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This thesis details a behavioral assessment of the clouded leopard (Neofelis 

nebulosa).  The clouded leopard is classified as ñVulnerableò by the International Union 

for Conservation of Natureôs (IUCN 2010) Endangered Species commission, and faces 

many challenges surrounding its conservation both in the wild and in captivity.  In 

captivity, the issue of highest concern is mate compatibility.  This study utilizes two 

separate methods to determine temperament and behavioral differences within the 

species, including behavioral observations and a keeper rated temperament assessment.  

Behavioral observations were used to analyze three specific tests; urine scent test, mirror 

image stimulation (Gallup, 1968), and a novel object test.  These tests were chosen to 

elicit behaviors similar to those seen during breeding introductions.  Animal care staff 

was asked to complete a temperament assessment which was compared with the 



behavioral observations to identify and link anecdotal ñpersonalitiesò with quantifiable 

behaviors.  The project included 24 clouded leopards housed at the Khao Kheow Open 

Zoo in Thailand as well as the Smithsonianôs Conservation Research Center, Front Royal, 

Virginia.   

This study revealed that the clouded leopards in the test population had four 

separate quantifiable temperaments including; ñhigh-strung;ò ñactive;ò ñcalm;ò and 

ñaggressive.ò  These temperaments were found to be significantly correlated to 

reproductive success and gender, with reproductively successful individuals and males 

rating higher on ñcalm.ò  The temperaments were also significantly correlated with the 

method by which the individual was reared from birth, with mother-reared individuals 

rating higher on ñaggressive.ò   

Behavioral observations recorded during test trials were found to be significantly 

correlated with reproductive success.  Overall, reproductively successful individuals were 

quicker to respond, more vocal and spent less time out of sight and more time lying.  

Several behaviors were also found to be sex specific.   Reproductively successful males 

exhibited more ñterritorialò behaviors, including ñpatrol,ò ñdefecateò and ñurinewalk.ò  

The ñurinewalkò was an unusual behavior not previously recorded in this species.  The 

urine scent tests served best to elicit these behaviors and further testing is recommended 

to determine the possible use of urine scent tests in predicting reproductive success in the 

male clouded leopard.  The reproductively successful females responded with defensive 

behaviors including, ñretreatò and ñflinch.ò The mirror image stimulation was the best 



test to elicit these behaviors and further testing is recommended to determine the possible 

use of the MIS in predicting reproductive success in clouded leopard females.  

The data obtained in all eight treatments combined served as the best overall 

indicator of reproductive success in the clouded leopard.  Due to the small sample size in 

this study, further testing is recommended, specifically of reproductively successful 

individuals.  These tests may serve as a helpful tool in the management of this species in 

captivity.  
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CHAPTER 1: INTRODUCTION 

 

Successful captive management has become an important, and in some cases 

vital, component of wildlife conservation (Mallinson 1995).  As habitat destruction, 

poaching and climate change threaten species and their ecosystems, captive animals serve 

as current and future genetic banks to be drawn on when numbers in the wild dwindle 

(Iyengar et al. 2007).  They can also act as ambassadors for their wild counterparts, 

educating the public not only about their natural history, but the geographical, economic 

and social issues surrounding their conservation in the wild (Snyder et al. 1996).  

Internationally, researchers have applied knowledge from many captive animal studies to 

help conserve species in the wild (Howard 2002, Wisely 2003, Russello and Amato 

2007).  However, many species, such as the clouded leopard are still shrouded in mystery 

and further research is required to help conserve them in the future.  Specifically, the 

study of reproduction in the clouded leopard and other exotic species is little understood 

and needs further exploration (Wildt et al. 2009). 

The clouded leopard species survival program has identified mate compatibility as 

the number one threat to the captive population (Fletchall 2007).  Yet, few studies have 

focused on the reproductive behavior of the clouded leopard (MacKinnon 2008. 

Wielebnowski et al. 2002, Wielebnowski 2002).  It is well known that the behavior of 

captive animalsô can change drastically under different environmental conditions (Powell 



 2 

et al. 2002; Wielebnowski et al. 2002; Wells et al. 2004).  The clouded leopard in 

particular is extremely sensitive to environmental change (Wielebnowski et al. 2002).   

Regardless of environmental factors, this study was designed to indicate differing 

temperaments between individual clouded leopards, with the goal of determining certain 

temperaments that may indicate reproductive success.  These temperaments were defined 

by a keeper rated assessment and then supported by the occurrence and frequency of 

particular behaviors observed during a testing period.  By pinpointing these behaviors 

and identifying temperaments, we can make more informed decisions about the pairing 

and transfer of the captive population of clouded leopards.  This will serve to increase 

reproduction and ensure genetic diversity of the population for use in the future when 

wild populations need to be replenished.  What still needs to be considered in all captive 

breeding programs are the possible genetic linkages, if any, that exist between behavior 

and temperament.  Temperaments well adjusted to life and reproduction in captivity may 

not be the same temperaments necessary to survive in the wild.  Specifically, the practice 

of hand-rearing individuals for use in breeding populations can be highly controversial 

and should be examined.  Our ability to breed only certain temperaments may be 

breeding out the ñwildò in this species.  On the other hand, certain behaviors may be so 

ñhardwiredò that regardless of captivity, certain individuals maintain these behaviors and 

are reproductively successful.  If this is the case, it is imperative to identify the specific 

behaviors that these individuals possess.  By determining temperaments and pinpointing 

behavioral responses associated with these temperaments, we can better manage clouded 

leopards now, bringing us closer toward their conservation in the future.   
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BIOLOGY AND ECOLOGY OF THE CLOUDED LEOPARD 

The clouded leopard (Neofelis nebulosa) is one of the least known species in the 

Family Felidae.  They are in the subfamily Pantherinae and are considered to be the first 

species to diverge from this lineage (IUCN 2010).  Weighing only 10-25kg, the clouded 

leopard is the smallest of the ñbigò cat species, and is placed in with this family because 

of one characteristic found only in the Panthera lineage.  The Panthera can not purr ï the 

epihyoidium or part of the hyoid apparatus is connected by elastic ligament rather than 

bone (Weissengruber et al. 2002).  Small cats have the ability to purr due to the fact that 

the hyoid apparatus is connected by bone ï hence the cheetah and puma are classified as 

ñsmall catsò and the clouded leopard is classified as a ñbig cat.ò 

The clouded leopard is extremely elusive; found throughout Southeast Asia they, 

inhabit lowland tropical forest regions with dense vegetation.  They have also been seen 

in both primary and secondary logged forests as well as cloud forests, grasslands and 

forest edges (Sunquist and Sunquist 2002).  The clouded leopard is named for the large, 

black, cloud-like patterns found along its torso, with black stripes and spots found along 

the head and neck. All of these markings are found on a backdrop ranging from golden 

brown to orange that helps camouflage this animal in the dense forest vegetation.  They 

have a long tail similar in length to their body, which in addition to large paws and short, 

stout legs aid in their movement through the trees.  They can rotate their back ankles 180 

degrees which allows them to hang from branches by their back legs and climb down 

trees head first (Sunquist and Sunquist 2002).  These features make the clouded leopard 

the most arboreal of the large cat species; their climbing abilities rival that of the much 
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smaller margay (Leopardus wiedii) from South America (Leyhausen 1963; Nowell and 

Jackson 1996).   

Clouded leopards are considered nocturnal, stalking and hunting prey from trees 

as well as on the ground in open and closed forest areas (Wilting et al. 2006, Grassman et 

al. 2005). They are powerful hunters with canine teeth approximately 4.0 cm in length - 

the longest canine teeth in relation to their skull size of any other felid species.  These 

teeth allow them to take down fairly large prey items which vary based on region include 

bearded pig (Sus barbatas), sambar deer (Cervus unicolor), mouse (Tragulus spp) 

(Rabinowitz 1987), and barking deer (Muntiacus muntjak), porcupine (Hystrix hodgsoni), 

monkey (Macaca spp) (Rabinowitz and Walker 1991), hog deer (Axis porcinus), muntjak 

(Muntiacus muntjak) and even Malayan pangolin (Manis javanica) (Grassman, et al. 

2005, Sunquist and Sunquist 2002).   

Clouded leopards are difficult to locate and monitor for any length of time.  To 

date, only seven cats have been radio-collared in the wild (Austin 2002; Grassman et al. 

2005, Hearn et al. 2008), and the exact population is still unknown.  Recently, camera 

traps set on the ground in Borneo have been mildly successful (Wilting et al. 2006) at 

locating this species and helped reveal two separate species of clouded leopard. This 

separation has been determined both by molecular genetics showing 40 nucleotide 

differences (Buckley-Beason et al. 2006; Wilting et al. 2007), and morphmetrically 

(Kitchener et al. 2006).  In the wild, this new species, named the Sunda clouded leopard, 

ranges throughout the Sundaland on the islands of Borneo and Sumatra. 
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Within the mainland species, there are three recognized subspecies:  Neofelis 

nebulosa nebulosa ranges throughout southern china and Indochina, and is the sub-

species in collections found throughout North America; Neofelis nebulosa 

macrosceloides typically has a darker grey color with larger blotches and are found 

primarily throughout Nepal; and finally Neofelis nebulosa brachyurus, a sub-species that 

was found found only in Taiwan, is believed to be extinct (Chiang 2007). 

CLOUDED LEOPARD CONSERVATION 

The clouded leopard was classified as ñvulnerableò in 1986, by the International 

Union for Conservation of Natureôs (IUCN) Endangered Species commission, with an 

estimated population of less than 10,000 mature individuals in the wild, with a predicted 

or observed decline, and no subpopulation with more than 1000 individuals (Sanderson et 

al. 2008).  It is also listed as vulnerable due to exploitation and a decline in area and 

quality of habitat (Nowell and Jackson 1996).  Since 1975, it has been listed on Appendix 

I by the Convention of International Trade in Endangered Species of Wild Fauna and 

Flora (CITES) (UNEP-WCMC, 2009).  This means that clouded leopards are threatened 

with extinction and international trade of this species is strictly prohibited except in the 

case of scientific research and conservation.  Since 1970, the clouded leopard has also 

been listed as Endangered under the US Fish and Wildlife Serviceôs United States 

Endangered Species Act.   

The newly distinguished Sunda clouded leopard species, Neofelis diardi, is found 

only on the Indonesian islands of Borneo and Sumatra (Wilting et al. 2007).  This species 

is also considered ñvulnerableò by the IUCN (Hearn et al. 2008).  The main threat to this 
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forest-dependant species is habitat destruction due to palm oil plantations.  This species 

occurs in relatively low densities with an estimate of 9 individuals per 100km
2
 coming 

from the Tabin Wildlife Reserve in Borneo (Wilting et al. 2006).  Other research in this 

area indicates this number may be even lower; camera traps revealing 4-6 adults per 

100km
2
 (Hearn et al. 2008). Although this species is newly discovered, the data collected 

on their movements and behavior is the most revealing about the clouded leopard to date.  

The separation of this additional species further limits what was thought to be the current 

population estimates, increasing the importance of conservation of both species.  In 2009, 

a ñClouded Leopard and Small Felid Conservation Summitò was held in Thailand at the 

Kasetsart University.  This three day meeting brought together 65 participants from 13 

countries and served as a way to facilitate information sharing between government 

organizations, NGOs, field researchers and zoo professionals regarding clouded leopards 

and other small Southeast Asian cats, such as the marbled cat (Pardofelis marmonata) and 

fishing cat (Prionailurus viverrinus).  This was a first step at sharing the scarce data 

existing on the clouded leopard, The general lack of knowledge on the ecology of this 

species in the wild however makes the clouded leopard one of the most difficult to 

conserve and manage in captivity.   

The main threats to the clouded leopard include habitat destruction and 

degradation, as well as poaching and prey reduction (Nowell and Jackson 1996).  The 

bones and teeth of this species are extremely valuable; and the pelt is worth varying 

amounts depending on the region, ranging from US$ 2,000 in Sumatra to US$ 100 in 

Bangledesh (Sunquist and Sunquist 2002).  These animals are also accidentally trapped in 
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snares set for other animals (Hearn et al. 2008).  The clouded leopard has legal protection 

within protected areas throughout Southeast Asia.  Hunting is prohibited in most regions 

enforcement however is constantly an issue and pelts are still being traded.  Low (1991) 

did a survey of black market wildlife traders in southeastern China and found clouded 

leopard pelts were the most common.  They are also found as menu items for the wealthy 

throughout Asia and Europe (Nowell and Jackson 1996). 

There are currently 225 clouded leopards living in captivity throughout the world.  

There are 75 included in the North American Species Survival Plan (SSP).  There are few 

established breeding pairs including: three in North America; one in Japan; one in the 

United Arab Emirates; two in Germany; and three in England.  There are also several 

pairs at the Khao Kheow Open Zoo in Thailand that are currently reproducing (Fletchall 

2008).   

The studbook for this species began in the 1970ôs.  The Smithsonianôs 

Conservation Research Center (CRC) in Front Royal, Virginia was renowned for its 

ability to breed clouded leopards.  In the late 1970s through the early 1990s; there were 

71 cubs born at this facility alone.  Fewer than half of those cubs however survived the 

first few weeks of life, and only 11 went on to reproduce (Dr. Jogayle Howard, pers. 

comm.).  The clouded leopard SSP was formed in 1989, with several goals including: 

addressing captive management issues; stabilizing population demographics; improving 

the populationôs genetics and developing conservation efforts in clouded leopard range 

countries.  In 1993, several established breeding pairs were separated due to concerns 

over the genetic diversity of the population; these pairs were unable to be reestablished 
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(Fletchall, 2007).  In 1996, there was one successful artificial insemination at the 

Nashville Zoo (Howard et al. 1996); there have been numerous attempts since with no 

success.  Reproductive assistance with this species is extremely challenging due to their 

propensity for spontaneous ovulation and without a predictable ovulation cycle artificial 

insemination is practically impossible.  In 1998, the SSP declared the clouded leopard 

captive population as a research population due to the lack of pair formation and 

breeding. 

The experience and research obtained by the SSP over the past 40 years, 

eventually led CRC animal care staff and scientists, as well as their colleagues throughout 

the country, to form the ñThailand Clouded Leopard and Fishing Cat Consortium.ò  The 

Consortium was started in 2003 as a joint venture between the Smithsonianôs National 

Zoological Park and Conservation Research Center, the Nashville Zoo and the Thailand 

Zoological Parks Organization (ZPO) in conjunction with the Species Survival Program 

of both the clouded leopard and fishing cat species.  The program began to increase 

genetic diversity among the captive population as well as educate the range countries of 

these species on husbandry, breeding and conservation practices.  This consortium has 

developed an ex situ breeding program as well as an in situ field project in Khao Yai 

National Park to monitor carnivore activity and locate any potential clouded leopards and 

fishing cats in the area.  A large population of 28 clouded leopards, some of which were 

wild caught and had been confiscated by the government from private hands or poachers, 

were housed in the five ZPO zoos throughout Thailand.  These cats were moved to a 

centralized location, the Khao Kheow Open Zoo (KKOZ) where a new breeding area was 
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set aside and renovated to house these animals.  As of 2009, 35 valuable clouded leopards 

are housed at this facility and there have been 48 births. There have also been six clouded 

leopards imported to North America to be introduced into that SSP population in order to 

increase the genetic diversity of this population. Since their importation, these pairs have 

produced three litters that are in the process of being paired themselves. 

REPRODUCTIVE CHALLENGES 

The clouded leopard has many challenges facing its breeding success in captivity 

including: genetic make-up of the population; high-stress; and behavioral incompatibility 

among pairs.  The clouded leopard Species Survival Plan (SSP) focuses on managing the 

small North American population to maintain demographics and genetic diversity, which 

is currently 78.2% of the original founder genes.  One of the primary goals is to sustain a 

healthy captive population that can serve to replenish dwindling wild populations in the 

future.  The SSP must exercise extreme caution when selecting pairs.  Once paired, 

individuals form a pair-bond and can not be split up, which further hinders the ability to 

rotate individuals and thereby limits genetic diversity.  The current clouded leopard 

population in North America is aging and there are very few potential breeders (N=26).  

A majority of the individuals in the population have been taken out of the potential 

breeding population due to their aggression or age, with only eight females and 18 males 

remaining as ñbreedableò (Fletchall 2007).  The population that does remain has very low 

genetic diversity.  Currently, the mean inbreeding coefficient or average relatedness of 

individuals in the population ranges from 0.21-0.44, which is close to full cousins (0.25) 

or even siblings (0.50).  This indicates the North American population is highly óinbredô 
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(Fletchall 2007), resulting in extremely limited options for pairing genetically compatible 

animals.   

Clouded leopards tend to have an extremely shy, secretive nature.  In captivity, 

situations such as construction, maintenance and special events can easily stress these 

animals.  Prolonged stress is known to cause acyclicity in females (Brown, et al. 1994), 

as well as increased infant mortality due to neglect or infanticide.  In males, stress can 

lower testosterone.  It has been found that clouded leopards with lower stress levels tend 

to be more reproductively successful (Wielebnowski 2002, MacKinnon 2008).   

The main factor limiting the potential establishment of new pairs, however, 

remains behavioral incompatibility.  The SSP has stated that, ñOne issue of highest 

concern is male aggression during introduction to females for breedingò (Fletchall 2007).  

Clouded leopard males express a propensity for attacking and killing females during 

introductions (Yamada and Durrant 1989).  Through fecal hormone analysis it has been 

shown that female cortisol levels are often increased prior to an attack (MacKinnon, 

2008).  There are many hypotheses as to why this may be.  Carlstead et al. (1992) found 

that psychological stressors in domestic cats raised urine cortisol concentrations.  Males 

housed with these females may be picking up on urine cortisol concentrations and 

attacking the females because they can sense the female is stressed. On the contrary, the 

female may be stressed by the presence of an aggressive male.  Mackinnon (2008) has 

also found that just the introduction of a male to a female significantly raised the femaleôs 

cortisol levels.  In addition, higher cortisol levels have been found in individuals killed by 

conspecific trauma versus any other cause of death such as accidental mortality, renal 
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failure, and infection (Terio et al. 2005).  Some aggression between conspecifics during 

courtship and breeding is normal; in fact most felid species engage in some form of 

fighting before and even after mating (Sunquist and Sunquist 2002), but overall fitness is 

greatly decreased when physical confrontation results in death.  With clouded leopards, 

however, the females rarely survive an attack.  Most attacks occur in a manner similar to 

that used in attacking prey (Rabinowitz 1987), resulting in the death of the female from 

one fatal bite to the spinal cord (Collins 1987, Seager and Demorest 1978). 

Unfortunately, so little is known about clouded leopards in the wild that there is 

no way to be sure to what extent these cats socialize.  Kitchener et al. (2006) and Austin 

(2002) both found home ranges overlapping by more than 50% between males and 

females.  Kitchener et al. (2006) also found that adult males had significantly overlapping 

home ranges.  Other felid species which had been thought to be strictly solitary have been 

known to coexist in close proximities, sharing home ranges well after the breeding 

season, tolerating young, and even sharing in hunting (Sunquist and Sunquist 2002).  

Perhaps the clouded leopardôs natural history falls more in line with this.   

Over the past thirty years of animal management, it has been determined that the 

most successful strategy for pairing clouded leopards and keeping the captive population 

healthy is by hand raising all cubs and introducing them as pairs before they reach sexual 

maturity, ideally by six months of age (Baudy 1971, Geidel and Gensch 1976, Fletchall 

2007).  Compared to mother-reared cubs, hand-reared individuals tend to pair bond more 

easily with potential mates because they can be introduced to one another at an early age.  

Hand-reared individuals tend to have lower stress levels because they can be acclimated 
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to new environments and sounds from a very young age which helps them adjust to 

captivity; these individuals are also often better exhibit animals (Wielebnowski et al. 

2002).  Mother-reared cats can be very flighty, nervous and elusive.  In general, hand-

rearing also greatly reduces the risk of infant mortality due to neglect or infanticide by 

the mother (Dr. Jogayle Howard, pers comm.).  There are, however, several pitfalls to 

this management strategy.  Hand-rearing requires large financial and staff resources.  It 

also increases human habituation; and animals raised in this manner would not be viable 

if reintroduced to the wild.  Hand-rearing is a last resort, used only when a species is at 

the brink of extinction.  The clouded leopard is one such species, and the reality exists 

that hand-rearing can not remain the primary method for managing this species in the 

future. It is imperative to determine what this species needs in captivity to allow them to 

breed and reproduce naturally.  Therefore, alternatives must be found. 

BEHAVIOR 

In the wild, felids rely heavily on scent as a form of communication.  Primarily 

solitary in nature, individuals leave signs such as urine and feces to provide information 

to conspecifics such as, age, health and reproductive status (Sunquist and Sunquist 2002).  

These signs may function to serve several purposes including territory marking or 

communication of reproductive status. Scent-marking can also occur as an aggressive act, 

elicited by intruders or the scent of conspecifics (Ralls 1971).  These types of signs or 

ñrange marks,ò are left for later investigation by a conspecific.  They are most often 

discovered by accident depending mainly on spatial and temporal movement of an 

individual (Alberts 1992).  It would be expected that males who are more successful at 
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breeding would be well adapted to picking up these signs left by the females.  If urine 

marking is an effective form of communication among felid species in the wild, then in 

captivity olfactory behaviors associated with urine marking should also exist.  In a 

captive setting, one can see most felids react in various ways to different scents given as 

enrichment or behavioral stimulation (personal obs.). Common behaviors noted during 

these scent introductions include those similar to their wild counterparts, primarily 

rubbing and clawing the scented area as well as marking over the scent.  Another 

common behavior observed is the Flehman response or an open-mouthed grimace, often 

with curled upper lip; the tongue may or may not protrude from the mouth.  This 

behavior is usually seen after a cat sniffs urine, feces or the body of another cat; it allows 

the cat to process the scent, gaining as much information as possible through their 

vomeronasal or Jacobsonôs organ.  Mellen (1993) found several of these behaviors were 

more prevelant among reproductively active small felids (felis), and specifically the 

behaviors ñflehmanò and ñurine sprayò were higher among males of most species studied. 

As a first step to clouded leopard introductions in captivity, males are often given 

access to a femaleôs area without the female in it, in order to explore her scents and 

become familiar with her, as he would in the wild.  During these familiarization events 

several behaviors can be noted.  Common behaviors include: urine and claw marking of 

the areas marked by the females; increased Flehman response; and even vocalizations.  

All of these behaviors are expected to be seen with a successful introduction.  Olfactory 

behaviors are easily identifiable and tend to increase during reproductive periods 

(Sunquist and Sunquist 2002).  Scent tests with felids have focused primarily on the 
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creation of scent-stations for tracking and census of wild felids (Sargeant et al. 2003, 

Harrison 1997).  An olfactory assessment, or scent test, using domestic cat urine has not 

been investigated in the past for the clouded leopard.   

A mirror image stimulation (MIS) (Gallup, 1968) has been used with dolphins 

(Reiss and Marino 2001), chimpanzees (Povinelli et al. 1993) and most recently the 

elephants (Plotnick et al. 2006) to help determine self-recognition. Few non-human 

species however exhibit mirror self-recognition.  In different species that are believed to 

lack self-recognition, such as the clouded leopard, the MIS is a way to assess social 

behavior and aggression (Svendsen and Armitage 1973).  It is also thought to be 

indicative of an individualôs territorial nature (Gallup 1968).  Clouded leopards cannot 

self-recognize, therefore a mirror placed in their view represents a conspecific and their 

reaction can be correlated to how they would respond to an unknown individual in their 

territory.  

The MIS proposed for this study is a replication of the test performed by 

Wielebnowski (1999) on cheetahs at the Smithsonianôs National Zoo (Wielebnowski, 

1999).  The study revealed behavioral differences between cheetahs that could be 

correlated with breeding success.  This study intends to produce similar results with the 

clouded leopard in order to assist with captive management and increase successful 

pairings.  One of the steps during breeding introductions is giving the animalsô visual 

access to each other.  Animals that remain calm and exhibit affiliative behaviors, such as 

rubbing or prustening (which is a friendly vocalization produced by an expulsion of air) 

would be considered for physical pairing.  Only when these behaviors are observed 
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consistently are the individuals allowed full access to each other.  During the mirror 

image stimulation it would be expected that reproductively successful individuals would 

exhibit these affiliative behaviors toward the mirror as they would toward a conspecific. 

The novel object test was used by Powell (2005) during the temperament 

assessment done with giant pandas (Ailuropoda melanoleuca), and also with polar bears 

(Ursus maritimus) in a study focusing on stereotypic behaviors (Shepardson 2004).  

Specifically, the novel object test serves as a measure of the animalôs response to acute 

stress as well as their ability to adapt to changes and handle new stimuli in their 

environment.  In giant pandas (Ailuropoda melanoleuca), the results of the novel object 

tests were found to correlate with keeper assessments when determining personality of 

this species (Powell 2005).  Hansen and Moller (2001) have used a stick test with weasels 

(Mustela vison) as a quick and accurate determination of personality.  Keeper 

assessments are most accurate when the keeper has had many experiences with the 

animal, which can take months or years.  If novel object tests can be used to determine 

personality, they can replace keeper assessments as a less subjective and more time-

efficient personality assessment.  This study utilizes the novel object test as one of eight 

different treatments given to the clouded leopards. 

JUSTIFICATION 

There are many challenges to the current captive management of the clouded 

leopard (Neofelis nebulosa).  Few studies have focused on the behavior of this species in 

captivity (MacKinnon 2008, Wielebnowski 2002; Wielebnowski et al. 2002).  The issue 

of highest concern is male aggression toward females during breeding introductions 
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(Fletchall 2007).  Successful pairing within the limited captive population is integral to 

clouded leopard survival; behavioral research is a powerful tool for achieving this goal.  

A complete behavioral assessment of clouded leopards was performed to help quantify 

temperaments among reproductively successful (RS) and unsuccessful individuals 

(RUS).  The purpose of this study is to establish which clouded leopard temperaments 

tend to be more reproductively successful than others, and to pinpoint certain behavioral 

responses that may act as indicators of reproductive success in the clouded leopard.   

There have been previous attempts to characterize temperament in other captive 

species (Stevenson-Hinde et al. 1980; Gold and Maple 1994; Gosling and John 1999; 

Carlstead et al. 1999a,b; Wielebnowski 1999; Powell 2005).  The Behavior and 

Husbandry Advisory Group (BHAG) of the Association of Zoos and Aquariums 

published the ñmethods of behavioral assessmentò (MBA) in 1997 which describes tests 

similar to those performed during this study that can be developed to assist in creating 

behavioral profiles for animals in captivity.  The MBA was modeled by combining 

several behavioral studies on animals with reproductive challenges, including the black 

rhinoceros (Diceros bicornis michaeli and minor) (Carlstead et al. 1999a,b) and cheetah 

(Acinonyx jubatus jubatus) (Wielebnowski 1999), among others.  Powell (2005) also 

performed similar tests on the giant panda (Ailuropoda melanoleuca) to determine 

characteristics that would help predict breeding success in four individuals housed at the 

National Zoo in Washington D.C., and the Atlanta Zoo.   

Behavioral research on the clouded leopard has been limited.  A majority of ex 

situ research on clouded leopards has focused primarily on reproductive physiology 
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(Pukazhenthi et al. 2000), specifically on cryopreservation (Pukazhenthi et al. 2006), 

female reproductive cycles (Pelican et al. 2006), and artificial insemination (Howard et 

al. 1996). Some behavioral work performed by Wielebnowski, et al. in 2002 was 

primarily related to stress and specifically linked certain husbandry practices to elevated 

fecal cortisol levels.  The findings from this study served as a breakthrough in captive 

husbandry of this species, and the results continue to be a resource to captive managers.  

A great deal of the work on clouded leopards has been conducted by the Smithsonianôs 

National Zoo and Conservation and Research Center.  Much of their research has focused 

on the individual cats housed at CRC as well as the individuals at the Khao Kheow Open 

Zoo in Thailand that were used in this study.  The data collected during this study will be 

combined with the results from previous research on these individuals to enhance our 

knowledge of the reproductive challenges facing this species.   

Mellen (1989) believes that ñreproductive activityò and ñreproductive potentialò 

can be quantified through behavioral analysis.  Since behavioral data on the clouded 

leopard are lacking (MacKinnon 2008, Wielebnowski et al. 2002), this study attempts to 

increase the knowledge that exists about this species by quantifying temperaments related 

to breeding success.  It also serves to identify behaviors that may pinpoint individuals 

who are more likely to be reproductively successful.  This will benefit the captive 

management of this species by allowing the SSP to make more informative 

recommendations, possibly pinpointing aggressive males before female injury or death.  

It may also avoid the potential transfer of individuals between institutions that would 

cause unneeded stress on the animal (Wells et al. 2004) and help identify individuals 
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more suitable for transfer.  Also, the individualôs rearing is examined and the results can 

help determine if behaviors necessary for reproductive success in the wild are being 

maintained in the captive collection.  This can serve to reveal possible effects the current 

management of hand-rearing all individuals in the captive population may be having on 

individual behavior and more clearly identify possible behavioral or genetic 

ramifications.   
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CHAPTER 2: METHODOLOGY 

 

Since the worldwide captive population of clouded leopards is limited (N=225), 

there are few facilities that maintain large collections.  Therefore, the two facilities with 

the largest populations were chosen to perform this study; the Smithsonianôs 

Conservation and Research Center (CRC) located in Front Royal, Virginia (N=10); and 

the Khao Kheow Open Zoo (KKOZ) in Chonburi, Thailand (N=14).  Due to the non-

invasive nature of this study and the fact that the focus is on behavior, it was 

advantageous to have a large sample size in order to obtain as many temperament 

variations as possible.  Both of these facilities allow for comparative analysis between 

individuals without having to account for major variations due to differences in 

husbandry, housing, keeper staff, diet etc (which should be constant throughout the entire 

collection).  They both are also closed to the public, and have limited activity and 

consistent staffing which further minimizes the environmental variables that may 

otherwise affect behavioral responses normally found when cats are housed under 

different conditions or on public exhibit.  The study ran from January to June, 2008.   

ANIMAL SUBJECTS 

The clouded leopards included in this study ranged in age from three to sixteen 

years; calculated at the time of data collection (Table 1).  This sample was not skewed 

toward any particular age.  The study sites offered the unique opportunity to study 
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multiple cats within single facilities with 4 females and 6 males at CRC (N=10) and 5 

males and 9 females at KKOZ (N=14).  These cats were then divided into two subgroups; 

reproductively successful individuals: (referred to throughout the paper as RS, were 

defined as those that had produced offspring (N=5)); and reproductively unsuccessful 

individuals, (referred to throughout the paper as RUS, were all that had not produced 

offspring (N=19)).  All the cats were housed separately although they all had visual 

access to conspecifics.  All individuals were tested between the hours of 13:00 and 19:30 

and whenever possible before they were fed.   

To carry out each test, the individual cat was invited into the holding cage where 

it was normally fed, and was therefore comfortable and familiar with the area.  This area 

was pre-determined by the animal care staff.  All exposure to, and exploration of, the 

items was completely voluntary.  The cat was rewarded for its participation in the study 

per the recommendations and procedures of the animal keeper who normally worked with 

it.  This most often included a reward for shifting in and out of the testing area.  The 

whole series of tests took about 4 ¼ hours for each cat.  A total of approximately 108 

hours of video was recorded.   

The experiments were conducted over several weeksô time to accommodate 

normal husbandry schedules and included eight different treatments.  Only the urine scent 

required multiple treatments (five in total); the choice test, MIS, and novel object tests 

were single trials since the behavioral observations for these two relied more heavily on 

an initial response than T1. Animals under veterinary care or with health complications 

were not used for this study. 
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Table 1: Animal Subjects - Clouded Leopard information obtained from keeper survey. 

Clouded 

Leopard 

Studbook 

Number 
Success Sex Facility  Rearing Age 

Noname 1192 Y M KKOZ HAND 5 

Songkla 1232 Y M KKOZ MOTHER 7 

Wanchai 1217 Y M KKOZ HAND 3 

Sakda 1222 N M KKOZ HAND 3 

Mei 1265 N M KKOZ MOTHER 2 

Thap-thim 1251 N F KKOZ HAND 3 

Manow 1159 N F KKOZ MOTHER 7 

Pukluk 1155 N F KKOZ MOTHER 10 

Gaint 1189 N F KKOZ MOTHER 8 

Mesa 1223 N F KKOZ HAND 3 

Somsri 1187 N F KKOZ MOTHER 6 

Nok 1219 N F KKOZ HAND 3 

Mini  1221 Y F KKOZ MOTHER 4 

Numfun 1165 Y F KKOZ MOTHER 11 

Junior 995 N M CRC HAND 13 

Xing 1015 N M CRC HAND 13 

Brandon 1087 N M CRC HAND 11 

Dao 1218 N M CRC HAND 3 

Zoe 1008 N F CRC HAND 14 

Jasmine 1731 N F CRC MOTHER 15 

Nattie 1124 N F CRC HAND 7 

Thistle 967 N F CRC MOTHER 15 

Nellie 1123 N F CRC HAND 7 

Jogayle 1214 N F CRC HAND 4 

 

TEMPERAMENT ASSESSMENT 

In order to determine temperaments that existed within the test population each 

keeper was asked to complete a ñtemperament assessmentò (TA) (Appendix V).  This 

was a general assessment of the individual clouded leopardôs ñpersonalityò from the 

animal keepers that work closely with them everyday and would presumably know the 

animals best.  The TA survey was set up on a sliding scale (Feaver et al. 1986; 

Wielebnowski 1999) in order to make the analysis as accurate as possible.  Each 

respondent was asked to place a dash on the line where she or he felt the animal fell for 

frequency of exhibiting each trait.  Three keepers responded for each subject animal.   
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Many variables play a role in why an animal behaves a certain way.  In order to 

help tease out any environmental factors that may be affecting the catôs behavior, another 

survey was used (keeper survey, See Appendix V) and completed by the author.  The 

main purpose of this survey was to pinpoint any differences within each individual catôs 

history and environment.  Since all the subjects were at either KKOZ or CRC, variables 

such as diet, weather, animal care staff etc., were constant within each institution.  Other 

variables such as age, sex, rearing (mother or hand), or facility, which may have 

influenced the animalôs response to stimuli, varied among cats (Table 1).  Therefore, this 

survey served as a general history base for each individual cat to see if any other 

confounding factors influenced behavioral response to the trials.   

BEHAVIORAL OBSERVATIONS 

The order of the test trials was randomized without replacement to avoid the 

possibility of any order effect (Appendix I).  During the period of behavioral observation, 

interval or scan sampling was used to record the behavioral states, such as sitting or 

lying.  These behaviors are commonly performed for long durations (several minutes or 

hours).  By interval sampling every minute, a general time budget for the individual was 

determined.  Many breeding behaviors however associated with introductions are of 

relatively short duration behaviors, such as Flehmen or urine marking/scraping.  These 

behavioral events were recorded using continuous sampling, meaning each time the 

behavior was performed during the 15 minute observation period, it was recorded.  In 

order to maintain consistency during behavioral observations, a single observer (the 

author) used the same check sheet of behaviors for each trial (See Appendix II).  
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Definitions for each behavioral event and state were clearly defined before observations 

were made and are listed in Table 2.   

Each clouded leopard was video recorded during all trials.  Video recording began 

from the moment the animal was given access to the test area; and behavioral information 

was then recorded for fifteen minutes.  After the initial observations, all video was again 

reviewed by the initial observer to ensure accuracy of data collection.  A total of 108 

hours of quantitative behavioral data was recorded during the study period. 

During video coding, several changes were made to the behaviors being recorded. 

These changes were due to observations made by the researcher during the initial testing 

period and defined at that point.  It was determined that behaviors existed among the test 

population that were not initially acknowledged and were added to the check sheet once it 

became clear that they were fairly common among the clouded leopards being tested.  

Due to the uniqueness of the behavior itself, it was determined they were important to 

include.  These behaviors included: one response; ñtime to shift;ò one state, ñpatrol;ò and 

four events, ñrubtrialò, ñsniffobjectò, ñflinchò and ñurinewalk.ò  Both ñstareò and ñstare 

timeò were removed at the start of video coding due to the inability for the researcher to 

clearly define the start and stop points.   

Once these data were obtained each response was averaged, the events were 

converted to proportion of time, and the states were converted to rate per hour for 

analysis.  Several behaviors (see Table 2 for definitions) were also combined for analysis 

to see if separation was necessary during coding.  Since these behaviors are often 
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performed in combination with each other, they may be combined in future observations.  

Therefore they were analyzed both separately, and as combined totals including:   

Rub object/trial = Rubtotal; 

Urine Squat/Walk = Urinetotal;  

Meow/Cry/Prusten = Voctotal.   

During analysis, ñrubtotalò, sniffobjectò and ñsnifftotalò were removed because it was 

determined these could not be accurately measured across all cats.   

 

Table 2.Clouded leopard behavioral definitions and codes (adapted from Wielebnowski et al. 2002) 

Behavioral Responses (behaviors recorded once for each trial): 

 

Latency of response LAT 

Amount of time in seconds for the animal to 

first respond to the trial indicated by any part 

of the animalôs body crossing into the test area. 

Time to approach TIA 

Amount of time in seconds for the cat to 

first approach the object and interact.  By 

interact any behavior including, retreat, rub, 

hiss, sniff, swat etc.   

Total spent interacting TSI 

Total time in seconds the cat spent interacting 

with the object.  Time ended when the animal 

stepped away.  Time was ended after 5 seconds 

of last interaction if animal did not step away. 

*Time to shift TTS 

Amount of time in seconds it took for the 

animal to shift their entire body into the testing 

area. Four paws on surface. 

 
Behavioral States (behaviors that usually occur for longer time periods) 

 

Lying LY 
Cat lies in horizontal reclining position, cat 

may or may not be asleep 

Sitting SIT 
Cat sitting on hindquarters in upright position 

with forelegs braced  

Standing ST 
Cat remains motionless while in upright 

position on all four feet 

Walking WA 
Cat walks at a moderate pace in a directed 

manner towards something 

Running RU Cat moves swiftly 

Pacing (P) PA 

Cat walks or runs back and forth in a repetitive, 

non-directed pattern (stereotypic movement) 

must repeat movement 3X and the cat should 

not be performing other behaviors (i.e. sniffing, 

urinating etc.) 
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*Patrolling PAT 

Cat walks around enclosure in a calm and 

deliberate manner, usually in a somewhat 

repetitive pattern around the perimeter, and 

often includes some investigative behavior or 

urine marking. Varies from Pacing in that the 

same pattern is not followed 3x. 

Out of Sight OOS Cat is out of view from the observer 

 

Behavioral Events (behaviors that are usually of a relatively short duration) 

  

Approach AP 

Animal moves toward object, and interacts 

with it in some way (i.e. sniff, paw etc.). 

Animal must move away from object for 3 or 

more seconds for it to count as a new approach. 

    Bite  . BI 
Cat uses teeth to move, tear, rip or attack an 

object 

Claw CL 
Cat scratches object, often wood, with front 

claws 

Defecate DEF Animal defecates 

Flehmen FLE 

Open-mouthed grimace, often with curled 

upper lip, tongue may or may not protrude out 

of mouth.  This behavior is usually seen after 

cat sniffs urine, feces or body of another cat 

*Flinch FLIN 

Cat begins to approach or sniff an object and 

then abruptly stops and moves backward.  This 

may be accompanied with the raising of a paw. 

Groom GR Cat cleans itself by licking 

Growl/hiss GH 

Growl is a low-pitched throaty rumbling 

sound; hissing is a rapid expulsion of air, 

teeth exposed and nose wrinkled.  Both 

vocalizations are usually performed in an 

aggressive context 

*Lick Trial  LT 
Cat touches tongue to trial sometimes followed 

by Flehman 

Meow/cry MC 

Either short high-pitched meow call, or loud 

extended crying call.  Both calls appear to be 

emitted when one cat is trying to locate another 

over a short or long distance 

Prusten PR 

Soft expulsion of air through lips, similar to 

snorting in horses.  Cat may raise muzzle while 

vocalizing.  Often used in ófriendlyô greeting or 

a óreassuranceô context 

Retreat RT 

Animal quickly moves away from the 

object in a submissive manner (hind end down, 

tail down) and may glance back, pause or stare 

at object while retreating 

Roll ROL 
Cat rolls on back and rubs back against the 

ground, rolling back and forth 

Rub object  RBO 

Cat rubs on an object (e.g., fence, log, etc.) 

with cheek or head and may continue rubbing 

along entire length of its body 
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*Rub Trial RBT 

Cat rubs on an trial with cheek or head and 

may continue rubbing along entire length of its 

body 

Sniff Trial SNT Cat sniffs the trial object with its nose 

*Sniff Object SNO Can sniffs anything other than the trial object 

Paw/Swat PS 

Cat uses forepaws to tap or strike an objectï 

occasionally this occurs without making any 

physical contact with the object. 

Urine scrape US 
Cat shifts hind legs back and forth in the 

squatting position while urinating 

*Urine walk UW 
Cat urinates in the standing position usually 

combined with walking. 

*Indicates behavioral states and events that were added after initial behavioral observations and 

recorded during video coding. 

 

 

SCENT TEST 

All scents were presented on 1/6 piece of a 12 inch, non-coated, paper plate.  For 

this study, domestic cat urine was chosen to elicit behaviors that may be observed during 

breeding introductions in captivity.  Both estrus and non-estrus female urine was used to 

see if differences in hormone levels might affect response.  Male domestic cat urine was 

used as well to help determine if responses were at all sex related.  The positive control 

used was blood because it can be expected that all the cats would respond to this, and the 

negative control was just the test plate alone.  If successfully reproductive males tend to 

exhibit olfactory behaviors, (sniff, urination, rub, claw, flehman), in higher frequencies 

than unsuccessful males, this test could be used as a management tool to predict a maleôs 

reproductive success before being paired.  

The scent test involved five different treatments given to each individual animal 

on three separate occasions summarized in Table 3.  The urine was collected from 

reproductively active domestic cats housed in the cat colony at the Smithsonianôs 

Conservation and Research Center.  This urine was collected non-invasively during 
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routine daily husbandry to ensure safety in collection.  The urine was non-sterile and the 

individuals used were housed alone to avoid misrepresentation of the sample.  Upon 

collection it was immediately separated out into 2 ml units and frozen in cryo vials to 

maintain hormone integrity.  

Blood collection was arranged with the animal care staff.  Blood was taken from 

the defrosted meat fed to the clouded leopards.  It was stored in 2 ml vials and frozen 

immediately to limit bacterial growth.   

Each scent was presented independently on a clean piece of 1/6 non coated paper 

plate.  The plate was placed as centrally as possible within the testing area.  Often times, 

however, it was necessary to vary the position from the exact center in order to provide 

the best view for video recording.  Test plates were never reused and were thrown out 

after each use.  In order to determine preference, a Choice test with all the test samples 1-

5 being offered at the same time each on their own separate piece of paper plate.  These 

samples were lined up approximately three inches apart.  To avoid any behavioral 

response due to the novelty of the scent, this test was given only after each scent had been 

presented to the cat at least one time independantly.   

MIRROR IMAGE STIMULATION 

During clouded leopard pairing, face-to-face introductions of the male to the 

female begin with access through a mesh divider to determine the animalsô responses to 

one another.  Typically, there are some aggressive displays of hissing and swatting, but 

all of these introductions are done though a mesh door to prevent any injuries.  To help 

test the possible aggressiveness of each individual to conspecifics, a mirror image 
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stimulation (MIS) (Gallup 1968) was performed, with the hypothesis being that the 

response of reproductively successful individuals would vary from that of unsuccessful 

ones. 

For the MIS experiment a (18ò x 24ò) piece of acrylic plexi-glass mirror was 

secured to the inside mesh of the individual clouded leopardôs cage.  Due to the fact that 

all of the clouded leopards being tested had visual access to conspecifics, it was 

determined that the mirror would be most effective if placed in with the animal.  In this 

way, it appeared that the conspecific was actually inside the animalôs enclosure, instead 

of next door, which was common place. Each cat was tested only once, video taped and 

behavioral observations were recorded on the same behavior check sheet used for the 

other treatments.  The mirror was bleached and fully dried before each use. 

NOVEL OBJECT TEST 

The novel object used was a 16ò x 12ò x 35ò unprinted biodegradable ñlawn and 

leafò Kraft paper bag.  This item was placed standing upright in the center of the 

individualôs holding area while the animal was out of the area. Once the item was ready, 

the animal was invited into the area to investigate the object. Each cat was tested once, 

video taped and behavioral observations recorded on the same behavior check sheet used 

for the other treatements. 

All information collected from the temperament assessment, the keeper survey, 

and the behavioral observations was entered into excel worksheets.  The temperament  
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assessments and keeper surveys were coded and the appropriate information was 

combined with the behavioral observations.  All of this data were transferred to SPSS 

12.0 for Windows for analysis. 

 

Table 3: Test Samples presented to each cat during Scent Test 

Test Sample 1 Paper plate with nothing on it 

Test Sample 2 2 mls of blood collected from daily diet 

Test Sample 3 2 mls of male domestic cat urine 

Test Sample 4 2 mls of female domestic cat non-estrus urine 

Test Sample 5 2 mls of female domestic cat estrus urine 
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CHAPTER 3: RESULTS 

 

For the purpose of analysis, ñreproductively successfulò (RS) individuals (N =5), 

were considered so only if they had successfully paired with another individual and 

produced offspring.  Therefore, ñreproductively unsuccessfulò (RUS) individuals (N=19) 

were those which had not paired or had paired but produced no offspring.  Mother-reared 

(MR) individuals (N=10), were those who were raised for any period of time past birth by 

a clouded leopard.  This includes individuals that were handled by humans, but remained 

with the female clouded leopard for rearing.  Hand-reared (HR) individuals (N=14), were 

those taken from the female clouded leopard and bottle-fed by humans since birth.  The 

data were tested using the Kolmogorov-Smirnov test for normality (Field 2002) and was 

found to be significantly different (p<0.001) than the expected normal distribution.  

Therefore, non-parametric tests were applied. 

An inter-observer reliability test using Spearman rank-order correlation (one-

tailed) was run on the temperament assessments (Appendix III ) to determine the degree 

of association between raters (Feaver et al. 1986). Only scores that were significant at the 

pÒ0.05 were used.  All items with an inter-observer correlation coefficient of less than 

0.5 were rejected from analysis.  All  correlation coefficients ranged from 0.996 to 0.505 

(Appendix IV).  Of the original twenty temperament characteristics rated, three were 

dropped: completely; ñfearful of strangers;ò òinvestigative;ò and ñtense.ò  Two new 
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characteristics were formed into ñtotalò temperament characteristics created from the 

separate ratings for ñaggressiveò and ñfriendly.ò  So the characteristics ñaggressive to 

conspecific,ò ñaggressive to familiar people,ò and ñaggressive to strangersò were 

averaged into a single score for ñaggression.ò The same was done with the three separate 

friendly scores, ñfriendly to conspecifics,ò ñfriendly to familiar people,ò and ñfriendly to 

strangersò were combined to create a single score for ñfriendly.ò    

A total of thirteen temperament characteristics remained. The mean score from 

the raters on the remaining characteristics of the temperament assessments were then 

averaged (Appendix VI) and analyzed using an R-type Principle Component Analysis 

(PCA).  This analysis has been used to characterize temperament in similar studies 

(Stevenson-Hinde et al.1980; Gold and Maple 1994; Wielebnowski 1999).  This analysis 

is used when there are no assumptions about the data and predictions are made based on 

covariance of the variables.  This allowed for a comparison of temperament 

characteristics between individuals, indicating specific traits that tend to group together, 

such that when X temperament characteristic has a high frequency, Y temperament 

characteristic also tends to be high.  Hypotheses 1-7 are summarized in Table 4 and 

represent the results of the analysis on clouded leopard temperaments. 

 Hypothesis 1 predicted clouded leopards would have identifiable temperaments.  

The analysis of the temperament assessments was performed using the R-type principle 

component analysis.  This analysis resulted in four components, with eigenvalues >1 and 

accounted for 82% of the observed variance.  This followed Kaiserôs criterion (Kaiser, 

1960) where there were less than 30 variables and communalities are greater than 0.7 
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(Field 2002).  Each component is representative of a clouded leopard temperament.  The 

first component produced significantly high positive loadings for the characteristics 

ñhigh-strung,ò ñinsecureò and ñplayful,ò and significantly high negative loadings for 

ñcalmò and ñsmartò.  The second component produced significantly high positive 

loadings for the characteristics ñactive,ò ñconfident,ò ñsmart,ò and ñvocal.ò  The third 

component produced significantly high positive loadings for ñaggressiveò and ñfearful of 

conspecificsò and significantly high negative loadings for ñfriendlyò and ñactive.ò  

Finally, the fourth component produced significantly high positive loadings for ñcalmò 

and ñfood aggressiveò and significantly high negative loadings for ñhigh-strungò and 

ñfearful of familiar people.ò  The thirteen characteristics and appropriate loadings can be 

found in Appendix VI.  Table 5 represents the four components with significant loadings.  

Each component was named for the first significant characteristic as follows: component 

1 = High-strung (N = 7); component 2 = Active (N = 4); component 3 = Aggressive (N = 

10); and component 4 = Calm (N = 3).  Hypothesis 1 can be accepted with four 

components representing the temperaments for this population of clouded leopards. 

 

Table 4: Hypotheses 1-7 predicting differences in Clouded leopard temperaments 

  Hypothesis Result 

H1 Clouded leopards have distinct temperaments Accept 

H2 

Reproductively successful clouded leopards have significantly different 

temperaments Accept 

H3 Male and female clouded leopards have significantly different temperaments Accept 

H4 

Mother-reared and hand-reared clouded leopards have significantly different 

temperaments. Accept 

H5 

Clouded leopards housed at different facilities have significantly different 

temperaments Reject 

H6 The age of a clouded leopard significantly influences reproductive success Reject 

H7 The age of a clouded leopard significantly influences their temperament Reject 
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Table 5: Four major components of temperament in the clouded leopard derived from keeper rated 

temperament assessments on 24 clouded leopards.  

Component Temperament 

Characteristics 

with 

significantly 

high 

eigenvalues 

Associated 

eigenvalue 

Characteristics 

with 

significantly 

low 

eigenvalues 

Associated 

eigenvalue 

1 High-strung 

High-strung    0.674 Calm  -0.690 

Insecure  0.930  Smart  -0.419 

Playful  0.930     

2 Active 

Active  0.588 

NONE 

  

 Confident  0.754   

Smart  0.794   

 Vocal  0.859   

     

3 Aggressive 

Aggressive  0.931 Friendly  -0.887 

Fearful of 

Conspecifics  
0.703  Active  -0.579 

4 Calm 

Calm  0.580 High-strung  -0.568 

 Food 

aggressive  
0.822 

Fearful of 

familiar people  
-0.880 

  

 The factor scores for each cat obtained through the Principle Component Analysis 

and resulting ñtemperamentò for each individual clouded leopard can be found in Table 6.   

The data obtained from the Keeper Survey (Appendix IV), specifically, reproductive 

success, rearing, sex, age and facility were then compared to the individual factor scores 

obtained in the PCA using the Mann-Whitney U-test (Wielebnowski 1999).  This 

analysis was chosen because of the small sample size; since this is a non-parametric test 

it makes no assumptions about the data.  The drawbacks of this analysis are a loss in 

magnitude of difference between the data and an increased chance of Type II error (Field 

2002).  This analysis is ideal for comparing two groups such as reproductively successful 

(RS) and reproductively unscuccessful (RUS) individuals.   
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 Hypothesis 2 predicted reproductively successful (RS) individuals would tend to 

have specific temperaments.  Several other factors however could influence temperament 

and need to be tested as well.   The Mann-Whitney U-test was used to test Hypotheses 2-

6 which compare the resulting component scores of the PCA to reproductive success, as 

well as sex, rearing and facility to determine if there may have been any influence on 

temperament from these variables (Table 8).  The analysis was also used to determine 

that there was no significant correlation between age and reproductive success (U=40, 

P=0.590).  The Spearman rank-order correlation was used tosupport Hypothesis 7 and 

determine that there was no significant correlation between age and temperament 

(component 1 p=0.261; component 2 p=0.320; component 3 p=0.074; component 4 

p=0.937).  The temperaments were coded 1-4 depending on the factor score (see table 6).  

 When comparing component scores between the individual cats, RS individuals 

scored significantly higher for Component 4, CALM (p = 0.004); males scored 

significantly higher for Component 4, CALM (p = 0.008); and mother-reared (MR) 

individuals scored significantly higher for Component 3, AGGRESSIVE (p = 0.04).  

There was no significant difference in temperament between individuals housed at 

different facilities.  The factor scores were then compared to reproductive success using 

logistical regression. Both Factor 3 (aggression) and Factor 4 (calm) were both highly 

correlated (p=0.000) with reproductive success.  Each temperament was then coded and 

again compared to reproductive success using logistical regression.  Overall, it was found 

that reproductive success is significantly correlated with clouded leopard temperament 

(p=0.013). 
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Table 6: Individual Clouded leopard Temperaments based on factor scores (reproductively 

successful individuals are highlighted in gray) 

Clouded 

leopard 
Factor 1 Factor 2 Factor 3 Factor 4 

Highest 

Factor 

Corresponding 

Temperament 

Noname 1.09403 0.37385 -1.47374 1.48076 4 Calm 

Songkla -1.45921 -0.79607 1.68400 0.78965 3 Aggressive 

Wanchai -1.08220 -0.01007 -1.08067 1.30416 4 Calm 

Sakda -0.20284 -1.69566 -0.75896 -0.71977 1 High-strung 

Mei 2.01811 0.17499 1.40411 -0.07637 1 High-strung 

Thap-thim 0.61462 0.91182 -0.20359 0.64782 2 Active 

Manow 0.48181 1.66692 -0.73392 -1.41833 2 Active 

Pukluk -0.70574 -0.62980 1.44568 -0.73234 3 Aggressive 

Gaint -0.90224 0.70857 0.35340 -1.78489 2 Active 

Mesa -0.92060 -1.12974 -0.55551 -0.22453 4 Calm 

Somsri 1.19912 -2.24220 2.27372 -1.30497 3 Aggressive 

Nok 0.76867 -0.39740 -0.05776 -1.06737 1 High-strung 

Mini  -0.36740 -0.03734 0.72444 0.69858 3 Aggressive 

Numfun 0.02547 -1.16580 0.94588 0.60061 3 Aggressive 

Junior -0.96651 1.02710 1.81752 0.98371 3 Aggressive 

Xing-xing 1.12479 -0.40490 1.44217 0.84411 3 Aggressive 

Brandon 1.12065 -1.23172 -0.10245 0.17563 1 High-strung 

Dao 0.67590 -1.56477 1.01051 0.27531 3 Aggressive 

Zoe 1.74158 -1.47532 0.47507 -0.00911 1 High-strung 

Jasmine 1.15161 -1.66218 1.34194 0.00524 3 Aggressive 

Nattie 1.17335 -0.81535 1.34449 -0.03780 3 Aggressive 

Thistle 1.44156 -1.48490 0.47627 -1.03625 1 High-strung 

Nellie 1.08935 -1.14704 -0.32704 -0.78371 1 High-strung 

Jogayle -1.29763 0.50038 -0.70262 0.47196 2 Active 

 

 The Mann-Whitney U-test was then used for Hypotheses 8-11 (Table 7) which 

compared reproductive success, sex, rearing, and facility, respectively with the actual 

scores that the individual clouded leopards received by the keepers on the temperament 

assessments.  It produced the significant mean ranks between characteristics for each 

group by ranking the data in order of each catôs average score.  In this way it showed 

which group scored significantly higher or lower for different temperament 

characteristics.  The full table of results can be found in Appendix VII .   
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Table 7: Hypotheses 8-11 predicted differences between reproductively successful clouded leopard 

temperament characteristics from keeper rated assessment. 

  Hypothesis Result 

H8 

Clouded leopard temperament characteristics vary between reproductively 

successful and reproductively unsuccessful individuals Accept 

H9 Clouded leopard temperament characteristics vary between males and females. Accept 

H10 Clouded leopard temperament characteristics vary depending on rearing. Accept 

H11 Clouded leopard temperament characteristics vary based on facility. Accept 

 

 

Analysis of the characteristics rated by keepers on the temperament assessment 

(Table 8) showed that RS individuals (N = 5) ranked significantly higher on 

characteristics including; ñcalmò (p=0.017); ñconfidentò (p=0.023); and ñfood 

aggressiveò (p=0.027); and significantly lower on ñfear of conspecificsò (p=0.010) and 

ñhigh-strungò (p=0.013) than RUS individuals (N=19) which corresponds to the results 

from the PCA.  The only characteristics found to be significant between gender were the 

males (N=9) ranking higher for ñfood aggressiveò (p=0.011), and females (N=15) 

ranking higher for ñfear of familiar peopleò (p=0.027).  When comparing individuals 

between facilities, the individuals housed at Khao Kheow Open Zoo (N=14) ranked 

higher on the characteristics of ñconfidentò (p=0.040), ñfriendlyò (p=0.008), and ñvocalò 

(p=0.014) than individuals housed at the CRC (N=10).  Individuals that were mother-

reared (N=10) scored significantly higher for ñaggressiveò (p=0.043) and ñfearful of 

familiar peopleò (p=0.006), and significantly lower for ñactiveò (p=0.016) than hand- 

reared individuals (N=14).  

Hypotheses 12-17, summarized in Table 9, predicted differences between male 

and female clouded leopards, and these again were examined separately using the Mann-

Whitney U-test to see if temperament characteristics were significantly associated with 

one gender or another.  Reproductively successful males scored higher on ñfriendlyò 
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(p=0.039) than unsuccessful males; there was no significant difference between 

characteristics based on whether males were mother or hand reared.  Males at KKOZ in 

Thailand, scored higher on ñfriendlyò (p=0.014) then males at CRC.  RUS females scored 

significantly higher on ñfearful of conspecificsò (p=0.027) than RS females; MR females 

scored higher on ñfearful of familiar peopleò (p=0.015) than HR females.  There was no 

difference within the female population between facilities. 

 

Table 8: Mean and standard deviations of component scores of individual clouded leopards grouped 

by reproductive success, gender, rearing, and facility. 

    Component 1 Component 2 Component 3 Component 4 

Reproductively 

successful 

(N=5) MEAN -0.36 -0.33 0.16 0.97 

  STDEV 1.00 0.63 1.37 0.39 

Reproductively 

unsuccessful 

(N=19) MEAN 0.51 -0.57 0.52 -0.30 

  STDEV 1.02 1.11 0.96 0.80 

Mann Whitney   U=23, P=0.082 U=38, P=0.499 U=39, P=0.546 U=7, P=0.004* 

Females(N=15) MEAN 0.37 -0.56 0.45 -0.40 

  STDEV 0.99 1.10 0.90 0.82 

Males (N=9) MEAN 0.26 -0.46 0.44 0.56 

  STDEV 1.22 0.93 1.29 0.71 

Mann Whitney   U=60, P=0.655 U=64, P=0.835 U=65, P=0.881 U=23, P=0.008* 

Hand-reared 

(N=14) MEAN 0.35 -0.50 0.06 0.24 

  STDEV 1.03 0.93 1.01 0.78 

Mother-reared 

(N=10) MEAN 0.29 -0.55 0.99 -0.43 

  STDEV 1.15 1.19 0.84 0.95 

Mann Whitney   U = 66, P = 0.815 U=66,P=0.815 U=35, P=0.04* U=42, P=.101 

KKOZ (N=14) MEAN 0.04 -0.30 0.28 -0.13 

  STDEV 1.02 1.06 1.15 1.06 

CRC (N=10) MEAN 0.73 -0.83 0.68 0.09 

  STDEV 1.02 0.93 0.85 0.63 

Mann Whitney   U=42, P=0.101 U=47, P=0.178 U=55, P=0.380 U=60, P=0.558 

* indicates p Ò 0.05 (two-tailed)  
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Table 9: Hypotheses12-17 predicting differences in male and female clouded leopards based on 

temperament characteristics from keeper rated assessment  

  Hypothesis Result 

H12 

Male clouded leopard temperament characteristics vary depending on reproductive 

success. Reject 

H13 Male clouded leopard temperament characteristics vary depending on rearing Reject 

H14 Male clouded leopard temperament characteristics vary depending on facility. Accept 

H15 

Female clouded leopard temperament characteristics vary depending on 

reproductive success. Accept 

H16 Female clouded leopard temperament characteristics vary depending on rearing. Accept 

H17 Female clouded leopard temperament characteristics vary depending on facility. Reject 
 

 In order to accurately analyze the behavioral observations, the data were 

transformed.  The behavioral responses remained as averages of time in seconds.  The 

behavioral states were converted into a time budget for each animal by dividing each 

state by the total number of observations for each individual to determine the proportion 

of time (POT) or frequency that the animal spent in that state.  The behavioral events 

were multiplied by four and were reported as rate per hour (RPH).  For each individual 

cat, a single average value was obtained for each behavioral observation of all eighteen 

trials and this value was used in analysis. 

All  behavioral observations recorded during video analysis were analyzed using 

logistical regression to determine if any of the behaviors exhibited by clouded leopards 

during these periods of testing were significantly correlated to the dependant variables 

reproductive success, sex, rearing or facility.  This analysis was selected due to the non-

parametric nature of the data and the fact that the dependant variables are dichotomous 

and categorical (Field 2002).  The analysis determines the probability of success based on 

an individualôs behavioral responses by pinpointing which behavioral responses occurred 

in significantly higher or lower frequencies depending on success.  Normally, a multiple 
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linear regression model would be used, but these data are non-linear and therefore violate 

the assumption of linearity.  A logistical regression log transforms the data so that they 

can be analyzed in a linear fashion while maintaining their non-linear relationship.  This 

analysis will show significant variation in the independant variables (behavioral 

observation) based on the dependant variable (success, sex, rearing, or facility).  The 

significance values for all behavioral observations can be found in Appendix VIII.   

Hypotheses 18-21 are summarized in Table 10 and predicted that the behavior 

observations obtained during the trials would vary based on reproductive success, sex, 

rearing and facility, respectively.    

Table 10: Hypotheses 18-21 predicted differences in behavioral observations of 24 clouded leopards 

  Hypothesis Result 

H18 Clouded leopard behaviors vary during testing depending on reproductive success. Accept 

H19 Clouded leopard behaviors vary during testing depending on sex. Accept 

H20 

Clouded leopard behaviors vary during testing depending on whether they were mother 

versus hand-rearing. Accept 

H21 Clouded leopard behaviors vary during testing depending on facility. Accept 

  

Hypothesis 18 predicted that there would be significant differences in the 

behaviors observed between RS and RUS individuals.  It was found that RS individuals 

had a significantly shorter latency to respond (p=0.035) and time to shift (p=0.047).  

They also had significantly higher frequencies of ñlyingò (p=0.018), ñpatrolò (p=0.036), 

ñvoctotalò (p=0.014), ñdefecateò (p=0.04), ñretreatò (p=0.021) and urine walking 

(p=0.022).  The RUS individuals had significantly higher frequencies of out of sight 

(p=0.045). 

 Hypothesis 19 predicted there would be significant differences between male and 

female clouded leopards.  When the average rate per hour of all trials was compared 
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(Table 8) the behaviors ñsitò (p=0.025), ñpatrolò (p=0.022) and ñflinchò (0.035) were 

significantly different.  On average, females spent more time sitting (0.16 seconds) than 

males (0.09 seconds), and males spent more time patrolling (0.03 seconds) than females 

(0.00 seconds).  On average, females were observed flinching (1.93 times) more often 

than males (0.44 times)  

 

Table 11: Hypothesis 18 ï Significant correlations between reproductively successful and 

unsuccessful clouded leopards obtained by logistical regression from behavioral observations. 

Dependant 

Variable   
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Reproductively 

successful (N=5) MEAN  1.40 22.57 0.58 0.01 0.03 21.87 0.30 0.07 1.67 

  STDEV 1.32 28.69 0.14 0.01 0.03 27.87 0.45 0.09 2.52 

Reproductively 

unsuccessful 

(N=19) MEAN  101.10 136.66 0.36 0.22 0.01 3.66 0.03 0.01 0.18 

  STDEV 98.16 120.15 0.18 0.22 0.02 6.73 0.11 0.04 0.58 

Significance   0.035 0.047 0.018 0.045 0.036 0.014 0.021 0.04 0.022 

 

 

Table 12: Hypothesis 19 ï Significant correlations between male and female clouded leopards 

obtained by logistical regression from behavioral observations. 

    SIT PATROL FLINCH  

Males (N=9) MEAN  0.09 0.03 0.44 

  STDEV 0.06 0.03 0.58 

Females (N=15) MEAN  0.16 0.00 1.93 

  STDEV 0.08 0.02 1.94 

Significance   0.025 0.022 0.035 

 

 

 Hypothesis 20 predicted there would be significant differences between hand-

reared and mother-reared clouded leopards (Table 9).  When the average rate per hour of 



 41 

all trials were compared between MR and HR individuals, there were significant 

differences found between latency to respond (p=0.027), time spent investigating, lying 

(p=0.004), out of sight (p=0.05), lick (p=0.02), and roll (p=0.024).  HR individuals had a 

longer average latency to respond (p=0.027) and had a lower average for time spent 

investigating (p=0.011).  HR individuals also had significantly lower rates per hour of 

lying, out of sight and licking, and significantly higher rates for roll. 

 

Table 13: Hypothesis 20 ï Significant correlations between hand-reared and mother-reared clouded 

leopards obtained by logistical regression from behavioral observations 

    LAT  TSI LY  OOS LICK  ROLL  

Hand-reared 

(N=14) MEAN 92.75 67.69 0.38 0.16 11.55 0.90 

 STDEV 109.88 39.36 0.16 0.21 8.99 1.61 

Mother-reared 

(N=10) MEAN 62.94 72.01 0.45 0.19 13.97 0.08 

 STDEV 75.02 47.04 0.23 0.22 15.55 0.21 

Significance  0.027 0.011 0.004 0.05 0.02 0.024 

 

Hypothsis 21 predicted there would be significant differences in the behaviors 

observed between the clouded leopards housed at KKOZ and CRC.  When looking at all 

individuals, only one significant difference ws found.  The behavior that occurred at 

higher frequencies from individuals housed at KKOZ was retreat (p=0.04).   

 

Table 14: Hypothesis 21 ï Significant correlations between KKOZ and CRC  clouded leopards 

obtained by logistical regression from behavioral observations 

  

RETREAT  

KKOZ (N=14) MEAN 0.14 

 STDEV 0.31 

CRC (N=10) MEAN 0.00 

 STDEV 0.00 

Significance  0.04 
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 Hypotheses 22-27 are summarized in Table 15 and predicted that there would be 

differences within a sex between reproductive success, rearing and facility.  Therefore, 

males and females were examined separately to determine if behaviors could be 

considered sex-dependant. 

 

Table 15: Hypotheses 22-27 predicting differences in behavioral observations based on sex 

  Hypothesis Result 

H22 

Reproductively successful male clouded leopards exhibit specific behaviors during 

testing. Accept 

H23 

Reproductively successful female clouded leopards exhibit specific behaviors 

during testing. Accept 

H24 

Male clouded leopards exhibit specific behaviors during testing depending on 

rearing. Accept 

H25 

Female clouded leopards exhibit specific behaviors during testing depending on 

rearing. Accept 

H26 

Male clouded leopards exhibit specific behaviors during testing depending on 

facility. Accept 

H27 

Female clouded leopards exhibit specific behaviors during testing depending on 

facility. Accept 

 

Hypotheses 22 and 23 predicted significant behaviors between RS and RUS males 

and females respectively (Table 16).  There were several behaviors that were significantly 

different between RS and RUS individuals.  RS females had significantly higher rates for 

flinch (p=0.013), lying (p=0.016), meow p=(0.025), prusten (p=0.002), retreat (p=0.000), 

and voctotal (p=0.005), and lower rates for sit (p=0.041).  RS males had significantly 

higher rates for patrolling (p=0.034), defecate (p=0.023), urinesquat (p=0.039), urinewalk 

(p=0.037), and urinetotal (p=0.018). 

 

Hypotheses 24 and 25 predicted significant behavioral differences between MR 

and HR male and female clouded leopards, respectively (Table 17).   MR males exhibited 

significantly higher rates of ñclawò (p=0.04) and ñretreatò (p=0.047).  
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Hypothesis 26 and 27 predicted significant differences in behavioral observations 

between KKOZ and CRC male and female clouded leopards, respectively (Table 18).  

When examining the genders separately between institutions, ñlatency to respondò 

(p=0.040) was lower, and ñstandò (p=0.035) and ñlyingò (p=0.042) were higher among 

KKOZ males.  The KKOZ females spent significantly more time ñlyingò (p=0.031) and 

less ñtime spent investigatingò (0.022) than the CRC females. 

 

Table 16: Hypotheses 22 and 23 ï Significant behavioral differences between RS and RUS males and 

RS and RUS females obtained from logistical regression of behavioral observations from 24 clouded 

leopards 
Behavioral  

Observation 
Sex 

Reproductive  

success 
Mean Stdev P Value 

FLI N Female RUS 1.4623 1.5478 0.013 

   RS 5 1.41421  

LY  Female RUS 0.34 0.16941 0.016 

  RS 0.695 0.02121  

MEOW  Female RUS 2.4615 3.82619 0.025 

  RS 16.42 22.27386  

PRUSTEN Female RUS 1.1031 2.40962 0.002 

  RS 26.5 23.80121  

RT Female RUS 0 0 0.000 

  RS 0.75 0.35355  

SIT Female RUS 0.18 0.0728 0.041 

  RS 0.06 0.02828  

VOCtotal  Female RUS 3.41 5.14975 0.005 

  RS 40.835 43.36686  

Variable Sex 
Reproductive 

success 
Mean Stdev P Value 

DEFAC Male RUS 0 0 0.023 

  RS 0.1133 0.09815  

PAT Male RUS 0.0133 0.0216 0.034 

  RS 0.0533 0.02082  

URINES Male RUS 0.585 0.66533 0.039 

  RS 3.6667 3.08338  

URINEW  Male RUS 0.0283 0.0694 0.037 

  RS 2.78 2.8366  

URINtotal  Male RUS 0.6117 0.64836 0.018 

  RS 2.4433 1.00481  
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Table 17: Hypotheses 24 and 25 ï Significant behavioral differences between MR and HR males and 

MR and HR females obtained from logistical regression of behavioral observations from 24 clouded 

leopards 

Variable Sex Rearing Mean StDev P Value 

CL Male mother 2.085 2.24153 0.040 

   hand 0.2157 0.42836  

RT Male mother 0.25 0.35355 0.047 

   hand 0 0  

 

 

 

Table 18: Hypotheses 26 and 27 ï Significant behavioral differences between KKOZ and CRC males 

and KKOZ and CRC females obtained from logistical regression of behavioral observations from 24 

clouded leopards 

Variable Sex Facility  Mean StDev P Value 

LAT  Male KKOZ 13.192 24.49165 0.040 

   CRC 166.1775 137.35449  

ST Male KKOZ 0.258 0.05675 0.035 

   CRC 0.1525 0.06397  

LY  Male KKOZ 0.542 0.11077 0.42 

   CRC 0.31 0.17455  

 Female KKOZ 0.4756 0.2132 0.031 

  CRC 0.255 0.07007  

TSI Female KKOZ 83.6733 34.97489 0.022 

   CRC 34.905 34.9743  

  

Hypotheses 28-30 are summarized in Table 19.  They predicted that regardless of 

facility, reproductively successful individualôs exhibit significantly different behaviors.  

This was examined by comparing individuals housed only within KKOZ to see what 

behaviors were still significant within the reproductively successful population of 

clouded leopards housed at that facility.   

 

Table 19: Hypotheses 28-30 predict differences in behavioral observations within the individuals 

housed at KKOZ.  

  Hypothesis Result 

H28 

Reproductively successful clouded leopards exhibit specific behaviors during 

testing regardless of facility. Accept 

H29 

Reproductively successful males exhibit specific behaviors during testing 

regardless of facility. Accept 

H30 

Reproductively successful female clouded leopards exhibit specific behaviors 

during testing regardless of facility. Accept 

 



 45 

The results (Table 20), revealed that even when looking at only clouded leopards 

housed within KKOZ there were still behaviors that were significantly different between 

RUS and RS individuals.  The results show that RUS clouded leopards still had a 

significantly longer ñlatency to approachò (p=0.032, 68.40 second) than the RS clouded 

leopardsô average time of 1.40 seconds.  RS clouded leopards were also found to have 

significantly higher rates of ñpatrolò (p=0.014), ñdefecateò (p=0.04), and ñprustenò 

(p=0.027) than RUS individuals.  When examining males only, ñpatrolò (p=0.046) 

emerged again as being significantly higher among RS individuals; other behaviors may 

not have been significant due to the low sample size (N=5) (three RS males and two RUS 

males).  The RS females (N=2) when analyzed separately exhibited ñprustenò (p=0.020), 

ñflinchò (p=0.041), ñvoctotalò (p=0.037), and ñretreatò (p=0.005) in significantly higher 

rates than the RUS females (N=7). 

 

Table 20: Hypotheses 28-30 significant behavioral differences between RUS and RS clouded leopards 

housed at KKOZ.  

    All Cats (N=14) Males (N=5) Females (N=9) 

Behavioral 

Observation Success Mean StDev Pvalue Mean StDev Pvalue Mean StDev Pvalue 

LAT  RUS 68.40 60.86 0.032             

  RS 1.40 1.33               

PAT RUS 0.00 0.00 0.014 0.00 0.00 0.046       

  RS 0.03 0.03   0.05 0.02         

DEFAC RUS 3.94 11.83 0.04             

  RS 5.03 7.97               

PRUSTEN RUS 1.58 2.80 0.027       1.93 3.13 0.020 

  RS 13.50 17.41         26.50 23.80   

FLINCH  RUS             1.81 1.64 0.041 

  RS             5.00 1.41   

VocTotal RUS             5.36 6.22 0.037 

  RS             40.84 43.37   

RETREAT  RUS             0.00 0.00 0.005 

  RS             0.75 0.35   
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Hypotheses 31-38 are summarized in Table 21 and predicted that individual trials 

could be used to determine different behavioral responses between RS and RUS clouded 

leopards.  For this analysis, the 15 trials ran for the independent urine scent tests were 

divided by scent.  The mean of all three tests for each scent was used for analysis, so 

there were only five representative averages (one for each treatment), and one value for 

each behavior recorded per cat per treatment. Theònovel object,ò ñMIS,ò and ñchoiceò 

tests were left as separate treatments.  This left a total of eight different treatments per cat 

and all behaviors recorded during each of these eight treatments were compared to each 

other using a logistical regression.  Mean values for behavioral observations found to be 

significantly different (pÒ0.05) between RUS and RS individuals can be found Table 22. 

 

Table 21: Hypotheses 31-38 predicted differences in behavioral observations of reproductively 

successful individuals based on treatment. 

  Hypothesis Result 

H31 

Reproductively successful clouded leopards exhibit different behaviors during 

control treatment. Accept 

H32 

Reproductively successful clouded leopards exhibit different behaviors during 

blood treatment. Accept 

H33 

Reproductively successful clouded leopards exhibit different behaviors during 

trials with domestic cat estrus urine. Accept 

H34 

Reproductively successful clouded leopards exhibit different behaviors during 

trials with domestic cat non-estrus urine Accept 

H35 

Reproductively successful clouded leopards exhibit different behaviors during 

trials with domestic cat male urine. Accept 

H36 

Reproductively successful clouded leopards exhibit different behaviors during 

Choice test. Accept 

H37 

Reproductively successful clouded leopards exhibit different behaviors during the 

mirror image stimulation test Accept 

H38 

Reproductively successful clouded leopards exhibit different behaviors during the 

novel object test. Accept 

 

When all cats were combined and the average responses to each scent trial was 

examined separately it turned out that each treatment did result in significantly different 
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behaviors between RS and RUS clouded leopards.  The most significant behavior in all 5 

trials was ñprusten.ò   

During the control trials when the cats were given only an empty piece of paper 

plate, ñlyingò (p=0.008), ñprustenò (p=0.028) and ñvoctotalò (p=0.033) were significantly 

higher among RS individuals.  RS clouded leopards exhibited ñlyingò (p=0.013), 

ñdefecateò (p=0.046), ñmeowò (p=0.28), ñprustenò (p=0.033) and ñvoctotalò (p=0.19) 

more often during the blood trials.  During the female domestic cat estrus urine trials 

ñpatrolò (p=0.003), ñprustenò (p=0.001), ñurinewalkò (p=0.011), and ñurinetotalò 

(p=0.029) were significantly higher among RS individuals.  The female domestic cat 

nonestrus urine trials showed the RS clouded leopards exhibiting ñlyingò (p=0.007) and 

ñprustenò (0.032) significantly more often.  Finally, the male domestic cat urine trials 

resulted in several behaviors that were significantly higher in RS clouded leopards, 

including ñclawò (p=0.037), ñdefecateò (p=0.046), ñlyingò (0.008), ñprustenò (0.012), 

and ñvoctotalò (p=0.027).  During this trial the RS clouded leopards also had a 

significantly faster ñtime to approachò (p=0.014), with an average of 46.47 seconds 

versus the RUS clouded leopards average time to approach, 325.25 seconds.   

When analyzing the non-scent treatments, there were also differences between the 

RS and RUS clouded leopards. Again ñprustenò was significantly higher in RS 

individuals for all three trials.  The novel object test resulted in RS individuals exhibiting 

significantly higher rates of ñlyingò (p=0.11) and ñprustenò (p=0.042).   

The choice test resulted in RS individuals exhibiting significantly higher rates of 

ñpatrolò (p=0.042), ñprustenò (p=0.021), ñurinewalkò (p=0.025), and ñvoctotalò 
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(p=0.010).  The data was broken down into three more variables to look closer at the 

choice test and see if there were any preferences for scent.  The three new variables 

include: the scent with the lowest ñtime to approach,ò in other words the catôs first 

choice; the position of the first choice; and the scent with the highest ñtime spent 

investigating.ò Of the 24 cats tested, four individuals did not respond to the test at all, so 

the analysis was only carried out on the 20 cats that participated.  When examining these 

three new variables a Kendallôs tau (two-tailed) test was run and there was no significant 

correlation found between the position of the scent and the catsô first choice; ñshortest 

TIA.ò  There was also no significant correlation found between the catsô first choice, 

ñshortest TIA,ò and the scent they spent the most time with, ñlongest TSI.ò  No single 

treatment was selected first more frequently than the others.  The male (N=1) and estrus 

urine (N=2) were both selected first the least.  In twelve of the twenty trials, the blood 

treatment was the treatment with the ñlongest TSIò (see figure 1).  The second most 

popular scent was the nonestrus urine, which was selected first 5 times, and four times 

had the ñlongest TSI.ò  It also had the highest average TSI with 55.5 seconds versus the 

average blood TSI of 22.2 seconds.  This average was mainly due to one cat ñNellieò who 

spent 121 seconds with the scent.  As the statistics showed however there did not seem to 

be any correlation between the treatment the cat selected first and the one they spent the 

most time with.   
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Figure 1: Results of preferences during choice test given to 24 clouded leopards 

 

The mirror image stimulation resulted in RS individuals exhibiting significantly 

higher rates of ñlickò (p=0.046), ñprustenò (p=0.035), ñretreatò (p=0.004), and they also 

had a significantly higher duration of ñtime spent investigatingò (p=0.007), with 657.60 

seconds versus the RUS individuals with a mean time of 266.84 seconds.  Overall, when 

examining all the cats between treatements, the MIS had also had significantly longer 

ñtime spent investigatingò (p<0.001-0.000) compared to all the other treatments (See 

Figure 2). 
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Figure 2: Mean values of ñtime spent investigatingò comparing 24 clouded leopards during the MIS 

to all other trials (* indicates p Ò 0.05) 

 

 

Hypotheses 39-48 are summarized in Table 23.  They predicted that 

reproductively successful male and female clouded leopards would exhibit significantly 

different behaviors during the individual treatements. The treatments were examined 

separately to see if there were any treatements that had specific influences on the RS 

individualsô behavior.  This analysis was done to help tease out the behavioral traits of 

RS male and female clouded leopards.  The results for all the urine scent treatments are in 

Table 24. 
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Table 22: Mean values of behavioral observations by trial for RUS and RS clouded leopards. 

 Behavioral 

Observation Cats Control  Blood Estrus 

Non- 

estrus Male Choice MIS NO 

CL ALL  0.33 0.44 0.39 0.39 0.17 3.33 0.33 0.83 

  RUS 0.35 0.56 0.42 0.49 0.07 4.21 0.42 1.05 

  RS 0.27 0.00 0.27 0.00 *0.53 0.00 0.00 0.00 

DEFAC ALL  0.06 0.06 0.00 0.00 0.06 0.00 0.00 0.00 

  RUS 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

  RS 0.00 *0.27 0.00 0.00 *0.27 0.00 0.00 0.00 

LICK  ALL  0.00 56.61 1.67 2.61 3.89 35.17 0.50 0.00 

  RUS 0.00 56.70 1.54 2.46 4.91 31.16 0.00 0.00 

  RS 0.00 56.27 2.13 3.20 0.00 50.40 *2.40 0.00 

LY  ALL  0.44 0.43 0.47 0.47 0.43 0.38 0.13 0.49 

  RUS 0.36 0.37 0.44 0.39 0.36 0.36 0.16 0.42 

  RS *0.73 *0.67 0.58 *0.77 *0.71 0.45 0.03 *0.73 

MEOW  ALL  3.44 3.94 1.44 3.56 4.22 9.17 4.83 2.33 

  RUS 2.11 2.95 2.81 5.47 2.32 6.32 3.79 2.95 

  RS 12.00 *17.87 6.93 14.93 10.67 24.00 4.80 1.60 

PA ALL  0.02 0.00 0.01 0.02 0.01 0.02 0.00 0.00 

  RUS 0.02 0.01 0.00 0.02 0.00 0.00 0.00 0.00 

  RS 0.01 0.00 0.03 0.00 0.01 0.11 0.00 0.00 

PAT ALL  0.01 0.01 0.02 0.01 0.00 0.04 0.00 0.00 

  RUS 0.01 0.02 0.00 0.01 0.00 0.02 0.00 0.00 

  RS 0.01 0.01 *0.10 0.00 0.00 *0.13 0.00 0.00 

PRUSTEN ALL  10.11 7.83 7.17 9.33 8.00 34.17 1.50 5.00 

  RUS 0.21 1.61 0.21 0.70 0.56 1.05 1.47 0.63 

  RS *15.73 *12.80 *6.13 *14.40 *18.13 *40.00 *17.60 *8.80 

RETREAT  ALL  0.00 0.00 0.00 0.00 0.00 0.00 0.33 0.33 

  RUS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.21 

  RS 0.00 0.00 0.00 0.00 0.00 0.00 *1.60 0.80 

TIA  ALL  414.87 253.17 277.24 314.13 267.17 187.29 246.50 221.25 

  RUS 393.08 269.68 282.10 346.35 325.25 234.16 306.95 275.42 

  RS 497.60 190.40 257.20 191.67 *46.47 9.20 16.80 15.40 

TSI ALL  6.31 29.06 12.69 11.57 42.97 41.92 348.25 63.13 

  RUS 7.17 27.82 12.53 10.00 49.72 42.84 266.84 72.47 

  RS 3.07 33.77 13.33 17.53 17.33 38.40 *657.60 27.60 

URINEW  ALL  1.11 2.33 1.11 1.56 1.67 14.17 1.83 1.33 

  RUS 0.00 0.07 0.00 0.07 0.00 1.05 0.00 0.21 

  RS 0.00 0.00 1.07 0.27 0.00 *12.00 0.00 0.00 

URINtotal  ALL  1.11 2.39 1.33 1.67 1.67 3.50 1.83 1.50 

  RUS 1.26 2.67 0.91 1.89 1.96 2.95 2.11 1.47 

  RS 0.53 1.33 *2.93 0.80 0.53 5.60 0.80 1.60 

Voctotal ALL  7.61 10.00 5.11 11.00 8.22 3.83 8.83 5.00 

  RUS 2.32 4.56 3.02 6.18 2.88 1.47 5.26 3.58 

  RS *27.73 *30.67 13.07 29.33 *28.53 *12.80 22.40 10.40 
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Table 23: Hypotheses 39-48 predicted differences in behavioral observations of reproductively 

successful male and female clouded leopards during the different scent trials. 

  Hypothesis Result 

H39 

Reproductively successful male clouded leopards exhibit different behaviors 

during control trials. Accept 

H40 

Reproductively successful female clouded leopards exhibit different behaviors 

during control trials. Accept 

H41 

Reproductively successful male clouded leopards exhibit different behaviors 

during blood trials. Accept 

H42 

Reproductively successful female clouded leopards exhibit different behaviors 

during blood trials. Accept 

H43 

Reproductively successful male clouded leopards exhibit different behaviors 

during estrus trials. Accept 

H44 

Reproductively successful female clouded leopards exhibit different behaviors 

during estrus trials. Accept 

H45 

Reproductively successful male clouded leopards exhibit different behaviors 

during nonestrus trials. Reject 

H46 

Reproductively successful female clouded leopards exhibit different behaviors 

during nonestrus trials. Accept 

H47 

Reproductively successful male clouded leopards exhibit different behaviors 

during male trials. Reject 

H48 

Reproductively successful female clouded leopards exhibit different behaviors 

during male trials. Accept 

 

During the control treatment RS males exhibited only ñprustenò (p=0.005) 

significantly more often than RUS males.  RS females, on the other hand, had several 

significant behaviors: ñlyingò (p=0.019); ñmeowò (p=0.028); ñprustenò (p=0.007); and 

ñvoctotalò (p=0.011).  RS females also had a significantly longer ñtime to initial 

approachò (p=0.047) than RUS females during the control treatment.  In fact, the RS 

females had a mean ñtime to approachò of approximately 12.5 minutes and the RUS 

females had a mean of approximately 6 minutes.  During the blood trial, RS females 

exhibited ñlyingò (p=0.010), ñmeowò (p=0.010), ñprustenò (p=0.030), and ñvoctotalò 

(0.010) at significantly higher rates than the RUS females. 

 The three types of urine samples used during testing were all obtained from 

domestic cats.  During the estrus urine trials, the RS males exhibited eight behaviors 
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significantly more often than RUS males.  These were the most significant behaviors of 

all the treatments.  The choice test had the second highest number and showed only two 

significant behaviors.  The significantly higher behaviors for the RS males were 

ñflehmanò (p=0.030), ñmeowò (p=0.009), ñprustenò (p=0.020), ñvoctotalò (p=0.009), 

ñpatrolò (p=0.018), ñurinesquatò (p=0.044), ñurinewalkò (p=0.049) and ñurinetotalò 

(p=0.008).  In comparison, the RS females exhibited only one significant behavior, 

ñprustenò (p=0.014), which was the least number of significant behaviors of any of the 

trials for the RS females. 

 During the nonestrus urine trial, the RS males did not exhibit any behaviors with 

any significance over the RUS males.  The RS females, however, exhibited ñlyingò 

(p=0.018), ñmeowò (p=0.011), ñprustenò (p=0.010), and ñvoctotalò (p=0.010) more often 

than RUS females. 

 During the male urine trial, the RS males again did not exhibit any behaviors with 

any significance over the RUS males.  This however was one of the most responsive 

trials for the RS females, with ñclawò (p=0.008) and ñpaceò (p=0.025) being significant 

for the only time.  In addition, ñlyingò (p=0.031), ñmeowò (p=0.009), ñprustenò 

(p=0.008) and ñvoctotalò (p=0.009) were also significant.  RS females also had a much 

faster average TIA (p=0.075), 30.84 seconds versus 348.77 seconds.  The RS  males also 

had a faster TIA (p=0.112), 56.89 seconds versus the RUS males of 274.28 seconds, but 

neither were found to be significant by each sex alone.  

Hypotheses 49-54 are summarized in Table 25 and predict that reproductively 

successful male and female clouded leopards will exhibit significantly different behaviors 
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during the choice; mirror image stimulation; and novel object treatments.  The results can 

be found in Table 26. 

 

Table 24:  Mean values of significantly different behavioral observations from scent trials of 24 

clouded leopards 

    CONTROL  BLOOD ESTRUS NONESTRUS MALE  

Behav 

Obser Succ 
ǁ ǀ ǁ ǀ ǁ ǀ ǁ ǀ ǁ ǀ 

CL RUS 0.22 0.41 0.33 0.62 0.22 0.51 0.44 0.51 0.22 0.00 

  RS 0.44 0.00 0.00 0.00 0.44 0.00 0.00 0.00 0.44 0.67 

  Pval  0.571 0.6 0.35 0.662 0.571 0.560 0.257 0.617 0.571 *.008 

FLEH  RUS 0.67 0.10 0.22 0.62 0.67 1.54 2.44 1.23 1.56 1.54 

  RS 0.00 0.00 0.44 0.00 3.11 2.67 2.67 2.00 1.33 2.00 

  Pval 0.45 0.69 0.57 0.49 *0.030 0.42 0.92 0.58 0.81 0.68 

LY  RUS 0.36 0.36 0.44 0.35 0.48 0.42 0.39 0.39 0.42 0.34 

  RS 0.66 0.84 0.59 0.78 0.46 0.77 0.71 0.86 0.71 0.70 

  Pval  0.147 *.019 0.416 *.012 0.893 0.108 0.131 *.018 0.16 *.031 

MEO

W RUS 1.78 2.26 4.33 2.58 0.00 4.10 14.45 1.33 6.44 0.41 

  RS 4.44 23.34 6.67 34.67 4.00 11.34 0.00 37.34 2.67 22.67 

  Pval  0.454 *.028 0.676 *.006 *0.009 0.348 0.453 *.011 0.605 *.009 

PA RUS 0.03 0.01 0.00 0.01 0.00 0.01 0.01 0.03 0.01 0.00 

  RS 0.01 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.02 

  Pval  0.647 0.594   0.598 0.134 0.685 0.453 0.618 0.453 *.025 

PAT RUS 0.03 0.00 0.05 0.01 0.01 0.00 0.03 0.00 0.00 0.00 

  RS 0.02 0.00 0.02 0.00 0.17 0.00 0.00 0.00 0.00 0.00 

  Pval  0.817   0.656 0.598 *0.018   0.26 0.685     

PRUS

TEN RUS 0.00 0.31 0.00 2.04 0.00 0.31 0.67 0.72 0.00 0.82 

  RS 2.22 36.00 5.78 23.34 5.78 6.67 2.67 32.00 7.56 34.00 

  Pval  *.005 *.007 0.172 *.017 *0.020 *0.014 0.134 *.010 0.134 *.008 

SIT RUS 0.05 0.16 0.03 0.20 0.13 0.18 0.07 0.17 0.07 0.20 

  RS 0.14 0.06 0.17 0.12 0.05 0.10 0.08 0.03 0.05 0.09 

  Pval  0.132 0.183 *.050 0.169 0.319 0.371 0.757 0.135 0.72 0.173 

TIA  RUS 404.39 387.86 331.34 253.24 276.67 285.21 362.72 338.79 274.28 348.77 

  RS 328.45 751.50 107.11 315.34 83.11 518.33 107.11 318.50 56.89 30.84 

  Pval  0.653 *.047 0.326 0.735 0.228 0.179 0.157 0.925 0.112 0.075 

URIN

ES RUS 0.45 1.64 0.22 3.69 0.67 1.02 0.45 2.46 1.56 2.15 

  RS 0.89 0.00 1.78 0.67 2.67 0.67 0.44 0.67 0.89 0.00 

  Pval  0.49 0.32 0.08 0.64 *0.044 0.77 1.00 0.65 0.64 0.59 

URIN

EW RUS 0.00 0.00 0.22 0.00 0.00 0.00 0.00 0.10 0.00 0.00 

  RS 0.00 0.00 0.00 0.00 1.78 0.00 0.44 0.00 0.00 0.00 

  Pval      0.45   *0.049   0.13 0.69     
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URIN

E total RUS 0.45 1.64 0.67 3.20 0.67 1.02 0.45 2.56 1.56 2.15 

  RS 0.89 0.00 1.78 0.67 4.44 0.67 0.89 0.67 0.89 0.00 

  Pval  0.494 0.315 0.333 0.681 *0.008 0.774 0.494 0.627 0.635 0.59 

VOCA

L RUS 1.78 2.56 4.33 4.62 0.00 4.41 15.11 2.05 6.44 1.23 

  RS 6.67 59.33 12.44 58.00 9.78 18.00 2.67 69.34 10.22 56.00 

  Pval  0.21 *.011 0.167 *.006 *0.009 0.147 0.533 0.01 0.641 *.009 

 

 

Table 25: Hypotheses 49-54 predicted differences in behavioral observations of reproductively 

successful male and female clouded leopards during the choice, mirror image stimulation and novel 

object trials. 

  Hypothesis Result 

H49 

Reproductively successful male clouded leopards exhibit different behaviors 

during choice trial. Accept 

H50 

Reproductively successful female clouded leopards exhibit different behaviors 

during choice trial. Accept 

H51 

Reproductively successful male clouded leopards exhibit different behaviors 

during mirror image stimulation trial. Accept 

H52 

Reproductively successful male clouded leopards exhibit different behaviors 

during mirror image stimulation trial. Accept 

H53 

Reproductively successful male clouded leopards exhibit different behaviors 

during novel object trial. Accept 

H54 

Reproductively successful male clouded leopards exhibit different behaviors 

during novel object trial. Accept 

 

 During the choice test RS males had significantly higher rates of ñpatrolò 

(p=0.005), ñurinesquatò (0.034), ñurinewalkò (0.034), and  ñurinetotalò (p=0.007), the 

RUS males had significantly higher rates of ñgroomò (p=0.046)..  RS females had 

significantly higher rates of ñlyingò (p=0.038) and ñprustenò (p=0.031)  

During the mirror image stimulation the RS males had a significantly faster ñtime 

to initial approachò (p=0.041) than the RUS males; this however was the only significant 

difference during this test.  On the other hand, the MIS was one of the most responsive 

tests for the RS females.  The RS females had significantly higher rates of ñbiteò 

(p=0.008), ñflinchò (p=0.007), ñpawò (p=0.025), ñprustenò (p=0.008), ñretreatò 

(p=0.000), and they had a much longer ñtime spent investigatingò (p=0.029), with a mean 
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of 650.00 seconds versus 233.31 seconds for RUS females. The behaviorñvoctotalò 

(p=0.053) was close to significant with RS females vocalizing an average rate of 40 

vocalizations per hour and RUS females at a rate of 7.08 vocalizations per hour. 

 During the novel object test there were no behaviors found to be significantly 

different between the RS and RUS males. The RS females had several behaviors that 

were exhibited at significantly higher rates, including ñpawò (p=0.014), ñprustenò 

(p=0.010) and ñretreatò (p=0.008). 

  
Table 26: Mean values for RUS and RS male and female clouded leopards obtained from behavioral 

observations during Choice test; Mirror Image Stimulation and Novel Object tests  
   TRIALS  

    CHOICE  MIS NOVEL OBJECT  

Behavioral 

Observation Success 
ǁ ǀ ǁ ǀ ǁ ǀ 

AP RUS 48.67 32.92 11.33 23.38 12.000 6.769 

  RS 41.33 18.00 38.67 38.00 9.333 8.000 

  Pvalue 0.73 0.51 *0.041 0.42 0.540 0.790 

BI  RUS 2.00 0.31 11.33 0.00 1.333 0.000 

  RS 0.00 0.00 0.00 8.00 0.000 0.000 

  Pvalue 0.45 0.67 0.45 *0.008 0.450  

FLIN  RUS 0.00 0.00 4.00 8.31 0.000 2.769 

  RS 0.00 0.00 1.33 36.00 0.000 4.000 

  Pvalue     0.36 *0.007  0.732 

LY  RUS 0.38 0.35 0.32 0.09 0.410 0.431 

  RS 0.16 0.90 0.04 0.00 0.733 0.735 

  Pvalue 0.28 *0.038 0.13 0.35 0.113 0.052 

PAT RUS 0.00 0.03 0.00 0.00 0.00 0.00 

  RS 0.22 0.00 0.00 0.00 0.00 0.00 

  Pvalue *0.005 0.67      

PAW RUS 1.33 0.12 97.33 10.15 0.000 3.077 

  RS 0.00 0.00 1.33 96.00 1.333 64.000 

  Pvalue 0.45 0.67 0.44 *0.025 0.134 *0.014 

PRUSTEN RUS 0.00 1.54 0.00 2.15 0.667 0.615 

  RS 53.33 20.00 2.67 40.00 1.333 20.000 

  Pvalue 0.13 *0.031 0.13 0.01 0.571 *0.010 

RETREAT  RUS 0.00 0.00 0.00 0.00 0.667 0.000 

  RS 0.00 0.00 0.00 4.00 0.000 2.000 

  Pvalue       *.000 0.453 *0.008 
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TSI RUS 38.50 44.85 339.50 233.31 33.000 90.692 

  RS 54.00 15.00 662.67 650.00 35.333 16.000 

  Pvalue 0.35 0.43 0.15 *0.029 0.893 0.655 

URINES RUS 0.00 20.00 0.00 3.08 1.333 1.231 

  RS 20.00 10.00 1.33 0.00 1.333 2.000 

  Pvalue *0.034 0.83 0.13 0.57 1.000 0.591 

URINEW  RUS 0.00 1.54 0.00 0.00 0.000 0.308 

  RS 20.00 0.00 0.00 0.00 0.000 0.000 

  Pvalue *0.034 0.67    0.680  

URINtotal  RUS 0.00 4.31 0.00 3.08 1.333 1.538 

  RS 8.00 2.00 1.33 0.00 1.333 2.000 

  Pvalue *0.007 0.80 0.13 0.57 1.000 0.756 

VOCtotal  RUS 4.00 0.31 1.33 7.08 2.000 4.308 

  RS 18.67 4.00 10.67 40.00 2.667 22.000 

  Pvalue *0.085 *0.031 0.08 *0.053 0.805 0.083 

*indicates p value Ò 0.05 (highlighted value indicates significantly higher response) 

 

The individual treatments were examined for differences in behavioral 

observations to see if there were any trends depending on the specific stimuli given.  For 

this analysis a paired two-tailed t-test was used for a comparison of the means (Results 

can be found in Appendix X).  Further investigation of aggression during the MIS was 

done using the Wilcoxon signed ranks test (Appendix X).  It was found that ñgrowl/hissò 

was significantly higher during this treatment than during the control (p=0.028); blood 

(p=0.031); male (p=0.036); and choice (p=0.036) treatments.  Also, ñpaw/swatò was 

found only to be significantly higher than the control (p=0.035); estrus (p=0.033); choice 

(p=0.014); and novel object (p=0.038) treatments. 

A Kruskal-Wallis mean rank analysis was used to determine if the four 

temperaments were significantly correlated with any of the behavioral observations.  

Only two behaviors were found to be positively correlated, including ñdefacateò 

(p=0.020) in the cats rated as ñcalm,ò and ñrubtrialò (p=0.004) in the cats rated as 

ñactive.ò  A one-way ANOVA (Table 27) was run on all the trials as independent 
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variables (instead of the average of all the trials) to determine differences in behavioral 

observations between temperaments (see Appendix X for complete results). 

 

Table 27:  Behavioral observations found to be significantly different between temperaments in 24 

clouded leopards. 

BETWEEN GROUP RESULTS MEANS BY TEMPERAMENT 

  

Sum of 

Squares df 

Mean 

Square F Sig. Highstrung Active Aggressive Calm 

 

CLAW 147.26 3 49.09 6.928 0.000 1.12 0.04 0.10 3.22 

 

LAT 513484.10 3 171161.37 3.757 0.011 93.07 21.14 113.58 18.67 

 

LICK 5560.17 3 1853.39 6.849 0.000 6.79 26.00 10.62 14.56 

 

Paw/S

wat 34070.99 3 11357.00 3.057 0.028 2.14 3.55 24.10 1.56 

 

PRUST

EN 2151.61 3 717.20 3.264 0.021 0.29 3.29 5.35 10.06 

 

RUB 

trial 867.83 3 289.28 7.645 0.000 0.40 3.17 0.30 0.00 

 

Sniff 

Trial 58485.50 3 19495.17 2.894 0.035 70.21 100.67 58.38 75.67 

 

TIA 4246588.73 3 1415529.58 10.670 0.000 353.04 105.28 329.61 118.78 

 

TTS 
875305.11 3 291768.37 4.759 0.003 129.46 26.70 154.71 49.79 

 

Urine 

total 385.54 3 128.51 5.729 0.001 3.62 0.42 0.93 2.89 

 

URIN

Walk 99.15 3 33.05 5.849 0.001 0.07 0.67 0.02 2.78 

 

A Spearman rank-order correlation (two-tailed) was run to determine if there were 

any trends across trials (Table 28).  The only behavior that increased in duration over the 

trials was ñlying.ò  The behaviors, ñflehmanò and ñmeowò significantly decreased over 

the trials. 
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Table 28: Significant trends of behavioral observations across trials 

Spearmanôs rho 

  

Behavioral observation 

  

 FLEH  LY  MEO 

Correlation 

Coefficient -.131(**) .119(*) -.103(*) 

Sig. (2-tailed) 0.006 0.013 0.033 

N 432 432 432 

** Correlation is significant at the 0.01 level (two-tailed) 

* Correlation is significant at the 0.05 level (two-tailed) 
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CHAPTER 4: DISCUSSION 

 

Temperament Assessment 

Temperament assessments (TAôs) have been used in several animal species to 

determine personality (Powell 2005; Carlstead and Brown 2005; Wielebnowski 1999; 

Gosling 1998; Feaver et al. 1986, Stevenson-Hinde et al. 1980).  Animal care staffs 

spend countless hours observing their animals under various conditions and life stages 

and should therefore be the best predictors of their personality (Gosling 1998).  The 

results from the keeper-rated temperament assessment given during this study served as 

the basis for the temperaments that were determined in the clouded leopard test 

population.  Characteristics that were not accurately rated by the keepers were ñfearful of 

strangers,ò ñinvestigative,ò and ñtense.ò  Several characteristics (aggressive to 

conspecifics, aggressive to familiar people, aggressive to strangers, friendly to 

conspecifics, friendly to familiar people, and friendly to strangers) that had initially been 

separated for the keepers to rate ended up being averaged into ñtotalò behaviors due to 

low inter-rater reliability (<0.50).  They were averaged to create a total ñaggressiveò and 

ñfriendlyò characteristic which did have high inter-rater reliability.  These characteristics, 

when separated, may be too vague or too subjective for keepers to score accurately. 

Each keeper has different experiences with each animal and may or may not have 

seen the cat with a stranger or a conspecific; therefore the keeper may not be able to 

accurately determine the animalôs temperament during these times (Manteca and Deag 
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1993).  This could have led to the discrepancy between scores.  The other characteristics 

that were separated in this way on the assessment were: ñfearful of conspecifics;ò ñfearful 

of familiar people;ò and ñfearful of strangers.ò  Two of these temperament characteristics, 

(fearful of conspecifics and fearful of familiar people), had high inter-rater reliability and 

were therefore kept separate.  ñFearful of strangersò however had to be dropped due to its 

low reliability score.  The reason characteristics involving fear may have had higher 

reliability even when separated, may be due to the fact that clouded leopards tend to be a 

more skittish and fearful animal (personal observation). The ñfearfulò characteristics tend 

to be exhibited more frequently and be observed by more care takers.  Therefore, it can 

be more accurately scored by several different people.  It was beneficial during this study 

to keep the ñfearfulò temperament characteristics separate because the individual 

characteristics were found to be significant among different groups of cats, including 

reproductively successful (RS) cats scoring lower on ñfearful of conspecifics,ò and all 

females and all mother-reared individuals scoring higher on ñfearful of familiar people.ò   

For future keeper-rated temperament assessments it is suggested that these types 

of characteristics be combined into one as was done later in the analysis.  It also might be 

beneficial to put an option next to each characteristic of ñnot enough experienceò which 

could be checked off by a keeper if he or she do not feel they can accurately rate the 

characteristic.  In this way, there would be no score instead of an inaccurate one to 

compare to the other raters and it could lead to a more accurate assessment of the 

temperaments.  Overall, however, the methods described for the temperament assessment 

survey yielded reliable data. 
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Temperament 

The temperament of an animal is difficult to measure.  Temperament should 

remain stable over time and circumstance (Gosling and John 1999).  Stevenson-Hinde et 

al. (1980) found that (Macaca mulatta) certain personality traits in rhesus monkeys 

remained stable over time and can depend on early infancy experiences.  Other studies 

have also shown that certain temperaments can be determined at very early stages and 

remain unchanged into adulthood (Suomi 1997; Suomi et al. 1996).  In this study there 

was no correlation between the age of the animal and their resulting temperament.  There 

is no way however to determine from these data if the temperaments are stable over time.  

This study utilized a temperament assessment rated by three keepers who worked closely 

with the clouded leopard tested to reveal their personalities.   

There were four temperaments that existed within the test population of clouded 

leopards: ñhigh-strung;ò ñactive;ò ñcalm;ò and ñaggressive.ò  There were no 

reproductively successful individuals that were found to be ñhigh-strungò or ñactive.ò  

These temperaments were also found to be not significant between gender, rearing or 

facility.  Although, there were no male clouded leopards rated ñactive.ò  All  

reproductively successful individuals were rated as either ñcalmò or ñaggressive.ò  The 

reproductively successful (RS) clouded leopards that were hand-reared (HR) were rated 

as ñcalmò and the reproductively successful (RS) clouded leopards that were mother-

reared (MR) were rated as ñaggressive.ò  The ñcalmò temperament was also significantly 

correlated with reproductive success (0.004) and sex (p=0.008), with RS individuals and 

males scoring higher than females.  It should be noted however that only the RS males 
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were rated as ñcalm;ò none of the other males fit into this category.  The ñaggressiveò 

temperament was significantly correlated with rearing (p=0.04), with mother-reared 

(MR) individuals scoring higher than hand-reared (HR).  The only HR males that 

obtained a temperament of ñcalmò were the two RS males.  The only MR male that 

received a temperament of ñaggressiveò was the remaining RS male clouded leopard.  

There were no other MR males with which to compare his temperament.  The two RS 

females were both MR, and received a temperament of ñaggressive.ò  There were other 

reproductively unsuccessful (RUS), MR clouded leopards both male and female, that 

were rated ñaggressiveò as well.  This may be an indication that experiences during 

infancy, such as rearing, may significantly influence personality with this species.  

Wielebnowski (1999) however did not find any significance with rearing when 

examining temperament in cheetahs.  The findings in this study could be due in part to 

small sample size (N=5 RS individuals).  This study predicts that reproductively 

successful individuals will most likely be rated with a temperament of ñcalmò or 

ñaggressiveò and that individuals rated with a temperament of ñactiveò or ñhigh-strungò 

will most likely be reproductively unsuccessful.  It also predicts that HR males with a 

ñcalmò temperament and MR individuals with an ñaggressiveò temperament are more 

likely to be reproductively successful, but since N=5, additional testing is needed. 

When examining the actual characteristic ratings from the temperament 

assessment, RS individuals scored higher on ñcalm,ò ñconfident,ò and ñfood aggressive,ò 

and lower on ñfearful of conspecifics,ò and ñhigh-strung.ò  This follows the pattern of the 

temperaments, with RS individuals more often having a ñcalmò temperament and the 
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ñcalmò temperament being comprised of higher scores on the characteristics ñcalmò and 

ñfood aggressive,ò and low on ñhigh-strungò and ñfearful of familiar people.ò  All three 

of the individuals who were ñcalmò were also HR.  The one female clouded leopard to 

receive this rating thus far has been reproductively unsuccessful, but the two HR males 

rated ñcalmò were successful.  

Mellen (1992) found that hand-reared female domestic cats were less likely to 

copulate and were more aggressive than mother-reared cats.  In this study however it was 

the mother-reared clouded leopards that scored significantly higher on ñaggressiveò and 

ñfearful of familiar people,ò and lower on ñactiveò than hand-reared individuals.  This is 

consistent with a study on cheetahs where mother-reared cats scored higher for 

characteristics like ñtense-fearfulò and ñaggressiveò (Wielebnowski 1999).  If mother-

reared individuals tend to exhibit these characteristics then it may be indicative of higher 

stress levels.  This would be detrimental to their reproductive success in captivity 

(MacKinnon 2008; Wielebnowski et al. 2002).  On the basis of this finding, the current 

management of this species (where all individuals are hand-reared) would be supported.  

The hand-rearing method would reduce the stress level of potential mothers by making 

them more comfortable and secure in captivity.  On the other hand, the two RS females in 

this study were MR so there may be no connection between stress and rearing.  Further 

testing is needed to determine if MR females are more often reproductively successful 

than HR individuals as was found in previous studies (Mellen 1992), or if behavioral 

characteristics typically found in MR clouded leopards are more often associated with 

high stress and reproductively unsuccessful individuals.  
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Another interesting finding was that RUS females were rated higher for ñfearful 

of conspecifics.ò  This could be true for several reasons.  It could be a result of past 

experiences, such as introductions during which these females may have been attacked.  

RUS individuals were also found to be more ñhigh-strung,ò and this lack of confidence or 

anxiety may cause them to be more fearful in general.  Finally, this characteristic may 

just be part of their temperament and could be one of the many variables that lead to their 

lack of reproductive success.   

Behavioral Observations 

 Initially , all the cats were compared using four dependant variables including: 

reproductive success; gender; rearing and facility to determine overall differences within 

the test population.  RS individuals were found to have significantly faster ñlatency to 

respondò (p=0.035), mean of 1.4 seconds, versus a mean of 101.1 seconds for RUS.  This 

was apparent when working these individuals, RS cats shifted into and out of the testing 

area almost immediately allowing the researcher to set up each trial.  RS individuals also 

had significantly faster ñtime to shiftò (p=0.047) (Table 2) once the testing began, with a 

mean of 22.57 seconds versus 136.66 seconds for RUS.  Both of these responses 

indicated that they were comfortable with change in their environment and that they were 

food motivated since rewards were given to the animals when they shifted out of the 

testing area.  These individuals also had significantly higher rates of behaviors including: 

ñlyingò (p=0.018); ñpatrolò (p=0.036); ñvoctotalò (p=0.014); ñdefecateò (p=0.04); 

ñretreatò (p=0.021) and ñurine walkò (p=0.022).  These behaviors were reoccurring as 

significant among RS individuals throughout the analysis in various combinations, 
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depending on trial and gender.  The other interesting result was that the RUS individuals 

spent significantly more time ñout of sightò (p=0.045); this behavior is typically 

indicative of stress.  Animals will often ñover-sleepò or hide when they are stressed 

(Wielebnowski 2002).  Many of the cats tested spent their time ñout of sightò in their 

nestbox, which would be considered hiding.    

 There were very few differences between the sexes, and those differences seemed 

to be directly related to the RS individualsô behavior.  The males had higher rates of 

ñpatrolò (p=0.030) and the females had higher rates of ñsitò (p=0.025) and ñflinchò 

(p=0.035).  The fact that ñpatrolò and ñflinchò emerged as sex-based behaviors makes 

sense.  Most males patrol their territories and females are typically more defensive, which 

could cause higher rates of flinch. 

 When comparing MR and HR individuals some interesting differences emerged.  

HR individuals had a longer ñlatency to responseò (LAT) (p=0.027), with a mean of 

92.75 seconds compared to a mean of 62.94 seconds for the MR individuals.  HR 

individuals had a shorter ñtime spent investigatingò (TSI) (p=0.011), however, they spent 

less time ñout of sightò (p=0.05), and less time ñlyingò (p=0.004).  This may indicate that 

they were up and moving around a bit more than the MR individuals, just not as 

interested in the test items.  These results further support the hypothesis that the 

behaviors exhibited by clouded leopards are more likely indicative of reproductive 

success than rearing.  The behaviors found to be significant among reproductively 

successful individuals do not match up with the behaviors found to be significant based 

on rearing.  The reproductively successful individuals, (N= 2 hand-reared, N= 3 mother-
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reared), had an overall faster LAT, unlike the HR individuals overall even though 2 were 

hand-reared.  The RS individuals also spent less time ñout of sightò (OOS) (1%) even 

though it was found that MR individuals spent more time OOS (19%) and three of the RS 

individuals were MR.  So the behaviors that emerged as significant among the RS 

individuals do not correspond to the behaviors predicted to be significant based on 

rearing. 

  When comparing male and female RS and RUS individuals, it became clear that 

there were behaviors specific to each gender.  There were no behaviors that emerged as 

significant among RS male clouded leopards that were in common with RS female 

clouded leopards.  The RS males had significantly higher rates of ñdefecateò (p=0.023), 

ñpatrolò (0.034), ñurinewalkò (p=0.037), ñurinesquatò (p=0.039) and ñurinetotalò 

(p=0.018).  The RS females had significantly higher rates of ñflinchò (p=0.013), ñlyingò 

(0.016), ñmeowò (p=0.025), ñprustenò (p=0.002), ñretreatò (0.000), ñsitò (p=0.041), 

ñvoctotalô (p=0.005).  It should be noted that although there were many very vocal cats, 

the one RS female, Numfun, was the most vocal cat I have ever encountered, with an 

average of 43.33 prustens per hour and 32.17 meows per hour.  The other RS female, 

Mini, was also very vocal and had the third highest average of prustens (9.67 per hour) 

out of the 24 cats.  The second highest rate of ñprustenò came from the RS male, 

Wanchai with 26.83 per hour.  Mini and Wanchai are a successful breeding pair. 

Both the CRC and KKOZ facilities were compared to determine if housing may 

have affected individual responses. Only one behavior was found to be significantly 

different in cats between facilities.  The individuals at KKOZ exhibited higher rates per 
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hour of ñretreatò (p=0.04).  One major reason examining facility as a dependant variable 

may have had this result, was that all the RS individuals (N=5) were housed at KKOZ.  

This may have led to finding significance in behaviors that were not related to facility, 

but instead to RS.  This may be why ñretreatò was found to be significant among 

individuals housed at KKOZ.  This behavior was observed only in three individuals out 

of the 24 tested, (two females and one male).  The two females were both the RS 

individuals, and of the 14 female clouded leopards tested, they were the only two that 

exhibited this behavior.  When comparing just females at KKOZ (N=9), RS females were 

still found to be significantly more likely to ñretreatò (p=0.005), so this behavior may be 

more indicative of reproductive success than facility.  RS females at KKOZ were also 

found to ñflinchò (p=0.041), ñprustenò (p=0.020), and ñvoctotalò (p=0.037) at 

significantly higher rates than RUS females housed at the same facility, so these 

behaviors seem to be linked more to reproductive success than to facility. 

When comparing RS and RUS males at KKOZ the only behavior that was found 

to be significantly different, with higher rates among RS males, was ñpatrolò (p=0.046).  

However, ñurinetotalò (p=0.061) approached significance and was observed in higher 

frequencies among the RS males.  The small sample size (N=5) of males at KKOZ that 

may be affecting the significance of the data.  When comparing all males (N=9) at both 

CRC and KKOZ, not only was ñurinetotalò highly significant (p=0.019); but also 

ñurinesquatò (p=0.039) and ñurinewalkò (p=0.037) were seen in higher frequencies 

among RS males, along with ñdefecateò (0.023) and ñpatrolò (0.034).    
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Another significant difference was with ñlatency to respondò (LAT).  There was 

no difference between facilities in LAT.  When examining all the cats however at both 

facilities RS individuals had a significantly shorter LAT (p=0.035).  This means they 

tended to respond much faster.  Even when examining KKOZ cats only, it was found that 

overall the RS cats had significantly shorter LAT times (p=0.032), with RS cats 

responding in 1.4 seconds on average and RUS cats responding in 68.4 seconds on 

average.  In KKOZ, I observed obvious differences with the catsô responses.  These 

individuals were easier to shift around and manage during testing.  Even within this 

population however there was a clear distinction between the RS and RUS cats.  Just as 

the data show, the RS cats shifted almost immediately.  This was attributed at the time to 

their high food motivation which they all also seemed to have.  Although, some RUS 

individuals did respond quickly; the calm, food motivated cats that responded quickly 

during testing were almost always the RS individuals.  When examining the temperament 

findings, the ñhigh-strungò cats had the longest ñtime until initial approachò (343.04 

seconds) and shortest ñtime spent investigatingò (57.13 seconds) and the ñcalmò cats had 

the longest ñtime spent investigatingò (100.96 seconds) and the shortest LAT (18.67 

seconds).  The finding that LAT was much longer in the RUS cats fits the theory that 

these cats may have higher stress levels which could cause them to be less likely or 

slower to respond during testing.  In the black rhino (Diceros bicornis michaeli), stress 

has been shown to reduce olfactory behaviors associated with reproduction (Carlstead 

and Brown 2005).  Clouded leopards with higher stress levels are also less likely to be 

reproductively successful (Wielebnowski 2002, MacKinnon 2008).  Therefore, LAT may 
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be one easy to measure indicator, of an animal that is stressed therefore reproductively 

unsuccessful.   

When the Kruskal-wallis mean rank test was used on individual averages to 

compare the catsô temperaments with their corresponding behavioral observations, only 

two behaviors emerged as being significantly correlated with temperament.  The cats 

with ñcalmò temperaments were found to be more likely to ñdefecateò (p=0.020), and the 

cats with ñactiveò temperaments were found to be more likely to ñrubtrialò (p=0.004).  

Although both of these seemed accurate, it was believed that there was more correlation 

between temperament and behavioral observations than this analysis revealed..  

Therefore, the data was split so that all trials were individual and the sample size 

increased to 432 (instead of 24).  This made it possible to run a one-way ANOVA, which 

revealed several behaviors to be significantly different between temperaments.  Cats with 

ñhigh-strungò temperaments had the highest average ñtime to approachò (353.04 

seconds), and ñurinetotalò (3.62 rate per hour).  This was mainly due however to one 

RUS female, ñNellieò who was rated ñhigh-strung.ò  Nellie had the highest average urine 

total of any cat in this study, with a rate of 21.33 per hour.   The next closest was a 

ñcalmò rated RS male with a ñurinetotalò of 3.5 per hour.  This one cat, Nellie, was 

exceptional in her ability to urinate and therefore skewed the data.  ñHigh-strungò cats 

also had the lowest averages of ñlickò and ñprustenò.  Cats with ñactiveò temperaments 

were more often the fastest to respond; with a mean ñtime to shiftò of 26.7 seconds, and a 

mean ñtime to approachò of 105.28 seconds.  ñActiveò cats also had the highest average 

of ñlick,ò ñrubtrial,ò and ñsnifftrial,ò and the lowest average of ñclaw,ò and ñurinetotal.ò  
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Conversely, cats with ñaggressiveò temperaments had the slowest ñtime to shift;ò with a 

mean of 154.71 seconds, and the longest ñlatency to respond;ò with a mean of 113.58 

seconds.  Not surprisingly, these cats also had the highest average ñpaw/swat,ò with a 

mean of 24.10 per hour, and the lowest mean for  ñsnifftrialò (58.38 per hour) and 

ñurinewalkò (0.02 per hour).  Finally, cats with a ñcalmò temperament had the lowest 

average of ñpaw/swatò (1.56 per hour), and fastest ñlatency to respond;ò with a mean of 

18.67 seconds.  ñCalmò cats also had the highest mean for ñclawò (3.22 per hour), 

ñprustenò (10.06 per hour), and ñurinewalkò (2.78 per hour), and lowest mean for 

ñrubtrialsò (0.00), (a behavior none of the calm cats performed during the entire study).  

The ñclawò mean was also skewed by one RUS female, Mesa, who had the highest 

average for ñclawò with 9.67 per hour.  The second highest was RUS male, Mei, with 

3.67 ñclawò per hour.  Further analysis and investigation into the behavioral differences 

associated with certain temperaments is warranted, perhaps using a Wilcoxon signed rank 

test. 

Individual Trials 

 When examining all the treatments separately the one behavior that was 

significant among RS individuals was ñprusten.ò  The next most commonly exhibited 

behavior from the RS individuals was ñlying.ò  The only trials in which this behavior was 

not significantly higher among RS individuals was during the estrus, choice and mirror 

image stimulation trials.  This indicates that the RS individuals were more active during 

these three trials.  This was supported by the data which showed active behaviors emerge 

as significant in RS cats during these trials, such as: ñpatrolò during the estrus (p= 0.003), 
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and choice trials (p=0.042); and time spent investigating (p=0.007) during the mirror 

image stimulation.  These behaviors preclude ñlyingò so the RS individuals that normally 

exhibited the ñlyingò behavior during other trials were not able to exhibit both ñlyingò 

and these active behaviors at the same time.  Therefore, those three treatments (choice, 

MIS and NO) can be assumed to have significantly changed the behavior of the 

reproductively successful individuals. 

Scent Test 

The scent test was designed to mimic the first phase of breeding introductions 

which is when the male clouded leopard is allowed access to the femaleôs area to 

investigate when she is not in there.  The control treatment (plain piece of paper plate) 

was given to determine a baseline of normal behavior and determine responses when no 

stimuli were present.  As expected, the control test yielded the significantly lowest 

average ñtime spent investigatingò (6.31 seconds) and the significantly longest average 

ñtime to initial approachò (414.87 seconds) when compared to all the other treatments.  It 

also had a significantly lower rate of ñflehmanò than the three urine treatments and the 

significantly lowest mean of ñsnifftrialò (22.56 per hour) compared to all the other 

treatments.  The significant behaviors found during this treatment for all RS individuals 

were ñlyingò and ñprustenò, RS males had higher rates of ñprustenò and RS females had 

higher rates of ñlying,ò ñmeow,ò ñprusten,ò and ñvoctotal,ò and had a significantly longer 

ñtime to initial approach.ò  These are the general behaviors that can be considered 

significantly different among reproductively successful individuals when no testing 

occurs, and these behaviors are significantly higher throughout the testing as well.  
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Therefore, it can be assumed that reproductively successful individuals spend more time 

lying and vocalizing than reproductively unsuccessful individuals. 

The blood treatment was given as the positive control, or the test to which the cats 

were expected to respond.  It is not surprising that the mean responses for the blood 

treatments were very close to the grand mean of all the treatments combined.  RS 

individuals again exhibited, ñlyingô (p=0.013), ñmeowò (p=0.28), ñprustenò (p=0.033), 

and ñvoctotalò (p=0.19) more often during the blood treatments.  ñDefecateò (p=0.046) 

however was also significantly higher among RS individuals.  This may indicate a 

territorial response due to the presense of ñfood,ò however the treatment resulted in no 

behaviors that were significantly different between the RS and RUS males.  The RS 

females exhibited ñlying,ò ñmeow,ò ñprusten,ò and ñvoctotalò at significantly higher rates 

than RUS females during this treatment.  These behaviors are the same as the control 

treatment, so although the response times were closer to the grand mean, this treatment 

did not change the RS individualôs behavior significantly.  

It was predicted that RS males would spend more time investigating during the 

urine treatments with more sniffs, licks, flehman response, and urine marking.  This 

prediction was supported, with the estrus treatment being the only treatment showing RS 

males with significantly higher rates of ñflehman,ò ñpatrol,ò ñurinesquat,ò urinewalk,ò 

and ñurinetotal.ò  Other significant behaviors during this treatment were ñmeow,ò 

ñprusten,ò and ñvoctotal.ò  These behaviors tend to increase in captive male clouded 

leopards housed with a female clouded leopard when she is beginning to cycle (personal 

observation). 
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 The non-estrus urine was used to measure change in behavior due to possible 

differences in hormone level in the urine.  This treatment was second only to the control 

in the mean ñtime to initial approachò (314.13 seconds), and ñtime spent investigatingò 

(11.57 seconds). The RS males had no behaviors that were significantly different than 

RUS males during this treatment which would indicate that the behaviors the RS males 

exhibited during the estrus treatments may be due to their ability to detect hormone level 

in the urine.  

The RS females responded significantly stronger to the male urine treatments, 

with six different behaviors showing significance.  As with other treatments, ñlying,ò 

ñmeow,ò ñprusten,ò and ñvoctotalò were significantly higher.  For this treatment however 

ñclawò and ñpaceò were also found to be significantly higher.  Each of these behaviors 

was recorded only once, for one RS female, during one of the three male urine 

treatments.  This female, or the other RS female, did not exhibit these behaviors at any 

other point during any other test.  It is hard to say however that it was directly related to 

the test or indicative of reproductive success when it only occurred one time in one 

individual.  One RUS female was also recorded pacing one time during one of the male 

urine treatments, so this was not a behavior exclusive to RS females.  Unlike the RS 

female, who was not recorded pacing at any other time besides during the one male urine 

trial, the RUS female (Jogayle) was recorded pacing during five out of the 18 tests that 

were given.  Each one of these five times was during a different scent test.  The ñclawò 

behavior was not recorded during any other male urine trials except for the trial involving 

the RS female.  There was another RUS female (Thistle) however that was recorded 
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clawing one time during the choice test (which included male urine).  Further testing 

therefore is needed to see if these behaviors (claw and pace) are truly significant for this 

type of treatment, or if the small sample size accounts for the significance. 

Choice Test  

On average, the most sniffing occurred during the choice test and was found to be 

significantly different than the other seven treatments, with an overall average of 576.33 

sniffs per hour recorded.  The higher average was from the RUS individuals with 595.16 

sniffs per hour.  It is to be expected that more sniffs would be observed during the choice 

test because, with all five scents being presented at the same time; there were more 

options for the cats to investigate.  Despite the fact that the RUS individuals seemed more 

interested in the choice test, it did not significantly affect their behavior.  The RS males 

were the only ones to show significantly higher rates of ñpatrolò (p=0.005), ñurinesquatò 

(p=0.034), ñurinewalkò (p=0.034), and ñurinetotalò (p=0.007).  This may indicate the RS 

males were again responding to the estrus urine offered during this treatment, since the 

estrus treatments were the only other treatments where these behaviors were significantly 

higher.  The RS females however did not respond to this treatment in a similiar manner  

to the way they responded during the male urine treatment, even though that male urine 

was available during both tests.  Overall, this treatment did not add much to the analysis, 

but did serve as an additional scent test.   

Mirror Image Stimulation 

Overall, RS individuals exhibited ñlickò (p=0.046), ñprustenò (p=0.035), ñretreatò 

(p=0.004) at significantly higher rates then RUS individuals.  They also had a longer 
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ñtime spent investigatingò (p=0.007).  This was likely due to the fact that the RS 

individuals were rated more ñconfidentò and ñcalmò by keepers, indicating they may 

have felt more comfortable with the mirror overall. A few RUS individuals (N=2) did not 

even shift into the testing area or even approach the mirror if  they did shift in (N=2).  So 

they did not respond to the mirror at all, whereas all the RS individuals (N=5) responded, 

making the average ñtime spent investigatingò for RUS individuals 266.84 seconds.  If 

those RUS individuals are removed from analysis, the average time spent investigating of 

the RUS clouded leopards jumps to 425.11 seconds; however this is still lower than the 

RS individualsô average of 657.60 seconds.  In general, most of the cats that responded at 

all to the mirror spent from four to 15 minutes interacting with it; they were up and active 

for a majority of the 15 minute treatment.   The MIS had a significantly longer ñtime 

spent investigatingò than any of the other seven treatments with the longest mean of 

(348.25 seconds).  This treatment also had the lowest mean rate of ñlyingò (0.13 pot) and 

highest mean rate of ñstandò (0.45 pot) and ñflinchò (8.67 per hour); three three results 

significantly lower than the other seven treatments.  The RS individuals were the only 

cats rated ñaggressiveò to exhibit any friendly vocalizations during this treatment. 

The mirror image stimulation was the most revealing for the RS females.  They 

were found to exhibit the most significant behaviors including ñbiteò (p=0.008), ñflinchò 

(p=0.007), ñpawò (p=0.025), ñprustenò (p=0.010), ñretreatò (p=0.000), and ñvoctotalò 

approached significance (p=0.053).  The RS females also had a longer ñtime spent 

investigatingò (p=0.029) with a mean of 650.00 seconds versus 233.31 seconds for RUS 

females.  Both of the RS females were the only cats to exhibit the ñretreatò behavior 
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during this treatment.  This test may be useful for pinpointing individual females that 

may be reproductively successful.  However, the sample size (N=2) is extremely small, 

so further testing is necessary.   

The MIS had the highest average of ñgrowl/hissò (55 per hour) and ñpaw/swatò 

(38 per hour).  Although when these measures were used to determine increased 

aggression, the MIS only increased aggression significantly higher than the blood, male, 

choice and control treatments for ñgrowl/hiss,ò and control, estrus, choice and novel 

object treatements for ñpaw/swat.ò  The ñpaw/swatò average however may be inaccurate. 

Most of the ñpaw/swatsò seen during the MIS were aggressive, while during other tests 

ñpaw/swatò may have been high, but the behavior was more investigative (i.e. male urine 

treatment).   Overall, most of the cats were more aggressive during this trial however it 

was inconsistent among RS and RUS individuals and among temperaments as well. 

With respect to the determining temperament, the mirror image stimulation 

yielded varying results.  All the temperaments exhibited ñpaw/swatò which can be both 

an inquisitive or aggressive behavior so it is hard to determine what the intent was.  In the 

future, this type of rating should be split for this treatment into two variables, ñpawò 

(investigative) and ñswatò (aggressive).  Only two females rated ñactiveò (N=4) and two 

rated ñaggressiveò (N=6) exhibited friendly vocalizations (the two RS females), but 

several others rated with the same temperaments did not.   

 With regards to the predictive power of the MIS for determining temperament or 

reproductive success in males that were given this test, the results were inconclusive.  

The only behavior significantly different among RS and RUS individuals was the 
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ñnumber of approachesò (p=0.041); with RUS males approaching at an average rate of 11 

times per hour and RS males approaching at an average rate of 38 times per hour.  The 

behavior of the males during this treatment varied greatly.  It was expected that overall 

RS males would behave in a manner similar to how they would behave during ñhowdyò 

introductions to a female.  ñHowdyò introductions are done by giving males access to a 

female through wire caging.  This allows the animals to have visual, olfactory and 

auditory access to eachother, with minimal physical contact, which in turn, protects the 

female from any possible aggression.  If affiliative behaviors are observed this would 

indicate that a physical introduction could be done.  When the RS males saw the mirror it 

was thought they would assume this was a conspecific and would in turn present 

affiliative behaviors to the mirror.  However, of the three RS males tested, they all 

exhibited quite different behaviors.  Wanchai, who was rated with a ñcalmò temperament 

and in general exhibited non-aggressive behavior throughout the behavioral treatments, 

was extremely aggressive to the mirror.  In fact, his behaviors were more indicative of 

being territorial than affiliative.  He spent a total of 834 out of a possible 900 seconds 

with the mirror and the majority of that time he was tail flicking and growling with a rate 

of 76 ñgrowl/hissò per hour.  At one point he even exhibited a ñurinesquatò directly in 

front of the mirror.  He did not exhibit any friendly vocalizations.  This was obviously not 

the reaction that was expected.  The RS male, Noname, who was also rated ñcalm,ò spent 

67 percent of his time sitting calmly next to the mirror and exhibited affliative behaviors, 

including ñmeowò and two ñprustensò directed at the mirror image.  Finally, the third RS 

male, Songkla who was rated ñaggressiveò, which one would think might indicated what 



 79 

his response would be, also responded with the affiliative vocalization ñmeowò and 

exhibited no ñgrowl/hissò and even licked the mirror at one point.  Both of these males 

also spent time grooming which would indicate they were comfortable during the 

treatment.  These responses are in stark contrast to Wanchai, who behaved in a very 

ñterritorialò manner, not predicted by the researcher. 

 On the other hand, the RUS males, in general, responded with varying degrees of 

aggression, regardless of their temperament.  Sakda (rated ñhigh-strungò), was the only 

RUS that did not ñgrowl/hiss,ò and he exhibited friendly vocalizations (meow).  The rest 

of the RUS males (N= 5) did exhibit the ñgrowl/hissò in some frequency, and none of 

them exhibited any friendly vocalizations or any of the urine marking behaviors seen 

from the RS males.  Junior, rated ñaggressiveò, immediately charged the image and 

exhibited ñgrowl/hissò at a rate of 516 per hour and ñpaw/swatò at a rate of 564 per hour; 

needless to say he was extremely aggressive.  Another RUS male rated ñaggressive,ò 

Xing, exhibited ñgrowl/hissò and ñpaw/swat,ò but only spent 44 seconds with the mirror 

before going into his nestbox and spending 93 percent of his time ñout of sight.ò  Dao, 

another RUS male rated ñaggressive,ò did not approach the mirror at all during the entire 

treatment and Brandon, an RUS male rated ñhigh-strung,ò spent 73 percent of his time 

during this treatment ñlying.ò  On the other hand, Mei, RUS male rated ñhigh-strung,ò 

spent 625 out of 900 seconds interacting with the mirror, he exhibited ñgrowl/hiss,ò 

ñpaw/swat,ò and ñflinchò (but at very low rates).  So, although the RUS males overall 

seemed to respond in an aggressive manner to the mirror, so did one of the RS males.  

Although two of the RS males exhibited friendly vocalizations, so did one RUS male.  
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Individuals rated both ñaggressiveò and ñcalmò reacted aggressively and the ñhigh-

strungò individuals either reacted at a low level, or ignored the mirror.  Therefore, it is 

hard to say that the response of male clouded leopards to a MIS would be indicative of 

temperament or reproductive success. 

Novel Object Test 

 The novel object test again revealed the most about the RS females.  The RS 

females had significantly higher rates of ñpawò (p=0.014), ñprustenò (p=0.010), and 

again exhibited ñretreatò (p=0.008).  Overall, the RS individuals exhibited ñlyingò 

(p=0.011), and ñprustenò (p=0.42) at higher frequencies.  This test was not as revealing 

as hypothesized.  Overall, the cats seemed uninterested in the bag, spending an average 

49 percent of their time ñlying,ò the highest percentage of any treatment.  Perhaps they 

were reluctant to move around with the large object in their enclosure.  Several of the 

RUS individuals (N=4) exhibited the ñgrowl/hissò during this treatment which may also 

indicate that they were uneasy with the bag in their enclosure. One of the RS females did 

ñretreatò from the bag, a behavior that was not commonly seen, however, the other RS 

female did not.  Both RS and RUS females exhibited ñflinch,ò and no males exhibited 

this behavior during this treatment.  The test did result in the second highest ñtime spent 

interacting,ò with an average of 63 seconds, but this was still under the grand mean ñtime 

spent interactingò of 69 seconds.   

There were only three behavioral observations that varied across trials.  Both 

ñflehmanò and ñmeowò decreased in frequency as the trials went on.  The ñflehmanò 

response is associated with the investigation of a scent, and the processing of these 
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scents.  It makes sense that this behavior decreased as the individuals became more 

familiar with the scents presented.  The ñmeowò behavior can often be associated with 

feeding.  Clouded leopards tend to meow frequently when waiting for food (personal 

observation).  Since trials were run before the animals were fed, it is possible that in the 

beginning of the study the cats were still expecting food; whereas towards the end of the 

study they understood that the food was not coming for awhile.  This could also explain 

the one behavior that increased as the trials progressed, ñlying.ò  When the study first 

started the animals may have been more active expecting to be fed or interested with the 

novel stimuli.  However, as the trials went on the cats may have realized they were not 

going to be fed right away and may have become less interested in the stimuli presented. 

 The behavior termed ñurinewalk,ò defined as, ñcat urinates in the standing 

position and may be combined with walking,ò had not previously been observed by the 

researcher and no reports of this behavior were found to be documented in this species.  

The behavior was recorded a total of eleven times during 9 separate trials.  It was 

exhibited most frequently by the RS male, Noname, with a record 6 times throughout the 

study period: during two estrus; one nonestrus treatment; and the choice test.  During one 

of his estrus treatments and the choice test he exhibited this behavior twice within the 15 

minute treatment period.  The other RS male that exhibited this behavior was Wanchai, 

with a total of two times, once during the choice test and once during an estrus test.  It 

should be noted that the other RS male, Songkla did not exhibit this behavior at all.  In 

addition, three of the female clouded leopards tested exhibited this behavior on one 

occasion each: Thap-thim during an estrus treatment; Gaint during her choice test; and 



 82 

Zoe during the novel object test.  It is believed that this behavior is highly instinctual and 

seems to be an innate response that the animal has a hard time preventing themselves 

from performing.  It almost seems as if they begin urinating without realizing it. 
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CHAPTER 5 CONCLUSION 

 

It is impossible to say what came first - the behavior or the reproductive success.  

In general, these tests were designed to elicit behaviors that are seen during the 

preliminary introductions of a breeding pair of clouded leopards.  Several behaviors were 

significantly different between the RS and RUS individuals, including quicker ólatency to 

respondò and ñtime to shiftò as well as a lower frequency of ñout of siteò and higher 

frequencies of ñlying,ò ñretreat,ò ñpatrol,ò ñdefecate,ò ñurinewalk,ò and ñvoctotal.ò  It is 

important to acknowledge that all of the individuals tested were already sexually mature 

and had past experiences being paired with another clouded leopard at some point in their 

life, so they were either RS or RUS already.  These past experiences may be influencing 

their behavior and even may have had an impact on their temperament.  Therefore, it is 

hard to say that clouded leopards are reproductively successful because they exhibit these 

behaviors, perhaps itôs just the opposite.  They may exhibit these behaviors because they 

have been successfully paired.  However, it should be noted that none of the pairs were 

housed together during the study and one of the males tested, Noname, had not been 

paired with a female in over four years.  This study attempts to reveal a small glimpse 

into clouded leopard behavior, which is a mystery to those of us that work closely with 

them.  Hopefully, it will be the beginning of many behavioral studies to come on this 

species that are in dire need of understanding.  The most significant temperament 
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characteristics and behavioral observations expressed by reproductively successful 

individuals throughout the entire study can be found in Table 29. 

 
Table 29: Temperament characteristics and behaviors exhibited by RS and RUS clouded leopards. 

Variable Temperament Characteristic Behavioral Observations 

  Signficantly High Signficantly High 

RS (all cats) Calm Lying 

  Confident Patrol 

  Food Aggressive VocTotal 

   Retreat 

   Defacate 

   Urine - Walk 

RS Male Friendly Defecate 

   Patrol 

   Urine - squat 

   Urine - walk 

   Urine - total 

RS Female  Lying 

   Sitting 

   Flinch 

   Retreat 

   Meow 

   Prusten 

   Voctotal 

 

Some of the behavioral observations that were used during this study can be 

altered for ease of recording in future studies.  The behaviors originally recorded ñrunò 

and ñstereotypyò were exhibited with such infrequency that it was not worth recording 

them and unlike ñdefecateò and ñretreatò which were also scarce, ñrunò and ñstereotypyò 

were never found to be significant.  ñSniffobjectò was difficult to accurately score, it was 

hard to determine if the cats were sniffing residual food or something that had been 

tracked into their cage by someone else, so this was removed and only ñsnifftrialò was 

analyzed.  However, ñsnifftrialò was never found to be significant among the dependant 
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variables, just significantly different between different tests.  Also, as previously 

mentioned ñpaw/swatò should be separated in the future, especially for the mirror image 

stimulation.  These are two separate behaviors with distinctly different intents.  An 

animal usually paws an object when they are curious or investigating something.  

However, the swat behavior is most commonly seen when they animal is being defensive 

or aggressive.    For example, when ñgrowl/hissò and ñpaw/swatò were used as a measure 

of aggression, the MIS only resulted in aggression rates that were significantly higher 

than some of the treatments, not all.  This was surprising, since animals that can not self-

recognize are believed to exhibit ñterritorialò (Gallup, 1968) and or ñaggressiveò 

behaviors (Svendsen and Armitage, 1993) during mirror image stimulation tests.  

However, for some individuals, the MIS did elicit some of the most aggressive responses 

during the whole study.  Specifically with Junior, who immediately charged and attacked 

the mirror, and with Wanchai a ñcalmò rated cat who exhibited the ñgrowl/hissò only 

during this treatment.  These results may be due to the fact that ñpaw/swatò were 

combined and many of the cats pawed at the other trial stimuli in a playful, investigative 

manner.  Therefore, for this study ñpaw/swatò was combined, but this would not be 

suggested for future studies. 

Several behaviors added after the initial tests were run and were recorded during 

video analysis turned out to be extremely important, including the response ñtime to 

shiftò which was found to be significantly faster for RS individuals and also ñpatrolò 

which was found to be significantly higher among RS individuals and RS males.  The 

behavior ñpatrolò was noted from the beginning during the initial observation period; 
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however, it was impossible to accurately code this behavior when observing the cat in 

real time.  It is much easier to record from video due to the duration and similiarities it 

has to other behaviors.  However, it is believed that ñpatrolò should be a more commonly 

recorded behavior among researchers studying the clouded leopard. 

Some behaviors were analyzed as a ñtotalò behavior in addition to being kept as 

separate variables.  It is probably best to just record ñvoctotalò (p=0.005), which was 

highly significant in RS females, instead of separating the behaviors for females into 

ñmeowò and ñprustenò which are also significant on their own. Both of these 

vocalizations are friendly and are generally performed in concert with one another.  The 

behavior ñvoctotalò was also found to be significant on its own without both ñprustenò or 

ñmeow.  Also, ñrubtrialò versus ñrubother,ò which were also combined into ñrubtotal,ò 

did not seem to be significant in any way and could probably be removed from future 

analysis.   

This would not be recommended for behaviors such as ñurinetotal.ò  It was found 

that all three urine behaviors: ñurinesquatò (p=0.039); ñurinewalkò (p=0.037); and 

ñurinetotalò (0.018) were exhibited in significantly higher rates by RS males than RUS 

males.  During any treatment when RS males were found to have significantly higher 

rates of urinating; all three urine behaviors were significant.  Therefore, ñurinetotalò 

could be used as an accurate measure when determining differences between males.  

When examining both male and female clouded leopards together however, only 

ñurinewalkò (p=0.022) was found to be significantly higher.  The behavior ñurinewalkò 

defined as ñcat urinates in the standing position and may be combined with walking,ò 
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was one of the most significant findings of this study.  This behavior has not been 

observed by the author previously and was added to the ethogram after it had been 

recorded several times throughout the study, primarily by RS male clouded leopards.  

This behavior seems to be indicative of an explicit territorial behavior that is not part of 

the daily or regular behavioral repertoire of this species.  A similar behavior has been 

described in male elephants in musth.  These males exhibit a ñurine-dribbleò which is 

almost a constant dribble of highly pungent urine that leaks down the sides of their legs 

and leaves a trail as they walk (Buss and Smith 1966).  This also has not previously been 

recorded during behavioral research in the clouded leopard (MacKinnon 2008; 

Wielebnowski 2002).  In addition, no reports of this behavior could be found in the 

literature. Several experienced animal professionals were questioned about this behavior; 

only one, Rick Passaro, the manager of the KKOZ clouded leopards, could remember 

ever having even seen this behavior.  His impression was the same, that it was done to 

mark territory (per comm.).  This is consistent with other findings from this study; RS 

males tend to exhibit behaviors that are ñterritorialò (i.e. patrol; urinetotal; defecate). 

It is believed that the effectiveness of scent marks is highly dependant on the 

spatial and temporal movements of an animal (Alberts 1992).  The findings of this study 

support that theory.  The RS males were found to have significantly higher rates of 

ñpatrolò.  In the wild, increased patrolling would greatly increase the probability that 

males would find scent marks left by a female and therefore would be more likely to 

locate a female when she is receptive to breeding.  Interestingly, the RS males had 

significantly higher rates of ñvoctotalò only during the estrus treatment.  Again, this type 
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of communication is best utilized if a female in estrus is nearby.  In the wild, a female in 

estrus will scent mark and if the male picks up on this communication it makes sense that 

he would vocalize to alert the female of his presence.  The RS males also had a faster 

average ñtime to initial approachò during the male urine treatment than the RUS males.  It 

would definitely be advantageous to discover and respond to an intruder faster in the wild 

(Both et al. 2005).  So although it was not significant, this response time could be 

indicative of the ability these individuals have to detect an intruder was in their territory.  

Finally, RS males had much higher rates of urine mark and defecate throughout the study 

and these behaviors were found to be highly significant when compared to the RUS 

males. This indicates that these males may be better at representing their presence and 

communicating their fitness to females, which may in turn make these females more 

receptive.  Specifically, the ñurine-walkò behavior increases the surface area of the scent 

mark making it much more likely a female or even intruder would happen upon it.  The 

urine marking behaviors were only found to be significant among the RS males during 

the estrus urine and choice tests, which may indicate that these males are also more 

resourceful when it comes to expending the energy it takes to produce these forms of 

communication.  It makes sense to invest the most during periods when the probability of 

success is greatest.  In other words, although they seemed to scent mark more overall, 

they also seemed to have a more advantageous approach at distributing their signals.  In 

this way, the behaviors exhibited by the RS males in captivity seem to align with the 

natural behavior that would lead to reproductive success when a male is searching for a 

female in the wild during periods of estrus. 
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The RS females exhibited what the author has termed ñdefensiveò or 

ñpreventativeò behaviors in higher frequencies than RUS females.  It has often been 

found that females exhibit more fearful (Wielebnoski 2002) or cautious behaviors (Both 

et al. 2005) than males.  Females, in general need to be more cautious because often 

times they are not only protecting themselves, but also their young.  For a species, such 

as the clouded leopard that has several predators in their natural habitat (i.e. tiger; 

leopard; wild dog), the defensive behaviors recorded during this study would be 

advantageous (Cavigelli et al. 2005).  The first defensive behavior observed was, 

ñretreatò (p=0.000), which was found to be highly significant among reproductively 

successful female clouded leopards.  Although there was a small sample size (N=2), these 

individuals both reacted exactly the same way during the mirror image stimulation; both 

retreated, and one female Numfun, also retreated from the novel object.  There were very 

few other individuals that exhibited this behavior; only one, a MR male, Mei, exhibited 

this behavior during the mirror image stimulation.  This male was also found to have a 

ñhigh-strungò temperament, which may partially explain his reaction to this treatment. 

This male may also have been the reason that MR males were found to have significantly 

higher rates of ñretreatò (p=0.47) than HR males.  Even though he was the only one to 

exhibit this behavior, the sample size of MR males was very small (N=2).  

Another defensive behavior, ñflinchò (p=0.013), was also highly significant 

among RS females.  This behavior was seen in the RS females during the mirror image 

stimulation.  Numfun flinched 12 times during that treatment and Mini flinched six times.  

These were two of the highest rates among all the cats that exhibited this behavior.  By 
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far, ñflinchò was most frequently observed during the mirror image stimulation (N=49) 

versus all the other treatments (p=0.002-0.045).   The next highest observation of the 

behavior flinch was during the novel object test (N=14) (p=0.028-0.045).  Some of the 

cats flinched during some of the scent treatments as well (N=9); none of them however 

wer in significant frequencies.  The MIS and NO treatments were the most revealing 

when determining differences between the female RS and RUS individuals and the MIS 

would be highly recommended for further studies to determine if it could be used for 

pinpointing females that may be reproductively successful.  The mirror image stimulation 

did not seem to help determine either temperament or reproductive success in the male 

clouded leopards tested for this treatment.   

The other behaviors that were found to be highly significant among RS females 

were termed ñpreventative behaviors,ò and were classified as such because by exhibiting 

these behaviors it is thought that a female may be able to prevent an attack either by a 

predator or conspecific in the wild, or a male conspecific in captivity.  These behaviors 

included ñlying,òand ñvoctotal.ò  The ñvoctotalò behavior which included the friendly 

vocalizations, ñmeowò and ñprusten,ò was considered highly preventative for this 

species.  ñPrustenò is used between clouded leopards as a friendly greeting as well as a 

sign of reassurance when they seem unsure of something.  The use, or apparent overuse, 

of this behavior may be how the female communicates to the male that she is friendly and 

calm.  ñVoctotalò may also serve to keep the male at bay and reminding him that all is 

friendly.  This behavior was found to be significantly higher in RS females during the 

control, blood, male and choice tests.   
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In the wild, lying can be an advantageous way of stalking prey.  Clouded leopards 

have been observed during the day resting high up in the trees along the edge of open 

grassland keeping an eye on the hoofstock grazing below (Grassman et al. 2005).  Lying 

may also prevent an attack, due to the fact that the more an animal moves the more likely 

they can be considered a target or prey.  Therefore, it is not unexpected that this behavior 

was highly significant among RS individuals as well as the RS female clouded leopards.  

Perhaps in the wild and in captivity, the advantageous position of lying in the trees or on 

a perch, where the female can see the male and move away before being detected, or 

before he can reach her, may contribute to her success.  In other species, females have 

been found to be more reproductively successful if they are slow to explore their 

territory; this makes them more adaptable to change and enhances their ability to react to 

novel stimuli (Both et al. 2005).  Therefore, clouded leopard females that spend more 

time lying may be equivalent to these ñslow exploringò females. 

In captivity, it has been observed during periods of estrus, that the male clouded 

leopard becomes the most interested in the female when she is up and moving around.  If 

the male is persistent when the female is not in full estrus and she continually avoids his 

advances, this can cause aggression (personal observation).  By spending a lot of time 

lying, the female can almost avoid these encounters until she is actually receptive to 

breeding.  The lying behavior may also be indicative of the catôs temperament, although 

it was not found to be highly correlated with temperament; it makes sense that cats that 

are calm and relaxed would spend more time lying, especially out in the open.  These 
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individuals differ from the high-strung individuals in that although they were inactive; 

they were not hiding or oversleeping ñout of sight.ò   

This study revealed that the clouded leopards in the test population had four 

separate quantifiable temperaments: ñhigh-strung;ò ñactive;ò ñaggressive;ò and ñcalm.ò  

These temperaments were found to be significantly correlated to reproductive success, 

(RS= ñcalmò p=0.004) and sex (M= ñcalmò p=0.008). They were also correlated with the 

method by which the individual was reared from birth (MR=ñaggressiveò p=0.040).  The 

findings in this study coincide with other animal personality research on several non-

human primates as well as other non-primate mammals (Gosling and John 1999; 

Wielebnowski 1999).  These studies found that most often animal personalities 

corresponded with the three most common factors derived from the human five factor 

model (John and Srivastava 1999):  

1. Neoroticism corresponds to the ñhigh-strungò clouded leopard temperament. 

2. Antagonism corresponds to the ñaggressiveò clouded leopard.temperament  

3. Extraversion corresponds to the ñactiveò clouded leopard temperament  

The only temperament found in clouded leopards that did not correspond with one of the 

three most common human factors was ñcalm.ò  No other studies of clouded leopards or 

exotic cats were reviewed (Gosling and John 1999).   

Overall, the temperaments seemed to correspond with the general demeanor of the 

cats.  The behavioral observations that corresponded to each temperament also seemed 

accurate.  The high-strung and aggressive cats were the least likely to respond and 

interact during testing.  This makes sense, often times animals that are high-strung have 



 93 

higher stress levels and it has been found that these individuals tend to be more secretive, 

with increased hiding and sleeping (Wielebnowski et al. 2002) and less exploration 

(Byrne and Suomi 2002).  Many of these cats were also MR (N= 8) and the MR cats were 

also significantly less likely to respond and were rated ñfearful of familiar peopleò so it 

makes sense that they were also found to be hesitant to shift and then once they did they 

interacted minimally with the test stimuli.  The cats with active temperaments were the 

opposite.  These cats were the most interactive the most often.  They fast to respond and 

spent a significantly longer time licking, sniffing and rubbing the test stimuli.  The cats 

with the calm temperament were the fastest to respond, but tended to have little interest in 

the test stimuli.  These individuals also exhibited ñprustenò and ñurinewalkò the most and 

these behaviors were also significantly correlated with RS individuals. 

It is believed that behavioral variation between individuals is more than just 

chance (Gosling and John 1999); that temperament may be a trait that has evolutionary 

ties that can be selected for (Dall et al. 2004).  This information becomes pertinent to the 

captive management of these endangered species.  We must be very deliberate in our 

pairings and diligent in our observance of these captive breeding populations.  If  certain 

individuals or temperament types tend to breed better or more frequently, there exists the 

possibility that we could be losing the genes necessary for survival in the wild.  When a 

species such as the clouded leopard has a mean kinship of 0.21-0.44 (Fletchall 2007), 

there is no room for continued loss of genetic diversity. 

The results of this study reveal that the temperaments in captivity that tend to be 

reproductively successful, (ñcalmò if hand-reared and ñaggressiveò if mother-reared), as 
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well as the corresponding behavioral observations, seem to fit into what ecologist would 

predict to be good fitness in the wild.  Behaviors such as ñretreatò and ñflinchò exhibited 

during the mirror image stimulation and novel object test by the reproductively successful 

females may be indicative of defensive behaviors that would be beneficial to these 

individuals in the wild.  Likewise, the reproductively successful males had increased 

urine marking, vocalizing and patrolling which would be essential for success in the wild.  

These males also scored higher on the temperament assessment for being food 

aggressive, which is another advantageous quality for survival.  It seems that even when 

hand-reared, which can be highly controversial amongst managers, these individuals still 

exhibit the necessary behaviors to survive and breed in captivity as they would in the 

wild.  The temperament of the individual may vary based on behavioral history (Dall et 

al. 2004), but the behavioral traits exhibited during this study among reproductively 

successful males were consistent regardless of the method which they were reared.  These 

findings indicate that certain behaviors may be hard-wired, and animals that exhibit these 

behaviors may tend to be reproductively successful both in the wild and in captivity 

regardless of rearing or other circumstances.  The two temperament types that were 

successful were at opposite extremes; ñcalmò and ñaggressive.ò  Increased aggression has 

been found to have a positive effect on reproductive success in both males and females.  

This result may be an indication that for clouded leopards, temperament is linked to 

individual fitness (Smith and Blumstein 2008).   

For a species on the brink of extinction, both in the wild and in captivity, each 

individual is valuable.  It is essential that the captive management of the clouded leopard 
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is successful.  These tests offer a way to quantify individual behavior in the clouded 

leopard and could serve as a helpful management tool.  The SSP needs to make 

calculated decisions when recommending breeding pairs.  These decisions are currently 

based on genetics, age and keeper intuition.  Often times because of a valuable animalôs 

age, there is only one chance for a successful pairing.  Although keepers know their 

animals extremely well and their experience is unmatched, these tests seek to quantify 

their intuition and may offer a way to make a better informed decision about which 

animals to pair.  This could help avoid spending time and money trying to pair animals 

that may be unsuccessful.  It could also avoid unnecessary animal shipments or serious 

attacks by males on females that often result in death.  

Future studies 

Due to the small sample size in this study, further testing is recommended, 

specifically of reproductively successful individuals.  The individuals used in this study 

came from only two facilities.  Although testing individuals in various other facilities 

would increase variability in the data, it would also help tease out other factors that may 

be influencing temperament or the behavioral responses to the tests offered.  Although 

there was significance found between reproductively successful and unsuccessful clouded 

leopards, increasing the sample size and finding similar results would make a stronger 

case for using these tests to predict reproductive success in the clouded leopard. 

Future studies should include a repeat of these tests on the same individuals that 

were tested.  It is believed that ñpersonalityò or the temperament of an individual should 

be unchanged overtime and regardless of situation (Stevenson-Hinde et al. 1980; Scolan 
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et al. 1987; Gosling and John 1999; Cavigelli 2005).  Therefore, the best way to support 

this would be to retest the same individuals again to see if their responses are consistent 

over time.  If they are, it would be a very powerful argument for using these tests to 

determine the potential reproductive success of clouded leopards in the future.   

In order to test the validity of using domestic cat urine as a substitute for clouded 

leopard urine, it would also be useful to run a test comparing behavioral response of the 

clouded leopard to domestic cat urine versus clouded leopard urine. Testing similar to 

that performed in this study could also focus on the hormone levels in the urine to see if 

hormone levels or stages in an estrous cycle could account for differences in behavioral 

response.   

Finally, these tests should be run on juvenile clouded leopards, ideally one year 

old or younger before there is any attempted pairing to see if there is truly any predictive 

power.  The true value of these tests would be in using them to determine success before 

pairing, which is done most successfully before one year of age.   

This study revealed that the clouded leopards in the test population had four separate 

quantifiable temperaments including: ñhigh-strung;ò ñactive;ò ñcalm;ò and ñaggressive.ò  

These temperaments were found to be significantly correlated to reproductive success, 

with successful individuals rating higher on ñcalm.ò  The temperaments were also 

significantly correlated with the method by which the individual was reared from birth, 

with mother-reared individuals rating higher on ñaggressive.ò  Behavioral observations 

recorded during test treatments were also found to be significantly correlated with 
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reproductive success.  Reproductively successful individuals were quicker to respond, 

more vocal, spent less time out of sight, and more time lying.   

Several behaviors were also found to be gender specific.   Reproductively 

successful males exhibited more ñterritorialò behaviors, including ñpatrol,ò ñdefecate,ò as 

well as an unusual behavior, not previously recorded in this species, termed ñurinewalk.ò  

The urine scent tests served best to elicit these behaviors and further testing is 

recommended to determine the possible use of urine scent tests in predicting reproductive 

success in male clouded leopards.  The reproductively successful females responded with 

defensive behaviors, including ñretreatò and ñflinch.ò The mirror image stimulation was 

the best test to elicit these behaviors and further testing is recommended to determine the 

possible use of the MIS in predicting reproductive success in female clouded leopards.  

The data obtained in all eight treatments combined served as the best overall indicator of 

reproductive success in the clouded leopard.  The temperament characteristics and 

corresponding behavioral traits of the clouded leopard may be linked to fitness both in 

captivity and in the wild.  Behavioral research can be vastly revealing; this study adds to 

the foundation of behavioral knowledge that is lacking for the clouded leopard.   
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APPENDIX I 

Random Order of Treatments 

 

 
A1-1: Randomized order of treatments by cat 

CLOUDED 

LEOPARD 

KKOZ 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Mei  C E B E C N M 
N

O 

C

H 
N B 

MI

S 
N E C M M B 

Name  N B M B E C M 
M

IS 
M C N C N CH E E B NO 

Wanchai  N 
N

O 
M 

MI

S 
E C C B N CH E M M B B E C N 

Songkla  E B B 
MI

S 
C B 

N

O 
N C N M C E M CH M E N 

Sakda  N C B B C N E M N B E E C 
MI

S 
NO M 

C

H 
M 

Nok  E E 
M

IS 
C M C N M N B E CH B N NO M C B 

Gaint  C N N N M C E B M C 
MI

S 
M E NO CH E B B 

Manow  C E B E N B B M C C M N NO N 
MI

S 
M 

C

H 
E 

Pukluk  C E E B E 
M

IS 
M M N B NO N CH C B C N M 

Somsri  M M C N M E N E C N E B NO B CH B 
MI

S 
C 

Thap-Thim  
M

IS 
B M M N N E B C N C B M E C NO 

C

H 
E 

Mesa  N E C B C M N 
M

IS 

C

H 
B NO B E N M C M E 

Numfun  E N M C M M N 
M

IS 

N

O 
C B B CH E C E B N 

Mini  N N M B C 
M

IS 
N B C M M B E E CH C 

N

O 
E 

CLOUDED 

LEOPARD 

CRC 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Junior  

M

IS 

C 

1 

N

O 

N 

1 

B 

1 

E 

1 

C 

2 

C 

3 

M 

1 
N 2 E 2 B 2 E 3 N 3 

M 

2 
CH 

M 

3 
B 3 

Brandon  

C 

1 

M 

1 

M 

2 

B 

1 

M 

3 

N 

1  

M

IS 

C 

2 

B 

2 
C 3 N 2 E 1 E 2 B 3 N 3 CH 

N

O 
E 3 

Xing-Xing  

M 

1 

C 

1 

N 

1 

E 

1 

E 

2 

M 

2 

N 

2 

B 

1 

C 

2 

MI

S 
E 3 N 3 CH NO C 3 B 2 

B 

3 
M 3  
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CLOUDED 

LEOPARD 

CRC 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Dao  

N 

1 

E 

1 

M 

1 

C 

1 

M 

2 

M 

3 

N

O 

E 

2 

E 

3 
C 2 B 1 

MI

S 
CH N 2 B 2 C 2 

B 

3 
N 3 

Zoe  

C 

1 

M 

1 

B 

1 

E 

1 

C 

2 

M 

2 

M 

3 

C 

3  

N 

1 B 2 CH NO B 3 N 2 N 3 E 2 

E 

3 

MIS 

Jasmine 

C 

1 

M 

1 

M 

2 

E 

1 

M

IS 

B 

1 

N 

1 

C 

2 

C

H NO B 2 C 3 E 2 N 2 B 3 N 3 

M 

3 E 3 

Thistle  

B 

1 

M

IS 

C 

1 

E 

1 

E 

2 

N 

1  

M 

1 

M 

2 

C

H B 2 B 3 C 2 N 2 NO 

M 

3 C 3 

N 

3 E 3 

Nattie  

B 

1 

N 

1 

M 

1 

C 

1 

N 

2 

N 

3 

N

O 

C 

2 

E 

1 

MI

S E 2 CH C 3 

M 

2 B 3 

M 

3 

B 

3 E 3 

Nellie  

C 

1 

M 

1 

N 

1 

E 

1 

M 

2 

N 

2 

E 

2 

N

O 

B 

1 

M 

3 

MI

S C 2 B 2 N 3 C 3 E 3 

C

H B 3 

JoGayle  

N 

1 

C 

1 

M 

1 

MI

S 

C 

2 

N

O 

B 

1 

E 

1 

B 

2 CH E 2 N 2 C 3 N 3 

M 

2 B 3 

E 

3 M 3  

 

Table Coding 

E = Estrus Urine 

N = Nonestrus Urine 

M = Male Urine 

B = Blood 

C = Control 

CH = Choice Test 

MIS = Mirror Image Stimulation 

NO = Novel Object 
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APPENDIX II 

Behavioral Checksheet 

 

 

Observer:     Date:          Time: start:     end:      

Animal(s):     Enclosure(s):        Treatment:             

         Weather:            

Latency to 

response                   

Time to initial 

approach                   

Total # of 

approaches                   

Total time spent 

interacting with object           Total stare time ______________  

Behavioral States - recorded at the end of every minute from the time of initial response 

  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total  

Lying                                 

Out of Sight                                 

Pacing                                 

Running                                 

Sitting                                 

Standing                                 

Walking                                  

Behavioral Events - recorded continuously from the time of initial response      

  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total  

Approach                                 

Bite                                 

Claw                                 

Defecate                                 

Flehmen                                

Groom self                                 

Growl/hiss                                 
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Lick                                 

Meow/cry                                 

Prusten                                 

Retreat                                 

Roll                                 

Rub on object                                 

Stare                                 

Stare time                                 

Swat                                 

Sniff object                                 

Urinate/scrape                                 

                 

Comments:                 
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APPENDIX III  

Temperament assessment 

 

 

TEMPERAMENT ASSESSMENT  

Your 

Name_____________________ 

Animal Name __________________    

Date______________   

Questions should be answered for the individuals when they are most active during the DAY 

Place a hash mark i.e. ( - ) --------------I ---------------------- ( + ) indicating the frequency of each 

behavior 

 ( - ) being NEVER and ( + ) being ALWAYS 

ACTIVE 

Moves frequently 

(i.e. patrols, runs 

stalks a lot) 

( 

- 

) 

  
( + ) 

  

Aggressive to 

CONSPECIFICS 

Frequently reacts 

hostile (i.e. attacks, 

growls) at other 

clouded leopards 

( 

- 

) 

  
( + ) 

  

Aggressive to 

FAMILIAR 

people 

Frequently reacts, 

strikes out or 

displays aggressive 

behavior or 

vocalizations to 

primary staff 

( 

- 

) 

  
( + ) 

  

Aggressive to 

STRANGERS 

Frequently reacts, 

strikes out or 

displays aggressive 

behavior or 

vocalizations to 

primary staff 

( 

- 

) 

  
( + ) 

  

CALM 

Not easily 

disturbed by 

changes in the 

environment 

( 

- 

) 

  
( + ) 

  

HIGH-STRUNG 

Exhibits 

stereotypic or 

unusual behavior 

(i.e. excessive 

pacing, tailbiting, 

hiding etc.) 

 

 

( 

- 

) 

  

( + ) 
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INVESTIGATIVE 

Readily 

approaches and 

explores changes 

in the environment 

( 

- 

) 

  
( + ) 

  

Friendly to 

CONSPECIFICS 

Social; initiates 

and seeks out close 

proximity to other 

clouded leopards 

( 

- 

) 

  
( + ) 

  

Friendly to 

FAMILIAR 

people 

Initiate proximity; 

approaches fence 

readily and in a 

friendly manner 

(i.e. prusten or 

chuffs, rubs on 

fence) to primary 

staff 

( 

- 

) 

  
( + ) 

  

Friendly to 

STRANGERS 

Initiate proximity; 

approaches fence 

readily and in a 

friendly manner 

(i.e. prusten or 

chuffs, rubs on 

fence) to   

strangers 

( 

- 

) 

  
( + ) 

  

Fearful of 

CONSPECIFICS 

Retreats and hides 

from other clouded 

leopards 

( 

- 

) 

  
( + ) 

  

Fearful of 

FAMILIAR 

people 

Retreats and hides 

from primary staff 

( 

- 

) 

  
( + ) 

  

Fearful of 

STRANGERS 

Retreats and hides 

from strangers 

(may hide or 

freeze if they are in 

the area) 

( 

- 

) 

  
( + ) 

  

FOOD 

AGGRESSIVE 

Animal becomes 

aggressive when 

food is present (i.e. 

may jump up, bite 

or claw at mesh, 

growl of hiss) 

( 

- 

) 

  
( + ) 

  

INSECURE 

Seems scared 

easily; "jumpy" 

and fearful in 

general (i.e. may 

hide or not eat 

when a change 

occurs) 

( 

- 

) 

  
( + ) 
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PLAYFUL 

Initiates and 

engages in play 

behavior 

(seemingly 

meaningless, but 

nonaggressive 

behavior with 

objects and/or 

other clouded 

leopards 

( 

- 

) 

  
( + ) 

  

CONFIDENT 

Moves in a 

seemingly  well-

coordinated and 

relaxed manner 

(enters areas that 

have been changed 

with little 

hesitation) 

( 

- 

) 

  
( + ) 

  

SMART 

Readily observes 

surroundings and 

appears to 

associate and even 

anticipate certain 

events regardless 

of the time that has 

passed since the 

last occurance  

( 

- 

) 

  

( + ) 

  

TENSE 

Shows restraint in 

movement and 

posture 

( 

- 

) 

  
( + ) 

  

VOCAL 

Frequently and 

readily vocalizes to 

humans or 

conspecifics  

( 

- 

) 

  
( + ) 

 

COMMENTS:                                                                                                                     
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APPENDIX IV 

Keeper Survey 

 

 

STUDY:  Behavioral assessment of the clouded leopard  (Neofelis nebulosa); a 

comparative analysis of reproductive success. 

 

Please take your time to answer the following questions to the best of your ability.  If 

you need clarification on any of the questions please do not hesitate to contact 

researcher at fazioj@si.edu. 

 

Your Name:_______________________   Date:___________________ 

 

Your Position:_____________________  

 Facility:________________________ 

 

The following questions relate only to the study animal. A separate sheet should be 

filled out for each individual animal. 

 Each answer will depend on your experience with the individual animal there are 

no right or wrong answers.  

 

 

Study animal name:__________________Studbook #_________Facility ID#:_________ 

 

 

HISTORY:  

How many years have you worked with this individual animal? ______ 

Intact      Y N 

Hand-reared     Y N 

Mother-reared     Y N 

Partially mother/hand-reared   Y N 

Ever successfully paired   Y N 

Currently paired    Y N 

Hand-reared with its mate   Y N 

Sired young     Y N 

Killed or injured a mate   Y N 

Been injured by mate    Y N 

 

Total number of individuals attempted to pair_____________ 
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Please list all pairing attempts, for each instance please list the age of both leopards 

(from the categories provided) as well as the following information 

Age:  0-3 months        4-7 months          8-12 months       13-16 months            

Mature adult 

Rearing: mother  hand  co-reared 

Successful:  Y N 

If they injured or killed the mate 

Individual's age Other Leopard Otherôs Age Otherôs Rearing Successful Injured/Killed 

           

           

           

           

           

 

  

MANAGEMENT:  

Enclosure size (specifically indicating height animals have access too) 

 

Indoor ___________________   Outdoor_________________ 

 

How busy is your holding area while cats are locked inside or have access to their 

exhibit? 

1-quiet (1-2 people once or twice a day) 

2-moderately active (1-2 people several times a day) 

3- active (several people in and out but all primary keepers) 

4-moderately busy (several people in and out including strangers) 

5- busy (multitudes of people in and out) 

 

How many primary keepers are there? 

1- One 

2- Two 

3- Three 

4- Four 

5-More than four 

 

Please list the components of the primary diet and how often they are fed. 

_______________________________________________________________________ 
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How many fast days? 

0 1 2 3 

 

 

How is the individual housed?  

1 - Single cat 

2 - Paired opposite sex 

3 - Paired with same sex 

4 - Multiple mixed sex 

5 - Multiple same sex 

 

How often do they have access outside? 

1- 24 hr access 

2- During the day only 

3- During the night only  

4- Depends on the day 

5- No outside access available 

 

Do they have visual access to other animals? (if conspecific please note sex) 

On exhibit   Y N 

 

List species________________________________________ 

 

In holding Y N 

 

List species________________________________________ 

 

Are there any other animals housed in their holding building or exhibit area that  

they do not have visual access too? 

Y N                   List species________________________________________ 

 

ENRICHMENT AND TRAINING 

 

Are these animals part of a formal training program?  Y N 

 

In a one month period, how many days do you formally train this individual?  

(Circle one) 

  

0  1  2  3  4  5  6  7  8  9  10  1  12  13  14  15  16  17  18  19  20  21  22  23  24   

25  26  27  28  29  30 

 

 If less than one day a month, have you ever trained?   Y N 

 

Are these animals part of a formal enrichment program?   Y N 
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In one month period, how many days do you enrich your cats (other than training)? 

(Circle one) 

 

0  1  2  3  4  5  6  7  8  9  10  1  12  13  14  15  16  17  18  19  20  21  22  23  24   

25  26  27  28  29  30 

 

 If less than one day a month, have you ever?    Y N 

 

 

In a one month period, how often are cologne/perfume scents used as enrichment?  

(Circle one) 

 

0  1  2  3  4  5  6  7  8  9  10  1  12  13  14  15  16  17  18  19  20  21  22  23  24   

25  26  27  28  29  30 

 

 If less than one day a month, have you ever?    Y N 

 

In a one month period, how often do you utilize other species scent as enrichment?   

For example hay from a prey species. 

 

0  1  2  3  4  5  6  7  8  9  10  1  12  13  14  15  16  17  18  19  20  21  22  23  24   

25  26  27  28  29  30 

 

 If less than one day a month, have you ever?    Y N 

 

List common species used____________________________________ 

 

In a one month period, how often do you utilize conspecific scent as enrichment?  

(Circle one) 

 

0  1  2  3  4  5  6  7  8  9  10  1  12  13  14  15  16  17  18  19  20  21  22  23  24   

25  26  27  28  29  30 

 

 If less than one day a month, have you ever?    Y N 

 

Have you ever used a mirror with this animal?    Y N 

Any response?_________________________  

 

Have you ever used large paper bags/boxes with this animal?  Y N 

Any response?_________________________ 
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APPENDIX V 

Spearman Rank-Order Correlation to determine  

Inter-Observer Reliability on Temperament Assessment 
 

 

A5-1 Temperament characteristics that are stricken through were not used in final analysis. 
Temperament 

Characteristic 
Correlations CRC Raters KKOZ Raters  

    active1 active2 active3 active1 active2 active3 

active1 
Correlation 

Coefficient 
1 .851(**) .608(**) 1 .582(**) .298(**) 

  
Sig. (1-

tailed) 
. 0 0 . 0 0 

  N 332 332 332 1043 1043 1043 

active2 
Correlation 

Coefficient 
.851(**) 1 .864(**) .582(**) 1 .422(**) 

  
Sig. (1-

tailed) 
0 . 0 0 . 0 

  N 332 332 332 1043 1043 1043 

active3 
Correlation 

Coefficient 
.608(**) .864(**) 1 .298(**) .422(**)  1 

  
Sig. (1-

tailed) 
0 0 . 0 0 . 

  N 332 332 332 1043 1043 1043 

    aggcon1 aggcon2 aggcon3 aggcon1 aggcon2 aggcon3 

aggcon1 
Correlation 

Coefficient 
1 .699(**) .309(**) 1 -.198(**) 0.014 

  
Sig. (1-

tailed) 
. 0 0 . 0 0.327 

  N 332 332 332 1043 1043 1043 

aggcon2 
Correlation 

Coefficient 
.699(**) 1 -.182(**) -.198(**) 1 .101(**) 

  
Sig. (1-

tailed) 
0 . 0.001 0 . 0.001 

  N 332 332 332 1043 1043 1043 

aggcon3 
Correlation 

Coefficient 
.309(**) -.182(**) 1 0.014 .101(**) 1 

  
Sig. (1-

tailed) 
0 0.001 . 0.327 0.001 . 

  N 332 332 332 1043 1043 1043 

    aggfam1 aggfam2 aggfam3 aggfam1 aggfam2 aggfam3 

aggfam1 
Correlation 

Coefficient 
1 .783(**) .624(**) 1 .505(**) .062(*) 

  
Sig. (1-

tailed) 
. 0 0 . 0 0.023 

  N 332 332 332 1043 1043 1043 

aggfam2 
Correlation 

Coefficient 
.783(**) 1 .909(**) .505(**) 1 .096(**) 

  
Sig. (1-

tailed) 
0 . 0 0 . 0.001 

  N 332 332 332 1043 1043 1043 
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Temperament 

Characteristic 
Correlations CRC Raters KKOZ Raters  

aggfam3 
Correlation 

Coefficient 
.624(**) .909(**) 1 .062(*) .096(**) 1 

  
Sig. (1-

tailed) 
0 0 . 0.023 0.001 . 

  N 332 332 332 1043 1043 1043 

    aggstran1 aggstran2 aggstran3 aggstran1 aggstran2 aggstran3 

aggstran1 
Correlation 

Coefficient 
1 .394(**) .905(**) 1 .221(**) .223(**) 

  
Sig. (1-

tailed) 
. 0 0 . 0 0 

  N 332 332 332 1043 1043 1043 

aggstran2 
Correlation 

Coefficient 
.394(**) 1 .586(**) .221(**) 1 0.045 

  
Sig. (1-

tailed) 
0 . 0 0 . 0.075 

  N 332 332 332 1043 1043 1043 

aggstran3 
Correlation 

Coefficient 
.905(**) .586(**) 1 .223(**) 0.045 1 

  
Sig. (1-

tailed) 
0 0 . 0 0.075 . 

  N 332 332 332 1043 1043 1043 

    AGTOTAL1 AGTOTAL2 AGTOTAL3 AGTOTAL1 AGTOTAL2 AGTOTAL3 

AGTOTAL1 
Correlation 

Coefficient 
1 -.261(**) .624(**) 1 .517(**) .544(**) 

  
Sig. (1-

tailed) 
. 0 0 . 0 0 

  N 332 332 332 1043 1043 1043 

AGTOTAL2 
Correlation 

Coefficient 
-.261(**) 1 -0.032 .517(**) 1 -0.048 

  
Sig. (1-

tailed) 
0 . 0.564 0 . 0.124 

  N 332 332 332 1043 1043 1043 

AGTOTAL3 
Correlation 

Coefficient 
.624(**) -0.032 1 .544(**) -0.048 1 

  
Sig. (1-

tailed) 
0 0.564 . 0 0.124 . 

  N 332 332 332 1043 1043 1043 

    calm1 calm2 calm3 calm1 calm2 calm3 

calm1 
Correlation 

Coefficient 
1 .945(**) .851(**) 1 0.055 -.194(**) 

  
Sig. (1-

tailed) 
. 0 0 . 0.074 0 

  N 332 332 332 1043 1043 1043 

calm2 
Correlation 

Coefficient 
.945(**) 1 .957(**) 0.055 1 .594(**) 

  
Sig. (1-

tailed) 
0 . 0 0.074 . 0 

  N 332 332 332 1043 1043 1043 

calm3 
Correlation 

Coefficient 
.851(**) .957(**) 1 -.194(**) .594(**) 1 

  
Sig. (1-

tailed) 
0 0 . 0 0 . 

  N 332 332 332 1043 1043 

1043 
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Temperament 

Characteristic 
Correlations CRC Raters KK OZ Raters 

    confident1 confident2 confident3 confident1 confident2 confident3 

confident1 
Correlation 

Coefficient 
1 .976(**) .595(**) 1 .596(**) .620(**) 

  
Sig. (1-

tailed) 
. 0 0 . 0 0 

  N 332 332 332 1043 1043 1043 

confident2 
Correlation 

Coefficient 
.976(**) 1 .600(**) .596(**) 1 .383(**) 

  
Sig. (1-

tailed) 
0 . 0 0 . 0 

  N 332 332 332 1043 1043 1043 

confident3 
Correlation 

Coefficient 
.595(**) .600(**) 1 .620(**) .383(**) 1 

  
Sig. (1-

tailed) 
0 0 . 0 0 . 

  N 332 332 332 1043 1043 1043 

    fearcon1 fearcon2 fearcon3 fearcon1 fearcon2 fearcon3 

fearcon1 
Correlation 

Coefficient 
1 -.542(**) .578(**) 1 0.033 .633(**) 

  
Sig. (1-

tailed) 
. 0 0 . 0.288 0 

  N 332 332 332 1043 1043 1043 

fearcon2 
Correlation 

Coefficient 
-.542(**) 1 -.855(**) 0.033 1 .525(**) 

  
Sig. (1-

tailed) 
0 . 0 0.288 . 0 

  N 332 332 332 1043 1043 1043 

fearcon3 
Correlation 

Coefficient 
.578(**) -.855(**) 1 .633(**) .525(**) 1 

  
Sig. (1-

tailed) 
0 0 . 0 0 . 

  N 332 332 332 1043 1043 1043 

    fearfam1 fearfam2 fearfam3 fearfam1 fearfam2 fearfam3 

fearfam1 
Correlation 

Coefficient 
1 .178(**) 0.025 1 -0.03 .649(**) 

  
Sig. (1-

tailed) 
. 0.001 0.655 . 0.164 0 

  N 332 332 332 1043 1043 1043 

fearfam2 
Correlation 

Coefficient 
.178(**) 1 .587(**) -0.03 1 .226(**) 

  
Sig. (1-

tailed) 
0.001 . 0 0.164 . 0 

  N 332 332 332 1043 1043 1043 

fearfam3 
Correlation 

Coefficient 
0.025 .587(**) 1 .649(**) .226(**) 1 

  
Sig. (1-

tailed) 
0.655 0 . 0 0 . 

  N 332 332 332 1043 1043 1043 

    fearstran1 fearstran2 fearstran3 fearstran1 fearstran2 fearstran3 

fearstran1 
Correlation 

Coefficient 
1 -.284(**) .485(**) 1 -.246(**) -.168(**) 

  
Sig. (1-

tailed) 
. 0 0 . 0 0 

  N 332 332 332 1043 1043 1043 

fearstran2 
Correlation 

Coefficient 
-.284(**) 1 0.016 -.246(**) 1 .121(**) 
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Sig. (1-

tailed) 
0 . 0.778 0 . 0 

  N 332 332 332 1043 1043 1043 

    fearstran1 fearstran2 fearstran3 fearstran1 fearstran2 fearstran3 

fearstran3 
Correlation 

Coefficient 
.485(**) 0.016 1 -.168(**) .121(**) 1 

  
Sig. (1-

tailed) 
0 0.778 . 0 0 . 

  N 332 332 332 1043 1043 1043 

    
FEAR 

TOTAL1 

FEAR 

TOTAL2 

FEAR 

TOTAL3 

FEAR 

TOTAL1 

FEAR 

TOTAL2 

FEAR 

TOTAL3 

FEAR 

TOTAL1 

Correlation 

Coefficient 
1 -.239(**) .652(**) 1 -.481(**) .313(**) 

  
Sig. (1-

tailed) 
. 0 0 . 0 0 

  N 332 332 332 1043 1043 1043 

FEAR 

TOTAL2 

Correlation 

Coefficient 
-.239(**) 1 .378(**) -.481(**)  1 .433(**) 

  
Sig. (1-

tailed) 
0 . 0 0 . 0 

  N 332 332 332 1043 1043 1043 

FEAR 

TOTAL3 

Correlation 

Coefficient 
.652(**) .378(**) 1 .313(**) .433(**) 1 

  
Sig. (1-

tailed) 
0 0 . 0 0 . 

  N 332 332 332 1043 1043 1043 

    foodagg1 foodagg2 foodagg3 foodagg1 foodagg2 foodagg3 

foodagg1 
Correlation 

Coefficient 
1 .622(**) .687(**) 1 .761(**) .467(**) 

  
Sig. (1-

tailed) 
. 0 0 . 0 0 

  N 332 332 332 1043 1043 1043 

foodagg2 
Correlation 

Coefficient 
.622(**) 1 .973(**) .761(**) 1 .098(**) 

  
Sig. (1-

tailed) 
0 . 0 0 . 0.001 

  N 332 332 332 1043 1043 1043 

foodagg3 
Correlation 

Coefficient 
.687(**) .973(**) 1 .467(**) .098(**) 1 

  
Sig. (1-

tailed) 
0 0 . 0 0.001 . 

  N 332 332 332 1043 1043 1043 

    highstrung1 highstrung2 highstrung3 highstrung1 highstrung2 highstrung3 

highstrung1 
Correlation 

Coefficient 
1 .928(**) .694(**) 1 .425(**) .746(**) 

  
Sig. (1-

tailed) 
. 0 0 . 0 0 

  N 332 332 332 1043 1043 1043 

highstrung2 
Correlation 

Coefficient 
.928(**) 1 .461(**) .425(**) 1 .563(**) 

  
Sig. (1-

tailed) 
0 . 0 0 . 0 

  N 332 332 332 1043 1043 1043 

highstrung3 
Correlation 

Coefficient 
.694(**) .461(**) 1 .746(**) .563(**) 1 

  
Sig. (1-

tailed) 
0 0 . 0 0 . 

  N 332 332 332 1043 1043 1043 
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Temperament 

Characteristic 
Correlations CRC Raters KKOZ Raters  

    
Friendly 

con1 

Friendly 

con2 

Friendly 

con3 

Friendly 

con1 

Friendly 

con2 

Friendly 

con3 

friendlycon1 
Correlation 

Coefficient 
1 .417(**) .996(**) 1 .120(**) .482(**) 

  
Sig. (1-

tailed) 
. 0 0 . 0 0 

  N 332 332 332 1043 1043 1043 

friendlycon2 
Correlation 

Coefficient 
.417(**) 1 .414(**) .120(**) 1 .406(**) 

  
Sig. (1-

tailed) 
0 . 0 0 . 0 

  N 332 332 332 1043 1043 1043 

friendlycon3 
Correlation 

Coefficient 
.996(**) .414(**) 1 .482(**) .406(**) 1 

  
Sig. (1-

tailed) 
0 0 . 0 0 . 

  N 332 332 332 1043 1043 1043 

    friendlyfam1 friendlyfam2 friendlyfam3 friendlyfam1 friendlyfam2 friendlyfam3 

friendlyfam1 
Correlation 

Coefficient 
1 .644(**) .784(**) 1 .534(**) .530(**) 

  
Sig. (1-

tailed) 
. 0 0 . 0 0 

  N 332 332 332 1043 1043 1043 

friendlyfam2 
Correlation 

Coefficient 
.644(**) 1 .855(**)  .534(**) 1 .329(**) 

  
Sig. (1-

tailed) 
0 . 0 0 . 0 

  N 332 332 332 1043 1043 1043 

friendlyfam3 
Correlation 

Coefficient 
.784(**) .855(**) 1 .530(**) .329(**) 1 

  
Sig. (1-

tailed) 
0 0 . 0 0 . 

  N 332 332 332 1043 1043 1043 

    
Friendly 

stranger1 

Friendly 

stranger2 

Friendly 

stranger3 

Friendly 

stranger1 

Friendly 

stranger2 

Friendly 

stranger3 

Friendly 

Stranger1 

Correlation 

Coefficient 
1 .456(**) .910(**) 1 .623(**) .754(**) 

  
Sig. (1-

tailed) 
. 0 0 . 0 0 

  N 332 332 332 1043 1043 1043 

Friendly 

Stranger2 

Correlation 

Coefficient 
.456(**) 1 .450(**) .623(**) 1 .355(**) 

  
Sig. (1-

tailed) 
0 . 0 0 . 0 

  N 332 332 332 1043 1043 1043 

Friendly 

Stranger3 

Correlation 

Coefficient 
.910(**) .450(**) 1 .754(**) .355(**) 1 

  
Sig. (1-

tailed) 
0 0 . 0 0 . 

  N 332 332 332 1043 1043 1043 

    
FRIEND 

TOTAL1 

FRIEND 

TOTAL2 

FRIEND 

TOTAL3 

FRIEND 

TOTAL1 

FRIEND 

TOTAL2 

FRIEND 

TOTAL3 

FRIENDLY 

TOTAL1 

Correlation 

Coefficient 
1 .664(**) .838(**) 1 .406(**) .688(**) 

  
Sig. (1-

tailed) 
. 0 0 . 0 0 

  N 332 332 332 1043 1043 1043 
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Temperament 

Characteristic 
Correlations CRC Raters KKOZ Raters  

FRIENDLY 

TOTAL2 

Correlation 

Coefficient 
.664(**) 1 .821(**) .406(**) 1 .344(**) 

  
Sig. (1-

tailed) 
0 . 0 0 . 0 

  N 332 332 332 1043 1043 1043 

FRIENDLY 

TOTAL3 

Correlation 

Coefficient 
.838(**) .821(**) 1 .688(**) .344(**) 1 

  
Sig. (1-

tailed) 
0 0 . 0 0 . 

  N 332 332 332 1043 1043 1043 

    insecure1 insecure2 insecure3 insecure1 insecure2 insecure3 

insecure1 
Correlation 

Coefficient 
1 .601(**) .959(**) 1 .691(**) .402(**) 

  
Sig. (1-

tailed) 
. 0 0 . 0 0 

  N 332 332 332 1043 1043 1043 

insecure2 
Correlation 

Coefficient 
.601(**) 1 .575(**) .691(**) 1 .264(**) 

  
Sig. (1-

tailed) 
0 . 0 0 . 0 

  N 332 332 332 1043 1043 1043 

insecure3 
Correlation 

Coefficient 
.959(**) .575(**) 1 .402(**) .264(**) 1 

  
Sig. (1-

tailed) 
0 0 . 0 0 . 

  N 332 332 332 1043 1043 1043 

    invest1 invest2 invest3 invest1 invest2 invest3 

invest1 
Correlation 

Coefficient 
1 .970(**) .952(**) 1 -.133(**) .070(*) 

  
Sig. (1-

tailed) 
. 0 0 . 0 0.023 

  N 332 332 332 1043 1043 1043 

invest2 
Correlation 

Coefficient 
.970(**) 1 .991(**) -.133(**) 1 .452(**) 

  
Sig. (1-

tailed) 
0 . 0 0 . 0 

  N 332 332 332 1043 1043 1043 

invest3 
Correlation 

Coefficient 
.952(**) .991(**) 1 .070(*) .452(**) 1 

  
Sig. (1-

tailed) 
0 0 . 0.023 0 . 

  N 332 332 332 1043 1043 1043 

    playful1 playful2 playful3 playful1 playful2 playful3 

playful1 
Correlation 

Coefficient 
1 .801(**) .935(**) 1 .680(**) .699(**) 

  
Sig. (1-

tailed) 
. 0 0 . 0 0 

  N 332 332 332 1043 1043 1043 

playful2 
Correlation 

Coefficient 
.801(**) 1 .781(**) .680(**) 1 .432(**) 

  
Sig. (1-

tailed) 
0 . 0 0 . 0 

  N 332 332 332 1043 1043 

1043 
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Temperament 

Characteristic 
Correlations CRC Raters KKOZ Raters  

    playful1 playful2 playful3 playful1 playful2 playful3 

playful3 
Correlation 

Coefficient 
.935(**) .781(**) 1 .699(**) .432(**) 1 

  
Sig. (1-

tailed) 
0 0 . 0 0 . 

  N 332 332 332 1043 1043 1043 

    smart1 smart2 smart3 smart1 smart2 smart3 

smart1 
Correlation 

Coefficient 
1 .702(**) .564(**) 1 .530(**) .273(**) 

  
Sig. (1-

tailed) 
. 0 0 . 0 0 

  N 332 332 332 1043 1043 1043 

smart2 
Correlation 

Coefficient 
.702(**) 1 .211(**) .530(**) 1 .205(**) 

  
Sig. (1-

tailed) 
0 . 0 0 . 0 

  N 332 332 332 1043 1043 1043 

smart3 
Correlation 

Coefficient 
.564(**) .211(**) 1 .273(**) .205(**) 1 

  
Sig. (1-

tailed) 
0 0 . 0 0 . 

  N 332 332 332 1043 1043 1043 

    tense1 tense2 tense3 tense1 tense2 tense3 

tense1 
Correlation 

Coefficient 
1 .872(**) .957(**) 1 .431(**) .437(**) 

  
Sig. (1-

tailed) 
. 0 0 . 0 0 

  N 332 332 332 1043 1043 1043 

tense2 
Correlation 

Coefficient 
.872(**) 1 .883(**) .431(**) 1 .387(**) 

  
Sig. (1-

tailed) 
0 . 0 0 . 0 

  N 332 332 332 1043 1043 1043 

tense3 
Correlation 

Coefficient 
.957(**) .883(**) 1 .437(**) .387(**) 1 

  
Sig. (1-

tailed) 
0 0 . 0 0 . 

  N 332 332 332 1043 1043 1043 

    vocal1 vocal2 vocal3 vocal1 vocal2 vocal3 

vocal1 
Correlation 

Coefficient 
1 .986(**) .762(**) 1 .816(**) .366(**) 

  
Sig. (1-

tailed) 
. 0 0 . 0 0 

  N 332 332 332 1043 1043 1043 

vocal2 
Correlation 

Coefficient 
.986(**) 1 .812(**) .816(**) 1 .088(**) 

  
Sig. (1-

tailed) 
0 . 0 0 . 0.002 

  N 332 332 332 1043 1043 1043 

vocal3 
Correlation 

Coefficient 
.762(**) .812(**) 1 .366(**) .088(**) 1 

  
Sig. (1-

tailed) 
0 0 . 0 0.002 . 

  N 332 332 332 1043 1043 1043 
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APPENDIX VI 

Hypotheses 

 

 

Hypothesis 1:  Clouded leopards have quantifiable temperaments. 
A6-1:  Individual clouded leopard score averages on Temperament Assessment after Spearman-rank 

order correlation, used for analysis in PCA. 
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Noname 109 11 73 43 109 4 4 107 72 49 108 107 115 

Songkla 26 78 79 18 32 60 37 118 6 17 106 83 39 

Wanchai 90 6 104 5 105 6 7 113 5 50 110 108 118 

Sakda 91 25 23 40 73 40 49 25 46 24 44 68 98 

Mei 69 88 8 96 28 63 73 69 99 9 48 107 32 

Thap-thim 111 33 61 38 87 62 14 88 64 95 96 105 117 

Manow 117 18 39 118 94 14 98 53 34 102 112 112 119 

Pukluk 28 78 60 42 48 73 86 41 42 49 79 84 70 

Gaint 86 55 50 45 79 46 106 3 25 106 103 101 116 

Mesa 88 44 80 21 82 26 32 5 31 34 57 93 118 

Somsri 1 106 2 62 2 108 119 2 120 1 1 59 1 

Nok 89 33 34 97 68 67 76 18 68 30 48 90 107 

Mini  34 67 79 2 48 7 58 70 46 49 104 115 40 

Numfun 19 90 59 23 41 3 73 87 57 6 71 93 26 

Junior 100 72 91 12 20 90 11 107 15 65 109 113 33 

Xing 42 87 27 65 18 45 33 114 74 29 51 96 4 

Brandon 51 42 48 43 25 15 49 30 102 55 44 84 61 

Dao 30 70 14 32 23 35 77 106 70 11 23 80 16 

Zoe 27 59 15 101 58 60 59 81 101 13 15 73 86 

Jasmine 22 73 33 118 5 66 52 95 83 20 14 60 12 

Nattie 51 88 10 89 9 39 68 102 73 24 32 81 9 

Thistle 8 19 29 112 5 40 109 6 97 5 9 92 4 

Nellie 35 6 21 74 24 19 76 5 87 49 32 93 18 

Jogayle 107 13 102 8 89 31 10 73 8 108 108 104 111 
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A6-2:  R-Type Principle Component Analysis ï Total vari ance from resulting components 

Total Variance Explained 

Compone

nt 

Initial 

Eigenvalues 
    

Extraction Sums of Squared 

Loadings 

Rotation Sums of Squared 

Loadings 

  Total 

% of 

Varian

ce 

Cumulativ

e % 
Total 

% of 

Varian

ce 

Cumulativ

e % 
Total 

% of 

Varian

ce 

Cumulativ

e % 

1 5 39.654 39.654 5.155 39.654 39.654 3.053 23.488 23.488 

2 2 18.727 58.381 2.435 18.727 58.381 2.722 20.937 44.425 

3 2 12.793 71.174 1.663 12.793 71.174 2.692 20.707 65.132 

4 2 11.725 82.899 1.524 11.725 82.899 2.31 17.768 82.899 

5 1 7.237 90.136             

6 0 3.805 93.941             

7 0 2.594 96.536             

8 0 1.404 97.94             

9 0 1.026 98.966             

10 0 0.544 99.51             

11 0 0.393 99.903             

12 0 0.097 100             

13 0 0 100             

Extraction Method: Principal Component Analysis. 

  

 

 

A6-3:  Communalities 

  Initial Extraction 

ACTIVE 1.000 .689 

AGGTOTAL 1.000 .902 

CALM 1.000 .898 

CONFIDENT 1.000 .768 

FEARCON 1.000 .513 

FEARFAM 1.000 .863 

FOODAG 1.000 .816 

HIGHS 1.000 .836 

INSECURE 1.000 .938 

PLAYFUL 1.000 .938 

SMART 1.000 .901 

VOCAL 1.000 .814 

FRIENDTOTAL 1.000 .898 

Extraction Method: Principal Component Analysis. 
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A6-4:  Scree Plot -  4 factors were extracted which should be expected since there were less than 30 

variables and communalities are greater than 0.7 
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A6-5:  Rotated Component Matrix ï Four major components of individual temperament derived 

from combined keeper rated temperament assessments from 24 clouded leopards. 

 Component 

  1 2 3 4 

ACTIVE -.079 *.588 * -.579 -.041 

AGGRESSIVETOTAL .095 -.160 *.931 -.034 

CALM * -.690 .238 -.172 *.580 

CONFIDENT -.315 *.754 -.246 -.201 

FEARCON -.017 .075 *.703 -.113 

FEARFAM .195 .039 .223 * -.880 

FOODAG .104 .319 .166 *.822 

HIGHS *.694 .176 .021 * -.568 

INSECURE *.930 -.261 .076 .017 

PLAYFUL *.930 -.261 .076 .017 

SMART * -.419 *.794 -.170 .257 

VOCAL -.036 *.859 .006 .275 

FRIENDLYTOTAL -.163 .286 * -.887 -.046 

*eigenvalues > 0.4 
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Hypothesis 2: Reproductively successful clouded leopards have significantly different 

temperaments. 
 

A6-6:  Logistical Regression using factor scores for each cat and comparing RS and RUS clouded leopards 

  B S.E. Wald df Sig. Exp(B) 

Step 0 Constant -1.306 .066 393.496 1 .000 .271 

  Score df Sig. 

Step 0 Variables FAC1_4 2.675 1 .102 

FAC2_4 1.999 1 .157 

FAC3_4 66.441 1 *.000 

FAC4_4 490.467 1 *.000 

Overall Statistics 561.581 4 .000 

 

 

 

Logistical Regression using coded temperament scores for each cat and comparing RS and RUS clouded 

leopards 

  B S.E. Wald df Sig. Exp(B) 

Step 0 Constan

t 
-1.335 .503 7.055 1 *.008 .263 

  Score df Sig. 

Step 0 Variables TEMP 6.215 1 *.013 

  Overall Statistics 6.215 1 .013 

  

 

 

A6-7:  Mann Whitney U ï Resulting Factor scores from PCA with dependant variable ñreproductive successò to 

determine temperaments that are significantly reproductively successful 

 Success N 
Mean 

Rank 
Sum of Ranks U Score P Value 

REGR factor score   

1 for analysis 4 
RUS 19 13.79 262.00 23 0.082 

 RS 5 7.60 38.00   

 Total 24     

REGR factor score   

2 for analysis 4 
RUS 19 12.00 228.00 38 0.499 

 RS 5 14.40 72.00   

 Total 24     

REGR factor score   

3 for analysis 4 
RUS 19 12.95 246.00 39 0.546 

 RS 5 10.80 54.00   

 Total 24     

REGR factor score   

4 for analysis 4 
RUS 19 10.37 197.00 7 *0.004 

 RS 5 20.60 103.00   

 Total 24     
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Hypothesis 3: Male and Female clouded leopards have significantly different 

temperaments.  
A6-8:  Mann Whitney U ï Resulting factor scores from PCA with dependant variable ñsexò 

  sex N Mean Rank Sum of Ranks U score P value 

REGR factor 

score   1 for 

analysis 4 

male 

9 11.67 105.00 60 0.655 

  female 15 13.00 195.00   

  Total 24     

REGR factor 

score   2 for 

analysis 4 

male 

9 12.89 116.00 64 0.835 

  female 15 12.27 184.00   

  Total 24     

REGR factor 

score   3 for 

analysis 4 

male 

9 12.78 115.00 65 0.881 

  female 15 12.33 185.00   

  Total 
24     

REGR factor 

score   4 for 

analysis 4 

male 

9 17.44 157.00 23 *0.008 

  female 15 9.53 143.00   

  Total 24      

* indicates p<0.05 

 

 

Hypothesis 4: Mother-reared and hand-reared clouded leopards have significantly 

different temperaments. 
A6-9:  Mann ï Whitney U ï Resulting Factor Scores from PCA with dependant variable ñrearingò  

  rearing N 

Mean 

Rank Sum of Ranks 
U Score P Value 

REGR factor score   

1 for analysis 4 

mother-reared 
10 12.90 129.00 66 0.815 

  hand-reared 14 12.21 171.00   

  Total 24     

REGR factor score   

2 for analysis 4 

mother-reared 
10 12.10 121.00 66 0.815 

  hand-reared 14 12.79 179.00   

  Total 24     

REGR factor score   

3 for analysis 4 
mother-reared 

10 16.00 160.00 35 *0.040 

  hand-reared 14 10.00 140.00   

  Total 
24     

REGR factor score   

4 for analysis 4 

mother-reared 
10 9.70 97.00 42 0.101 

  hand-reared 14 14.50 203.00   

  Total 24     
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Hypothesis 5: Clouded leopards housed at different facilities have significantly different 

temperaments. 
 

A6- 10:  Mann Whitney U ï Resulting factor scores from PCA with dependant variable ñfacilityò 

  facility N Mean Rank Sum of Ranks U Score P Value 

REGR factor 

score   1 for 

analysis 4 

kkoz 

14 10.50 147.00 42 0.101 

  crc 10 15.30 153.00   

  Total 24     

REGR factor 

score   2 for 

analysis 4 

kkoz 

14 14.14 198.00 47 0.178 

  crc 10 10.20 102.00   

  Total 24     

REGR factor 

score   3 for 

analysis 4 

kkoz 

14 11.43 160.00 55 0.403 

  crc 10 14.00 140.00   

  Total 
24     

REGR factor 

score   4 for 

analysis 4 

kkoz 

14 11.79 165.00 60 0.558 

  crc 10 13.50 135.00   

  Total 24     

 

Hypothesis 6: The age of a clouded leopard significantly influences reproductive success. 
  

A6-11:  Mann Whitney U ï Reproductive success with ñageò as dependant variable 

 Dependant 

Variable 

Reproductive 

Success 
N 

Mean 

Rank 
Sum of Ranks U Score P Value 

age RUS 19 12.89 245.00 40 0.590 

  successful 5 11.00 55.00   

  Total 24     

 

Hypothesis 7: The age of a clouded leopard significantly influences temperament. 
 

A6-12:  Spearmanôs Rank ï Order Correlation ï Age versus Temperament. 

   Age 
Factor 

Score 1 

Factor 

Score 2 

Factor 

Score 3 

Factor 

Score 4 

Age 
Correlation 

Coefficient 
1 0.239 -0.212 0.372 -0.017 

  
Sig. (2-

tailed) 
. 0.261 0.32 0.074 0.937 

  N 24 24 24 24 24 

* Correlation is significant at the 0.05 level (2-tailed). 
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APPENDIX VII 

Results of Keeper rated Temperament Assessments of 24 clouded leopards 

 
A7-1:  Mean and Standard Deviations of Temperament Characteristics from keeper rated temperament 

assessments of 24 clouded leopards grouped by reproductive success. 

    ALL CATS  MALE  FEMALE  

Temperament 

Characteristic Success  Mean StDev Mean StDev Mean StDev 

ACTIVE  RUS 60.68 37.08 63.83 27.78 59.23 41.63 

  RS 55.60 40.98 75.00 43.49 26.50 10.61 

AGGRESSIVE RUS 53.11 29.91 64.00 25.34 48.08 31.43 

  RS 50.40 39.14 31.67 40.20 78.50 16.26 

CALM  RUS 39.32 28.61 35.17 30.60 41.23 28.73 

  RS 78.80 16.28 85.33 16.44 69.00 14.14 

CONFIDENT  RUS 53.95 36.72 53.17 29.08 54.31 40.86 

  RS 99.80 16.25 108.00 2.00 87.50 23.33 

FEARCON RUS 49.42 25.22 48.00 25.77 50.08 26.00 

  RS 16.00 24.65 23.33 31.77 5.00 2.83 

FEARFAM  RUS 63.00 33.18 48.67 24.74 69.62 35.30 

  RS 35.80 30.49 16.00 18.25 65.50 10.61 

FOODAG RUS 53.84 41.41 75.17 40.17 44.00 39.59 

  RS 99.00 20.04 112.67 5.51 78.50 12.02 

FRIENDLY  RUS 44.05 32.84 31.17 20.80 50.00 36.28 

  RS 67.00 36.98 82.00 43.35 44.50 4.95 

HIGHSTRUNG  RUS 63.84 36.21 48.00 29.10 71.15 37.82 

  RS 18.20 16.39 22.00 19.31 12.50 14.85 

INSECURE RUS 65.21 32.67 67.67 33.01 64.08 33.80 

  RS 37.20 30.38 27.67 38.40 51.50 7.78 

PLAYFUL  RUS 43.63 35.79 32.17 23.07 48.92 40.04 

  RS 34.20 21.09 38.67 18.77 27.50 30.41 

SMART RUS 89.21 16.29 91.33 17.11 88.23 16.52 

  RS 101.20 12.93 99.33 14.15 104.00 15.56 

VOCAL  RUS 59.58 47.22 40.67 34.02 68.31 50.99 

  RS 67.60 44.99 90.67 44.77 33.00 9.90 
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A7-2:  Mean and Standard Deviations of Temperament Characteristics from keeper rated temperament 

assessments of 24 clouded leopards grouped by rearing. 

    ALL CATS  MALE  FEMALE  

Temperament 

Characteristic Rearing Mean StDev Mean StDev Mean StDev 

ACTIVE  MR 41.00 37.36 47.50 30.41 39.38 40.59 

  HR 72.93 31.69 73.29 31.44 72.57 34.46 

AGGRESSIVE MR 67.20 29.09 83.00 7.07 63.25 31.49 

  HR 42.07 29.04 44.71 32.15 39.43 27.87 

CALM  MR 43.80 26.66 43.50 50.20 43.88 23.53 

  HR 50.21 34.34 54.29 35.49 46.14 35.46 

CONFIDENT  MR 64.70 43.73 77.00 41.01 61.63 46.52 

  HR 62.64 35.53 69.86 37.61 55.43 34.64 

FEARCON MR 48.00 33.08 61.50 2.12 44.63 36.62 

  HR 38.50 24.69 33.57 29.83 43.43 19.36 

FEARFAM  MR 81.10 27.08 55.00 25.46 87.63 24.64 

  HR 40.36 27.99 32.86 27.23 47.86 28.71 

FOODAG MR 54.40 40.99 93.50 34.65 44.63 37.99 

  HR 69.57 43.03 86.00 40.11 53.14 42.12 

FRIENDLY  MR 38.20 30.98 30.00 2.83 40.25 34.76 

  HR 56.43 35.51 53.29 41.31 59.57 31.67 

HIGHSTRUNG  MR 63.60 44.28 57.00 55.15 65.25 45.51 

  HR 47.71 32.58 34.29 20.36 61.14 38.27 

INSECURE MR 60.90 37.05 52.50 65.76 63.00 33.50 

  HR 58.29 32.36 54.86 34.80 61.71 32.10 

PLAYFUL  MR 36.40 39.47 13.00 5.66 42.25 42.47 

  HR 45.43 28.67 40.43 19.36 50.43 36.72 

SMART MR 90.60 19.65 95.00 16.97 89.50 21.17 

  HR 92.50 13.92 93.71 16.84 91.29 11.53 

VOCAL  MR 45.90 42.73 35.50 4.95 48.50 48.01 

  HR 72.21 46.42 63.57 47.51 80.86 47.29 

 

 

 

A7-3:  Mean and Standard Deviations of Temperament Characteristics from keeper rated temperament 

assessments of 24 clouded leopards grouped by rearing. 

    ALL CATS  MALE  FEMALE  

Temperament 

Characteristic Facility  Mean StDev Mean StDev Mean StDev 

ACTIVE  CRC 47.30 32.39 55.75 30.73 41.67 35.03 

  KKOZ 68.43 38.75 77.00 31.84 63.67 43.15 

AGGRESSIVE CRC 52.90 30.83 67.75 18.77 43.00 34.72 

  KKOZ 52.29 32.47 41.60 38.59 58.22 29.29 

CALM  CRC 39.00 32.32 45.00 33.71 35.00 33.91 

  KKOZ 53.64 29.51 57.40 40.33 51.56 24.24 

CONFIDENT  CRC 43.70 36.61 56.75 36.81 35.00 37.05 

  KKOZ 77.64 33.81 83.20 34.02 74.56 35.35 
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    ALL CATS  MALE  FEMALE  

Temperament 

Characteristic Facility  Mean StDev Mean StDev Mean StDev 

  KKOZ 41.36 32.40 34.60 28.44 45.11 35.46 

FEARFAM  CRC 54.40 30.75 42.50 27.78 62.33 32.41 

  KKOZ 59.43 37.01 34.00 29.09 73.56 34.26 

FOODAG CRC 71.90 42.51 89.25 39.66 60.33 43.68 

  KKOZ 57.07 42.06 86.40 39.38 40.78 35.53 

FRIENDLY  CRC 27.60 26.36 21.50 3.11 31.67 34.57 

  KKOZ 64.00 31.61 69.40 38.60 61.00 29.15 

HIGHSTRUNG  CRC 65.40 40.28 38.00 22.11 83.67 40.32 

  KKOZ 46.43 35.32 40.40 34.83 49.78 37.22 

INSECURE CRC 71.00 33.43 65.25 36.40 74.83 34.24 

  KKOZ 51.07 32.39 45.60 41.13 54.11 28.81 

PLAYFUL  CRC 37.90 31.77 40.00 24.58 36.50 38.06 

  KKOZ 44.36 34.93 29.80 18.75 52.44 40.01 

SMART CRC 87.60 15.36 93.25 14.82 83.83 15.82 

  KKOZ 94.64 16.65 94.60 18.23 94.67 16.86 

VOCAL  CRC 35.40 37.76 28.50 24.72 40.00 46.22 

  KKOZ 79.71 43.14 80.40 41.76 79.33 46.38 

 

 

 

Mann Whitney U Mean Rank Analysis of Temperament Assessments 

 

Hypothesis 8: Clouded leopard temperament characteristics vary between reproductively 

successful and RUS individuals 
 

A7-4:  Mean ranks for each characteristic in the Temperament Assessments with dependant variable  ñsuccessò 

Temperament 

Characteristic 

REPRODUCTIVE 

SUCCESS 
N 

Mean 

Rank 

Sum of 

Ranks 
U Score P Values 

ACTIVE RUS 19 12.79 243.00 42 0.696 

  RS 5 11.40 57.00   

  Total 24     

AGGRESSIVE RUS 19 12.63 240.00 45 0.859 

  RS 5 12.00 60.00   

  Total 24     

CALM  RUS 19 10.74 204.00 14 *0.017 

  RS 5 19.20 96.00   

  Total 24     

CONFIDENT RUS 19 10.82 205.50 15.5 *0.023 

  RS 5 18.90 94.50   

  Total 24     

FEARCON RUS 19 14.39 273.50 11.5 *0.010 

  RS 5 5.30 26.50   

  Total 24     
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Temperament 

Characteristic 

REPRODUCTIVE 

SUCCESS 
N 

Mean 

Rank 

Sum of 

Ranks 
U Score P Values 

FEARFAM RUS 19 13.76 261.50 23.5 0.088 

  RS 5 7.70 38.50   

  Total 24     

FOODAG RUS 19 10.87 206.50 16.5 *0.027 

  RS 5 18.70 93.50   

  Total 24     

FRIENDLY RUS 19 11.39 216.50 26.5 0.135 

  RS 5 16.70 83.50   

  Total 24     

HIGHSTRUNG  RUS 19 14.34 272.50 12.5 *0.013 

  RS 5 5.50 27.50   

  Total 24     

INSECURE RUS 19 13.76 261.50 23.5 0.088 

  RS 5 7.70 38.50   

  Total 24     

PLAYFUL RUS 19 12.68 241.00 44 0.836 

  RS 5 11.80 59.00   

  Total 24     

SMART RUS 19 11.34 215.50 25.5 0.117 

  RS 5 16.90 84.50   

  Total 24     

VOCAL RUS 19 11.97 227.50 37.5 0.477 

  RS 5 14.50 72.50   

  Total 24     

* indicates p < 0.05 

 

 

Hypothesis 9: Clouded leopard temperament characteristics vary between males and 

females. 

 
A7-5:  Mean ranks of clouded leopard characteristic from keeper rated Temperament Assessments with 

dependant variable  ñsexò. 

Temperament 

Characteristic 
SEX N 

Mean 

Rank 
Sum of Ranks U Score P Values 

ACTIVE MALE 9 14.39 129.50 50.5 0.311 

  FEMALE 15 11.37 170.50   

  Total 24     

AGGRESSIVE MALE 9 12.50 112.50 67.5 1.000 

  FEMALE 15 12.50 187.50   

  Total 24     

CALM MALE 9 13.06 117.50 62.5 0.766 

  FEMALE 15 12.17 182.50   

  Total 24     
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Temperament 

Characteristic 
SEX N 

Mean 

Rank 
Sum of Ranks U Score P Values 

CONFIDENT MAL E 9 14.33 129.00 51 0.325 

  FEMALE 15 11.40 171.00   

  Total 24     

FEARCON MALE 9 11.78 106.00 61 0.698 

  FEMALE 15 12.93 194.00   

  Total 24     

FEARFAM  MALE 9 8.39 75.50 30.5 *0.027 

  FEMALE  15 14.97 224.50   

  Total 24     

FOODAG MALE  9 17.22 155.00 25 *0.011 

  FEMALE 15 9.67 145.00   

  Total 24     

FRIENDLY MALE 9 12.44 112.00 67 0.976 

  FEMALE 15 12.53 188.00   

  Total 24     

HIGHSTRUNG MALE 9 9.89 89.00 44 0.161 

  FEMALE 15 14.07 211.00   

  Total 24     

INSECURE MALE 9 11.83 106.50 61.5 0.720 

  FEMALE 15 12.90 193.50   

  Total 24     

PLAYFUL MALE 9 12.11 109.00 64 0.834 

  FEMALE 15 12.73 191.00   

  Total 24     

SMART MALE 9 13.50 121.50 58.5 0.591 

  FEMALE 15 11.90 178.50   

  Total 24     

VOCAL MALE 9 12.11 109.00 64 0.835 

  FEMALE 15 12.73 191.00   

  Total 24       

*indicates p<0.05 
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Hypothesis 10: Clouded leopard temperament characteristics vary depending on rearing. 
A7-6:  Mean ranks of clouded leopard characteristic from keeper rated Temperament Assessments with 

dependant variable  ñrearingò 
 Temperament 

Characteristic REARING 
N 

Mean 

Rank 

Sum of 

Ranks 
U Score P Values 

ACTIVE  MOTHER-REARED 10 8.40 84.00 29 *0.016 

  HAND-REARED 14 15.43 216.00   

  Total 24     

AGGRESSIVE MOTHER -REARED 10 15.95 159.50 35.5 *0.043 

  HAND-REARED 14 10.04 140.50   

  Total 24     

CALM MOTHER-REARED 10 11.80 118.00 63 0.682 

  HAND-REARED 14 13.00 182.00   

  Total 24     

CONFIDENT MOTHER-REARED 10 12.35 123.50 68.5 0.930 

  HAND-REARED 14 12.61 176.50   

  Total 24     

FEARCON MOTHER-REARED 10 13.90 139.00 56 0.412 

  HAND-REARED 14 11.50 161.00   

  Total 24     

FEARFAM  MOTHER -REARED 10 17.20 172.00 23 *0.006 

  HAND-REARED 14 9.14 128.00   

  Total 24     

FOODAG MOTHER-REARED 10 10.60 106.00 51 0.266 

  HAND-REARED 14 13.86 194.00   

  Total 24     

FRIENDLY MOTHER-REARED 10 10.60 106.00 51 0.266 

  HAND-REARED 14 13.86 194.00   

  Total 24     

HIGHSTRUNG MOTHER-REARED 10 14.10 141.00 54 0.349 

  HAND-REARED 14 11.36 159.00   

  Total 24     

INSECURE MOTHER-REARED 10 12.55 125.50 69.5 0.977 

  HAND-REARED 14 12.46 174.50   

  Total 24     

PLAYFUL MOTHER-REARED 10 10.10 101.00 46 0.159 

  HAND-REARED 14 14.21 199.00   

  Total 24     

SMART MOTHER-REARED 10 12.40 124.00 69 0.953 

  HAND-REARED 14 12.57 176.00   

  Total 24     

VOCAL MOTHER-REARED 10 10.65 106.50 51.5 0.278 

  HAND-REARED 14 13.82 193.50   

  Total 24     

* indicates p<0.05 
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Hypothesis 11: Clouded leopard temperament characteristics vary based on facility. 
A7-7:  Mean ranks of clouded leopard characteristic from keeper rated Temperament Assessments with 

dependant variable ñfacilityò.  

Temperament 

Characteristic 
FACILITY  N 

Mean 

Rank 

Sum of 

Ranks 
U Score P Values 

ACTIVE CRC 10 10.70 107.00 52 0.292 

  KKOZ 14 13.79 193.00   

  Total 24     

AGGRESSIVE CRC 10 12.40 124.00 69 0.953 

  KKOZ 14 12.57 176.00   

  Total 24     

CALM CRC 10 10.30 103.00 48 0.198 

  KKOZ 14 14.07 197.00   

  Total 24     

CONFIDENT  CRC 10 9.00 90.00 35 *0.040 

  KKOZ  14 15.00 210.00   

  Total 24     

FEARCON CRC 10 12.90 129.00 66 0.815 

  KKOZ 14 12.21 171.00   

  Total 24     

FEARFAM CRC 10 12.10 121.00 66 0.815 

  KKOZ 14 12.79 179.00   

  Total 24     

FOODAG CRC 10 14.10 141.00 54 0.349 

  KKOZ 14 11.36 159.00   

  Total 24     

FRIENDLY  CRC 10 8.00 80.00 25 *0.008 

  KKOZ  14 15.71 220.00   

  Total 24     

HIGHSTRUNG CRC 10 14.50 145.00 50 0.241 

  KKOZ 14 11.07 155.00   

  Total 24     

INSECURE CRC 10 15.60 156.00 39 0.069 

  KKOZ 14 10.29 144.00   

  Total 24     

PLAYFUL CRC 10 12.00 120.00 65 0.769 

  KKOZ 14 12.86 180.00   

  Total 24     

SMART CRC 10 10.45 104.50 49.5 0.229 

  KKOZ 14 13.96 195.50   

  Total 24     

VOCAL  CRC 10 8.30 83.00 28 *0.014 

  KKOZ  14 15.50 217.00   

  Total 24     
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Hypothesis 12: Male clouded leopard temperament characteristics vary depending on 

reproductive success. 
A7-8:  Mean ranks of male clouded leopard characteristics from keeper rated Temperament Assessments with 

dependant variable ñsuccess.ò 

 Temperament 

Characteristic 

Reproductive 

Success 
N 

Mean 

Rank 

Sum of 

Ranks 
U Score P Values 

ACTIVE RUS 6 4.83 29.00 8 0.796 

  RS 3 5.33 16.00   

  Total 9     

AGGRESSIVE RUS 6 5.83 35.00 4 0.197 

  RS 3 3.33 10.00   

  Total 9     

CALM RUS 6 3.83 23.00 2 0.071 

  RS 3 7.33 22.00   

  Total 9     

CONFIDENT RUS 6 3.83 23.00 2 0.70 

  RS 3 7.33 22.00   

  Total 9     

FEARCON RUS 6 5.83 35.00 4 0.197 

  RS 3 3.33 10.00   

  Total 9     

FEARFAM RUS 6 6.17 37.00 2 0.70 

  RS 3 2.67 8.00   

  Total 9     

FOODAG RUS 6 3.92 23.50 2.5 0.092 

  RS 3 7.17 21.50   

  Total 9     

FRIENDLY RUS 6 3.67 22.00 1 0.390 

  RS 3 7.67 23.00   

  Total 9     

HIGHSTRUNG RUS 6 5.75 34.50 4.5 0.243 

  RS 3 3.50 10.50   

  Total 9     

INSECURE RUS 6 6.00 36.00 3 0.121 

  RS 3 3.00 9.00   

  Total 9     

PLAYFUL RUS 6 4.83 29.00 8 0.796 

  RS 3 5.33 16.00   

  Total 9     

SMART RUS 6 4.58 27.50 6.5 0.517 

  RS 3 5.83 17.50   

  Total 9     

VOCAL RUS 6 3.83 23.00 2 0.071 

  RS 3 7.33 22.00   

  Total 9     
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Hypothesis 13: Male clouded leopard temperaments characteristics vary depending on 

rearing  
A7-9:  Mean ranks male clouded leopard characteristics from keeper rated Temperament Assessments with 

dependant variable  ñrearingò. 

 Temperament 

Characteristic REARING 
N 

Mean 

Rank 

Sum of 

Ranks 
U Score P Values 

ACTIVE MOTHER-REARED 1 1.00 1.00 0 0.121 

  HAND-REARED 8 5.50 44.00   

  Total 9     

AGGRESSIVE MOTHER-REARED 1 7.00 7.00 2 0.439 

  HAND-REARED 8 4.75 38.00   

  Total 9     

CALM MOTHER-REARED 1 7.00 7.00 2 0.439 

  HAND-REARED 8 4.75 38.00   

  Total 9     

CONFIDENT MOTHER-REARED 1 6.00 6.00 3 0.697 

  HAND-REARED 8 4.88 39.00   

  Total 9     

FEARCON MOTHER-REARED 1 7.00 7.00 2 0.439 

  HAND-REARED 8 4.75 38.00   

  Total 9     

FEARFAM MOTHER-REARED 1 5.00 5.00 4 1.000 

  HAND-REARED 8 5.00 40.00   

  Total 9     

FOODAG MOTHER-REARED 1 9.00 9.00 0 0.120 

  HAND-REARED 8 4.50 36.00   

  Total 9     

FRIENDLY MOTHER-REARED 1 6.00 6.00 3 0.699 

  HAND-REARED 8 4.88 39.00   

  Total 9     

HIGHSTRUNG MOTHER-REARED 1 3.00 3.00 2 0.437 

  HAND-REARED 8 5.25 42.00   

  Total 9   1  

INSECURE MOTHER-REARED 1 2.00 2.00  0.245 

  HAND-REARED 8 5.38 43.00   

  Total 9     

PLAYFUL MOTHER-REARED 1 3.00 3.00 2 0.439 

  HAND-REARED 8 5.25 42.00   

  Total 9     

SMART MOTHER-REARED 1 3.00 3.00 2 0.436 

  HAND-REARED 8 5.25 42.00   

  Total 9     

VOCAL MOTHER-REARED 1 5.00 5.00 4 1.000 

  HAND-REARED 8 5.00 40.00   

  Total 9     
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Hypothesis 14: Male clouded leopard temperament characteristics vary depending on 

facility.  
A7-10:  Mean ranks of male clouded leopard characteristics from keeper rated Temperament Assessments with 

dependant variable  ñfacilityò. 

 Temperament 

Characteristic FACILITY  
N 

Mean 

Rank 
Sum of Ranks U Score P Values 

ACTIVE CRC 4 4.25 17.00 7 0.462 

  KKOZ 5 5.60 28.00   

  Total 9     

AGGRESSIVE CRC 4 5.75 23.00 7 0.462 

  KKOZ 5 4.40 22.00   

  Total 9     

CALM CRC 4 4.75 19.00 9 0.806 

  KKOZ 5 5.20 26.00   

  Total 9     

CONFIDENT CRC 4 4.13 16.50 6.5 0.389 

  KKOZ 5 5.70 28.50   

  Total 9     

FEARCON CRC 4 5.50 22.00 8 0.624 

  KKOZ 5 4.60 23.00   

  Total 9     

FEARFAM CRC 4 5.63 22.50 7.5 0.539 

  KKOZ 5 4.50 22.50   

  Total 9     

FOODAG CRC 4 4.88 19.50 9.5 0.902 

  KKOZ 5 5.10 25.50   

  Total 9     

FRIENDLY  CRC 4 2.50 10.00 0 *0.014 

  KKOZ  5 7.00 35.00   

  Total 9     

HIGHSTRUNG CRC 4 5.13 20.50 9.5 0.902 

  KKOZ 5 4.90 24.50   

  Total 9     

INSECURE CRC 4 6.00 24.00 6 0.327 

  KKOZ 5 4.20 21.00   

  Total 9     

PLAYFUL CRC 4 6.00 24.00 6 0.327 

  KKOZ 5 4.20 21.00   

  Total 9     

SMART CRC 4 5.00 20.00 10 1.000 

  KKOZ 5 5.00 25.00   

  Total 9     

VOCAL CRC 4 3.25 13.00 3 0.086 

  KKOZ 5 6.40 32.00   

  Total 9     
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Hypothesis 15: Female clouded leopard temperament characteristics vary depending on 

reproductive success.  
A7-11:  Mean ranks of female clouded leopards characteristics from keeper rated Temperament Assessments 

with dependant variable  ñsuccessò. 

 Temperament 

Characteristic 

REPRODUCTIVESU

CCESS N 

Mean 

Rank 

Sum of 

Ranks 
U Score P Values 

ACTIVE RUS 13 8.46 110.00 7 0.308 

  RS 2 5.00 10.00   

  Total 15     

AGGRESSIVE RUS 13 7.38 96.00 5 0.174 

  RS 2 12.00 24.00   

  Total 15     

CALM RUS 13 7.46 97.00 6 0.234 

  RS 2 11.50 23.00   

  Total 15     

CONFIDENT RUS 13 7.54 98.00 7 0.308 

  RS 2 11.00 22.00   

  Total 15     

FEARCON RUS 13 9.00 117.00 0 *0.027 

  RS 2 1.50 3.00   

  Total 15     

FEARFAM RUS 13 8.23 107.00 10 0.610 

  RS 2 6.50 13.00   

  Total 15     

FOODAG RUS 13 7.62 99.00 8 0.395 

  RS 2 10.50 21.00   

  Total 15     

FRIENDLY RUS 13 8.19 106.50 10.5 0.671 

  RS 2 6.75 13.50   

  Total 15     

HIGHSTRUNG RUS 13 8.85 115.00 2 0.061 

  RS 2 2.50 5.00   

  Total 15     

INSECURE RUS 13 8.23 107.00 10 0.610 

  RS 2 6.50 13.00   

  Total 15     

PLAYFUL RUS 13 8.23 107.00 10 0.609 

  RS 2 6.50 13.00   

  Total 15     

SMART RUS 13 7.38 96.00 5 0.173 

  RS 2 12.00 24.00   

  Total 15     

VOCAL RUS 13 8.23 107.00 10 0.610 

  RS 2 6.50 13.00   

  Total 15     
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Hypothesis 16: Female clouded leopard temperament characteristics vary depending on 

rearing.  
A7-12:  Mean ranks of female clouded leopard characteristics from keeper rated Temperament Assessments 

with dependant variable  ñrearingò. 

Temperament 

Characteristic REARING N 

Mean 

Rank 

Sum of 

Ranks 
U Score P Values 

ACTIVE MOTHER-REARED 7 5.86 41.00 13 0.830 

 HAND-REARED 8 9.88 79.00   

 Total 15     

AGGRESSIVE MOTHER-REARED 7 9.57 67.00 17 0.203 

 HAND-REARED 8 6.63 53.00   

 Total 15     

CALM MOTHER-REARED 7 7.14 50.00 22 0.487 

 HAND-REARED 8 8.75 70.00   

 Total 15     

CONFIDENT MOTHER-REARED 7 7.43 52.00 24 0.643 

 HAND-REARED 8 8.50 68.00   

 Total 15     

FEARCON MOTHER-REARED 7 8.86 62.00 22 0.487 

 HAND-REARED 8 7.25 58.00   

 Total 15     

FEARFAM  MOTHER -REARED 7 11.00 77.00 7 *0.015 

 HAND-REARED 8 5.38 43.00   

 Total 15     

FOODAG MOTHER-REARED 7 7.00 49.00 21 0.417 

 HAND-REARED 8 8.88 71.00   

 Total 15     

FRIENDLY MOTHER-REARED 7 6.50 45.50 17.5 0.223 

 HAND-REARED 8 9.31 74.50   

 Total 15     

HIGHSTRUNG MOTHER-REARED 7 9.57 67.00 17 0.203 

 HAND-REARED 8 6.63 53.00   

 Total 15     

INSECURE MOTHER-REARED 7 8.14 57.00 27 0.908 

 HAND-REARED 8 7.88 63.00   

 Total 15     

PLAYFUL MOTHER-REARED 7 6.86 48.00 20 0.353 

 HAND-REARED 8 9.00 72.00   

 Total 15     

SMART MOTHER-REARED 7 7.00 49.00 21 0.416 

 HAND-REARED 8 8.88 71.00   

 Total 15     

VOCAL MOTHER-REARED 7 6.86 48.00 20 0.355 

 HAND-REARED 8 9.00 72.00   

 Total 15     
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Hypothesis 17:  Female clouded leopard temperament characteristics vary depending on 

facility. 
A7-13:  Mean ranks of female clouded leopard characteristics from keeper rated Temperament Assessments 

with dependant variable  ñfacilityò. 

 Temperament 

Characteristic FACILITY  
N 

Mean 

Rank 

Sum of 

Ranks 
U Score P Values 

ACTIVE CRC 6 6.83 41.00 20 0.409 

  KKOZ 9 8.78 79.00   

  Total 15     

AGGRESSIVE CRC 6 6.67 40.00 19 0.345 

  KKOZ 9 8.89 80.00   

  Total 15     

CALM CRC 6 5.83 35.00 14 0.126 

  KKOZ 9 9.44 85.00   

  Total 15     

CONFIDENT CRC 6 5.67 34.00 13 0.099 

  KKOZ 9 9.56 86.00   

  Total 15     

FEARCON CRC 6 7.83 47.00 26 0.906 

  KKOZ 9 8.11 73.00   

  Total 15     

FEARFAM CRC 6 6.92 41.50 20.5 0.443 

  KKOZ 9 8.72 78.50   

  Total 15     

FOODAG CRC 6 9.75 58.50 16.5 0.216 

  KKOZ 9 6.83 61.50   

  Total 15     

FRIENDLY CRC 6 6.17 37.00 16 0.194 

  KKOZ 9 9.22 83.00   

  Total 15     

HIGHSTRUNG CRC 6 10.08 60.50 14.5 0.140 

  KKOZ 9 6.61 59.50   

  Total 15     

INSECURE CRC 6 10.17 61.00 14 0.126 

  KKOZ 9 6.56 59.00   

  Total 15     

PLAYFUL CRC 6 7.00 42.00 21 0.478 

  KKOZ 9 8.67 78.00   

  Total 15     

SMART CRC 6 6.17 37.00 16 0.193 

  KKOZ 9 9.22 83.00   

  Total 15     

VOCAL CRC 6 5.67 34.00 13 0.099 

  KKOZ 9 9.56 86.00   

  Total 15     
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APPENDIX VIII 

 

 

 

Results of Behavioral observations obtained from 18 different treatments of 24 individual 

clouded leopards 
 

A8-1:  Mean and Standard Deviations of Behavioral Responses from all treatments on 24 clouded leopards 

grouped by sex and reproductive success. 

    ALL CATS  MALE  FEMALE  

Variable Success Mean StDev Mean StDev Mean StDev 

Age RUS 7.74 4.59 7.50 5.36 7.85 4.43 

  RS 6.00 3.16 5.00 2.00 7.50 4.95 

AP RUS 11.83 6.73 12.78 6.21 11.40 7.16 

  RS 12.84 5.40 14.50 5.11 10.34 6.60 

BI  RUS 1.54 2.63 2.72 3.57 1.00 2.01 

  RS 0.40 0.89 0.00 0.00 1.00 1.41 

CL RUS 0.95 2.33 0.86 1.44 0.99 2.70 

  RS 0.13 0.22 0.17 0.29 0.09 0.12 

DEFAC RUS 0.01 0.04 0.00 0.00 0.01 0.05 

  RS 0.07 0.09 0.11 0.10 0.00 0.00 

FLE RUS 1.02 1.27 1.28 1.66 0.90 1.10 

  RS 1.30 0.81 1.11 0.79 1.58 1.06 

FLIN  RUS 1.18 1.38 0.58 0.66 1.46 1.55 

  RS 2.10 2.75 0.17 0.29 5.00 1.41 

GH RUS 12.84 20.69 18.58 25.76 10.19 18.48 

  RS 9.63 15.06 4.17 4.86 17.84 25.22 

GR RUS 12.49 8.94 12.25 8.77 12.60 9.36 

  RS 9.67 5.03 8.33 3.94 11.67 7.54 

LAT  RUS 101.10 98.16 121.24 128.17 91.81 85.51 

  RS 1.40 1.33 1.08 0.94 1.88 2.12 

LICK  RUS 12.10 11.95 8.75 7.17 13.64 13.58 

  RS 14.30 12.95 21.61 11.18 3.34 4.48 

LY  RUS 0.36 0.18 0.41 0.20 0.34 0.17 

  RS 0.58 0.14 0.51 0.14 0.70 0.02 

MEOW  RUS 3.59 8.40 6.03 14.44 2.46 3.83 

  RS 11.60 13.63 8.39 9.20 16.42 22.27 

OOS RUS 0.21 0.22 0.23 0.30 0.21 0.18 

  RS 0.00 0.01 0.01 0.01 0.00 0.00 

PA RUS 0.01 0.02 0.01 0.01 0.01 0.02 

  RS 0.02 0.04 0.03 0.05 0.01 

0.01 
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    ALL CATS  MALE  FEMALE  

Variable Success Mean StDev Mean StDev Mean StDev 

PAT RUS 0.01 0.02 0.01 0.02 0.01 0.02 

  RS 0.03 0.03 0.05 0.02 0.00 0.00 

PRUSTEN RUS 0.81 2.03 0.17 0.41 1.10 2.41 

  RS 16.70 18.08 10.16 14.51 26.50 23.80 

PS RUS 12.30 32.03 13.61 28.01 11.69 34.80 

  RS 8.23 17.76 0.39 0.35 20.00 28.28 

ROL RUS 0.71 1.42 1.50 2.25 0.35 0.67 

  RS 0.00 0.00 0.00 0.00 0.00 0.00 

RT RUS 0.03 0.11 0.08 0.20 0.00 0.00 

  RS 0.30 0.45 0.00 0.00 0.75 0.35 

RU RUS 0.00 0.00 0.00 0.00 0.00 0.00 

  RS 0.00 0.00 0.00 0.00 0.00 0.00 

RUBother RUS 12.17 17.83 13.56 22.23 11.53 16.41 

  RS 3.63 4.87 4.83 6.41 1.83 1.41 

RUBtotal RUS 9.20 13.26 12.34 21.14 7.76 8.38 

  RS 2.03 1.55 2.17 1.93 1.83 1.41 

RUBtrial  RUS 0.97 1.72 0.78 1.10 1.06 1.97 

  RS 0.00 0.00 0.00 0.00 0.00 0.00 

SIT RUS 0.15 0.08 0.07 0.06 0.18 0.07 

  RS 0.10 0.06 0.12 0.07 0.06 0.03 

SNIFFobject RUS 111.55 119.06 123.72 68.21 105.94 138.62 

  RS 75.37 26.82 61.78 18.50 95.75 28.40 

SNIFFtrial  RUS 72.82 44.06 75.33 27.71 71.65 50.87 

  RS 64.30 17.66 71.72 18.17 53.17 13.20 

ST RUS 0.18 0.09 0.20 0.09 0.18 0.10 

  RS 0.22 0.05 0.24 0.05 0.18 0.02 

STEREO RUS 0.16 0.43 0.00 0.00 0.23 0.50 

  RS 0.00 0.00 0.00 0.00 0.00 0.00 

TIA  RUS 304.17 220.30 288.65 218.77 311.34 229.52 

  RS 153.10 95.44 87.54 45.81 251.44 0.03 

TSI RUS 61.17 42.00 64.94 45.53 59.44 42.09 

  RS 101.08 23.00 105.20 21.97 94.91 32.01 

TTS RUS 136.66 120.15 168.83 138.16 121.82 113.78 

  RS 22.57 28.69 28.34 38.40 13.92 9.72 

URINES RUS 3.20 10.27 0.59 0.67 4.41 12.37 

  RS 2.90 2.67 3.67 3.08 1.75 2.23 

URINEW RUS 0.18 0.58 0.03 0.07 0.24 0.69 

  RS 1.67 2.52 2.78 2.84 0.00 0.00 

URINtotal  RUS 1.90 4.78 0.61 0.65 2.50 5.73 

  RS 1.77 1.24 2.44 1.00 0.75 0.82 

VOCtotal  RUS 3.66 6.73 4.20 9.95 3.41 5.15 

  RS 21.87 27.87 9.22 3.67 40.84 43.37 

WA RUS 0.08 0.05 0.08 0.04 0.08 0.05 

  RS 0.05 0.03 0.04 0.02 0.07 0.03 
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A8-2:  Mean and Standard Deviations of Behavioral Responses from all treatments on 24 clouded leopards 

grouped by rearing.  

    ALL CATS  MALE  FEMALE  

Behavioral 

Observation Rearing Mean StDev Mean StDev Mean StDev 

Age MR 8.50 4.30 4.50 3.54 9.50 4.04 

  HR 6.57 4.33 7.29 4.82 5.86 4.02 

AP MR 9.83 6.26 11.92 6.72 9.31 6.51 

  HR 13.62 6.21 13.76 5.78 13.48 7.07 

BI  MR 0.97 2.11 0.50 0.71 1.08 2.36 

  HR 1.55 2.64 2.19 3.50 0.90 1.37 

CL MR 0.70 1.30 2.09 2.24 0.36 0.87 

  HR 0.83 2.56 0.22 0.43 1.45 3.63 

DEFAC MR 0.02 0.05 0.00 0.00 0.02 0.06 

  HR 0.02 0.06 0.05 0.08 0.00 0.00 

FLE MR 0.67 0.74 0.34 0.23 0.75 0.81 

  HR 1.37 1.36 1.48 1.47 1.26 1.35 

FLIN  MR 1.90 2.29 0.75 1.06 2.19 2.48 

  HR 1.00 1.09 0.36 0.48 1.64 1.18 

GH MR 13.33 21.63 1.84 1.65 16.21 23.54 

  HR 11.35 18.44 17.19 23.85 5.50 9.40 

GR MR 10.15 8.93 10.17 2.60 10.15 10.07 

  HR 13.16 7.84 11.17 8.55 15.14 7.15 

LAT  MR 62.94 75.02 28.42 40.18 71.57 81.12 

  HR 92.75 109.88 96.26 130.53 89.24 95.34 

LICK  MR 13.97 15.55 16.92 21.09 13.23 15.63 

  HR 11.55 8.98 11.93 7.69 11.17 10.75 

LY  MR 0.45 0.23 0.58 0.04 0.41 0.25 

  HR 0.38 0.16 0.40 0.19 0.36 0.13 

MEOW  MR 6.38 9.94 3.34 4.72 7.15 10.98 

  HR 4.45 10.22 7.81 13.96 1.10 2.21 

OOS MR 0.19 0.22 0.03 0.04 0.23 0.24 

  HR 0.16 0.21 0.19 0.29 0.13 0.09 

PA MR 0.01 0.03 0.05 0.06 0.00 0.00 

  HR 0.01 0.02 0.01 0.01 0.01 0.02 

PAT MR 0.00 0.01 0.02 0.02 0.00 0.00 

  HR 0.02 0.03 0.03 0.03 0.01 0.02 

PRUSTEN MR 5.98 13.54 0.17 0.23 7.44 14.96 

  HR 2.79 7.18 4.45 9.94 1.12 2.54 

PS MR 17.14 40.55 0.75 0.35 21.23 44.92 

  HR 7.39 18.49 11.62 26.10 3.17 4.23 

ROL MR 0.08 0.21 0.09 0.12 0.08 0.24 

  HR 0.91 1.61 1.26 2.15 0.55 0.86 

RT MR 0.20 0.35 0.25 0.35 0.19 0.37 

  HR 0.00 0.00 0.00 0.00 0.00 

0.00 
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    ALL CATS  MALE  FEMALE  

Behavioral 

Observation Rearing Mean StDev Mean StDev Mean StDev 

RU MR 0.00 0.00 0.00 0.00 0.00 0.00 

  HR 0.00 0.00 0.00 0.00 0.00 0.00 

RUBother MR 4.27 6.63 1.00 1.41 5.08 7.24 

  HR 14.76 19.74 13.41 20.27 16.12 20.71 

RUBtotal MR 4.13 6.40 1.25 1.06 4.85 7.04 

  HR 10.26 14.65 11.14 19.56 9.38 8.97 

RUBtrial  MR 0.27 0.43 0.25 0.35 0.27 0.47 

  HR 1.13 1.98 0.60 1.07 1.67 2.58 

SIT MR 0.13 0.07 0.09 0.04 0.14 0.08 

  HR 0.14 0.09 0.09 0.07 0.19 0.08 

SNIFFobject MR 46.28 38.92 50.67 15.08 45.19 43.68 

  HR 145.25 121.67 118.05 63.68 172.45 162.15 

SNIFFtrial  MR 63.25 49.20 91.67 2.35 56.15 53.13 

  HR 76.61 32.41 69.12 24.93 84.09 39.03 

ST MR 0.17 0.07 0.21 0.01 0.16 0.07 

  HR 0.21 0.09 0.21 0.09 0.21 0.10 

STEREO MR 0.03 0.10 0.00 0.00 0.04 0.12 

  HR 0.19 0.49 0.00 0.00 0.38 0.66 

TIA  MR 342.03 237.62 200.26 224.68 377.47 241.25 

  HR 223.18 177.55 227.72 213.21 218.64 151.00 

TSI MR 72.01 47.04 90.92 12.02 67.28 51.93 

  HR 67.69 39.36 74.77 48.34 60.61 30.05 

TTS MR 95.45 120.69 30.92 40.60 111.58 130.41 

  HR 125.36 117.14 148.02 138.38 102.69 96.85 

URINES MR 1.30 1.37 1.75 2.47 1.19 1.21 

  HR 4.45 11.94 1.57 2.38 7.33 16.84 

URINEW  MR 0.25 0.79 0.00 0.00 0.31 0.88 

  HR 0.66 1.61 1.22 2.20 0.10 0.19 

URINtotal MR 0.95 0.86 0.75 1.06 1.00 0.88 

  HR 2.54 5.52 1.36 1.23 3.71 7.83 

VOCtotal  MR 11.75 21.76 2.50 3.54 14.06 24.01 

  HR 4.38 7.10 6.83 9.41 1.93 2.60 

WA MR 0.06 0.04 0.04 0.03 0.06 0.04 

  HR 0.09 0.05 0.07 0.04 0.10 0.06 
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A8-3:  Mean and Standard Deviations of Behavioral Responses from all treatments on 24 clouded leopards 

grouped by facility.  

   ALL CATS  MALE  FEMALE  

Variable Facility  Mean StDev Mean StDev Mean StDev 

Age KKOZ 5.36 2.87 4.00 2.00 6.11 3.10 

  CRC 10.20 4.57 10.00 4.76 10.33 4.89 

AP KKOZ 11.44 5.27 12.67 4.81 10.76 5.66 

  CRC 12.88 7.92 14.21 7.14 12.00 8.94 

BI  KKOZ 1.11 1.95 0.20 0.45 1.61 2.29 

  CRC 1.58 3.02 3.83 4.02 0.08 0.14 

CL KKOZ 1.10 2.66 1.07 1.53 1.11 3.21 

  CRC 0.33 0.78 0.09 0.10 0.50 1.00 

DEFAC KKOZ 0.02 0.06 0.07 0.09 0.00 0.00 

  CRC 0.02 0.05 0.00 0.00 0.03 0.07 

FLE KKOZ 1.15 0.78 1.17 0.95 1.15 0.74 

  CRC 0.97 1.62 1.29 1.95 0.75 1.51 

FLIN  KKOZ 1.76 1.96 0.40 0.65 2.52 2.06 

  CRC 0.83 1.18 0.50 0.58 1.06 1.46 

GH KKOZ 3.92 9.48 2.63 4.03 4.63 11.68 

  CRC 23.73 24.03 27.71 27.80 21.09 23.54 

GR KKOZ 11.19 8.59 8.10 2.83 12.91 10.33 

  CRC 12.90 8.12 14.50 10.38 11.83 7.11 

LAT  KKOZ 44.47 58.23 13.19 24.49 61.85 65.25 

  CRC 130.53 118.10 166.18 137.35 106.76 109.95 

LICK  KKOZ 17.13 13.27 16.83 11.60 17.30 14.79 

  CRC 6.15 5.45 8.29 6.77 4.72 4.45 

LY  KKOZ 0.50 0.18 0.54 0.11 0.48 0.21 

  CRC 0.28 0.12 0.31 0.17 0.26 0.07 

MEOW  KKOZ 8.54 12.01 12.13 15.04 6.54 10.42 

  CRC 0.67 1.89 0.17 0.34 1.00 2.45 

OOS KKOZ 0.10 0.16 0.02 0.02 0.14 0.19 

  CRC 0.27 0.24 0.33 0.34 0.23 0.18 

PA KKOZ 0.01 0.03 0.02 0.04 0.01 0.02 

  CRC 0.01 0.01 0.01 0.01 0.01 0.01 

PAT KKOZ 0.01 0.02 0.03 0.03 0.00 0.00 

  CRC 0.02 0.02 0.02 0.02 0.01 0.02 

PRUSTEN KKOZ 7.00 12.72 6.30 11.55 7.39 13.98 

  CRC 0.08 0.26 0.00 0.00 0.14 0.34 

PS KKOZ 4.16 10.46 1.47 2.10 5.65 12.98 

  CRC 21.67 42.93 18.88 34.55 23.53 50.90 

ROL KKOZ 0.07 0.18 0.03 0.08 0.09 0.22 

  CRC 1.25 1.82 2.21 2.54 0.61 0.92 

RT KKOZ 0.14 0.31 0.10 0.22 0.17 0.35 

  CRC 0.00 0.00 0.00 0.00 0.00 0.00 

RU KKOZ 0.00 0.00 0.00 0.00 0.00 0.00 

  CRC 0.00 0.00 0.00 0.00 0.00 0.00 




