3.2 Coating buffer 

0.1M sodium carbonate buffer pH9.6 
Sodium carbonate 3.10g 

Sodium bicarbonate 5.94g 

Deionised and distilled water 1.00 litre 

3.3 Coating antibody 

Goat anti-mouse IgG (M8890; Sigma Chemical Co., Poole, Dorset, UK) 

Coating concentration: 1 µg/250µ1/well 

3.4 Tris storage buffer 

Tris (hydroxymethyl) - methylamine (Merck, Poole, Dorset, UK) 3.15g 

Sodium chloride (Merck, Poole, Dorset, UK) 23.30g 

BSA fraction V (A4503; Sigma Chemical Co., Poole, Dorset UK) 13.00g 

Sodium azide 1.30g 

Deionised and distilled water 1.00 litre 

3.5 Assay buffer 

Tris (hydroxymethyl) - methylamine (Merck, Poole, Dorset, UK) 2.42g 

Sodium chloride (Merck, Poole, Dorset, UK) 17.25g 
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BSA fraction V (A4503; Sigma Chemical Co., Poole, Dorset UK) 1.00g 

Tween 80 (P1754; Sigma Chemical Co., Poole, Dorset, UK) 1. Oml 

Deionised and distilled water 1.00 litre 

3.6 Substrate buffer : pH 5,0.1M 

Citric acid (Merck, Poole, Dorset, UK) 21.01g 

Tween 80 (P1754; Sigma Chemical Co., Poole, Dorset, UK) 1. Oml 

Deionised and distilled water 1.00 litre 

3.7 Washing solution 

Tween 20 (P1379; Sigma Chemical Co., Poole, Dorset, UK) lml 

Deionised and distilled water 2.00 litres 

3.8 Substrate 

OPD (P8412; Sigma Chemical Co., Poole, Dorset, UK) 30mg 

H202 (30% soln. ) (Merck, Poole, Dorset, UK) 27µl 

Substrate buffer 75m1 

3.9 Labelled progesterone 
EL57 biotinylated progesterone 

(obtained from Dr. Erich Mostl, Institut fur Biochemie, Veterinarmeizinische 

Universitat, Vienna) 

Dilution for assay use 1/75000 

30 µ1 of 1/1000 in 22.5m1 assay buffer 

3.10 Primary antibody 

CL425 (monoclonal mouse Quidel clone #425) from Coralie Munro. 

Produced against 4-pregnen-11-ol-3,20-dione hemisuccinate: BSA 

Stored frozen at 1/1000 dilution in aliquots of 100µl. Working dilution 

1/200,000. 
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3.11 Enzyme label - Streptavidin-1 RP 

S5512 (Sigma Chemical Co., Poole, Dorset, UK) 100µg 

Deionised and distilled water lml 

3.12 Standard 

Progesterone (P0130; Sigma Chemical Co. Poole, Dorset, UK) 

Stored frozen in 2001l aliquots at 20ng/ml concentration. 

Working dilutions for assay 5ng/ml to 0.078ng/ml. 

3.13 Stopping solution 
3M H2SO4 

Testosterone Assay 

3.14 Microtitre plate, coating buffer, storage buffer, assay buffer, 

substrate buffer, substrate, washing solution, stopping solution 
As progestagen assay 

3.15 Coating antibody 
Donkey anti-goat/sheep-purified Ig fraction (? ) 

Coating concentration: 5µg/200µ1/well 

3.16 Enzyme label 

Sheep anti-testosterone-3-cmo horseradish peroxidase (MRC, Edinburgh) 

3.17 Primary antibody 
Sheep anti-testosterone-3-cmo BSA (505) (MRC, Edinburgh) 50µ1 

Assay buffer 5m1 
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Oestradiol kits 

3.18 DRG Instruments GmbH, Germany 

Catalogue No. EIA-2693 

3.19 Cayman Chemical Company, USA 

Catalogue No. 582251 
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Appendix 7 



Scenario settings for VORTEX 

Model 1 

Input parameters 

100 iterations 
100 years duration 
Extinction definition is that one sex remains 
One population only 

Age of first offspring female 3 years 
Age of first offspring male 3 years 
Maximum age of reproduction 17 years 
Maximum number of progeny/year 4 
Sex ratio at birth in % males 54 

% Adult females breeding 75% 
EV in % breeding 20% 
Normal distribution no. offspring per year per female 2.88 
Standard deviation 1.44 

Mortality of females as % 

Mortality from age 0-1 35 
SD in 0-1 mortality due to EV 50 
Mortality from age 1-2 2 
SD in 1-2 mortality due to EV 20 
Mortality from age 2-3 1 
SD in 2-3 mortality due to EV 10 
Mortality from age after 3 2.5 
SD after 3 mortality due to EV 15 

Mortality of males as % 

Mortality from age 0-1 31 
SD in 0-1 mortality due to EV 50 
Mortality from age 1-2 2 
SD in 1-2 mortality due to EV 20 
Mortality from age 2-3 3 
SD in 2-3 mortality due to EV 10 
Mortality from age after 3 7.3 
SD after 3 mortality due to EV 15 

% Males in the breeding pool 99.6% 
% Males successfully siring offspring 50% 
Mean # of mates/successful sire 1.4 

Initial population size 395 



Carrying capacity 400 
SD in carrying capacity due to EV 50 

Model changed with decline in K or inbreeding 

Inbreeding depression modelled as standard 3.14 lethal 
equivalents 
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