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ABSTRACT 

ASSESSMENT OF ADRENAL ACTIVITY AND REPRODUCTIVE CYCLES DURING 
CAPTIVE MANAGEMENT IN THE FISHING CAT (PRIONAILURUS VIVERRINUS) 

Jilian M. Fazio, Ph.D. 

George Mason University, 2016 

Dissertation Director: Dr. E Christien Parsons 

 

Fishing cats (Prionailurus viverrinus) are a small felid found primarily throughout Southeast 

Asia. Wild populations have been rapidly dwindling due to degradation and loss of habitat along 

with retribution killings. Captive populations have been established throughout the world to help 

ensure this species persists. In North America, Species Survival Programs (SSP) are committees 

formed within the Association of Zoos and Aquariums (AZA) to help manage captive populations 

of threatened and endangered species. The SSPs are made up of a group of species-specific 

experts dedicated to sustaining a healthy captive population that can serve to educate the public 

and potentially replenish dwindling wild populations if needed in the future. The SSPs make 

breeding recommendations for each species based on genetics, age and keeper intuition. Often 

because of a genetically valuable animal’s age, there is only one chance to create a successful 

breeding pair. The fishing cat SSP recommended several new breeding pairs in 2010, 2011, and 

2012. These recommendations allowed for the monitoring of institutional transfers and breeding 

introductions on fishing cats to identify whether specific management strategies lead to, or 

enhance the odds of reproductive success. It was hypothesized that individual fishing cats would 



  

differ in their adrenocorticol response during transfer between institutions and during breeding 

introductions. The prediction was that glucocorticoid levels would have a direct correlation with 

the manner in which the individuals are managed and overall breeding success.  

Three methods were used to obtain data for analyses including: non-invasive fecal hormone 

monitoring, keeper-rated surveys to identify environment/management factors as well as assess 

temperament, and behavioral observations during breeding introductions. Non-invasive fecal 

hormone monitoring was combined with animal keeper rated assessments and behavioral 

observations to examine the effects of these breeding recommendations and transfers on the 

reproductive success of the fishing cat.  

The study ultimately had four objectives: 

1. Examine the current management and breeding behaviors of captive fishing cats. 

2. Validate a glucocorticoid assay for longitudinal monitoring of exogenous stressors on 

adrenocortical activity in males and females.  

3. Determine relationship between adrenal activity and gonadal function in females. 

4. Characterize temperament within the population and correlate with behavioral traits, breeding 

success and adrenal activity.  

The study ran from 2010-2013 monitoring 27 (13 male; 14 female) fishing cats at 17 institutions 

which included 15 unique breeding pairs and 20 transfers (13 males, 7 females), which occurred 

primarily in the fall (62%). Validation of a single antibody cortisol enyzme immunoassay (R4866 

supplied by C.J. Munro, University of California, Davis, CA, USA) was performed using 

standard assay validation. In addition, an adrenocorticotropin challenge revealed peak 

glucocorticoids metabolites (GCM) occur approximately 21 hours after adrenal stimulation. 

Longitudinal monitoring revealed significant elevations in GCM concentrations during 

institutional transfers lasting 54 ± 16 days indicating most individuals take at least three months 



  

to settle into a new facility after translocation. Most initial physical breeding introductions during 

this study (83%) occurred within that timeframe. Mate compatibility seems rigid with pairs 

copulating between 39-289 days after quarantine release, or not at all, indicating a one year trial 

period for pairs is sufficient to determine potential breeding success. Increases 4-10x in baseline 

GCM concentrations were observed during periods of chronic illness (i.e. hepatitis) and therefore 

could be used to help diagnose acute health concerns in this species.  

Institutions with successful fishing cat pairs spent more days/month training their cats and had a 

higher number of indoor off-exhibit areas (2-3). They also all videotaped breeding observations 

and provided nestboxes (1-4) for their females. Management strategies that predicted lower GCM 

concentrations were similar; increased animal keeper interaction (>10 days/month) and indoor 

off-exhibit holding areas (2-3). “Friendly” vocalizations from males and females, as well as the 

female being in estrus during physical breeding introductions, both predicted copulation success. 

Results from keeper rated temperament assessments were in line with this finding as individuals 

with a “Friendly” temperament were considered highly “vocal”, “friendly to conspecifics” and 

“expressive” and were predicted to have breeding success. Successful individuals also performed 

more species-specific behaviors on exhibit and interacted with enrichment. Temperaments were 

not predictive of GCM concentrations, sex, age or the manner in which an individual was reared 

(hand or mother). Breeding success in this species was predicted by lower concentrations of both 

mean and peak mean fecal GCM concentrations, indicating that reproductively successful 

individuals may have overall lower cortisol levels.  

Reproductive activity occurred throughout the year and was not impacted by institutional 

transfers. Natural pregnancies (n = 5) all occurred March-July and 67% of females exhibited one 

or more periods of anestrus lasting 66-181 days beginning most often April-August (67%). 

Highest mean progestogen and estrogen concentrations occurred between December and August. 



  

Differences in peak estrogens, occurring approximately 8 days (range 0-30) into non-pregnant 

luteal phases (NPLP) and 40 days (range 32-49 days)  into a pregnancy may help distinguish the 

two. A high percentage of females (58%) exhibited spontaneous ovulation during the study period 

with no clear ovulation mechanism. Ovulation may be influenced by age or induced by external 

stimuli, other than intromission during copulation - such as semiochemicals detected in shared 

enclosure spaces or tactile contact through mesh enclosures. The species high reliance on aquatic 

habitats also may lend itself to resource dependant stimulation of the hypothalamus pituitary 

gonadal axis, such as annual rainfall or access to large pools of water, which bears further 

investigation.  

Recommendations include transfers in the late spring or early summer of males allowing at least 

three months post quarantine release for physical introductions, to allow the tranferred individual 

time to return to baseline GCM concentrations before experiencing another stressful event 

(breeding introductions). Institutions with breeding pairs can improve breeding success via 

reducing fishing cat stress levels with positive animal keeper interaction through training and 

providing indoor off-exhibit refuge areas. It is also suggested that videotaping breeding 

introductions and providing at least 1-2 nest boxes for females may all contribute to greater 

captive breeding success in the fishing cat.  

The information gained by this study provides an outline for fishing cat SSP managers on how 

this species is managed in captivity. It also provides a solid foundation of longitudinal monitoring 

of adrenal activity and provides recommendations for the future sustainability of the ex situ 

population.  
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CHAPTER ONE  
 

Background on the endangered fishing cat (Prionailurus viverrinus) 

1. Life History 
 

The fishing cat, Prionailurus viverrinus, is a little known, small semi-aquatic felid from 

Southeast Asia. The fishing cat is a member of the genus Prionailurus, which also includes the 

rusty-spotted cat (Prionailurus rubiginosus), flat-headed cat (Prionailurus planiceps) and leopard 

cat (Prionailurus bengalensis), all of which are found throughout Southeast Asia (Sunquist & 

Sunquist, 2002).  

The range of the fishing cat is believed to include: India; Bangladesh; Bhutan; Cambodia; 

Indonesia (Java); Laos; Myanmar; Nepal; Sri Lanka; Thailand; and Vietnam. Recent sightings 

have been documented in Thailand (Cutter, 2009), Cambodia (Rainey & Kong, 2010; Royan & 

Alexander, 2009), and Nepal (Dahal & Dahal, 2011). It is believed to be extinct in Pakistan and 

its range is unknown throughout China, Laos and peninsular Malaysia, although it has been seen 

on both Sumatra and Java in the past (Mukherjee et al., 2010).  

Fishing cats weigh approximately 6-12 kg and have an extremely stocky build. Their 

deep chest and short legs have given them a reputation as the “bulldog” of the felid species 

(Nowell & Jackson, 1996). They have a grayish or olive coat with solid spots and stripes that run 

along their head and neck. Fishing cats have several adaptations that allow them to catch fish with 

extreme precision. Their head is elongated and pointed, with ears set back on their skull which 

flatten as they dive to hunt with little to no splash as they leap into the water after prey (pers. 
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obs.). They have slightly webbed feet, although, not any more so than those of the bobcat (Lynx 

rufus) (Kitchener, 1991). The fishing cat is also one of the few cats whose claws are not fully 

retractable into their sheaths. Their tail is only about ¾ that of a domestic cats, and is believed to 

act as a rudder when they are swimming.  

The life history of the fishing cat (Prionailurus viverrinus) is unique among felids. As 

one of the few felids that rely heavily on riparian ecosystems for survival, their habitat includes 

areas within 15 km of wetlands, swamps, mangroves and marshes (Nowell & Jackson, 1996). 

Although, they are incredibly well adapted for catching fish, this species is known to hunt small 

mammals, amphibians, reptiles, birds and fresh water mollusks (Lekagul & McNeely, 1977). In 

addition, they have been documented killing much larger prey, including calves, dogs and even 

small children (Sterndale, 1884). They have been seen catching birds by swimming fully 

submerged underneath them and dragging the birds under by the legs (Nowell & Jackson, 1996). 

Due to their reliance on prey species living in and around waterways, fishing cats could be an 

important indicator species for the health of these ecosystems. However, few scientific papers 

have been published on the wild ecology of this intriguing felid (Mukherjee et al., 2010; Nowell 

& Jackson, 1996; Sunquist & Sunquist, 2002). Although they are believed to be solitary and 

nocturnal, they have been photographed by camera traps during the day (Wikramanayake et al., 

2008). Their range from one study was estimated at approximately 4-6 km2 for females and 16-22 

km2 for males (J.L.D. Smith pers. comms. cited in Sunquist and Sunquist 2002).  

In captivity, studies have focused mainly on assisted reproduction techniques which have 

led to an understanding of their basic reproductive biology (Santymire et al., 2011; Sutherland-

Smith et al., 2004; Swanson, 2006, 2008; Thiangtum et al., 2006). Fishing cats become sexually 

mature around 21 months and can live up to 12 years in captivity (Kinzer and Groome 2011). 

Though estrous cycles and births have been documented year-round in captivity, births occur 
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most frequently from January to June, (Kinzer, 2014). Gestation is approximately 70 days, with a 

litter size ranging from 1-4 (Nowell & Jackson, 1996). Fecundity drops dramatically after 7 years 

of age, although both males and females have reproduced successfully until 11 years (Orndorff et 

al., 2010). 

2. Felid Conservation 
 

There are currently 37 known species of wild cats (Buckley-Beason et al., 2006; Nowell 

& Jackson, 1996). The International Union for the Conservation of Nature (IUCN) has listed 16 

of the 37 felid species as “Vulnerable”, “Endangered” or “Critically endangered” (IUCN, 2015). 

This includes critically endangered species such as the Iberian lynx (Lynx pardinus) which has 

only 84-143 individuals in the wild population (IUCN, 2015) as well as the newly discovered 

Sundaland clouded leopard (Neofelis sundaland) (Kitchener et al., 2006) which is found only in 

the remote forests of Borneo. Most of these species are threatened throughout their range due to 

habitat destruction and poaching (Nowell & Jackson, 1996). This emphasizes the urgent need for 

both in situ and ex situ studies to conserve each of these unique felids.  

Of the 37 species of wild cats (Kitchener et al., 2006; Nowell & Jackson, 1996), 30 are 

classified as small felids. Small felids are in the Subfamily Felinae and range from the 2-pound 

rusty spotted cat (Prionailurus rubiginosus) to the 100-pound puma (Felis concolor). Small felids 

are classified as such primarily due to their unique ability to purr among other morphological and 

molecular differences (Wozencroft, 1993). Their ability to purr comes from the fact that the 

epihyoidium (part of the hyoid apparatus) is connected by bone rather than elastic ligament, as is 

seen in the large felid Subfamily Pantherinae (Weissengruber et al., 2002).  

Effective captive management has become an important, and in some cases vital, 

component of wildlife conservation (Mallinson, 1995). As habitat degradation, poaching, and 
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climate change threaten species and their ecosystems, if managed sustainably, captive animal 

populations can serve as current and future genetic banks to be drawn from when numbers in the 

wild dwindle (Iyengar et al., 2007). Captive individuals can also act as “ambassadors” for their 

wild counterparts. When a well designed enclosure is accompanied by an interpretive program, 

these individuals educate 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 gained from captive animal 

populations to help conserve species in the wild, from the black-footed ferret (Mustela nigripes) 

to the scimitar horned oryx (Oryx dammah) (Conway, 2011; Russello & Amato, 2007; Wisely et 

al., 2003). Felid species, such as the Iberian lynx have also been successfully brought back from 

the brink of extinction by closely managed ex situ research and breeding programs (Breitenmoser 

et al., 2000). In order for these endeavors to be successful, it is imperative that the wild habitat 

these species rely on is conserved and closely monitored. A clear scientific understanding of each 

species can help determine what specific measures are necessary for these reintroductions to be 

successful and provides a foundation for cooperative work with range country governments, non-

profit organizations and other stakeholders.  

2.1. Fishing cat in situ conservation 
 

The status of the fishing cat was elevated from “Vulnerable” to “Endangered” by the 

International Union for Conservation of Nature’s Endangered Species Commission in 2008 

(IUCN, 2015). The Convention of International Trade of Flora and Fauna (CITES), has the 

fishing cat listed as Appendix II, which limits the international trade of this species and requires 

permits for movement between countries. Over the past decade, fishing cats have been rapidly 

disappearing from many regions throughout their range. Populations are fragmented and 



  5 

discontinuous due to rampant habitat degradation in the region. Moreover, in the past 18 years 

(three fishing cat generations), the wild population is thought to have declined by a minimum of 

50% (IUCN, 2015). Most importantly, the habitat that this species relies on is under severe attack 

from anthropogenic pressures. Wetland habitat is being cleared for agricultural and aquacultural 

use, as well as local infrastructure such as highways and roads. Other threats to fishing cat 

ecosystems include over-grazing, over-fishing and pollution (IUCN, 2015).  

Another current direct threat to fishing cats is poaching. A study, in Thailand focused on 

radio tracking fishing cats found that nine of 17 radio-collared fishing cats were found dead or 

went missing (Cutter, 2009). Fishing cats in this region are considered a pest animal because of 

their ability to kill privately-owned poultry. As a result, they are shot or trapped for food and can 

fetch up to $5.00/kg in markets in Thailand (Cutter pers. comm.). The fishing cat is also 

inadvertently poached, poisoned, caught in snare traps, and killed when seen by local villagers as 

they are often mistaken for leopards (Panthera pardus) that attack cattle (Cutter, 2009). 

Researchers have begun educating and assisting communities to build more secure chicken coops 

and raise awareness about the importance of the fishing cat in the area (Cutter, 2009).  

Many factors indicate the fishing cat is highly adaptable and may even be beneficial to 

humans. The species is a generalist hunter eating anything they can find, opportunistically they 

will feed on prawns from the numerous shrimp ponds throughout the region (Cutter, 2009). They 

have been observed living in human dominated landscapes using sewer systems and other man-

made waterways to hunt and move around, eating pest species such as rats and mice (Ratnayaka, 

2014). These factors emphasize the need to educate and inspire people to conserve fishing cats. 

With some consistent in and ex situ conservation efforts, the fishing cat has the potential to be a 

conservation success story. Therefore, the captive population is an integral part of this species 

ultimate survival.  
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2.2 Ex situ conservation 
 

The captive population of fishing cats is not self-sustaining and is at a critical juncture. At 

the start of this study in 2010, the effective population size in North America was only 14 males 

and 13 females (14.13). With less than 50 individuals, this population was considered a “red 

program” species under the Association of Zoos and Aquariums (AZA) classification. This meant 

it was not considered self-sustaining and did not receive program support from the AZA (Kinzer 

& Groome, 2011; Kinzer, 2012). As of 2015, the incorporation of non-AZA facilities has 

increased the population to 29 males and 28 females and changed the program status to “yellow”. 

At this point, the captive population is still considered not sustainable, however program 

assistance is provided by the AZA to help closely manage the genetic diversity. 

As a unique small felid species, the fishing cat has gained popularity over the past decade 

and has been incorporated into many new exhibits within major AZA institutions; Smithsonian’s 

National Zoo, Point Defiance Zoo and Aquarium and Denver Zoo to name a few (Kinzer, 2014). 

Extremely active and visible, this cat has captivated guests and interpretive programs have 

educated and connected the public to the conservation challenges facing many species throughout 

Southeast Asia.  

Unfortunately, a number of factors have driven the ex situ fishing cat population into a 

drastic decline over the past decade. The current population has a founder genome equivalent of 

5, meaning the genetic diversity of the captive population represents just five individual cats. 

Although genetic diversity is about 90%, there is a negative growth rate, unstable age 

distribution, high infant mortality (45% in males; 37% in females) and low mate compatibility. 

To add to the captive challenges, many of the cats are being diagnosed with Transitional Cell 

Carcinoma (TCC). This rare bladder cancer was responsible for 12 of 91 (13%) of the captive 

fishing cat deaths between 1995 and 2004 (Landolfi & Terio, 2006). TCC is not sex- specific and 
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there have not been any environmental factors linked to its occurrence (Landolfi & Terio, 2006). 

Furthermore, it remains unknown whether this disease has genetic linkages or if it can be 

mitigated with environmental or nutritional changes. If genetics are a factor then increasing 

genetic diversity by bringing new founders into the population may be one of the only ways to 

help stabilize the captive population.  

Genetic diversity is paramount in captive populations, therefore identifying target 

numbers to maintain 90% of founder heterozygosity for the next 100 years is the primary goal for 

each captive population (Ballou & Foose, 1996). Maintaining a high genetic diversity requires 

individuals breed often and with varied partners. The fishing cat SSP recommends 5-7 births to 

grow the population at 3% (Kinzer & Groome, 2012). Since there are limits to both the number of 

institutions holding fishing cats and space for individual housing within a facility, multiple 

transfers between institutions and numerous breeding introductions within a single individual’s 

lifetime are common.  

Transport between facilities poses many obvious challenges, including the use of 

valuable time and money, stress on the animals and risk of injury from aggression with each new 

breeding introduction. Operant conditioning, or formal training through positive reinforcement, 

can help captive animals during stressful events, such as transfers. This type of training helps the 

individual predict activities and control their environment so they are active participants in their 

care (pers. obs.). For example, tigers that were trained to voluntarily enter a transport crate prior 

to transfer had lower glucocorticoid levels than those without any training (Dembiec et al., 2004). 

Additionally, the husbandry requirements to maintain good welfare varies based on species. Thus 

it is imperative to maintain consistency between institutions and management programs, and to 

pay careful attention to an individual’s behavior at all times, so as to detect any variations that 

may indicate stress on the animal. 
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Currently, there is a general lack of knowledge pertaining to the management of breeding 

pairs of fishing cats. Breeding fishing cats in captivity is difficult due to the age distribution of the 

population, low founder numbers, and behavioral incompatibility among and within pairs (Kinzer 

& Groome, 2011). There is little insight into why pairs are not breeding. Yet, there is limited 

behavioral research on the species in captivity (Mellen, 1991), and the protocols for managing 

breeding pairs vary from leaving the male and female together both day and night, to only 

allowing closely supervised breeding encounters when the female is in estrus. As such, the best 

strategies for successfully breeding these cats in captivity are still unknown.  

3. Adrenal physiology and endocrinology 
  

Species vary in their sensitivity to environmental change and different management 

strategies. Both of these factors are realities of captivity and can increase stress, drastically 

impacting animal welfare and ultimately reducing reproductive success. Specifically, 

glucocorticoids have a direct effect on reproduction in mammals by interrupting the normal 

function of the hypothalamus-pituitary-gonadal (HPG) axis (Liptrap, 1993; Moberg & Mench, 

2000; Moberg, 1990). At the hypothalamus level, glucocorticoids inhibit production of 

gonadotropin-releasing hormone (GnRH). GnRH is responsible for the release of both follicle 

stimulating hormone (FSH) and lutenizing hormone (LH). LH is responsible for ovulation in the 

female and testosterone production in the male. In the anterior pituitary, glucocorticoids act 

directly to again inhibit the production of lutenizing hormone. In the gonads, glucocorticoids 

decrease steroidogenesis of both testosterone in the the male and estrogen in the female. In 

females, glucocorticoids reduce the ability of the adrenal enzyme aromatase in the granulosa cells 

to convert testosterone to estrogen and reduce follicular recruitment (Welsh et al., 1998). In 
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males, the glucocorticoids reduce the number of LH receptors in the Leydig cells, inhibiting their 

ability to produce testosterone in the testes.  

3.1 Acute stress 
 

Stressful events can be measured as fluctuations in hormones, specifically 

glucocorticoids which are regulated by the hypothalamus-pituitary-adrenal (HPA) axis. When the 

animal perceives a threat, the paraventricular nucleus of the hypothalamus releases two 

neuorpeptides; corticotropin-releasing hormone (CRH) and argnine vasopressin (AVP), which 

travel throughout the body to trigger various stress responses (Welsh et al., 1998). CRH is 

released through the hypothalamus-hypophyseal portal system to the anterior pituitary which 

triggers the release of adrenocorticotropic hormone (ACTH). ACTH travels through the blood to 

the zona fascicula in the cortex of the adrenal gland. The adrenal gland is made up of two main 

parts, the outer cortex and inner medulla. The medulla is primarily responsible for releasing 

epinephrine and norepinephrine characterizing the “fight or flight” response. This is a typical 

response to acute exogenous stressors that are perceived as danger, once the threat is removed, 

the secretion ceases, allowing the animal to recover. Glucocorticoids are also produced by the 

adrenal glands and enter the blood stream at this time as well (Möstl & Palme, 2002). 

Glucocorticoids have several physiological effects on animals that prepare them for survival 

during stressful events in the wild including: increased blood flow to the muscles, hyperglycemia, 

and increased temperature (Broom, 1996).  

 

3.2 Chronic stress 
  

Chronic stress is characterized by a prolonged release of glucocorticoid hormones, 

cortisol and corticosterone, from the cortex of the adrenal gland (Möstl & Palme, 2002). These 
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glucocorticoids create physiological changes in the body, including shunting blood to the 

muscles, increasing blood glucose, and decreasing immune response (Broom, 1996). The 

sympathetic nervous system triggers the initial stress response and the parasympathetic shuts it 

off; but in chronically stressed animals the parasympathetic nervous system is not able to return 

the body to homeostasis and many of the normal body functions such as reproduction become 

compromised. Overall, chronic or prolonged stress has severe consequences on animal health. 

Prolonged elevated glucocorticoids can cause negative physiological effects such as acyclicity in 

females and an increase in disease prevalence (Liptrap, 1993; Moberg & Mench, 2000; Moberg, 

1990). 

Chronic stress-induced immunosuppresion, can lead to susceptibility to previously 

dormant pathogens such as intestinal parasites, which can further compromise the health of the 

individual (Wong et al., 2002). In mice, chronic stress has been shown to increase tumor burden 

and invasive growth of ovarian carcinomas (Thaker et al., 2006). Thus, chronic stress could be 

particularly relevant for fishing cats, who have a high susceptibility to transitional cell carcinoma 

(Landolfi & Terio, 2006).  

3.3 Stress in Felids 
 

Wild felids are known to be secretive and elusive, one of the main reasons they are so 

difficult to study in the field. A majority of their time is spent out of sight and inactive and many 

of them are nocturnal (Sunquist & Sunquist, 2002). As predators, felids have control (with some 

exceptions) over their territory and daily activities in the wild. In captivity, animal care staff 

manage an individual’s activities and the cats have little control over what occurs in their 

everyday lives. Visitor interest peaks when animals are visible and active (Margulis et al., 2003), 
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this means cats are on exhibit during the day and housed in areas that may be busy and noisy. 

These realities of captivity, for felids, can often lead to stress.  

Stressful events in felids can contribute to infanticide by females and attacks during 

breeding introductions, which can cause injury or death (Wielebnowski et al., 2002a). 

Disturbance related stress was believed to lead to a 53% cub mortality due to infanticide by 

clouded leopard dams. When hand-reared, clouded leopard cub mortality decreased to 1% (Ken 

Lang pers. comm.). Cheetahs exhibit higher frequencies of feline herpes virus 1 (FHV1) when 

under stress, which can be passed to offspring at birth (Munson et al., 2004). Variations in 

sensitivity to environmental change and management strategies can exist between species and on 

an individual level, drastically impacting animal well-being and ultimately reducing reproductive 

success. In cheetahs, glucocorticoid levels are known to be lower when individuals are housed in 

off-exhibit areas with no public access (Wells et al., 2004). Clouded leopards housed near large 

carnivores or not provided with available height within an enclosure have also been shown to 

have higher glucocorticoids (Wielebnowski et al., 2002a). Identifying exogenous stressors such as 

these, and minimizing the impact of stressful events on individuals, can help to improve the 

welfare of animals and potentially increase their reproduction.  

Maintaining a sustainable captive population requires close examination of the species’ 

life history along with strict monitoring of genetic diversity, population age structure, disease 

manifestation and reproductive intricacies. It is important that considerations are taken in the care 

and management of fishing cats so that their natural history is closely mimicked in captivity. For 

instance, naturalistic habitats that provide multiple hiding spaces and a choice of areas are 

essential (Mellen, 1991). Species-specific behaviors that can provide both physical and mental 

stimulation can be enhanced through detailed enrichment programs and lead to improved welfare 

(Sheperdson et al., 1998). Together these factors, along with identifying what specific 
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management strategies work well, can help strengthen the reproductive success of the captive 

fishing cat population.  

 

3.4 Transport stress 
 

The transportation of animals is common within the zoological community and is 

regulated both globally and nationally. The International Air Transportation Association (IATA) 

Live Animal Regulations (LAR) is the global standard for animal transport, which has set 

guidelines for handling, labeling, container specifications, documentation, and provides 

information on specific airline and government regulations. CITES also provides guidelines for 

non-air transport through Appendix G of the LAR – CITES Guidelines for the Non-Air Transport 

of Live Wild Animals and Plants (IATA, 2015). Within the United States transportation is 

regulated under the Animal Welfare Act (Pub. L. 89-544) which is enforced by the Animal and 

Plant Health Inspection Service (APHIS) of the U.S. Department of Agriculture (USDA) (USDA, 

2013). The USDA provides specific guidelines such as “animals may not be exposed to 

temperatures less than 45°F and may not sit in an airport for more than six hours before 

departure, among other detailed instructions (USDA, 2013). In addition, the AZA has 

requirements for transporting animals (AZA, 2015). Regulations do address welfare of the animal 

being transported, as well as the collection animals, but some of the procedures may be stressors. 

For example, these include veterinary exams - usually under sedation - prior to, and after 

shipment to confirm the animals’ health. A 30-day quarantine period at the receiving facility, is 

required to ensure that no illness or disease is passed along during introduction to collection 

animals (Backues et al., 2011). 

Transport of animals between zoological facilities is practically inevitable during the 

captive management of animals. Low founder numbers in most species has led to low genetic 
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diversity, and limited the number of animals at specific facilities. This means that individuals 

need to be moved around in order to breed genetically diverse animals. Animal transport and the 

associated management requirements can create a prolonged stressful event for many individuals. 

The primary stressors involved in transport can include restraint, handling, separation or change 

in social or physical environment, limited access to food or water, temperature changes, fatigue or 

even injury (Grandin, 1997). Stress caused by fear or psychological factors due to transport is 

most commonly measured through changes in adrenal function (EFSA, 2004). Stress-induced 

immunosuppression can increase susceptibility to pathogens during transport and has been 

studied in domestic livestock species (Hartung, 2003) since many of the diseases, such as 

salmonella (Wierup, 1994) are zoonotic and can threaten public health. Stress in domestic species 

varies based on an individual animal’s temperament and experience with travel (Fazio et al., 

2013) as well as driver behavior and road condition (Cockram & Spence, 2012). During air travel, 

horses adapt well to level flight regardless of the length, but exhibit stress behaviors (body 

positioning changes, aggression) during ascent and descent (Stewart et al., 2003) 

In non-domestic animals, transport studies have most often assessed the stress associated 

with capture and translocation of wild animals (Dickens et al., 2010). For example, in wild 

Grevy’s zebra (Equus grevyi) fecal glucocorticoid metabolites (GCM) post-capture and release 

into a National Park return to baseline after 11-18 weeks (Franceschini et al., 2008). The effects 

of transport on circus animals, which are transferred on a routine basis throughout their lives, 

have also been studied (Iossa et al., 2009). Circus tigers increase pacing if they do not exercise 

prior to transport (Nevill & Friend, 2003). In captivity, only a few systematic studies have 

examined the effects of stress on an individual when being moved between facilities.  

Typically, shipments of felids or other large mammal species occur due to SSP breeding 

recommendations and involve the transfer of a single individual from one institution to another 
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(AZA, 2015). In a simulated transport of tigers, individuals that had previous experience with 

transfers have elevated glucocorticoid levels for a shorter time period (3-6 days) than those being 

transferred for the first time (9-12 days) (Dembiec et al., 2004). In the cheeetah, glucocorticoids 

measured during moves between facilities showed lower levels when individuals were housed 

off-exhibit in facilities that did not have access to the public (Wells et al., 2004). The Indian rhino 

(Rhinoceros unicornis) have elevated GCM for nine weeks post translocation to a new facility 

(Capiro, 2014). Chimpanzees (Pan troglodytes) have an elevated cell-mediated immune response 

up to 12 weeks post transfer and suffered a significant weight loss, a loss that in some individuals 

was never regained (Schapiro et al., 2012). 

Because each species varies in its needs in captivity and its sensitivity to stressors, it is 

imperative to maintain consistent management programs and to observe the individuals’ behavior 

at all times to detect any variations that may indicate stress during transportation. Small felids in 

particular are known to be extremely sensitive to environmental stressors as they are often not 

only a predator but also prey in their natural habitat (Mellen & Wildt, 1998; Wielebnowski et al., 

2002a). Depending on the species, they often require several hiding spaces (Mellen, 1991), an 

exhibit with height, climbing opportunities (Wielebnowski et al., 2002a), and ample space to 

retreat from perceived stressors (Wielebnowski et al., 2002b). These factors can all influence the 

degree of environmental stress on an individual during transfer to a new facility and ultimately 

affect their welfare and reproductive success. 

4. Felid reproductive physiology 
 

The reproductive physiology of felids varies from that of many other species (Wildt, 

2011). In the wild, felids are primarily solitary in nature and this has led to the development of 

unique reproductive behaviors. Captive populations of felids allow researchers to learn about 
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their fundamental biology and behavior that would otherwise be unknown due to their elusive 

nature in the wild. Although natural breeding is still preferred, due to many of the constraints of 

captive management, assisted reproductive technologies are often used to help augment 

populations. For example, cryopreservation can aid in preserving genes and valuable gametes can 

be moved instead of individuals (Swanson, 2006). Artificial insemination and in vitro fertilization 

is helpful when mate incompatibility is a concern and both can increase genetic diversity and 

extend the reproductive life of unrepresented individuals (Wildt, 2011). However, in order for 

assisted reproductive techniques to be successful an intimate knowledge of the reproductive 

physiology of each species is necessary (Pukanzhenthi et al., 2006a). 

In general, most wild cat species, even those that have been managed in captivity for long 

periods, are understudied and their general biology is still a mystery. Much of what we know 

about the reproductive physiology of these wild species is documented through studies conducted 

on the domestic cat (Felis catus) (Brown, 2006). The domestic cat serves as the best possible 

model for wild species that are scarce in number or too valuable to be tested directly. In addition, 

domestic cats are readily available and information can even be obtained from the material 

recovered from spayed and neutered cats at local veterinary clinics (Bristol-Gould & Woodruff, 

2006; Spindler & Wildt, 1999). Recently, laparoscopic oviductal artificial insemination (LO-AI) 

has been successful in fishing cats, due in part to prior success in domestic cats (Swanson, 2014). 

4.1 Female physiology 
 

Domestic felid females reach sexual maturity around eight months of age (Senger, 2003). 

Queens are seasonally polyestrus long-day breeders, with multiple follicular phases and most 

litters born in the spring and summer (Robinson & Cox, 1970) when oocytes are more numerous 

and of higher quality (Spindler & Wildt, 1999). However, females can bear young any time of the 
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year and males show no annual changes in their epididymal sperm reserves (Spindler & Wildt, 

1999). Within the estrous cycle there are defined periods of proestrus, estrus, postestrus and 

diestrus (Brown, 2011; Shille et al., 1979). Proestrus lasts 1-2 days and is characterized by high 

levels of follicle stimulating hormone (FSH), causing follicular recruitment (Shille et al., 1979). 

During estrus, peak estradiol levels are reached and maturation of follicles continues. The queen 

will express behavioral estrus at this time with vocalizations, rubbing and rolling and that she is 

receptive to copulation.  

The uterus of the felid is bicornuate, with two well-developed uterine horns (Senger, 

2003) allowing for litters of up to 10 in the domestic cat; however, two to three offspring are most 

commonly produced among wild species (Senger, 2003). Cheetahs (Acinonyx jubatus) are known 

for producing larger litters, averaging around four, which may be an adaptation to high cub 

mortality (|95%) in the wild (Laurenson, 1994). 

If pregnancy occurs, the female enters diestrus and the luteal phase begins with the 

formation of corpora lutea at approximately 3-8 ovulation sites (Wildt et al., 1981). Progesterone 

levels begin to rise inhibiting GnRH release from the hypothalamus. In felids, progesterone is 

also produced from the placenta, which has been demonstrated by the ability to maintain a 

pregnancy after removal of the ovaries in domestic cats (Brown, 2011). Gestation is 

approximately 65 days in the queen (Senger, 2003). Gestational anestrus occurs and no follicular 

development typically takes place during the pregnancy, however during this time follicle 

stimulation and ovulation can be induced with exogenous gonadotropin treatment (Chan et al., 

1982). Length of gestation in non-domestic species varies mainly by body size (Sunquist & 

Sunquist, 2002). Smaller species generally have shorter gestations mirroring that of the domestic 

cat while larger species such as the lion (Panthera leo) or tiger (Panthera tigris) have a gestation 

lasting 100-114 days (Sunquist & Sunquist, 2002). Offspring need maternal care for up to two 
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years in larger species, although in the smaller felids young are weaned within a few months 

(Sunquist & Sunquist, 2002).  

Although felids are generally induced ovulators, there have been cases where mating 

does not occur, but individuals spontaneously ovulate (Gudermuth et al., 1997; Lawler et al., 

1993). A shortened diestrus phase, termed a non-pregnant luteal phase (NPLP) follows this 

spontaneous ovulation and is characterized by elevated progesterone levels lasting approximately 

one-third to half the length of normal gestation (36-38 days) (Paape et al., 1975; Tsutsui & 

Stabenfeldt, 1993; Wildt et al., 1981). The cause of spontaneous ovulation in felids is still 

unknown although there is evidence that it is genetically linked. In the domestic cat, queens who 

spontaneously ovulate tend to have female offspring that do so as well (Wildt et al., 1998). 

There have been several non-domestic species that have documented cases of 

spontaneous ovulation including: socially housed lions (Schmidt et al., 1979) and leopards 

(Schmidt et al., 1988) as well as both singly and socially housed clouded leopards (Neofelis 

nebulosa), Pallas’ cat (Otocolobus manul) (Brown et al., 2002), margay (Leopardus wiedii) 

(Moreira et al., 2007) and fishing cats (Santymire et al., 2011). NPLP, also termed pseudo-

pregnancies, lead to physiological changes to the reproductive tract. Repeated pseudo-

pregnancies can lead to endometrial hyperplasia and also limit the number of estrous cycles for an 

individual in a given breeding season and reduce fecundity as the animal ages (Little, 2009). In 

addition, when assisted reproductive technologies come into play, timing of the cycle is 

imperative to success and this is often a difficult challenge with individuals that spontaneously 

ovulate (Pelican et al., 2010).  
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4.2 Male physiology 
 

Males have androgen-dependent penile spines that vary in size and number by species 

(Senger, 2003). These spines increase vulvo-vaginal stimulation during copulation, which triggers 

the hypothalamus to release gonadatropin releasing hormone (GnRH) and in turn the preovulatory 

luteinizing hormone (LH) surge from the anterior pituitary that induces ovulation (Senger, 2003). 

Induced ovulation is an evolutionary mechanism selected to preserve a female’s eggs for times 

when males are definitely present, and the eggs are most likely to be fertilized. If copulation does 

not occur, then the lack of ovulation causes a period of postestrus or interestrus lasting 

approximately one week before proestrus begins again (Wildt et al., 1998). 

Domestic cats generally have low sperm density and a high percentage of abnormal or 

pleiomorphic sperm (>40%) in each ejaculate (Howard et al., 1990; Pukanzhenthi et al., 2006; 

Spindler & Wildt, 1999). Wild species, which lack genetic diversity, such as the Florida panther 

(Puma concolor coryi), have > 70% abnormal sperm (Wildt et al., 1988). In general, high 

numbers of abnormal sperm can be found in many other wild species as well. The most common 

abnormalities include a tightly coiled flagellum, a bent midpiece with cytoplasmic droplet, and 

retained cytoplasmic droplet (Pukanzhenthi et al., 2006b; Wildt et al., 1988; Wildt et al., 1986). 

These defects can either reduce sperm mobility, or its ability to penetrate the ovum or both. 

 

4.3 Seasonality 
 

Seasonality has been described in a few wild species of felids. The Siberian tiger 

(Panthera tigris altaica) has a defined breeding season between January to June (Byers et al., 

1990), and females will cycle approximately twelve times during that period (Seal et al., 1985). 

There has not been any seasonality determined in male Siberian tigers as their sperm quality 
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remains the same year round (Byers et al., 1990). The Pallas’ cat, found in the Mongolian tundra, 

has a breeding season that runs from February to April and males have higher fecal testosterone 

concentrations between January and March (Newell-Fugate et al., 2007). Onset of high 

testosterone levels prior to the breeding season presumably allows the male to begin 

spermatogenesis in preparation for a receptive female. Androgen response is specifically tied to 

photoperiod, as males housed indoors have a one to two month delay in the onset of breeding and 

an overall shorter season (Newell-Fugate et al., 2007). Management of Pallas’ cats in captivity 

can be changed to incorporate this physiological adaptation to increase breeding season and 

improve the chance of reproductive success. In addition, artificial light can throw males into early 

spermatogenesis and the timing of the breeding season is then no longer synchronized with the 

females (Brown et al., 2002). Other species found in tropical regions with distinct dry and wet 

seasons have also exhibited seasonality. Clouded leopard females will cycle continuously if 

housed indoors on a 12-hour light cycle, but otherwise anestrus is typical between August and 

December, which corresponds to the dry season in their native range (Yamada & Durrant, 1989). 

In addition, the jaguar (Panthera onca) has been found to have higher androgen metabolite 

concentrations during the wet season, versus the dry season, indicating potential seasonality in 

jaguar as well (Goncalves-Moreto et al., 2004). 

 

4.4 Fishing cat reproductive physiology 
 

Fishing cats are sexually mature by one year of age and successful reproduction has been 

recorded between 1-11 years for both males and females, although there is a rapid decline after 

seven years of age. Litter sizes can range from 1-5, but two kittens is typical and infant mortality 

is high among both males (45%) then females (37%) (Kinzer & Groome, 2011).  
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Fishing cats often exhibit spontaneous ovulation, which makes attempts at assisted 

reproduction particularly difficult (Bauer, 2007; Santymire et al., 2011). Like many felid species, 

fishing cats have a varied response to exogenous gonadotrophins that are necessary to regulate the 

estrous cycle for assisted reproduction techniques such as artificial insemination (Pelican et al., 

2006). There has been only one instance of kittens being produced through artificial insemination 

(Swanson, 2006; Thiangtum et al., 2006; Bauer, 2007; Swanson, 2014). It is often difficult to 

distinguish between a true and pseudo-pregnancy, which can lead to unneeded management 

changes, such as separating pairs for a potential impending birth, or the expense of additional 

technologies, such as radiographs, to confirm pregnancy. All of these factors make fishing cat 

reproduction extremely tricky and has led to very poor reproductive success in the past several 

years, increasing the importance of breeding these cats naturally in captivity. However, changing 

the lack of knowledge pertaining to the reproductive behavior of fishing cats will help staff 

manage them more efficiently (Mellen, 1991). Combining behavioral observations with hormone 

data in the fishing cat will help add to the base of knowledge on their reproductive physiology 

and pinpoint successful breeding strategies.  

Santymire et al. (2011) examined seasonality in females and found no significant 

seasonality based on four seasons (fall, winter, summer, and spring) when looking at mean 

estrogen levels and the number of estrogen peaks in females. There also is no seasonal pattern 

when examining the dates of estrogen peaks within each female (converted to angular direction 

on a circular scale using the Rayleigh test). In other felids, individual hormone fluctuations with 

season are tied to photoperiod (Newell-Fugate et al., 2007). Species found in tropical regions with 

distinct dry and wet seasons tend to exhibit this photoperiod sensitive seasonality during these 

two seasons, with higher parturition in the wet seasons when resources are plentiful. Studbook 

data show fishing cats give birth throughout the year, however, the number of litters decrease 
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from October to January indicating that some individuals may undergo anestrus in the summer 

and fall months (J. Kinzer pers. comm.) corresponding to the dry season in their native range. In 

addition, fishing cats have been found to have more corpora lutea production from January-May 

indicating there may be some seasonal changes in their reproductive status (Pope et al., 2006). 

Identifying potential seasonal hormone differences in females may help determine the best timing 

for breeding introductions. 

5. Non-invasive fecal hormone monitoring 
  

Non-invasive fecal hormone analysis is a method of measuring reproductive steroids and 

adrenal activity over time in felids (Brown et al., 1994; Young et al., 2004). Steroids, such as 

cortisol, progesterone and estrogen are lipophilic and, therefore, must be metabolized by the 

kidneys and liver before they are excreted in the urine or feces, respectively (Senger, 2003). With 

approximately 95% of reproductive hormone metabolites (Brown, 2006) and over 80% of adrenal 

metabolites (Graham & Brown, 1996) excreted in the feces of felids, this method is now 

commonly used to monitor animal hormone levels. Although extracting the hormone metabolites 

from the fecal matter is labor intensive, it is currently the best way to study reproductive 

hormones and adrenal hormones in captive non-domestic felids. Non-invasive fecal hormone 

monitoring has improved our ability to study the basic reproductive cycles of captive felids and 

allows for longitudinal studies monitoring ovarian function and pregnancy in various species 

(Brown, 2006). In males, fecal androgens can be measured to establish levels of normal testicular 

function (Brown et al., 1996) or to correlate aggressive behavior to elevated concentrations 

(DeCaluwe, 2012). 

GCM’s can be measured to assess variations in adrenocorticol function over time. 

Enzyme (EIA) and radioactive (RIA) immunoassays have been used to monitor GCM’s in felids. 
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Because species variation in GCM’s exists, both physiological and biological validations are 

necessary to determine timing of excretion and ability of the chosen assays to detect the target 

metabolites, either adrenal or gonadal (Conforti et al., 2012; Wielebnowski et al., 2002a; Young 

et al., 2004). An ACTH challenge is a physiological validation for glucocorticoids involving an 

intramuscular injection of ACTH that stimulates production of glucocorticoids. The resulting 

spike in glucocorticoids can then be measured to determine variation in excretion patterns due to 

sex, age or species-specific metabolism (Touma & Palme, 2005). ACTH challenges have been 

done on numerous carnivores and several felid species including the cheetah, clouded leopard 

(Wielebnowski et al., 2002a), ocelot (Dias et al., 2008), oncilla (Leopardus tigrinus) and margay 

(Leoparadus wiedi) (Genaro et al., 2007), jaguar (Conforti et al., 2012) and Canadian lynx (Lynx 

canadensis) (Terwissen et al., 2013).  

When compared to management factors, hormone analyses can lead to a greater 

understanding of felid reproductive behavior. For example, housing female cheetahs in same sex 

pairs (Wielebnowski et al., 2002b), or clouded leopards near predators, can suppress ovarian 

cyclicity (Wielebnowski et al., 2002a). Providing clouded leopards with increased enclosure 

height can also decrease glucocorticoids (Wielebnowski et al., 2002a). Thus, hormone analyses 

can be used to adjust management techniques for greater reproductive success. Adrenal 

monitoring of the fishing cat has not previously been performed. 
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CHAPTER TWO  
 

Management of the captive fishing cat (Prionailurus viverrinus) population in North 
America during institutional transfers and breeding introductions 

Abstract 
 

The ex situ population of fishing cats (Prionailurus viverrinus) faces many challenges to 

its sustainability such as mate incompatibility, low founder numbers and disease prevalence. The 

North American population was monitored for a three-year period during institutional transfers 

and breeding introductions. In total, 26 fishing cats were observed in 15 different breeding pairs 

during 20 transfers. Most institutional transfers occurred in the fall months (September, October 

and November; 62%; n = 13) and males were transferred more often (62%; n = 13). Breeding 

success (observed copulations) was only observed in 33% (n = 5 pairs) and only 13% (n = 2 

pairs) produced offspring during the study period. Institutions with successfully breeding pairs 

had a greater number of indoor, off-exhibit enclosures (2.67 ± 0.29 exhibits; n = 5) compared to 

facilities with unsuccessful pairs (1.69 ± 0.25 exhibits; n = 6; P = 0.035). In addition, positive 

reinforcement training was significantly more frequent at facilities housing successful pairs 

(14.77 ± 3.27 training days/month) than facilities with unsuccessful pairs (4.00 ± 2.73 

days/month; P = 0.035). A binomial generalized linear model showed that vocalizations (P = 

0.000) during physical introductions of intended breeding pairs were significnatly related to 

eventual copulation success. Introductions performed when a female was exhibiting estrus 

behavior (P = 0.020), was also positively related to copulation success. Results from this study 

are the first comprehensive analyses of captive management in the fishing cat. Environmental 
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factors and management approaches are highlighted that could advance animal welfare and 

improve reproductive success in this species. 

1. Introduction 
 

The fishing cat (Prionailurus viverrinus) has been classified by the International Union of 

the Conservation of Nature (IUCN) as “endangered” since 2008. Wild population numbers are 

unknown but are believed to have declined by at least 50% in the last decade due to rampant 

poaching and habitat encroachment (IUCN, 2015). Although, this species is a specialist that relies 

heavily on riparian habitat, the fishing cat is highly adaptable in the wild and has been found 

living among human dominated landscapes using sewers and other manmade waterways to hunt 

and move around (Ratnayaka, 2014; Wikramanayake et al., 2008). In addition, individuals have 

been seen in aquaculture sites hunting for prawns and other farmed fish (Cutter, 2009). 

Researchers have begun educating communities about the importance of the fishing cat to the 

surrounding ecosystem. However, given the threats mentioned above, captive populations are an 

integral part of the ultimate survival of this species (Mallinson, 1995; Thiangtum et al., 2006).  

As a unique small felid, the fishing cat has gained popularity in zoos over the past decade 

and has been incorporated into many new exhibits within institutions accredited by the 

Association of Zoos and Aquariums (AZA). Extremely active and visible, this cat has captivated 

guests and can help to educate and connect them to the conservation challenges facing many 

species throughout Southeast Asia. Unfortunately, a number of factors have driven the ex situ 

fishing cat population into a drastic decline over the past decade. The AZA population originated 

from only 18 founders; however, the founder genome equivalents (or number of individuals to 

recreate the genetic diversity in the current population) was only 5.07 by 2010 due to unequal 

representation (Orndorff et al., 2010). In addition, the fishing cat is prone to transitional cell 

carcinoma (TCC), a rare bladder cancer responsible for 12 of 91 (13%) of the deaths between 
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1995 and 2004 (Landolfi & Terio, 2006). This disease is not gender-specific and there have not 

been any environmental factors pinpointed as a cause. It remains unknown whether this disease 

has genetic linkages or if it can be mitigated with environmental or nutritional changes. If 

genetics is a contributing factor, then increasing genetic diversity and bringing new founders in 

may be the only way to help stabilize the captive population.  

In 2010, the captive fishing cat population had only 16 male and 22 female fishing cats in 

twenty AZA institutions (Orndorff et al., 2010). The population incorporated non-AZA 

institutions in 2013, and includes 29 males and 28 females as of 2015. However, the population is 

still far from sustainable. Although managing felids in captivity is a necessity for conservation, it 

can be extremely challenging. Wild felids are secretive and elusive, spending a majority of their 

time out of sight and inactive. In addition, many of them are nocturnal (Sunquist & Sunquist, 

2002). In a captive setting, visitor interest peaks when animals are visible, and especially when 

the animals are active. This often means the cats are on exhibit during the day and housed in areas 

that are busy and noisy. As predators, felids have control (with some exceptions) over their 

territory and daily activities in the wild. In captivity, animal keepers manage an individual’s 

activities and the cats have little control over what occurs in their everyday lives. Although 

captive populations of felids allow researchers to study fundamental aspects of their biology and 

behavior that would otherwise be unknown due to their elusive nature in the wild, the realities of 

captivity, can often lead to stress (Mason & Clubb, 2003).  

Identifying strategies to maintain 90% of founder heterozygosity for the next 100 years is 

the primary goal in creating a sustainable captive population (Ballou & Foose, 1996). Reaching 

this goal requires that an individual breed often and with varied partners, which can involve 

multiple transfers between institutions and numerous breeding introductions within a single 

individual’s lifetime. Transport among facilities poses many obvious challenges, including the 
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use of valuable time and money, stress on the animal, and risk of injury with each new breeding 

introduction. Operant conditioning training can help captive animals during stressful events, such 

as transfers (Dembiec et al., 2004) and medical procedures (Lambeth et al., 2006). Training helps 

individuals predict activities and control their environment so they are active participants in their 

care (pers. obs.).  

Breeding fishing cats in captivity is difficult due to the age distribution of the population, 

low founder numbers, and behavioral incompatibility among and within pairs (Kinzer & Groome, 

2011). Infant mortality (45% in males/37% in females) can also be an issue and has necessitated 

hand-rearing of some individuals. In some felid species, hand-rearing is believed to influence 

social behaviors and potentially impact levels of stress (Wielebnowski, 1999) and reproductive 

success (Mellen, 1992). In spite of these social issues, there is also limited behavioral research on 

fishing cats in captivity (Mellen, 1991). The protocols for managing breeding pairs vary from 

leaving the male and female together both day and night, to only allowing closely supervised 

breeding encounters when the female is in estrus. Additional behavioral data could better inform 

management strategies and contribute to successfully breeding these cats in captivity.  

The purpose of this study was to examine both the environmental factors and 

management practices currently in place when transferring fishing cats between institutions and 

during breeding introductions. These data were summarized to provide a better understanding of 

how fishing cats were being managed in captivity. It was hypothesized that distinct environmental 

and management variables would difer between facilities with successful breeding pairs and those 

without. In addition, the specific behaviors exhibited by fishing cats during breeding 

introductions could predict breeding success. The results can aid managers with breeding 

recommendations and when creating new exhibit spaces and husbandry guidelines for the species 

in the future. 
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2. Methods 
 

The institutional transfer and breeding introductions of the fishing cat population in the 

North American Species Survival Program (SSP) were quantified between 2010 and 2013. 

Fishing cats in the study were housed in 16 facilities (Table 1), including all cats transferred 

between institutions or paired for breeding due to SSP recommendations during the study period 

(Kinzer & Groome, 2011; Kinzer, 2012; Orndorff et al., 2010). A total of twenty-six (male, n = 

13; female, n = 13) fishing cats were monitored during 20 transfers (male, n = 13; female n = 7). 

This resulted in multiple cats being monitored for several years during all seasons defined as fall 

(September, October and November); winter (December, January and February); spring (March, 

April and May) and summer (June, July and August). Four individuals were also monitored 

during permanent internal transfers in order to investigate varying management practices within 

the same facilities. Monitoring of individuals was noninvasive, therefore no management changes 

were made for the purposes of the study. This study was authorized by the managers of each 

participating facility and was approved by individual facilities’ Institutional Animal Care and Use 

committees, when necessary.  

Observations and data were collected through three different surveys given to the animal 

caretakers and direct observations of the cats. A Primary Keeper Survey (Appendix I) was 

completed by both the sending and receiving facility. A Quarantine Keeper Survey (Appendix II) 

was completed by the facilities that housed cats through the quarantine period. Institutions were 

requested to fill out a Breeding Introduction Observation form (Appendix III) when introductions 

of the pair occurred (including both howdy situations where the cats were given visual access 

through mesh, and physical introductions). During howdy and physical introductions keeper staff 

recorded absence/presence of several behaviors (aggression, affiliation, approach, scent-marking, 

vocalizations; see Table 2 for behavior definitions) and indicated whether they were initiated by 
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the male, female or both during that particular introduction (Martin & Bateson, 2007). Animal 

staff also indicated at the time of each introduction if they believed the female was in estrus based 

on her behavior. Successful (breeding) individuals were those with observed copulations reported 

during the study period; unsuccessful breeding individuals were those without any observed 

copulations. All institutions were provided Study Guidelines (Appendix IV) as well as an Events 

Record (Appendix V) in order to record additional stressful events that may have occurred during 

the study period. 
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Table 1: Animal subjects.  
Studbook numbers (SB#) of each fishing cat in the study are provided. Age was determined at the start of 
collection for each cat. Rearing is listed as either mother – raised by the dam or hand – raised by humans at any 
time during infancy (prior to weaning). Each cat was monitored each study year as one or more of the following: 
an existing breeding pair (EP), a new breeding pair (NP), transferred between institutions (Trans) or 
permanently within their institution (Trans-In). Previous transfers were calculated from studbook data. 

 
BZ, Birmingham Zoo; CMZ, Cleveland Metro Zoo; CZA, Columbus Zoo; CZBG, Cincinnati Zoo and Botanical 
Gardens; CZS, Chicago Zoological Society; DZ, Denver Zoo; JZA, Jackson Zoo and Aquarium; MMZ, Mill 
Mountain Zoo; SNZP, Smithsonian’s National Zoological Park; OCZ, Oklahoma City Zoo; RZG, Riverbanks 
Zoo and Gardens; SAZ, San Antonio Zoo; SDZ, San Diego Zoo; SFZ, San Francisco Zoo. (Topeka Zoo and 
Omaha’s Henry Doorly Zoo also provided information but were only sending institutions so are not listed). 

Fishing 
Cat SB# Sex Facility

Age at 
study 
start

Rearing Study 
year Monitored Institution 1 Institution 2

Number of 
previous 
transfers

440 M OCZ 12 Mother 2010 EP Oklahoma 2
OCZ 13 2011 NP Oklahoma 2

497 M CZBG 8 Hand 2010 NP Cincinatti 4
542 F SDZ 8 Hand 2011 Trans-NP Mill Mountain San Diego 5
633 F NZP 6 Mother 2010 NP NZP 1

NZP 7 2011 EP NZP 1
NZP 8 2012 EP NZP 1

651 F SAZ 7 Hand 2010 Trans-NP San Francisco San Antonio 0
652 F SFZ 7 Hand 2010 NP San Francisco 0
653 M CMZ 6 Hand 2010 Trans-NP San Francisco Cleveland 0

JZP 9 2012 Trans-NP Cleveland Jackson 1
657 S MMZ 9 Mother 2011 Trans Omaha Mill Mountain 2
664 F RZG 8 Hand 2011 NP Riverbanks 1
687 F CZA 5 Mother 2010 Trans-NP Topeka Columbus 2

CZA 7 2012 Control Columbus 2
694 F CZBG 5 Hand 2010 EP Cincinatti 2

CZBG 7 2012 NP Cincinatti 2
720 M CZS 4 Mother 2010 Trans Columbus Brookfield 1

CZS 5 2011 Trans(Internal) Brookfield 1
721 M SAZ 4 Mother 2010 NP San Antonio 1

CZBG 6 2012 Trans San Antonio Cincinatti 1
722 F OCZ 4 Mother 2010 EP Oklahoma 1

DZ 5 2011 Trans Oklahoma Denver 1
732 F OCZ 4 Mother 2011 Trans-NP San Diego Oklahoma 1
733 F CMZ 3 Mother 2010 NP Cleveland 1

CMZ 5 2012 NP Cleveland 1
759 M CZA 3 Mother 2010 Trans-NP Omaha Columbus 2

CMZ 6 2012 Trans-NP Columbus Cleveland 3
776 F JZP 4 Mother 2012 NP Jackson 1
777 M NZP 3 Hand 2010 Trans(Internal) NZP 1
778 M RZG 4 Mother 2011 Trans-NP Omaha Riverbanks 1
779 M JZP 1 Mother 2010 Trans-NP Cincinatti Jackson 0

CZS 3 2012 Trans-NP Jackson Brookfield 1
780 M SFZ 1 Mother 2010 Trans-NP Cincinatti San Francisco 0
781 M NZP 1 Mother 2010 Trans-NP Cincinatti NZP 0

NZP 2 2011 EP NZP 1
NZP 3 2012 EP NZP 1

950 F CZS 1 Mother 2011 Trans Sofia Brookfield 2
CZS 2 2012 NP Brookfield 2

959 M BZ 1 Mother 2012 Trans Columbus Birmingham 0
960 M BZ 1 Mother 2012 Trans Columbus Birmingham 0
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Table 2 Response options for Animal care staff during breeding introductions of fishing cat pairs between 2010-2013. 

 
 

Breeding Introduction Questionnaire
Does staff have experience with a successful pair Yes No
Female believed to be cycling Yes No  Unknown
Number of keepers present during introduction

Time of introduction (start/finish)
Where was introduction held Indoors Outdoors Both
Type of introduction New area Olfactory only Visual only Howdy Physical

Behaviors recorded

Aggression

Affiliation

Approach

Scent-marking

Vocalizations

For each behavior the initiator (either the male, female or both) was recorded during the 
introduction period

Aggressive behavior directed towards a conspecific – this includes, spitting, hissing, 
ground slapping, fighting, posturing. Please detail any fights in the comments section, 
specifically indicating if keepers needed to interfere to break it up or if any injuries were 
sustained

 Affiliative behavior directed towards a conspecific – this includes, cheek rubbing, allo-
grooming

 Please indicate who initiates the initial approach during each introduction

This includes urine-spraying, urinating, defecating during the introduction

Non-aggressive vocalizations including barking, meowing, or any type of affiliative 
vocalization

Response options

Number of nest boxes provided
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2.1 Statistical analysis 
 

Statistical analysis was performed primarily in SPSS v22 (IBM, Somers, N.Y., U.S.A.). 

Tests for normality were run and transformations applied when necessary. Mann-Whitney U-tests 

were used on categorical data or when Kolmogorov-Smirnov Z test for normality resulted in P < 

0.05. A Student’s t-test (two-tailed) using Levene’s test for equal variance was used on normal 

data including age and management data to determine significant differences between 

males/females, successful/unsuccessful cats and transferred/stationary (age only).  

Management variables obtained from these surveys fluctuated within institution during 

different study years so all years were averaged within a given facility to determine an 

institutional mean for each variable (i.e. # of primary keepers) this was then used when 

calculating reported means for each variable. In addition, some responses were left blank on 

surveys, which changed the number of responses based on the question asked; therefore, reported 

values are based only on what information was actually received from the participating 

institutions. Pearson’s correlation was run on management variables to determine which might be 

linked within institutions. All significant results (P < 0.05) were reported as Mean ± Standard 

Error (SE).  

Behavioral data recorded during breeding introductions were converted to proportion of 

time each behavior was exhibited by dividing the total number of observed accounts of that 

behavior by the total number of observations for that cat. These values were then weighted to 

account for a disproportionate number of observations between individuals by multiplying each 

proportion of behavior by the total number of observations for that cat/the total number of all 

observations for all cats. Depending on normality, data were compared using Mann Whitney-U or 

Student’s t-test to determine differences between sexes and breeding success. To examine 

copulation success as the binomial response variable, raw behavior data indicating whether that 



 

  32 

behavior was present or absent during each given introduction for each cat was run through a 

binomial generalized linear model (GLM). Individual was nested as a random effect with age 

aggression, affiliation, approach, scent marking, vocalizations as continuous fixed effects and 

rearing (hand- v. mother-raised), sex and female estrus status as categorical fixed effect.  

3. Results 
 

3.1 Animal subjects and transfers 
 

Mean age of fishing cats during the study period was 5.30 ± 0.47 years (range = 1-13 

years) and no significant difference (t = 1.22; P = 0.23, df = 33) was found between age of males 

(4.57 ± 0.76 years; range = 1-13 years) or females (5.67 ± 0.46 years; range = 1-9). Most cats 

were mother-reared (70%; n = 18); however, three males and five females were bottle fed by 

humans at some point in their development and were considered hand-reared (Table 1).  

Mean age at transport was 4.38 ± 0.47 years (range = 1-9 years) and did not vary 

significantly (t = 1.67; P = 0.10; df = 40) from study cats that were not transferred among 

facilities (5.85 ± 0.65 years; range = 2-13 years). Transfers occurred primarily in the fall (65%; n 

= 13), but also happened in the winter (20%; n = 4) and summer (15%; n = 3). No transfers 

occurred in the spring, ( March, April and May). Males (65%; n = 13) were transferred more 

frequently than females (35%; n = 7). Twelve cats (60%) were reported as having a pre-shipment 

veterinary exam under sedation prior to the day they were transferred. Individuals were crated for 

transport in several ways including: crate trained or voluntarily entered a crate (64%; n = 7), 

netted (18%; n = 2), and sedated (18%; n = 2). A majority (80%; n = 16) of cats were transported 

by plane and only three were transferred by vehicle. Transportation for one individual was not 

reported. Fourteen (70%) of the transferred cats had previously been moved among facilities with 

a mean of 1.28 ± 0.46; range = 0-5 previous transfers. 
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3.2 Quarantine 
 

All of the transferred cats experienced a period of quarantine during which they were 

isolated from the collection animals at the receiving institution in a location other than their 

permanent (or primary) housing. The mean length of quarantine was 35.05 ± 1.59 days (range = 

30-55 days). During the quarantine period 14 cats (82%) were sedated for a veterinary exam and 

three facilities did not report. For these examinations, cats were sedated in several ways 

including: voluntary crating (cat trained to enter a crate for injection) (24%; n = 4); “squeezed” 

(cat trapped in cage for injection) (18%; n = 3); netted (6%; n = 1); or darted (35%; n = 6). In 

addition, nine cats (53%) had dietary changes during the quarantine period while eight (47%) had 

no reported dietary changes, and details were not provided for three cats. 

Quarantine enclosures varied with respect to access outside as follows; 24 hour access 

(25%; n = 3); day access only (17%; n = 2); varied access (17%; n = 2); and no outside access 

(42%; n = 5). Outdoor enclosures had a mean size of 7.22 ± 0.73 m2 (range 4.46-9.6 m2; n = 8) 

and height 0.69 ± 0.07 m (range 0.46-1.21 m; n = 8). Indoor enclosures had a mean size of 10.22 

± 4.60 m2 (range 3.15-55.74 m2; n = 11) and height 0.89 ± 0.31 m (range 0.46-2.79 m; n = 7). 

The mean number of quarantine animal keepers was 2.71 ± 0.39 (range from 1-5 keepers; 

n = 14). The activity level during quarantine was reported as either quiet with only 1-2 people 

(57%; n = 8) or moderate activity with 1-2 people several times throughout the day (43%; n = 6). 

Fifteen facilities reported giving enrichment on a mean of 24.40 ± 1.66 (range = 7-30 

days/month) during the quarantine period. Ten facilities reported training on 21.10 ± 2.57 (range 

= 10-30 days/month), while five facilities reported no training during the quarantine period. 

3.3 Exhibits and holding 
 

Seven of the 16 facilities (44%) had indoor enclosures only and throughout the study 

period six males (46%) and five females (63%) were housed at these facilities. Fourteen facilities 
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reported data on their indoor enclosures, which ranged in number from 1-3 on-exhibit (with 

public viewing) or 1-5 off-exhibit (no public viewing) and had a mean size of 28.33 ± 5.67 m2 

(range = 2.23-73.02 m2). Mean height of on- and off-exhibit indoor enclosures (n = 11 reported) 

was 2.72 ± 0.32 m (range = 1.21-4.57 m). Outdoor enclosures (n= 7 reported) ranged from 1-2 

on-exhibit and 1-3 off-exhibit. The mean size of both on- and off-exhibit outdoor space was 36.04 

± 13.01 m2 (range = 1.30-1189.16 m2) and height 2.74 ± 0.61 m (range = 1.31-89.16 m).  

Of the institutions that provided outdoor exhibit access (n = 9); 33% provided 24-hour 

access; 33% provided access only during the day, 33% reported a varied schedule. Of the 

responding institutions (n = 12), 55% reported cats with visual access to other carnivores at some 

point during the study. Specifically, 34% of fishing cats had visual access to large felids (n = 13 

cats); 13% to other small felid species (n = 5 cats); 5% to other small carnivores (n = 2) and 5% 

to golden eagles (Aquila chrysaetos) (n = 2 cats). Ten institutions reported information on nest 

boxes provided for the female, which could be used as a hiding place or during parturition. The 

mean number offered was 1.45 ± 0.54 (range = 0-6 nest boxes) with 20% of institutions offering 

no nest boxes. 

The holding areas where the fishing cats are kept off-exhibit were reported with varying 

levels of activity: 31% (n = 5) facilities reported the area being quiet (1-2 people enter once or 

twice a day); 50% (n = 8) moderately active (1-2 people several times a day); 13% (n = 2) were 

active (several people in and out but all primary keepers); and 6% (n = 1) busy (multitudes of 

people in and out of the holding area). 

3.4 Animal staff and management 
 

Institutions (n = 16) reported the mean number of animal care staff working with their 

fishing cat(s) at any given time as 2.54 ± 0.38 (range = 1-5). The mean number of years of 

experience this staff had with felids was 7.74 ± 1.68 (range = 0-23 years). Two of the sixteen 
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facilities managed their fishing cats with free contact, meaning they entered the exhibit with the 

cat unprotected by barriers on a routine basis. Enrichment was given 23.07 ± 2.41 days/month 

(range = 4-30 days/month, n = 16). Positive reinforcement training was performed 7.93 ± 2.03 

days/month (range = 0-27 days/month, n = 16).  

3.5 Correlation of facility variables 
 

All correlations can be found in Appendix VI, however only significant (P < 0.05) 

correlations are discussed below. The number of indoor, on-exhibit enclosures were positively 

correlated with busier holding areas, protected contact and number of nest boxes provided. Larger 

indoor enclosures were positively correlated with indoor enclosure height (larger indoor 

enclosures were also higher). In turn, both larger indoor enclosures and indoor enclosure height 

were negatively correlated with number of outdoor on-exhibit enclosures. Therefore, facilities 

with large and higher indoor exhibits had fewer outdoor exhibits with public viewing. Number of 

outdoor on-exhibit enclosures was negatively correlated with access outside. Indicating 

institutions with more outdoor on-exhibit space enabled fishing cats more frequent access outside. 

Number of outdoor off-exhibit enclosures was positively correlated with number of nest boxes. 

Access outdoors was positively correlated with outdoor enclosure height, so cats were given 

access more frequently when outdoor enclosures were taller.  

3.6 Analysis of breeding success 
 

Of the eleven facilities holding breeding pairs, 82% reported having staff with previous 

experience working with fishing cat pairs that had produced offspring. Of the fifteen breeding 

pairs, 33% (n = 5) were considered successful with observed copulations during the study period, 

4 of these 5 pairs eventually produced live offspring. Of the unsuccessful pairs, one pair had 

previously produced offspring but had been separated for management purposes and re-paired 
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with no copulations observed, and one pair exhibited no breeding behavior during the study but 

produced offspring in subsequent years. The other nine pairs were unsuccessful in copulating or 

producing young during or after the study period. Thus 40% (n = 6) of fishing cat pairings 

produced offspring at some point, but only 13% (n = 2) did so during this three-year study period. 

There was no significant difference (P = 0.48; t = 0.72; df = 19) found between the age of 

successful cats (4.78 ± 0.92 years) and unsuccessful cats (5.64 ± 1.35 years). Management 

variables where at least ten of the eleven institutions holding breeding pairs responded were 

examined more closely using a Student’s t-test (two-tailed) or Mann-Whitney U test (depending 

on normality) to determine differences between institutions with breeding success (n = 5) and 

those without (n = 6) (Appendix VII). The number of off-exhibit, indoor enclosures (P = 0.035; t 

= 2.52; df = 8), was higher in successful facilities (2.67 ± 0.29 enclosures) than those without 

breeding success (1.69 ± 0.25 enclosures). There was also a trend for successful facilities to 

provide more outdoor off-exhibit as well (successful = 1.40 ± 0.51 vs. unsuccessful = 0.17 ± 0.17 

enclosures; P = 0.070; t = 2.30; df = 4.86). The other variable that was significantly different (P = 

0.35; t = 2.53; df = 8) was the number of days the successful facilities spent training per month 

compared with (14.77 ± 3.27 days/month) facilities that were unsuccessful at breeding fishing 

cats (4.00 ± 2.73 days/month). None of the remaining variables analyzed were significantly 

different between successful and unsuccessful facilities (P > 0.05). 

3.7 Breeding introductions 
 

Information on introductions to a new area (n = 7), olfaction only (n = 4), visual only (n = 

3), howdy (n = 51) and physical (n = 134) introductions with intended mates were reported from 

ten different institutions. howdy and physical introductions were examined closer since so few of 

the other types were reported. The mean number of keepers present was significantly lower (U = 

2458.00; P = 0.001) for howdy introductions 1.37 ± 0.09 (n = 31; range = 1-3 people) than for 
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physical introductions 1.86 ± 0.09 (n = 134; range = 1-5 people). No significant difference was 

found in the length of time (U = 2285.00; P = 0.814) cats were given howdy (65.59 ± 16.66 min.) 

or physical (99.04 ± 10.86 min.) access to each other. More physical introductions were 

conducted indoors (61%; n = 32 howdy; 80%; n = 125 physical; U = 2217.00; P < 0.001) by eight 

institutions, of which five had only indoor enclosures. Five introductions were done in outdoor 

enclosures only and included both howdy (n = 3) and physical (n = 2). The physical introductions 

performed outside were reintroductions of an established pair (SB#s 633 and 781) after separation 

due to a birth.  

Cats were given both in and outdoor access for 25% of howdy introductions (n = 13 

intros) but only 3% of physical introductions (n = 4 intros). All four of these physical 

introductions involved pairs that previously had 24-hour access to each other. Of facilities that 

reported enrichment during breeding introductions (n = 11 intros), 27% of facilities (n = 3) 

provided non-food enrichment and 36% (n = 4) provided food-related enrichment. Three of the 

four (75%) institutions offering food during introductions were those with successful pairs, 50% 

(n = 2) offered both food and non-food and 25% (n = 1) offered food enrichment only. One 

facility with unsuccessful breeders offered both food and non-food enrichment as well. 

The first ,howdy introductions occurred at 15.67 ± 8.85 day (range – 0-50 days; n = 6) 

post quarantine release. For one successful pair (SB# 687/759), both were transferred and howdy 

introductions occurred in quarantine. First physical introductions occurred at 55.43 ± 9.01 days 

(range-18-86 days; n = 7) post quarantine release. The mean number of reported howdy 

introductions (7.20 ± 5.99 successful; 2.60 ± 1.78 unsuccessful) as well as physical introductions 

(15.40 ± 6.12 successful; 13.80 ± 10.70 unsuccessful) were all higher in the successful pairs 

(although not statistically significant). The mean number of physical introductions prior to the 

first observed copulation was 8.40 ± 2.66 introductions (range = 1-14; n = 5 pairs) and prior to 
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the cats being left together unsupervised was 12.71 ± 5.28 introductions (range = 1-36, n = 7 

pairs).  

Mean number of days between physical introductions for all pairs was 8.56 ± 2.27 (range 

= 4.21-15.79; n = 6). However, it should be noted that several facilities did multiple physical 

introductions within the same day and these ranged from 2-5 separate introductions/day. Breeding 

introductions were videotaped by 50% (n = 5) of facilities, which represented 100% of facilities 

with successfully breeding pairs; one institution with an unsuccessful pair did not respond to the 

question. Physical introductions were reported (n = 106) to occur only in the morning (between 

6:15am-11:45pm; 39%; n = 41;); midday (between 9:15am-4:40pm; 25%; n = 29;), afternoon 

only (between 12:00pm-7:15pm; 28%; n = 26;), or 24-hour (9%; n = 10). Mean length of an 

introduction excluding 24 hour introductions was 69.33 ± 15.66 minutes but ranged anywhere 

from 5-495 minutes. 

3.8 Behavior predicting copulation success 
 

Behavioral data on howdy introductions were lacking, therefore only physical 

introductions were examined for the remainder of the analyses below. This included behavioral 

data recorded from eight (four successful and four unsuccessful; Table 3) of the 15 fishing cat 

pairs monitored during the study period (2010-2013). In addition, two institutions (one successful 

and one unsuccessful) sent limited data and four institutions with unsuccessful pairs reported 

performing introductions, however they did not send any information requested on the breeding 

introduction questionnaire. One unsuccessful pair did not attempt any physical introductions due 

to the female being injured (SB #694). The mean number of days after quarantine release prior to 

first copulation in the successful pairs was 113.60 ± 44.69 days (range = 39-289 days; n = 5) and 

before the pairs were left together unsupervised was 122.33 ± 30.70 days (range = 38-259 days; n 

= 6). During physical introductions, successful pairs exhibited a higher frequency of friendly 
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vocalizations 12.00 ± 3.17% of time) than unsuccessful individuals (vocalization = 2.50 ± 0.01%; 

P = 0.029; t = 2.86; df = 5.87; Table 4).  

The binomial generalized linear model of behaviors exhibited during physical 

introductions (n = 77 intros of successful pairs; n = 69 intros of unsuccessful pairs) showed that 

friendly vocalizations and female estrous status contributed positively to copulation success 

(Table 5). Neither age, sex, rearing, aggression, affiliation, approach or scent marking contributed 

to copulation success (P > 0.05). 

4. Discussion 
 

The present study provides information about management of captive fishing cats in 

North America, and helps quantify factors involved with institutional transfers and breeding 

introductions in the species. Although institutions varied quite a bit, general practices for transfers 

followed AZA guidelines (AZA, 2015). Most cats were shipped via air and all included at least a 

30-day quarantine period prior to being moved to their permanent housing at the new facility. 

Institutional transfers occurred primarily in the fall, which is most likely due to the timing of the 

mid-year Taxon Advisory Group (TAG) meeting that is typically held in the late spring/early 

summer. During this meeting breeding recommendations are set and transfers in the fall reflect 

the time needed to make arrangements between facilities; furthermore, weather conditions at the 

end of the summer can restrict transfer by plane (IATA, 2015). According to the studbook, litters 

are born throughout the year, but decrease from October to January indicating that some 

individuals may undergo an anestrus in the summer and fall months (Kinzer & Groome, 2011) 

which corresponds to the dry season in their native range.
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Table 3 Behaviors observed for each individual during physical introductions of intended fishing cat breeding pairs.  
Breeding pairs were based on species survival program recommendations made between 2010-2013. Behaviors were recorded as absent or present and the 
initiator was recorded as male, female or both during each physical introduction. A weighted total was obtained by dividing the total observed occurrences of a 
behavior for each individual by the proportion of total observations across all cats. Percentages listed below are the weighted total amount of time each 
behavior was observed for each individual fishing cat. Breeding pairs are listed female first with intended male below. 
Fishing cat breeding pairs Female estrus status Behaviors observed 
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950 F 2 Mother No 56 0.38 2.05% 13.70% 21.92% 21.23% 8.90% 27.40% 5.48% 2.74% 
779 M 3 Mother 2.74% 1.37% 4.11% 3.42% 5.48% 
633 F 6 Mother Yes 30 0.21 12.33% 7.53%  

15.75% 2.74% 13.01% 4.11% 11.64% 
781 M 1 Mother 4.79% 1.37% 10.96% 2.05% 19.18% 
652 F 7 Hand Yes 5 0.03 0.68% 0.68% 2.05% 2.74% 2.74% 3.42% 2.05% 2.05% 
780 M 1 Mother 1.37% 2.74% 3.42% 3.42% 3.42% 
664 F 8 Hand Yes 13 0.09  4.79% 2.05% 4.11% 0.68% 6.16% 

 
  

778 M 4 Mother 
 

0.68% 0.68% 0.68% 0.68%   
733 F 3 Mother No 2 0.01 0.68%   

1.37% 
 

1.37% 1.37% 0.68% 
653 M 6 Hand 

  
1.37% 

 
0.68% 

 
  

722 F 4 Mother No 1 0.01   0.68%  
0.68% 0.68% 0.68% 0.68% 

440 M 12 Mother 
  

0.68% 
   

  
687 F 5 Mother Yes 29 0.20 18.49% 0.68%  

8.22% 10.96% 12.33% 8.22% 18.49% 
759 M 3 Mother 

 
3.42% 8.90% 14.38% 5.48% 17.81% 

694 F 5 Mother No 10 0.07     
11.51% 3.84% 

 
  

497 M 8 Hand         2.05% 0.68%     
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Table 4 Comparison of mean proportion of time each behavior was noted by animal care staff during physical 
introductions of fishing cat individuals.  
Pairs were considered successful if copulation occurred during the study period and unsuccessful if no 
copulation occurred. * Bold values indicate significance at the P < 0.05.  

 
 

Behavior

Mean N Minimum Maximum Mean N Minimum Maximum

Aggression 5.40 ± 3.92% 5 1.00% 21.00% 5.13 ± 1.75% 8 1.00% 16.00%

Affiliative 5.00 ± 2.30% 5 1.00% 12.00% 4.00 ± 1.36% 8 1.00% 11.00%

Approach 5.57 ± 3.61% 7 1.00% 27.00% 7.88 ± 1.84% 8 1.00% 14.00%

Scent-mark 2.50 ± 0.96% 4 1.00% 5.00% 3.57 ± 0.90% 7 1.00% 8.00%

Vocalization* 2.50 ± 0.96% 4 1.00% 5.00% 12.00 ± 3.17% 6 2.00% 19.00%

Unsuccessful Successful 
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Table 5 Binomial generalized linear model of absences/presence behavior data observed during physical 
breeding introductions of eight successful and ten unsuccessful fishing cats.  
A multivariate approach was used to investigate how behaviors exhibited during physical introductions could be 
indicative of copulation success. Animal care staff rated all behaviors observed and their perception of female 
estrus status was rated as 1 = female believed to be in estrus 2 = female believed not to be in estrus 3 = female 
estrus status unknown. The negative B statistic shows that as the number increased copulation success 
decreased. Therefore knowing a female was in estrus positively contributed to copulation success. Bold values 
indicate significance at the P < 0.05 level. 

 
 

Fishing cats have increased corpora lutea production from January-May indicating that there may 

be some seasonal changes in their reproductive status (Pope et al., 2006). In this study, live births 

from natural breeding occurred in May (n = 3). There was an additional pregnancy confirmed by 

radiographs with parturition in July, however no kitten was ever observed so it was believed to 

have been ingested by the female. A single live birth from artificial insemination occurred in 

January, however that kitten subsequently died. An additional confirmed stillbirth occurred in 

February.  

Many of the management variables that correlated with each other were related to 

enclosure location, number and size. This makes sense because many facilities that have large 

indoor enclosures do not also have large outdoor enclosures. Interestingly, the number of people 

moving through the holding areas was significantly positively correlated with indoor on-exhibit 

Parameter B Std. Error

Lower Upper
Wald Chi-
Square df Sig.

(Intercept) 0.38 0.31 -0.24 0.99 1.45 1 0.23
Aggression 0.05 0.07 -0.10 0.19 0.39 1 0.53
Affliative -0.03 0.05 -0.13 0.07 0.38 1 0.54
Approach 0.08 0.06 -0.05 0.20 1.39 1 0.24
Scent marking 0.02 0.05 -0.07 0.11 0.19 1 0.67
Vocalization 0.27 0.08 0.12 0.42 12.69 1 0.00
Female estrus status -0.22 0.09 -0.40 -0.04 5.61 1 0.02
Rear 0.15 0.19 -0.23 0.52 0.56 1 0.45
Age -0.05 0.04 -0.13 0.03 1.78 1 0.18
Sex -0.14 0.15 -0.45 0.16 0.88 1 0.35

95% Wald Confidence 
Interval Hypothesis Test
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areas; therefore these cats may be dealing with busy on-exhibit and busy off-exhibit areas, which 

could lead to increased stress levels. These indoor on-exhibit areas were also significantly 

positively correlated with number of nest boxes, which would provide additional hiding space for 

these individuals. Generally, facilities provided nest boxes, however two facilities reported 

providing no nest box and six facilities did not respond. Additional hiding spaces may exist 

within the enclosures, but information on this was not requested due to the variation in perception 

of what may be considered a hiding space and the fact that vegetative cover in outdoor exhibits 

likely varies throughout the year. The recommendation for small cats is at least seven hiding 

spaces to provide ample areas for them to get away from visitors, staff and perceived threats 

(Mellen, 1991). Lack of nest boxes and hiding spaces decreases quantity of male sperm in 

ejaculates of small felids (Swanson et al., 1995). Further investigation is needed into what types 

of structures, such as a specific size or location of a nestbox, can be provided that might simulate 

an indoor off-exhibit space,. 

Fishing cats monitored throughout this study were trained an average of eight days a 

month, with five facilities reporting no training at all. Unlike large felids, small felids can be 

netted for routine medical and husbandry procedures, which may decrease the need for training in 

zoological facilities, but increase the negative experiences the animals have with their caretakers. 

Positive reinforcement training is one way that animal care staff can interact and establish a good 

keeper-animal relationship (Carlstead, 2009). Increased keeper-animal interactions can have a 

positive effect on felid reproductive success (Mellen, 1991; Wielebnowski, 1999) and reduce 

stress levels (Wielebnowski et al., 2002a). Further evidence of the positive effects of training on 

fishing cats was provided in this study, with institutions that incorporated more days of training 

into their management routines most successful in reproducing fishing cats. Increasing the 
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amount of positive reinforcement training may be one easy management strategy that can create 

positive animal-keeper interactions and increase reproductive success in the fishing cat. 

Most institutions reported visual access to other carnivores; most of these were other felid 

species, both large and small, as well as one large bird of prey. Large carnivores can be perceived 

as predators to small felids and being housed near them can increase stress levels (Wielebnowski, 

et al., 2002a). Only three facilities reported visual access to larger carnivores (i.e. tigers/lions) and 

one of these facilities had breeding success. However, being housed too closely to large 

carnivores could be one factor negatively affecting breeding success in some pairs.  

A trend for more frequent howdy and physical introductions to be reported by successful 

facilities may indicate more introductions could be beneficial to ultimate success in a pair. 

However, inappropriate behaviors between unsuccessful pairs may have limited their 

introductions. In addition, there was a general lack of reporting from unsuccessful institutions; so 

additional introductions may have been done but are not reported in this study. 

Observed breeding behaviors that were indicative of copulation success included higher 

rates of friendly vocalizations, which were also found to be significantly higher among successful 

individuals. Although not significantly higher, scent marking and approaches were also observed 

more frequently during introductions in successful individuals. Vocalizations and scent marks are 

fundamental behaviors used by felids to relay information to conspecifics (Mellen, 1993; 

Sunquist & Sunquist, 2002; Zala, 2004). This information can be the key to successful 

reproduction (Mellen, 1993), therefore it is not surprising that individuals that were observed 

copulating had increased instances of communication behaviors. In addition, successful breeding 

was more likely to occur when the animal care staff indicated that they believed the female was in 

estrus during the time of the introduction.  
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Results of this study provide a comprehensive outline for how fishing cats are currently 

being managed in North America. A detailed account of husbandry associated with institutional 

transfer and breeding of the species has been documented. Analysis shows that factors well 

within an animal caretakers control, such as positive reinforcement training, can increase 

breeding success. In addition, all the facilities that had successful fishing cats maintained video 

monitoring of their breeding pairs and provided nestboxes. Animal caretakers know the 

individual animals and the species they work with better than anyone else and results show that 

investing time with the animals -creating a positive relationship, using video analysis to observe 

behavior, identifing estrus in females, and providing quiet off exhibit spaces – all may influence 

positive outcomes and enhance reproductive success. The resulting data will be used in 

subsequent hormone analyses to determine how management practices may affect adrenal and 

reproductive hormone function in this species. 
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CHAPTER THREE  
 

Validation of a glucocorticoid enzyme-immunoassay used for non-invasive 
longitudinal monitoring of adrenocortical function in captive fishing cats 

(Prionailurus viverrinus) to predict breeding success. 

Abstract  
 

The ex situ population of fishing cats (Prionailurus viverrinus) has become increasingly 

important for the conservation of this species. Unfortunately, captivity-induced stress is a concern 

and potential factor causing the lack of breeding success of this small felid, resulting in an 

unsustainable ex situ population. The objectives of this study were to: (1) validate an enzyme-

immunoassay for monitoring of fecal glucocorticoid metabolites (GCM) in the fishing cat; (2) 

identify potential exogenous stressors; (3) pinpoint management techniques that may lower 

glucocorticoid concentrations; and (4) determine if glucocorticoid concentrations were related to 

breeding success. An adrenocorticotrophic hormone challenge validated a cortisol enzyme-

immunoassay (R4866 supplied by C.J. Munro, University of California, Davis, CA, USA) as an 

effective tool for detecting GCM in this species. Between 2010 and 2013 this assay was used for 

longitudinal monitoring of fecal glucocorticoid metabolites in 26 fishing cats in the North 

American Species Survival Plan. Exogenous stressors that elevated GCM concentrations 

included: chemical immobilizations; permanent transfers within a facility; construction; facility 

events; and fights/aggression among breeding pairs. Management factors that lowered GCM 

concentrations included: increased animal-keeper interaction through formal training, and 

providing 2-4 indoor, off-exhibit, holding areas. In addition, social housing of individuals (either 
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established breeding pairs or same sex pairs) decreased GCM concentrations. Individuals with 

breeding success (defined as observed copulations during the study period) also had lower GCM 

concentrations than unsuccessful individuals. Findings indicate that management factors play a 

role in lowering cortisol (stress) levels of fishing cats. Providing individual fishing cats with a 

more suitable captive environment may promote breeding success in the ex situ population. 

1. Introduction  
 

The fishing cat (Prionailurus viverrinus) is classified as “endangered” by the 

International Union for the Conservation of Nature (IUCN) mainly due to a rapid decline in wild 

populations over the past two decades (IUCN, 2015). Thus, the ex situ population has become 

increasingly important for the conservation of this species (Thiangtum et al., 2006). The current 

captive population, however, is unsustainable due to low founder numbers, high mean kinship 

and low reproductive success (Kinzer, 2012; Thiangtum et al., 2006). Although managing fishing 

cats in captivity is necessary for their conservation, little is known about how members of this 

species may vary in their sensitivity both to environmental change and to different management 

strategies in captivity, each of which can increase stress.  

In felids, stressful events are known to lead to infanticide by females and attacks by 

males during breeding introductions, which cause injury or death (Wielebnowski et al., 2002a). 

Studbook data from 1985-2011 showed high rates of infant mortalty in the fishing cat: 45% in 

male kittens and 36% in females (Kinzer & Groome, 2011). Chronic stress can also lead to 

immunosuppression. This could be particularly relevant for fishing cats, who have a high 

susceptibility to transitional cell carcinoma, with approximately 13% of mortalities between 1995 

and 2004 resulting from this disease (Landolfi & Terio, 2006). In mice, chronic stress has been 

shown to increase tumor burden and invasive growth of ovarian carcinomas (Thaker et al., 2006). 
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It is not clear if TCC may be linked to tumor growth in fishing cats, but increased disease 

prevalance has been noted in felids such as the cheetah (Acinonyx jubatus), which exhibit higher 

frequencies of feline herpes virus 1 when under stress. Management strategies, such as hand-

rearing, can also affect stress levels and social behaviors in felids. In felids, Mellen (1992), found 

that hand-reared female domestic cats were less likely to copulate and were more aggressive than 

mother-reared cats. In contrast, mother-reared cheetahs score higher for characteristics like 

“tense-fearful” and “aggressive” and had lower reproduction rates ( Wielebnowski, 1999). In 

captive clouded leopards (Neofelis nebulosa), hand-reared individuals have actually been found to 

have lower levels of glucocorticoids than mother-reared individuals (Wielebnowski et al., 2002a). 

Little is known about how to effectively manage fishing cats in captivity. Determining strategies 

which may decrease stress could increase mate compatibility and decrease infant mortality in the 

captive population. 

Stressful events can be measured as fluctuations in adrenal hormones - specifically 

glucocorticoid concentrations - which are regulated by the hypothalamus-pituitary-adrenal (HPA) 

axis. Noninvasive monitoring of fecal glucocorticoid metabolites (GCM) is one effective way of 

monitoring adrenal activity in captive felid species (Brown, 2006; Graham & Brown, 1996; 

Young et al., 2004). Increased glucocorticoids have been shown to have a direct effect on 

reproduction in mammals by interrupting the normal function of the hypothalamus-pituitary-

gonadal (HPG) axis (Liptrap, 1993; Moberg & Mench, 2000; Moberg, 1990). Small felids in 

particular are known to be extremely sensitive to environmental stressors as they are often not 

only a predator, but also prey, in their natural habitat (Mellen & Wildt, 1998; Wielebnowski et 

al., 2002a). Depending on the species, they often require several hiding spaces (Mellen, 1991), 

increased height within their natural or artificial habitats (Wielebnowski et al., 2002a), and ample 

space to retreat from stressors (Wielebnowski et al., 2002b). These factors can all influence the 
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degree of environmental stress on an individual and ultimately affect their welfare and 

reproductive success. These types of results, obtained from fecal hormone monitoring of adrenal 

function during potentially stressful events, may be used to adjust management techniques for 

greater reproductive success in the fishing cat as well. 

Both enzyme- (EIA) and radioactive- (RIA) immunoassays have been used to monitor 

GCM’s in felids. Because inter-species variation in GCM’s exists, both physiological and 

biological validation are necessary for assay validation (Conforti et al., 2012; Wielebnowski et 

al., 2002a; Young et al., 2004). An adrenocorticotrophic hormone (ACTH) challenge is a 

physiological validation for glucocorticoids involving an intramuscular injection of ACTH that 

stimulates production of glucocorticoids. This spike in glucocorticoids can then be measured to 

determine variation in excretion patterns due to sex, age or species-specific metabolism (Touma 

& Palme, 2005). ACTH challenges have been done on several felid species including the cheetah 

(Ludwig et al., 2013; Terio et al., 1999; Young et al., 2004), clouded leopard (Wielebnowski et 

al., 2002a), ocelot (Leopardus pardalis) (Dias et al., 2008), oncilla (Leopardus tigrinus) and 

margay (Leoparadus wiedi) (Genaro et al., 2007), jaguar (Panthera onca) (Conforti et al., 2012) 

and Canadian lynx (Lynx canadensis) (Terwissen et al., 2013).  

At the time of this study, no comprehensive analysis of GCMs had been performed for 

the fishing cat. Therefore, the primary objectives of this study were to validate an immunoassay 

for use in fishing cats, and subsequently monitor adrenal function longitudinally during 

institutional transfers and breeding introductions. It was hypothesized that GCM concentrations 

would increase during identifiable exogenous stressors and management factors. Successful 

breeders are predicted to have lower GCM concentrations. 
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2. Methods 
 

2.1 Animal subjects and sample collection 
 

Animal subjects (Table 6) included fishing cats recommended for institutional transfer or 

breeding by the Fishing Cat Species Survival Program (SSP) between 2010 and 2013 (Kinzer & 

Groome, 2011; Kinzer, 2012; Orndorff et al., 2010). These included 13 male and 13 female 

fishing cats, which comprised 15 unique breeding pairs and incorporated 20 institutional transfers 

at 16 facilities accredited by the Association of Zoos and Aquariums (AZA). All facilities 

followed the housing, diet and management guidelines set out by the AZA (detailed in Mellen & 

Wildt, 1998). This study was authorized by Smithsonian’s National Zoological Park’s (SNZP) 

Animal Care and Use Committee (SNZP-ACUC #10-26 and #14-13) and was approved by 

individual facilities’ Institutional Animal Care and Use committees, when necessary. 

To monitor for daily stressors, fecal samples were requested every day for 30 days prior 

to transfer and through quarantine. Once the cat was released from quarantine every other day 

fecal collection began for up to one year on all cats, transferred or stationary, housed at the 

receiving institutions. Fecal samples were also collected every other day for one year from fishing 

cats recommended for breeding but not transfer. All fecal samples were collected within 24 hours 

of being voided and then stored in a freezer at -20°C. In some instances, fecal markers were 

needed to identify individual fecal samples on fishing cats that were socially housed. In these 

cases one of two types of markers were added to the individual’s daily diet: either food dye 

(#601, Wilton icing color, Wilton Industries, Woodridge, IL, USA) or various types of non-toxic 

glitter (Glitterex Corporation, Cranford, NJ, USA). 
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Table 6 Animal subjects.  
Studbook numbers (SB #) of each fishing cat in the study along with the studbook of their intended mate based 
on Species Survival Program recommendations. Age was determined at the start of the study for each cat. 
Rearing is listed as either mother – raised by the dam or hand – raised by humans at any time prior to weaning. 
Breeding success was defined as copulations observed (Y) or no copulations observed (N). 

 
SB# 661 was an intended mate, however no fecal samples were collected on this individual so he is only listed as 
a reference but not included as an individual in the study. Key to facility: BZ, Birmingham Zoo; CMZ, 
Cleveland Metro Zoo; CZA, Columbus Zoo; CZBG, Cincinnati Zoo and Botanical Gardens; CZS, Chicago 
Zoological Society; DZ, Denver Zoo; JZA, Jackson Zoo and Aquarium; MMZ, Mill Mountain Zoo; SNZP, 
Smithsonian’s National Zoological Park; OCZ, Oklahoma City Zoo; RZG, Riverbanks Zoo and Gardens; SAZ, 
San Antonio Zoo; SDZ, San Diego Zoo; SFZ, San Francisco Zoo. (Topeka Zoo and Omaha’s Henry Doorly Zoo 
also provided information but were only sending institutions so are not listed). 

 

Fishing 
Cat SB# Sex Age Rearing Study 

year
Sending 
Facility

Receiving 
Facility

Intended 
mate

Breeding 
success

440 M 12 Mother 2010 OCZ - 722 N
13 2011 OCZ - 732 N

497 M 8 Hand 2010 CZBG - 694 N
542 F 8 Hand 2011 MMZ SDZ 661* Y
633 F 6 Mother 2010 NZP - 781 Y

7 2011 NZP - 781 Y
8 2012 NZP - 781 Y

651 F 7 Hand 2010 SFZ SAZ 721 N
652 F 7 Hand 2010 SFZ - 780 Y
653 M 6 Hand 2010 SFZ CMZ 733 N

9 2012 CMZ JZP 776 N
657 S 9 Mother 2011 OHDZ MMZ - -
664 F 8 Hand 2011 RZG - 778 Y
687 F 5 Mother 2010 TZ CZA 759 Y

7 2012 CZA - - -
694 F 5 Hand 2010 CZBG - 497 N

7 2012 CZBG - 721 N
720 M 4 Mother 2010 CZA CZS - -

5 2011 CZS - - -
721 M 4 Mother 2010 SAZ - 651 N

6 2012 SAZ CZBG 694 N
722 F 4 Mother 2010 OCZ - 440 N

5 2011 OCZ DZ - -
732 F 4 Mother 2011 SDZ OCZ 440 N
733 F 3 Mother 2010 CMZ - 653 N

5 2012 CMZ - 759 N
759 M 3 Mother 2010 OHDZ CZA 687 Y

6 2012 CZA CMZ 733 N
776 F 4 Mother 2012 JZP - 653 N
777 M 3 Hand 2010 NZP - - -
778 M 4 Mother 2011 OHDZ RZG 664 Y
779 M 1 Mother 2010 CZBG JZP 776 N

3 2012 JZP CZS 733 N
780 M 1 Mother 2010 CZBG SFZ 652 Y
781 M 1 Mother 2010 CZBG NZP 633 Y

2 2011 NZP - 633 Y
3 2012 NZP - 633 Y

950 F 1 Mother 2011 SOFIA CZS - -
2 2012 CZS - 779 N

959 M 1 Mother 2012 CZA BZ - -
960 M 1 Mother 2012 CZA BZ - -
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2.2 ACTH challenge 
 

An ACTH challenge was performed on one adult female fishing cat (studbook number) 

(SB# 633) held at the National Zoo, Washington DC, to determine the timing of GCM release and 

provide physiological validation for the enzyme-immunoassay used throughout the study. A 

single intramuscular injection of 300IU synthetic ACTH gel (Corticotrophin LA 80IU/ml; 

Wedgewood Pharmacy, Swedesboro, NJ, USA) was given to simulate the natural release of 

ACTH. The cat (8.1kg) was netted and restrained for the injection given in the left lateral thigh. 

Fecal samples were collected daily during routine husbandry for five days prior to injection and 

then all fecal samples excreted for three full days after the injection (Loeffler and Freeman 2011) 

and a single sample/day for two days after that were collected. All samples were carefully labeled 

with the time and date of excretion and stored at – 20°C in plastic bags until analysis. ACTH 

challenge samples were run on four separate assays (Table 8) to determine which might be the 

most sensitive to glucocorticoid metabolites in this species.  

2.3 Non-invasive fecal hormone analysis 
 

Initial fecal preparation involved drying samples in a lyophilizer (VirTis Ultra 35XL, SP 

Scientific, Warminster, PA) for 5 days (Brown et al. 1994). Dried samples were then pulverized 

with a mallet to produce a fine fecal powder. Hormones were extracted by adding 0.20 ± 0.02 g 

of dried/crushed fecal powder to 5mL of 90% ethanol (EtOH) into 16x125 mm glass tubes 

(Fisherbrand, Thermo Fisher, Bittsburgh, PA, USA). This mixture was then subjected to a 30 

minute modified shaking technique, based upon established protocols (Tuoma and Palme 2005), 

using a 2.5 amp, 120 volt, large capacity mixer set at motor speed 60 (Glas-col, Terre Haute, IN, 

USA). The samples were then centrifuged at 2000 rpm for 20 minutes and the supernatant poured 

off. The diluent was reconstituted with 5mL 90% EtOH, vortexed (pulse rate 1/s, speed 65; Multi-

tube Vortexer; Glas-Col, Terre Haute, IN, USA) and shaken for 30 seconds before it was again 
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centrifuged at 2000 rpm for 15 minutes. The supernatant was combined with the original 

supernatant for each sample and dried under forced hot air overnight. The sample was then 

brought up in 1mL 100% methanol (MeOH) and redried. Finally, the ‘neat’ solution was created 

by adding 1mL of preservative-free phosphate buffer (0.2 M NaH2PO4, 0.2 M Na2HPO4, 0.15 M 

NaCl; pH 7.0) to the sample; all sample dilutions (1:100-1:500) were created from the neat 

sample using the same buffer. Samples were run in duplicate and results were expressed as μg/g 

of dry feces. 

2.4 Assay validation 
 

Standard procedures were used to validate the four hormone assays (Table 7) (Brown et 

al., 1994; Young et al., 2004; Tuoma and Palme 2005). All serial dilutions of fecal extracts (neat 

to 1:512)  demonstrated parallelism with slopes matching the standard curve at r = > 0.95. Mass 

recovery tests were performed by adding known but varying concentrations of exogenous cortisol 

or corticosterone (standards) to equal volumes of diluted fecal extract and calculating the 

difference between the two. All recoveries indicated no interference in antibody-antigen binding 

due to the presence of substances within the fecal matrix. Extraction efficiencies for cortisol were 

monitored using a previously validated radioactive tracer (20,000 dpm 3H-cortisol; Perkin Elmer, 

Boston, MA, USA). Dry fecal samples (0.2g) were spiked with 100µl of tracer prior to extraction. 

Only extraction efficiencies above 60% were used to ensure a high degree of consistency within 

sample extraction. The mean extraction efficiency of all fecal samples was 78.80% ± 0.01% (n = 

6801). 

Intra-assay quality control was maintained during longitudinal monitoring by retaining 

only individual samples with coefficients of variation ≤ 10%. Inter-assay control monitors were 

maintained for standards, and all assays falling outside of ± 2 SD were eliminated from analysis. 
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Two internal controls analyzed on each assay had inter-assay coefficients of 10.60% for high, and 

7.01% for low, concentrations of exogenous cortisol (n = 348).  

The peak fecal sample obtained during the ACTH challenge was used for reverse-phase 

high performance liquid chromatography (HPLC; Varian ProStar; Varian Analytical Instruments, 

Lexington, MA, USA) to identify steroid hormone metabolites in fishing cat fecal extracts 

(Monfort et al., 1991). The methanol extract of this sample was purified on a solid-phase C-18 

matrix cartridge (#01-10, Spice Cartridge, Analtech Inc., Newark, DE, USA) and dried under 

forced air. This extract was reconstituted in 0.3mL MeOH, sonicated for 5 min, and 0.05 mL of 

the resulting solution was loaded onto a reverse phase C18 HPLC column (Agilent Technologies, 

Santa Clara, CA, USA). One milliliter fractions were collected using a 20-80% gradient of 

methanol:water over an 80 min period (1 ml/min flow rate). After separation, an aliquot of each 

fraction was counted on a multi-purpose β-radiation scintillation counter (LS 6500, Beckman 

Coulter, Brea, CA, USA), and the remainder of each fraction was dried and reconstituted in 0.25 

mL preservative-free phosphate buffer. Then the immune-reactivity of each fraction was 

quantified using the cortisol enzyme-immunoassay (EIA). 

2.5 Longitudinal monitoring and exogenous stressors 
 

A Primary keeper questionnaire (Appendix I) was filled out once for each cat, within 

each study year, to obtain management variables during that study period. This information was 

obtained for transferred cats at both the sending and receiving institution. Animal care staff also 

recorded dates of potential exogenous stressors during the study period. These included, but were 

not limited to: transfers within and between institutions; physical restraints; sedation for medical 

procedures; hospitalizations; chronic illness; exhibit and management changes; and construction. 

These types of stressful events could result in natural hormonal elevations from increased adrenal 

activity (Brown et al. 1994; Young et al. 2004; Tuoma and Palme 2005). All of this information 
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was classified and recoded as Events - potential exogenous stressors (Table 8). Due to sporadic 

sample collection and the fact that many of these stressors were longer in duration (i.e. 

construction, internal moves) all hormone samples one week post each Event were coded with the 

appropriate potential stressor. If multiple events happened in the same time frame, the event with 

the longest impact was prioritized (i.e. institutional transfer trumped a chemical immobilizations 

(sedation exam). These acute changes in adrenocortical activity were evaluated over time, 

throughout the study period.  

2.6 Breeding pairs 
 

Facilities with breeding pairs also filled out a Breeding Introduction Record (Appendix 

III) to document when fishing cats recommended for breeding were introduced during the study 

period. Survey data were used to determine Social Status - how the individual was housed during 

the study period (Table 9). Social status was recorded continuously throughout the study period. 

Periods where social housing was unknown were excluded from analysis.  
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Table 7 Four separate immunoassays used to evaluate fecal samples from an adrenocorticotrophic hormone challenge (ACTH). 
Results indicated a high correlation for both validation methods used; parallel displacement curves and recovery of the standards. Cross-reactivities of each 
assay with associated glucocorticoid metabolites are indicated as well as the optimal dilution used for samples on each assay.  

 

Parallelism 
Correlation 
coefficient Equation Correlation 

coefficient 

Cortisol EIA         
(single antibody)

R4866 supplied by C.J. Munro, 
University of California, Davis, CA, 

USA
r = 0.98 y = 0.88x + 89.17 r = 0.98

cortisol at 100%, prednisolone (9.9%), 
prednisone (6.3%), cortisone (5%), other 

metabolites at <1%
1:200

Cortisol RIA        
(double antibody)

Coat-A-Count, PITKCO-9, 2010-10-
21, Siemens, Los Angeles, CA, USA r = 0.98 y = 1.40x +0.56 r = 0.99

prednisolone (76%), 11-deoxycortisol 
(11.4%), methylprednisone (11%), 
prednisone (2.3%), betamethasone 
(1.6%), other metabolites at <1%

1:8

Corticosterone EIA 
(double antibody) R0006 supplied by C.J. Munro r = 0.96 y = 0.82x + 15.27 r = 0.99

corticosterone 100%, deoxycorticosterone 
14.25%, progesterone 2.65%, other 

metablolites at <1% 
1:64

Corticosterone RIA 
(double antibody)

I125 kit ImmuChem, MP 
Biomedicals, LLC Diagnostics 

Dividsion Orangeburg, NY, USA
r = 0.95 y = 1.31x + 51.92 r = 0.99 corticosterone 100%, other metabolites at 

<1% 1:200

Recovery
Assay Product Information Cross-reactivities Dilution
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Table 8 Definitions and groupings for potential exogenous stressors (Events) and classification for housing (Social housing) of fishing cats. 

Events
Internal transfer Cat moves to a new enclosure within the same facility. Housing, staff and management all may vary
New area introduction No olfactory stimulation of other fishing cats - primarily coded for unpaired individuals
Sedation exam Cat was anesthetized
Exam no sedation Dart, pole inject, netting, crating
Illness Medication administered for vomit, blood in stool, loose stool or eye discharge
Hospital stay for illness Cat moved to hospital for >24 hours for care due to an illness
Major exhibit change Within existing exhibit, new large items introduced or excluded from areas
Major management change Shift in time they are rotated through exhibit
Other events Holiday or facility event, construction, new or unusual enrichment
Copulation Observed mounting or attempted mounting
Fights/aggression Stalking/displacing cat during intro or an actual fight

Social housing Definition
Individually housed  Cat is housed on their own with no visual or olfactory stimulation of another fishing cat
Visual no howdy Cat is housed alone, but has visual access to another fishing cat
Howdy introduction Cat is housed alone, but has visual and partial physical (through mesh) contact to another fishing cat
Physical introduction Two fishing cats are phsically placed together for less than 12 hours
Rotating the same areas with pair Two fishing cats are sharing the same area (exhibit or holding space, but are not physically together)
Housed 24 hours with pair       Breeding pair is housed together 24 hours a day
Housed 12 hours with pair Breeding pair is housed together 12 hours a day
Separated from pair An existing breeding pair is separated due to shipment, illness, parturition etc.
Same sex pair A non-breeding same sex pair of fishing cats housed together
Dam and kittens A female housed with offspring
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2.7 Hormone Analysis 
 

R package version 1.0 (Longitudinal Analysis of Hormone Data, Fanson & Fanson, 

2014) was used to obtain GCM measures for each individual cat by study year. Baseline values 

were obtained using an iterative process (Brown et al., 1994), which involved systematically 

eliminating samples that were higher than + 2.5 standard deviation (SD) from the mean (Wells et 

al., 2004; Dias et al., 2008). Significant peaks were then considered to be any samples above 2.5 

SD of the mean baseline. Baseline measures were calculated for two separate time periods during 

each study year for each cat, including: (1) Preship - transferred cats = the month prior to 

shipment; stationary (non-transferred cats) = the month prior to the transferred cat’s release from 

quarantine; (2) Post-release – after quarantine release, for up to one year, for both transferred and 

stationary cats. Independent study year values were used for analysis of management variables 

and breeding behaviors. 

For cats monitored during severe illness (n = 3), Student’s t-test (two-tailed), using 

Levene’s test for equal variance, was used to determine if there were significant differences from 

baseline during confirmed periods of illness. If a significant difference was found (P < 0.05) 

during periods of illness health versus periods of health, all of the values associated with the 

illness were then excluded from the analyses detailed below, but were used to inform the 

discussion of the effects of severe physiological stressors on these individuals.  

The return to baseline, or adjustment period for the cat to settle in after transfer, was 

determined for each transferred cat by identifying the first date that represented a full month of 

samples with ≤ 1 significant peak above baseline (e.g. >2.5 SD). Results from each individual 

were averaged to estimate the number of days to return to baseline after institutional transfer in 

fishing cats. In addition, monthly averages for mean GCM concentrations were obtained for each 
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month of transfer, including quarantine, through 12 months post-release from quarantine, for both 

transferred and stationary cats. A regression analysis was used to determine the potential effect of 

time on GCM measures. 

2.8 Data Analysis 

 
To assess the potential effects of management on glucocorticoids, a GLMM was run on 

the pre-ship and post-release baseline fecal GCM concentration for each cat, at each institution in 

which they were housed (for example pre-ship values for sending institution and post-release 

values for receiving institution for cats that were transferred). A GLMM was well suited for these 

data as it accounts for repeated measures of the same individuals and minimizes risk of 

pseudoreplication by taking individual cats into account as a random effect. Fixed effects 

included: transfer (Yes/No); age; total space available to the animal (m2); number of indoor off 

exhibit enclosures; days/month trained; days/month receiving behavioral enrichment; number of 

keepers; how busy was the holding area (where the cats were brought while keepers accessed 

their exhibit area for cleaning and maintenance) and how often they had access outside. Off 

exhibit was defined as an area away from public viewing. These management variables were 

selected after running a Pearson’s correlation and eliminating variables that were highly 

correlated (P < 0.05) to avoid collinearity within the model (Appendix VI).  

Three separate GLMM models were run on raw GCM concentrations to examine fecal 

GCM concentration as a dependent variable, with individual as a random effect, and included; (1) 

sex, rearing, age, and transfer as fixed effects; (2) sex, rearing, age, transfer and Events (Table 8) 

as fixed effects; and (3) sex, rearing, age, transfers, and Social Housing (Table 8) as fixed effects. 

A GLMM, with a binomial distribution and logit link function, was used to test if any of 

five different post-release GCM measures could predict reproductive success. These included:  
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(1) Mean; 

(2) Baseline;  

(3) Cutoff - the value of 2.5 standard deviations above baseline;  

(4) Peak mean - an average of the ‘peak’ values (those greater than 2.5 SD) (Goyman et 

al., 1999; Young et al., 2004);  

(5) Proportion of peaks - total number of peaks within a given time period/total number 

of samples within that time period.  

This analysis was run only on fishing cats intended as breeding pairs, and thus 

undergoing breeding introductions. Individuals were classified as either successful (those with 

observed copulations reported during the study period) or unsuccessful (no observed copulations). 

Individual cat was included as a random effect with age, rearing and transfers as fixed effects. 

Each GCM measure (mean, baseline, cutoff, peak mean, and proportion of peaks) calculated for 

the post-release period only, was entered as a fixed effect separately to determine which of the 

five could predict success.  

Statistical analyses were performed primarily in SPSS v22 (IBM, Somers, N.Y., U.S.A.). 

Tests for normality were run using a Kolmogorov-Smirnov Z test. All significant results (P < 

0.05) are reported as Mean ± Standard Error (SE).  

3. Results 

3.1 ACTH Challenge 
 

A single peak was observed at 21 hours post injection in all four glucocorticoid assays 

(Fig. 1). The cortisol EIA (R4866) showed this peak exceeded baseline by 344% of the cortisol 

EIA pretreatment mean (mean = average of pretreatment samples and is considered 100%; Young 

et al., 2004). Following this peak the cat returned back to baseline by 48 hours post-injection and 

remained at this baseline for the rest of the time monitored (141 hours post-injection). Pre-
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treatment means of the corresponding assays were exceeded by 408% in the cortisol RIA; 184% 

in the corticosterone EIA and 476% in the corticosterone RIA. Given these results all assays 

measured a significant peak, however the cortisol EIA was selected as it was the most cost 

effective option with the highest peak change.   

 

 
Figure 1 Comparison of four different assays employed to characterize glucocorticoid metabolites (GCM) 
in the feces of a single female fishing cat (SB# 633) during an adrenocorticotrophic challenge. The pretreatment 
mean was calculated from samples prior to injection run on the cortisol EIA assay. The cortisol RIA (Coat-A-
Count, PITKCO-9, 2010-10-21, Siemens, Los Angeles, CA, USA) and corticosterone (RIA I125 kit ImmuChem, 
MP Biomedicals, LLC Diagnostics Division Orangeburg, NY, USA) also both had measureable peaks above 
their pretreatment means (not shown here). The corticosterone EIA (R0006 supplied by C.J. Munro) did not. 

 

3.2 HPLC analysis 
 

Analysis of the HPLC-separated fishing cat fecal eluates revealed the presence of two 

glucocorticoid metabolites associated with the 3H-cortisol tracer (fractions 39-41) and 3H-

corticosterone (fractions 45-47). However, only approximately 4% of immunoreactivity 

(quantified using the cortisol EIA) was associated with these peaks. A majority of eluted polar 
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peaks occurred at fractions 4-10 indicating a large amount of nonenzyme-hydrolyzable, water-

soluble metabolites which accounted for 96% of total immunoreactivity (Appendix VIII).  

3.3 Management factors 
 

The GLMM of management factors showed that the number of indoor off-exhibit areas 

(F1,24 = 14.911, P = 0.001) and the number of days trained per month (F1,24 = 6.799, P = 0.015) 

predicted lower baseline GCM concentrations. There were no effects from the possible 

confounding variables; transferred/stationary: F1,24 = 0.458, P = 0.505; age: F1,24 = 0.154, P = 

0.698; how busy was the holding area: F2,24 = 0.427, P = 0.657; total space provided F1,24 = 0.077, 

P = 0. 784; number of keepers: F1,22 = 0.068, P = 0.796; time with access outside: F2,19 = 0.321, P 

= 0.729; enrichment days/month: F1,24 = 0.001, P = 0.978.  

3.4 Longitudinal monitoring  
 

Longitudinal monitoring of fishing cats ranged from six months to three years, depending 

on the individual (Appendix IX). GCM measures were obtained for 26 fishing cats (13 male; 13 

female) during 20 institutional transfers (13 male transfers; 7 female transfers) between 2010 and 

2013 (Appendix X). Mean baseline post-release GCM concentrations 1.31 ± 0.22 µg/g of dry 

feces but ranged from 0.47-5.28 µg/g of dry feces. The return to baseline occurred over a mean of 

54.37 ± 16.51 days, but ranged from 1-277 days post quarantine release, depending on the 

individual (Fig 2). When examining the effect of time on mean monthly cortisol level post-

transfer, a significant negative effect was found in the cats that were transferred (r = 0.39, P = 

0.003), but not in the stationary (non-transferred) cats (r = 0.19, P = 0.299) (Fig. 3).  
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Figure 2 Representative fecal glucocorticoid metabolite profile of fishing cat (SB# 721). 
This individual experienced an institutional transfer and returned to baseline around Day 82 from transfer or 
51 days post quarantine release (Mean ± SE of all 20 transferred cats = 54.37 ± 16.51 post-release). The red 
shading indicates the time the cat spent in quarantine.  The outlined box indicates the return to baseline, defined 
as 30 consecutive days with ≤ 1 peak above 2.5 standard deviations of this individuals overall baseline. 

 

 
Figure 3 A negative effect of time on mean fecal cortisol concentrations by transfer month  
was found using a regression analysis on transferred (y = -0.0897x + 2.5003; R2 = 0.38; P = 0.003) but not 
stationary cats (y = - 0.0206x + 1.5868; R2 = 0.19;  = 0.299). Particular note should be taken to the Quarantine 
period and the first two months post release from quarantine for the cats that were transferred, which 
corresponds to the mean time period calculated for fishing cats to return to baseline after institutional transfer 
(54.37  ± 16.51 days post-release). 
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A significant effect of transfer status was found on fecal GCM concentrations (GLMM: 

F1,6712 = 20.58, P = <0.001) with mean values for transferred individuals being 1.92 ± 0.04 µg/g 

feces versus 1.47 ± 0.03 µg/g feces for stationary individuals. There was, however, no significant 

effect of the confounding variables sex: F1,6712 = 1.055, P = 0.314; age: F1,6712 = 3.168, P = 0.075; 

or rearing: F1,6712 = 0.089, P = 0.768 on GCM concentrations. Individuals who were transferred 

exhibited higher cortisol concentrations regardless of sex, age or rearing. 

3.5 Chronic illness 
 

Chronic illness was monitored in three fishing cats where baseline samples prior to the 

chronic illness were significantly lower than during the time period when the illness was 

diagnosed and treated (P < 0.05) (Fig 4). SB# 780 presented with elevated liver values during his 

exam for pre-shipment; he was later diagnosed and treated for hepatitis and normal liver values 

were reported 212 days post transfer. Baseline cortisol values increased from 0.75 to 4.33 µg/g. 

SB# 657 was treated for a bladder mass tumor. Although collection ended while values were still 

elevated, baseline values were confirmed several months later when collection resumed (days 

313-330). Baseline cortisol values increased from 1.72 to 8.19 µg/g. SB# 440 presented with 

neurological symptoms and baseline cortisol increased from 0.73 to 6.69 µg/g and remained 

elevated until his passing. Both SB# 657 and 780 returned back to baseline after treatment 

indicating resolution of the endogenous stressor.  
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Figure 4 Sustained periods of elevation in fecal GCM concentrations were seen during chronic illness  
in three fishing cats (a) SB# 780 presented with elevated liver values during his exam for pre-shipment, he was 
later diagnosed and treated for hepatitis and normal liver values were reported 212 days post transfer. Baseline 
cortisol values increased from 0.75 to 4.33 µg/g (b) SB# 657 was treated for a bladder mass tumor. Although 
collection ended while values were still elevated, baseline values were confirmed several months later when 
collection resumed (days 313-330). Baseline cortisol values increased from 1.72 to 8.19 µg/g (c) SB# 440 
presented with neurological symptoms and baseline cortisol increased from 0.73 to 6.69 µg/g and remained 
elevated until his passing. 

 

3.6 Exogenous stressors and social housing 
 

Potential exogenous stressors categorized as Events (GLMM: F8,908 = 6.68, P = <0.001) 

were found to have a significant effect on fecal GCM concentrations with no significant effects 

from possible confounding variables (sex: F1,908 = 0.762, P = 0.391; age: F1,908 = 2.956, P = 0.088; 

rearing: F1,908 = 0.020, P = 0.888; nor “transfer”: F1,908 = 2.04, P = 0.154). Chemical 

immobilizations (sedation exams) led to the highest mean GCM concentrations, followed by 

internal transfers and other events, which included construction and facility events where 

institutions were open after hours (Fig. 5a). Social Housing (GLMM: F8,6712 = 13.986, P = 
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<0.001) also had an effect on fecal GCM concentrations, with no effects from confounding 

variables (sex: F1,6712 = 1.040, P = 0.317; age: F1,6712 = 2.931, P = 0.087; rearing: F1,6712 = 0.183, P 

= 0.672; transfer: F1,6712 = 0.482, P = 0. 487). Individually housed cats (i.e. solitary animals) had 

the highest mean GCM concentrations. Individuals undergoing breeding introductions: including 

howdy, physical introductions and rotating exhibits with their intended mates, also had high mean 

GCM levels (Fig. 5b). 

 

 
Figure 5 Effects of exogenous stressors (a) and social housing (b) on mean (±SE) fecal glucocorticoid metabolite 
(GCM) concentrations in fishing cats. Samples were collected from 26 fishing cats housed at AZA institutions in 
North America between 2010-2013. 

 

3.7 Predicting breeding success 
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variables transfers, age or rearing. The measures baseline, cutoff and proportion of peaks were 

not predictive of breeding success (Table 9). All measures other than proportion of peaks showed 

higher GCM concentrations among unsuccessful fishing cats (Fig. 6) indicating lower GCM 

concentrations may be indicative of successful breeders. 

 

Table 9 GLMM results to determine whether five fecal cortisol measures from fishing cats (n = 24) during 
institutional transfers and breeding introductions that took place between 2010-2013 could predict breeding 
success in the species.  

 
Bold typing indicates statistically significant effects. In each model, breeding success was the dependent variable 
and the predictor was changed to a different cortisol measure with transfer, age and rearing as confounding 
variables. 

 

Dependant variable Effect df Wald X2 P-value
Mean GCM concentration transfer 1 0.097 0.755

age 1 2.476 0.116
rear 1 1.002 0.317
mean 1 4.521 0.033

Cutoff (2.5 SD of mean GCM concentration) transfer 1 0.316 0.574
age 1 1.982 0.159
rear 1 0.935 0.334
sd2.5 1 2.055 0.152

Baseline transfer 1 0.266 0.606
age 1 1.95 0.163
rear 1 1.041 0.308
base_mean 1 2.515 0.113

Peak mean transfer 1 0.026 0.871
age 1 1.9 0.168
rear 1 1.105 0.293
peak_mean 1 6.598 0.01

Proportion of peaks transfer 1 0.078 0.781
age 1 0.747 0.387
rear 1 0.736 0.391
pop 1 1.892 0.169
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Figure 6 Mean values (±SE) of fecal glucocorticoid metabolite (GCM) measures are presented for fishing cats 
with observed copulations (successful) and those with no observed copulations (unsuccessful).  
Results of binomial GLMM revealed that both Mean and Peak Mean GCM measures could predict breeding 
success in fishing cats.  

 

4. Discussion 
 

Extreme variability in GCM concentrations, regardless of environmental and 

management conditions, existed during the longitudinal monitoring of this species. Peaks often 

existed even when no potential stressors were recorded, which may have represented stressful 

events that were missed by animal care staff or natural fluctuations in glucocorticoids for this 

species. In addition, it was often difficult to pinpoint peaks due to missed samples, even when 

stressful events were reported. However, when samples were collected within 24-48 hours, 

various increases ranging from 2 – 20x times mean baseline were often observed, due to 

exogenous stressors. Institutional transfers were primarily of male fishing cats (13 of 20) and on 

average it took 2-3 months for this species to return to baseline after an inter-institutional transfer, 

though this did range widely depending on the individual. No significant effects of age, method 

of rearing (hand vs. mother) or sex was found on GCM concentration in this species. 
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Cortisol assay validation is an important first step before using non-invasive fecal 

hormone monitoring as a method to measure direct physiological stress. Inter- and intra- species 

variation in stress responses is of particular methodological concern (Touma & Palme, 2005). In 

this study although all four assays detected a peak during the ACTH challenge, the cortisol EIA 

(R4806) was established as the best measure of potential exogenous stressors in the fishing cat. 

This particular antibody has been used successfully to measure stress in other felid species as well 

(e.g., Young et al., 2004). Immunoreactivity detected during the HPLC suggests that the cortisol 

EIA utilized for longitudinal monitoring detected primarily nonenzyme-hydryolyzable, water 

soluble fractions and not free cortisol in this species. These results are similar to those obtained 

previously in the domestic cat when injected with 3H-cortisol (Graham & Brown, 1996) and 

measured with a cortisol RIA. In this study, because these polar metabolites constituted the 

primary immunoreactivity on the assay, and the ACTH challenge clearly represented an increase 

(344%) in glucocorticoid metabolites, it indicates that cortisol EIA assay may be cross-reacting 

with other, as of yet unidentified, corticoid metabolites. 

Chronic illness resulted in a sustained elevation in adrenal activity in all three individuals 

diagnosed with long-term illness during the study period; increasing baseline levels four to nine 

times higher than that of the same individual when healthy. Illness was likely the cause of the 

increased GCM concentrations, as none of the individuals had sustained elevations prior to 

diagnoses. Disease can affect the hypothalamus-pituitary-adrenal (HPA) axis (Möstl & Palme, 

2002), specifically during inflammatory illness (Chrousos, 1995), therefore, the consistently high 

concentrations of GCM detected during the above-mentioned chronic illness cases may be 

indicative of such a physiological response. This assay may be utilized to detect potential acute 

health concerns in this species if a baseline of the individual is previously known. 
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Chemical immobilizations (examinations under sedation) resulted in the highest fecal 

GCM concentrations, followed by permanent internal transfers, which typically mimicked an 

inter-institutional transfer in that staffing, exhibit and management were all changed. The “other 

events” category was the next highest cause for increased GCM concentrations and specific 

events in this category included construction, which several cats experienced during the study 

period (n = 5). Exposure to construction has been shown to decrease activity and increase GCM 

in several other felid species (Chosy et al., 2014). The “other events” category also included after 

hours events. Such events have been shown to affect reproductive cyclicity in seasonal species, 

especially if natural light conditions are altered (Brown et al., 2002), and these can be stressful 

presumably due to disturbances that occur during periods which are typically quiet (Morgan & 

Tromborg, 2007). 

Social housing was found to have a significant effect on GCM levels in fishing cats 

during this study. Observations of wild fishing cats are still scarce and the ecology of this species 

is still mostly unknown, although field research has increased in recent years (Adhya, 2014; 

Cutter, 2009; Duckworth et al., 2009; Mukherjee et al., 2012; Tantipisanuh et al., 2014). Most 

camera trap photos reveal single individuals or females with offspring (Cutter, 2009; Rainey & 

Kong, 2010), leading researchers to believe they are largely solitary in the wild. However, in 

captivity when fishing cats were housed alone GCM concentrations were the highest, with a mean 

value that was almost double the post-release level found in the species. Even cats provided 

visual access to another fishing cat had lower GCM concentrations than singletons.  

Most felid species are considered primarily solitary; however, in captivity many of these 

species can get along well in “unnatural” social groupings of same sex or breeding pairs for long 

periods of time (Mellen & Wildt, 1998). One extreme example is the clouded leopard, where 

individuals are introduced as breeding pairs when they are juveniles and can then maintain a 
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strong pair-bond for life (Fletchall, 2000). Established fishing cat breeding pairs, same sex pairs, 

and dams with kittens, all exhibited mean GCM concentrations below the overall mean average 

for the species. These results indicate that positive social interactions may help reduce GCM 

levels (and presumably stress) in this species. It should be noted that during this study period, the 

only same-sex pairs were males. Therefore, it should not be assumed that female same-sex pairs 

would respond similarly. In fact it has been found in cheetahs that socially housing females can 

suppress ovarian cyclicity (Wielebnowski et al., 2002b), so the impact of housing female fishing 

cats socially should be investigated in the future.  

Higher GCM concentrations were also recorded in breeding pairs that were being 

established, specifically, during howdy (mesh to mesh access without physical contact) and 

physical introductions and when un-established pairs were being rotated through shared exhibits. 

Rotation through different holding and exhibit areas is commonly performed when breeding 

introductions of new individuals begin, especially if there is a only one large exhibit space 

available. Because introductions to new individuals, especially for breeding, are considered 

stressful events for most animals (Powell, 2010) these findings were expected.  

Fishing cats that were trained more frequently in this study had lower GCM 

concentrations. Training or operant conditioning can be viewed as one way to enhance and 

strengthen the keeper-animal relationship (Carlstead, 2009). A positive relationship can be 

essential to the captive management of a species. Increased time spent with an animal keeper can 

positively affect reproductive success (Mellen, 1991) and reduce glucocorticoid levels 

(Wielebnowski et al., 2002a) in felids. Besides building and maintaining a positive relationship 

between animal and keeper, training can reduce stress by giving the animal more control over 

their environment and care, which can help to reduce adrenal activity especially during 

potentially stressful events (Sheperdson et al., 1998). Training prior to the transfer of tigers 
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(Panthera tigris) lowered glucocorticoid levels (Dembiec et al., 2004). Moreover, chimpanzees 

(Pan troglodytes) trained for voluntary sedation procedures showed significantly lower levels of 

several physiological measures associated with the stress response, such as glucose and white 

blood counts (Lambeth et al., 2006).  

Access to indoor off-exhibit areas predicted lower GCM concentrations, indicating that 

providing private areas (2-4 enclosures) where cats can take refuge from the public in a private, 

quiet, undisturbed area may lower stress. In captivity, exposure to the public can increase 

glucocorticoid levels in several species (Carlstead & Brown, 2005). In a study of cheetah 

transfers, movement of individuals from an off-exhibit to an on-exhibit area increases their 

cortisol baseline; generally cheetahs housed on-exhibit have higher baselines overall (Wells et al., 

2004). Many small cats are prey species for other larger carnivores (Nowell & Jackson, 1996; 

Sunquist & Sunquist, 2002). Therefore, hiding spaces are important for providing escape areas 

that can help them feel secure in their captive environment (Mellen & Wildt, 1998; Mellen, 

1991). These indoor off-exhibit areas may provide the security that fishing cats need in captivity. 

Finally, breeding success in this species can be predicted by lower overall mean and peak 

mean fecal GCM concentrations, indicating that successful individuals have lower GCM 

concentrations. Therefore, instituting management decisions such as: positive animal keeper 

interactions through training; providing multiple indoor off-exhibit refuge areas; and social 

housing in established breeding or same sex pairs, may all contribute to greater captive breeding 

success in the fishing cat via reducing their stress levels.  
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CHAPTER FOUR 
 

Reproductive state influences glucocorticoid concentrations but reproductive 
function is consistent regardless of institutional transfers in female fishing cats 

(Prionailurus viverrinus) 

Abstract 
 
The ex situ population of fishing cats (Prionailurus viverrinus) is unsustainable due to low 

founder numbers, a lack of breeding among genetically valuable pairs and high kitten mortality. 

Non-invasive longitudinal monitoring (6 – 36 months) of fecal estrogen (EM), progestogen 

(PGM) and glucocorticoids (GCM) was performed between 2010-2013 on the captive population 

in North America during institutional transfers and breeding introductions. Transfer of six of the 

thirteen females between institutions affected adrenal but not gonadal hormone concentrations, 

indicating transfers had little to no effect on reproductive function. In female fishing cats, GCM 

concentrations were negatively correlated with PGM and positively correlated with EM. No 

significant changes were seen when comparing reproductive traits between females moved 

between institutions (transferred) and those that were not (stationary). Estrogen and progestogen 

concentrations decreased with age. Pregnancies occurred in females between the ages of 6-8 

years, therefore females with breeding success were significantly older (7.00 ± 0.55 years) then 

unsuccessful (4.81 ± 0.63 years) cats. Six pregnancies were monitored, five from natural 

copulations and one from a successful laparoscopic oviductal-artificial insemination. The first 

estrogen peak was measured during pregnancy at 40.17 ± 2.97 days (range: 32-49) from the first 

rise in progestogens and could be used to distinguish these phases from non-pregnant luteal 

phases in which the first estrogen peak occurred at 8.52 ± 2.01; range 0-30 days. Parturition 
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occurred approximately 20.33 ± 2.42 days (range: 13-28) after the first EM peak was measured. 

GCM concentrations were lowest during lactation and highest levels were predicted during 

periods of anestrus, although no correlation was found. At least one period of anestrus occurred in 

67% of the population (n = 8 females), most often beginning at some point between April and 

August and lasting 66-181 days, indicating a possible seasonal effect. GLMM predicted highest 

concentrations of PGM between September and May also suggesting seasonal influences. 

Breeding success in this species occurred primarily in older females (5-8 years) between January 

and May. High instances of spontaneous ovulation (58% of females) were observed, possibly 

influenced by close proximity to males (through mesh fencing or rotating through a shared 

exhibit). Further investigation is needed to identify if any potential stimuli, such as 

semiochemicals, may activate the hypothalamus-pituitary-gonadal axis in this species, or if 

activation may be resource dependant. The possibility of using external stimuli to assist with mate 

compatibility is discussed. Additional studies examining hormonal changes through puberty and 

senescence in females are recommended.  

1. Introduction 
 

The fishing cat (Prionailurus viverrinus Bennett, 1833) is a small felid classified as 

“endangered” by the International Union for the Conservation of Nature (IUCN, 2015) mainly 

due to a rapid decline in wild populations over the past two decades. The wild distribution is 

largely unknown, but the species relies heavily on wetland habitat throughout Southeast Asia. 

Thus, the ex situ population has become increasingly important to this species’ conservation 

(Thiangtum et al., 2006). The current captive population consists of just over 50 individuals, and 

is unsustainable with only 17 founders represented, a high mean kinship (or measure of 
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relatedness between individuals) and <20% reproductive success (Kinzer & Groome, 2011; 

Kinzer, 2012; Orndorff et al., 2010; Thiangtum et al., 2006).  

Although managing fishing cats in captivity is necessary for their conservation, little is 

known about how this species may vary in their sensitivity to both environmental change and 

different management strategies that may increase stress and lead to reproductive difficulties. A 

single study previously characterized gonadal steroidogenic activity in males and females in 

singly housed individuals, same sex female pairs and a single pregnant female (Santymire et al., 

2011). Both males and females were found to be reproductive throughout the year. Female 

estrous cycles ranged 16-24 days with follicular phase lasting 4-8 days. Non-pregnant luteal 

phases were detected in 71% of females indicating spontaneous ovulations and lasting 24-48 days 

of which 70% had one or more estrogen peak. A single pregnancy was monitored lasting 70 days 

from last estrogen peak and included nine estrogen peaks with single peak measured one day 

prior to parturition. (Santymire et al., 2011). Additional studies on reproductive hormones in 

fishing cats have centered around developing artificial reproductive technologies (Howard & 

Wildt, 2009; Swanson, 2008). Embryos derived from in vitro fertilization have been successfully 

cultivated and transferred to fishing cats resulting in a single live birth (Pope et al., 2006).  

The objectives of the present study were to monitor steroidogenic activity in female 

fishing cats during institutional transfers and breeding introductions to determine what effects 

these events might have on female gonadal function. Both male and female adrenal activity was 

also monitored to examine potential relationships between adrenocortical activity and gonadal 

function in fishing cats. Longitudinal monitoring allowed for reproductive traits to be further 

described adding to the current understanding (Santymire et al., 2011) of the basic biology of this 

species.  
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2. Methods  

2.1 Animal subjects and sample collection 
 

Animal subjects included fishing cats recommended for institutional transfers or breeding 

by the Fishing Cat Species Survival Program (SSP) between 2010 and 2013 (Kinzer & Groome, 

2011; Kinzer, 2012; Orndorff et al., 2010). In total, 13 male and 13 female fishing cats housed at 

17 zoological facilities in North America (Table 10). These individuals comprised 15 unique 

breeding pairs. Depending on the institution, 2-5 samples were collected per week on each cat for 

six to twelve months post quarantine release, with a mean of 139.58 ± 8.61 samples/year (mean 

range, 44-210 samples/year). Mean age at study start for female fishing cats was 5.38 ± 0.43 

years (mean range: 1-8). All individuals in attempted pairs were reproductively mature. In total, 

six transfers of females occurred (n = 6 females). These transfers occurred in fall (n = 4), winter 

(n = 1) and summer (n = 1). Four of these transfers were to create new breeding pairs. Mean age 

at study start for male fishing cats was 4.57 ± 0.76 years (mean range: 1-13). Thirteen transfers of 

males (n = 10 males) occurred in fall (n = 8), winter (n = 3) and summer (n = 2). Ten of these 

transfers were to form new breeding pairs. A single pair was formed after the transfer of both the 

female and the male to a new institution; otherwise all pairs were created with one transferred and 

one stationary individual. Housing, diet and management all followed the guidelines set out by 

the Association of Zoos and Aquariums (AZA) (detailed in Mellen & Wildt, 1998). During the 

study, one female (SB# 950) was housed indoors on a 12 hour light cycle, all other individuals 

were on a natural light cycle, whether housed indoor only or with outside access. This study was 

authorized by the management at each participating facility and was approved by Smithsonian’s 

National Zoological Park’s (SNZP) Animal Care and Use Committee (SNZP-ACUC #10-26 and 

#14-13) along with other individual facilities’ ACUCs, when necessary.  
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Fecal samples were requested every day prior to transfer and during quarantine. 

Otherwise, every other day collection was performed up to one year from the date of quarantine 

release on all cats in the collection at institutions where transfers took place. Fishing cats that 

were recommended for breeding, but not transferred (i.e. stationary cats), had fecal samples 

collected every day for 30 days prior to and then every other day for up to 12 months after release 

from quarantine of the intended mates. Fecal samples were collected within 24 hours of being 

voided and stored in a freezer at -20°C. In some instances fecal markers were needed to identify 

individual fecal samples of fishing cats that were socially housed. In these cases two types of 

markers were added to the individual’s daily diet and included either food dye (#601, Wilton 

icing color, Wilton Industries, Woodridge, IL, USA) or various types of non-toxic glitter 

(Glitterex Corporation, Cranford, NJ, USA). 

2.2 Fecal sample processing 
 

Initial fecal preparation involved drying samples in a lyophilizer (VirTis Ultra 35XL, SP 

Scientific, Warminster, PA) for 5 days (Brown et al., 1994). Dried samples were then pulverized 

with a mallet to produce a fine fecal powder. Hormones were extracted by adding 0.20 ± 0.02 g 

of dried/crushed fecal powder to 5mL of 90% ethanol (EtOH) into 16x125 mm glass tubes 

(Fisherbrand, Thermo Fisher, Pittsburgh, PA, USA). This mixture was then subjected to a 30 

minute modified shaking technique based upon established protocols (Tuoma and Palme 2005) 

using a 2.5 amp, 120 volt, large capacity mixer set at motor speed 60 (Glas-col, Terre Haute, IN, 

USA). The samples were then centrifuged at 2000 rpm for 20 minutes and the supernatant poured 

off. The diluent was reconstituted with 5mL 90% EtOH, vortexed (pulse rate 1/s, speed 65; Multi-

tube Vortexer; Glas-Col, Terre Haute, IN, USA) and shaken for 30 seconds. This was again 

centrifuged at 2000 rpm for 15 minutes. The supernatant was combined with the original 

supernatant for each sample and dried under forced hot air overnight. The sample was then 
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brought up in 1mL 100% methanol (MeOH) and redried. Finally, 1mL of preservative-free 

phosphate buffer (0.2 M NaH2PO4, 0.2 M Na2HPO4, 0.15 M NaCl; pH 7.0) was added to the 

sample and considered the neat. Samples were further diluted using this same buffer as needed 

and were run in duplicates, results were expressed as μg/g of dry feces. 

 

Table 10 Females fishing cats (n = 13) and their intended mates. 
Species Survival program recommendations between 2010-2013 were followed to monitored individuals during 
institutional transfer and breeding introductions. Breeding success was defined as observed copulations during 
the study period. Social housing was recorded throughout the study period, but the primary housing was listed 
here as sharing an exhibit with a male (rotating), physically housed with the male at all times (24/7), or housed 
alone with no visual or sensory access to a male (single). Indoor only housing refers to individuals that did not 
have any outdoor exhibit or holding access at any point. Age was calculated at the start of collection. 

 
 

Fishing cat 
SB # Study year Age 

(years)
Intended 

mate
Breeding 
success

Social 
Housing

Housed 
indoor 
only 

Transfer 
status

Latitude 
(°N)

542 2011 8 661 Yes 24/7 No Transferred 32
2010 6
2011 7
2012 8

651 2010 7 721 No Rotating No Transferred 29
652 2010 7 780 Yes 24/7 No Stationary 37
664 2011 8 778 Yes Rotating Yes Stationary 34

2010 5 759 Yes Rotating No Transferred
2012 7 - Not paired Single No Stationary
2010 5 497 No Rotating Yes Stationary
2012 7 721 No Rotating Yes Stationary
2010 4 440 No Rotating No Stationary 35
2011 5 - Not paired Single Yes Transferred 39

731 2011 5 Unknown Not included Unknown No Stationary 34
732 2011 4 440 No Rotating No Transferred 35

2010 3 653 No Rotating Yes Stationary
2012 5 759 No Rotating Yes Stationary
2010 2 779 No Rotating No Stationary
2012 4 653 No Rotating No Stationary
2011 1 - Not paired Rotating Yes* Transferred
2012 2 779 No Rotating Yes* Stationary

StationaryNo24/7Yes781

39

41

32

41

40

38

694

722

687

633

733

776

950
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2.3 Enzyme-immunoassays (EIA) 
 

Fecal estrogen metabolites (EM) were measured using an estrone-3-glucuronide kit (Cat. 

# K036-H5; DetectX, Arbor Assays, Ann Arbor, MI, USA). The cross reactivity of this assay is 

as follows: Estrone-3-glucuronide 100%; Estrone-3-sulfate 66.6%; Estrone 238%; 17β-Estradiol 

7.8%; Estradiol-3-glucuronide 3.8%; Estradiol-3-sulfate 3.3%; and other metabolites at ≤0.1%. 

Fecal progestogen metabolites (PGM) were measured using an EIA (clone no. 425 provided by C. 

Munro, Davis, CA, USA), which has cross-reactivities with 4-Pregnen-3,20-dione 100%; 4-

Pregnen-3α-ο1-20-one 188%; 4-Pregnen-3β- ο1-20-one 172%; 4-Pregnen-11α-ο1-3,20-dione 

147%; 5α-Pregnan-3β-ο1-20-one 94%; 5α-Pregnan-3α-ο1-20-one 64%; 5α-Pregnan-3,20-dione 

55%; 5β-Pregnan-3β-ο1-20-one 12.5%; 5β-Pregnan-3,20-dione 8.0%; 4-Pregnen-11β -ο1-3,20-

dione 2.7%; 5β-Pregnan-3α-ο1-20-one 2.5% (Graham et al., 2001). Fecal glucocorticoid 

metabolites (GCM) were measured using a single antibody cortisol EIA (R4866 supplied by C.J. 

Munro, University of California, Davis, CA, USA) which crossreacts with cortisol at 100%, 

prednisolone 9.9%, prednisone 6.3%, cortisone 5%, other metabolites at <1%. Samples were run 

at dilutions ranging between 1:400 and 1:1000 for EM; 1:500 and 1:6000 for PGM depending on 

reproductive state and 1:100 and 1:500 for GCM depending on the individual.  

Standard procedures were used to validate the hormone assays; including parallellelism 

between serial dilutions of fecal extracts (neat to 1:512) and the standard curves as well as 

recovery of steroid standard added to fecal samples (Brown et al., 1994; Young et al., 2004; 

Tuoma & Palme 2005). All assays demonstrated parallelism of the fecal samples with slopes 

matching the standard curve (r > 0.98). In addition, reproductive hormones were biologically 

validated using natural ovulation and pregnancy cycles where hormone levels tend to be higher 

(Tuoma & Palme 2005; Brown 2008). Additional cortisol validation was also performed via an 

adrenocorticotrophic challenge (See Chapter 3). 
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Intra-assay quality control was maintained during longitudinal monitoring by retaining 

only individual samples with coefficients of variation ≤ 10%. Inter-assay control monitors were 

maintained for standards with all assays falling outside of ± 2 standard deviations (SD) eliminated 

from analysis. Two internal controls analyzed on each assay had inter-assay coefficients of 

11.47% for high and 7.19% for low concentrations of exogenous estrogens (n= 82); 12.59% for 

high and 7.73% for low concentrations of exogenous progestogens (n = 160); 10.60% for high 

and 7.01% for low concentrations of exogenous cortisol (n = 348).  

2.4 Hormone Analysis 
 

R package version 1.0 (Longitudinal Analysis of Hormone Data, Fanson, 2014) was used 

to obtain mean and baseline values of estrogen, progestogen, and glucocorticoids using an 

iterative process in R which involved systematically eliminating samples that were higher than 

2.0 SD from the mean for estrogen and progestogen (Wells et al., 2004; Dias et al., 2008) and 2.5 

SD for cortisol (Goyman et al., 1999; Young et al., 2004). Significant peaks were then considered 

any samples above 2.0 SD (estrogen and progestogens) or 2.5 SD (glucocorticoids) of the mean 

baseline. Longitudinal monitoring of glucocorticoids revealed a high natural variability within a 

given individual’s profile, therefore 2.5 SD was used to help eliminate some of this natural 

variation and pinpoint significant elevations truly associated with exogenous or endogenous 

stimuli. 

2.4.1 Estrogen concentrations  

A follicular phase was defined as ≥ two estrogen values above 2.0 SD from baseline 

within a six-day period. An anovulatory phase was determined when estrogen values returned to 

baseline for ≥ 6 days after a peak, with no rise in progestogens. A subsequent rise in estrogens at 

this time was then considered a new phase. Single peaks were counted as a follicular phase if they 

were followed by a rise in progestogens within five days (indicating an ovulation occurred) or if 
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the value exceeded 3.0 SD from baseline with no fecal collection occurring within three or more 

days prior to or after the peak. The latter was added due to varied sample collection by various 

institutions during the study. A period of anestrus was previously defined as more than 50 days of 

baseline estrogen values with no elevations (Santymire et al., 2011) and was considered the same 

for this study. 

2.4.2 Progestogen concentrations 

A non-pregnant luteal phase (NPLP) was defined as a rise in progestogens 2.0 SD above 

baseline for at least fourteen days starting from the first to the last dates above baseline. The end 

of the luteal phase was defined as a return to baseline for at least six days. A pregnant luteal phase 

(PLP) was an elevation of progestogens 2.0 SD above baseline for greater than or equal to 

fourteen days that resulted in live or stillbirth.  

2.4.3 Glucocorticoid concentrations 

Mean and baseline cortisol measures were calculated for post-release samples collected 

after quarantine release for up to one year for each study year for both transferred and stationary 

cats. A significant peak was determined to be any point above 2.5 SD of baseline.  

2.5 Data Analysis 
 

Statistical analyses were performed in SPSS v22 (IBM, Somers, N.Y., U.S.A.). Tests for 

normality were run using Kolmogorov-Smirnov Z test and transformations or non-parametric 

statistics applied when p < 0.05. All significant results (P < 0.05) were reported as Mean ± 

Standard Error (SE).  

A generalized linear mixed model, (GLMM) was used to investigate the relationship 

between adrenal and gonadal hormone concentrations. A GLMM is well suited for this data as it 

accounts for repeated measures of the same individuals and minimizes risk of pseudoreplication 

by taking individual cat into account as a random effect (Edwards et al., 2015). To normalize the 
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data, all fecal hormone concentrations were log10 transformed for these models and referred to as 

log10GCM (glucocorticoids); log10EM (estrogens), log10PGM (progestogens). Female SB# 453 

was removed from the following models 1-3 because she was only monitored during pregnancy 

and lactation. Several GLMM were run including individual cat as a random effect with: 

(1) log10EM or log10PGM as dependent variable and age as continuous fixed effect 

(2) log10EM or log10PGM as dependent variable with age and female log10GCM as 

continuous fixed effects.  

(3) Male log10GCM as dependent variable and log10EM or log10PGM as continuous fixed 

effects. 

Differences in adrenal and gonadal hormones between transferred and stationary female 

fishing cats were examined using a Mann Whitney U test (mean and baseline GCM, mean EM, 

number of follicular phases) and a Student’s t-test (age, baseline EM, mean and baseline PGM, 

potential follicular phases, number of spontaneous NPLP) between the groups. 

To investigate the potential effect of institutional transfers on reproductive hormones, 

monthly averages for mean estrogen and progestogen concentrations were obtained for each 

month including pre-ship, quarantine (transferred cats only), and through 12 months post-release 

from quarantine, for both transferred and stationary cats. A regression analysis was used to 

determine the potential effect of time on these mean levels.  

A Wilcoxon signed ranks test was used to test for differences between mean GCM 

concentrations measured during these specific reproductive phases (follicular phase, anestrus, 

non-pregnant luteal phase, pregnant luteal phase and lactation). In addition, a GLMM was run to 

determine potential influence on log10GCM concentrations of reproductive state.  Individual was 

included as a random effect, reproductive state, age and transfer status as fixed effects. Female 

SB# 453 was included in this analysis. 
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Breeding success was defined as observed copulations between a pair (successful) or no 

copulations observed (unsuccessful). Reproductive traits between these two groups were 

compared using a Mann-Whitney U test (number of follicular phases, mean EM, mean and 

baseline GCM) and a Student’s t-test (age, number of spontaneous ovulations, baseline EM, mean 

and baseline PGM). Breeding introduction observational records were evaluated for each pair to 

determine the accuracy of the animal care staff in identifying when their female was in estrus. 

Answer options were: female in estrus, female not in estrus, or unknown. These answers were 

compared to EM concentrations of matching time periods to determine if the female was or was 

not cycling when indicated by the staff. Each correct answer was given a point, unknown answers 

were excluded and each female was given a mean accuracy score of total times correct/total times 

answered. Mean differences between females housed at successful and unsuccessful institutions  

were compared using a Mann-Whitney U test. 

The influence of four seasons: fall (September, October, November), winter (December, 

January, February), spring (March, April, May) and summer (June, July, August) on estrogen and 

progestogen was investigated with a GLMM. Again “individual” was entered as a random effect 

with either log10EGM or log10PGM as the dependent variable; the four seasons were categorical 

fixed effects, latitude of the facility where the cat was housed and age of the cat were continuous 

fixed effects.  

3. Results 
 

3.1 Estrous cycles  
 

Estrous cycles were detected in eleven females monitored (Table 11; Fig 7-8,10; 

Appendix XI). A single transferred female (SB# 732) did not exhibit any defined follicular phases 

during the entire 12-month monitoring period and another (SB# 453) was monitored during a 
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pregnancy only, therefore they are excluded from subsequent anaylses. Mean peak estrogen 

concentrations (0.62 ± 0.01 µg/g of dry feces; mean range, 0.32-1.55 µg/g) were approximately 

three fold higher than the mean baseline  concentrations (0.26 ± 0.05 µg/g; mean range, 0.12-0.65 

µg/g). Mean follicular phase length was 5.40 ± 0.18 days (mean range, 4.74-6.88 days) and 

anovulatory estrous cycle length was 25.56 ± 3.78 days (mean range = 12 - 43 days; n = 49 

cycles).  

Anestrus (n = 9) was observed in eight females (67%), however anestrus in SB #732 was 

not included in subsequent analyses because she did not exhibit any definitive follicular phases 

during the study period. The mean length of the anestrus periods observed was 97.71 ± 15.96 

days (mean range, 66-181 days; n = 7 females). Periods of anestrus began primarily between 

April-August (n = 6; Fig 7), however two individuals did begin anestrus periods in December 

(not shown). Four periods of anestrus occurred in individuals housed indoors. A single period of 

anestrus in female (SB# 950) housed indoors on a 12-hour light cycle may have been associated 

with elevated GCM concentrations. Anestrus was observed in both transferred (n = 4) and 

stationary (n =4) females. 

3.2 Non-pregnant luteal phases 
 

Mean baseline progestogen concentrations were 2.45 ± 0.42 µg/g of dry feces (mean 

range = 0.6-4.43 µg/g; n = 12 females). Non-pregnant luteal phases (NPLP; n = 30) were 

observed in 75% of females (n = 9 females). Females exhibited both induced ovulation following 

copulation when housed with males (33%, n = 4 females; 32%, n = 10 NPLP) and spontaneous 

ovulation (58%, n = 7 females; 72%, n = 20 NPLP) when not physically with a male (Fig. 8). 

Two of these phases were incomplete due to collection; therefore mean values were calculated 

from the 28 complete NPLP. Mean progestogen concentrations across females during NPLP were 

14.66 ± 2.16 µg/g (mean range = 8.43-26.42 µg/g; n = 9 females) and remained elevated for a 
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mean of 29.84 ± 2.47 days (mean range = 18-41 days). One or more estrogen peaks (1.17 ± 0.27 

peaks; range = 0-6) were measured during 20 (72%) of the NPLP (both induced and 

spontaneous). The first EM peak was measured 8.52 ± 2.01 (range 0-30 days) after the first rise in 

P GM, with the NPLP ending 18.95 ± 2.67 days after the first rise in EM was measured (range 0-

44). A single induced ovulation (SB# 687) had 15 estrogen peaks detected and looked very 

similar to the estrogen in pregnant luteal phases, so it was not included in this average as it may 

have been a lost pregnancy (Fig. 9c). 

Female SB# 950 exhibited what may have been a retained or persistent corpora lutea 

(Fig. 10). It was not clear if a non-pregnant luteal phase occurred as she was only 15 months at 

the time, however this individual’s progestogens were elevated when collection began and 

although they came down, baseline remained high for approximately six months after the 

presumed end of the potential luteal phase. A potential anestrus (similar to the one observed the 

following year) also occurred during this sustained elevation as well. This anestrus could not be 

confirmed as more than 4 days of missed sample collectiong occurred; therefore it was not 

included in anestrus analysis. During the period of elevated PGM, follicular activity did occur as 

measured by elevated estrogen peaks with at least six defined follicular phases. 

3.3 Pregnant luteal phases  
 

During the study, natural copulations resulted in pregnancies that were monitored in two 

females (SB# 633, n = 2 live births, n = 2 still births; SB# 453, n = 1 live birth). In addition, 

female SB# 694 became pregnant and gave birth to a single live kitten after laparoscopic 

oviductal, artificial insemination (LO-AI) was performed (Swanson, 2014). Mean progestogen 

concentrations during these pregnancies were 19.52 ± 4.15 µg/g (mean range = 11.29-24.57 

µg/g). Elevated values were measured for 60.67 ± 11.14 days from copulation or insemination. 

Estrogen peaks were measured throughout all of these pregnancies. Initial EM rise during 
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pregnancy occurred at 40.17 ± 2.97 days (range: 32-49) after the first elevation in progestogens 

was measured and parturition occurred 20.33 ± 2.42 days (range: 13-28) later (Fig. 9d-f). All 

three of these pregnant females were stationary and they ranged in age from 6 – 8 years during 

the pregnancies. A single transferred female (SB# 687) did become pregnant during the study 

period, but unfortunately samples were not collected during the pregnancy, thus no data were 

reported. 

3.4 Adrenal and gonadal hormone interactions  
 

Age had a negative influence on both log10EM (GLMM: F1, 1038.7 = 17.73, P = < 0.001) 

and log10PGM (GLMM: F1,525.8 = 57.496, P < 0.001) therefore it was included in subsequent 

models. Female log10GCM had a significant positive influence on log10EM (GLMM: female 

log10GCM - F1,2087.3= 75.567, P < 0.001; age - F1,1083.8 = 8.601, P = 0.003; Fig 11) and a negative 

influence on log10PGM (GLMM: female log10GCM - F1,2729.1 = 60.646, P < 0.001, age - F1,290.7 = 

31.473, P < 0.001 ). Log10EM did not influence male log10GCM (GLMM: female log10EM - 

F1,967.2 = 1.097, P = 0.295), however log10PGM had a negative effect (GLMM: female log10PGM - 

F1,1334.8 = 6.519, P = 0.011).  
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Table 11 Female fishing cat reproductive traits based on fecal hormone analyses of estrogens and progestogens between 2010-2013  
during institutional transfers and breeding introductions. SB# 731 was only monitored during a pregnancy; therefore other reproductive characteristics were 
not recorded (-). 

 
NO – Not observed during the study period although fecal monitoring did occur. 

Fishing 
cat SB#

Follicular 
phase 

length (d)

Estrous cycle 
length (d)

Baseline 
estrogen 

(µg/g feces)

Mean 
estrogen/  
follicular 

phase     
(µg/g feces)

Baseline 
progestagen  
(µg/g feces)

Non-
pregnant 

luteal phase 
(NPLP) 

length (d)

Mean 
progestagen/

NPLP     
(µg/g feces)

Pregnant 
luteal phase 
(PLP) length 

from 
copulation 

(d)

Mean 
progestagen/ 

PLP         
(µg/g feces)

Length of 
anestrus (d)

Month of 
anestrus 

start

542 5.00 ± 0.00 
(N = 1)

NO 0.12 ± 0.01 0.35 0.6 ± 0.29 39.00 ± 0.00 
(N = 1)

8.86 ± 0.00 66.00 (N = 1) Apr

633 5.75 ± 0.99 
(N = 4)

31.50 ± 9.54  
(N = 4)

0.13 ± 0.01 0.32 ± 0.02 4.14 ± 0.25 23.67 ± 6.11 
(N = 3)

16.48 ± 1.27 67.00 ± 1.00 11.29 ±  0.98 
(N = 4)

75.00 (N = 1) Dec

651 5.00 ± 1.63 
(N = 3)

43.00 (N = 1) 0.26 ± 0.02 0.67 ± 0.04 2.13 ± 0.43 18.33 ± 3.51 
(N = 3)

8.43 ± 0.60 127.00 (N = 1) Jul

652 5.00 ± 0.84 
(N = 5)

49.00 (N = 1) 0.20 ± 0.01 0.45 ± 0.02 3.74 ± 0.84 25.86 ± 2.48 
(N = 7)

23.49 ± 3.66 NO

664 6.88 ± 1.27 
(N = 8)

20.13 ± 4.05 
(N = 8)

0.24 ± 0.02 0.63 ± 0.05 4.35 ± 0.36 26.50 ± 2.12 
(N = 2)

15.23 ± 0.06 74.00 (N = 1) Aug

687 5.20 ± 0.49 
(N = 5)

12.00 ±2.00  
(N = 2)

0.14 ± 0.02 0.41 ± 0.05 1.6 ± 0.49 31.2 ± 10.83 
(N = 5)

10.62 ± 1.60 NO

694 5.00 ± 1.00 
(N = 5)

24.83 ± 4.22  
(N = 6)

0.27 ± 0.01 0.71 ± 0.06 1.77 ± 0.42 28.00 ± 0.00 
(N = 1)

9.55 ± 0.00 68 22.69 ±  0.00 
(N = 1)

NO

722 5.50 ± 0.92 
(N = 6)

17.00 ± 7.00  
(N = 2)

0.32 ± 0.01 0.70 ± 0.07 1.24 ± 0.32 35.00 ± 9.54 
(N = 3)

12.93 ± 2.28 181.00 (N = 2) Jun, Aug

731 - - - - - - - 76 24.57 ±  0.00 
(N = 1)

-

732 NO NO 0.28 ± 0.01 NO 1.54 ± 0.06 NO NO 312.00 (N = 1) Jan

733 4.74 ± 0.57 
(N = 19)

20.56 ± 2.53  
(N = 16)

0.66 ± 0.03 1.57 ± 0.08 3.2 ± 0.53 41.00 ± 5.57 
(N = 3)

26.42 ± 7.60 70.00 (N = 1) Dec

776 5.83 ± 1.05 
(N = 6)

18.20 ± 2.84  
(N = 5)

0.20 ± 0.0.1 0.51 ± 0.02 0.68 ± 0.06 NO NO NO

950 5.44 ± 0.92 
(N = 9)

19.75 ± 3.90  
(N = 4)

0.26 ± 0.01 0.52 ± 0.03 4.42 ± 1.15* NO NO 91.00 (N = 1) Jun

Mean ± SE 5.4 ± 0.18 25.56 ± 3.78 0.26 ± 0.04 0.62 ± 0.10 2.45 ± 0.42 29.84 ± 2.47 14.66 ± 2.16 70.33 ± 2.85 19.52 ±  4.15 97.71 ± 15.96
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Figure 7 Two periods of anestrus observed beginning in late spring and summer months in a female fishing cat (SB# 722)  
housed for the first year of the study in an exhibit shared with a stationary male fishing cat SB# 440 and then transferred between institutions and housed 
singly in the second study year. Fecal estrogen (grey) and progestogen (red) concentrations. The dashed line indicates the institutional transfer.
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Figure 8 Defined follicular phases are denoted with an asterisk in a female fishing cat (SB# 652) exhibiting both spontaneous ovulations (black rectangle) and 
subsequently housed 24 hours a day with a male exhibiting potentially induced ovulations (open rectangles).  
Fecal estrogen (grey) and progestogen (red) concentrations.  
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Figure 9 Comparison of non-pregnant and pregnant luteal phases in female fishing cats. 
Fecal estrogen (grey) and progestogen (red) concentrations (µg/g dry feces) in six female fishing cats during non-pregnant luteal phases (NPLP) and pregnant 
luteal phases (PLP). The x-axis represents the number of days from when the first rise in progestogen was measured. Similar NPLP profiles to (a) were seen in 
six females (28%) and to (b) were seen in nine females (72%). Following observed copulations with a male, a single female (c) had an unusually high number of 
estrogen peaks (n = 15) which may indicate this was a failed pregnancy; one notable difference from other pregnancy profiles is the estrogen concentrations 
remained above baseline even after progestogens return to baseline (solid arrow). In true pregnancies (d-f) estrogen concentrations fall at parturition (dashed 
arrow). 
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Figure 10 Sustained elevation of progestogens in female fishing cat (SB# 950) transferred during year two and introduced to transferred male in year three. 
In year two she was housed singly, rotating through an exhibit shared with male (SB# 720). In year three, she was physically introduced to a transferred male 
(SB# 779). The black arrow indicates the start of physical introductions, which occurred routinely (2 - 4 times a week) during the remainder of the year. This 
female was in the middle of a spontaneous ovulation when she arrived at the new facility, but did not exhibit any other spontaneous ovulations during the two 
year study period. One defined period of anestrus occurred in year three beginning in June. Fecal estrogen (grey) and progestogen (red) concentrations 
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Figure 11 Positive correlation between fecal estrogen (grey) and glucocorticoid metabolite (black) concentrations 
in female fishing cat (SB# 542). 
 

 

3.5	Effects	of	institutional	transfer	
 

There was not a significant difference in age (t = 0.596; P = 0.565) between transferred 

(5.00 ± 1.00; n = 6) and stationary (5.72 ± 0.68; n = 9) females. Regression analysis of mean 

hormone concentrations over the 6 months post-quarantine for transferred (n = 5) and stationary 

(n = 6) females separately revealed no effect of time on progestogens (stationary – R2 = 0.202; F 

= 1.010; P = 0.372; transferred – R2 = 0.104; F = 0.465; P = 0.533) or estrogens (stationary - R2 = 

0.104; F = 0.462; P = 0.534; transferred - R2 = 0.497; F = 3.948; P = 0.118) for either group. 

Additionally, no differences existed between the two groups in any of the reproductive measures 

(age, number of follicular phases, number of spontaneous NPLP, mean and baseline – EM; PGM; 

GCM) (Appendix XII). Althought not significantly different (U = 10.00; p = 0.361), the first 
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follicular phase post release from quarantine was measured at 64.00 ± 17.36 days for transferred 

(n = 5) and 46.25 ± 13.29 days for stationary females (n = 6). A single female (SB# 732) was 

transferred and was acyclic the entire study year. 

No differences (P > 0.05) in reproductive states were found among individual cats 

(Appendix XIII). However, transfer status affected female GCM concentrations (Chapter 3), and 

age was found to have a negative effect on female log10GCM (GLMM: F1,959.0 = 100.220, P < 

0.000), therefore both factors were included in a GLMM model with reproductive states. 

Reproductive state was found to predict female log10GCM (GLMM: F1,1357 = 53.91, P < 0.001) 

when controlling for age (F1,1357 = 78.546; P < 0.001) and transfers (GLMM: F1,1357 = 42.032, P < 

0.001). Highest GCM concentration was predicted during anestrus and were associated with 

lactation (Fig. 12a-14).
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Figure 12 Results from GLMM examining log10GCM of female fishing cats (n = 13) during defined reproductive 
states. Glucocorticoid concentrations were higher during anestrus periods than all other reproductive states.
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Figure 13 Fecal progestogens (red) and glucocorticoids (black) from a female fishing cat (SB# 633) during pregnancy and lactation. 
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Figure 14 Fecal estrogen (open circles) and glucocorticoid (smooth line) metabolite concentrations measured in a female fishing cat (SB# 950).  
A sustained elevation in glucocorticoids was associated with anestrus (black bracket) in this female. Physical introductions with an intended mate (SB# 779) 
began several months prior (black arrow) and were done on a weekly basis from that point onward. No other management changes were reported. 

 

0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

0 

2 

4 

6 

8 

10 

12 

J F M A M J J A S O 

E
M

 µg/g dry feces
 G

C
M

 µ
g/

g 
dr

y 
fe

ce
s 

Month 

Physical 
introductions 
begin 

anestrus 

*	

*	

*	 *	*	



 

  97 

3.7 Breeding success  
 

Breeding success (copulations observed) occurred in two transferred and three stationary 

females. Two transferred females were unsuccessful and two were not paired. One transferred 

and one stationary female became pregnant within the first year of introductions to the new male. 

Successful female fishing cats were significantly older (7.00 ± 0.55 years; range = 5-8 years; n = 

5) than females that were not successful (4.56 ± 0.55 years; range = 1-7 years; n = 8; U= 2.000; P 

= 0.016). No differences (P > 0.05) were found between any reproductive measures including: 

number of spontaneous ovulations, number of follicular phases, mean and baseline PGM, EM or 

GCM (Appendix XIV). 

Breeding introduction observations (Appendix III) were filled out by animal care staff 

during 223 separate introductions and 66% (n = 147) of these included information on whether 

the staff believed the female was either in estrus, not in estrus or unknown at the time. These data 

were compared to measured EM concentrations to determine the accuracy of estrus detection. 

Although not significant (U = 4.50; P = 0.593), institutions with successful pairs correctly 

identified a female in estrus 48.61 ± 19.69% of the time, compared to unsuccessful institutions 

(26.91 ± 13.46%; U = 4.50; P = 0.593). 

3.8 Seasonal influences  
 

SB# 950 was removed from analysis on seasonality, as she was the only individual 

housed indoors on a 12-hour light cycle. When examining reproductive function during the four 

seasons, most ovulations were recorded September through May (Sep-Nov: n = 10 NPLP, 1 PLP; 

Dec-Feb: n = 9 NPLP, 1 PLP; March-May: n = 6 NPLP, 4 PLP; Jun-Aug: n = 5 NPLP, 0 PLP). 

Follicular phases were recorded throughout the year, however most occurred September through 

May (Table 13). Season had a direct effect on gonadal hormone concentrations (GLMM: log10EM 
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– F3,1945.3 = 3.776, P = 0.010; log10PGM – F3,2536.6 = 2.689, P = 0.045) while accounting for age 

(log10EM - F1,1560.2 = 17.045, P < 0.001; log10PGM - F1,850.5 = 30.355, P = < 0.001) and latitude of 

the facility where the cat was housed (log10EM - F1,982.4 = 39.266, P < 0.001; log10PGM - F1,291.272 

= 7.311, P = 0.007). Highest mean PGM and EM concentrations were observed March through 

August and more frequent follicular phases were recorded September to May (Table 12). 

 

Table 12 Reproductive activity measured during four seasons in 12 female fishing cats.  
A generalized linear mixed model was used to determine seasonal influence on both fecal progestogen and 
estrogen metabolite concentrations. Mean predictions are presented 

 
 

4. Discussion 
 

The fishing cat ex situ population has serious sustainability challenges. Institutional 

transfer is an inevitable reality for individuals within this population and potential effects of this 

type of exogenous stressor on reproductive function can guide management decisions. Analysis 

of hormone concentrations in female fishing cats revealed a close tie between adrenal and 

gonadal hormone fluctuations; GCM concentrations had a negative correlation on progestogens 

and a positive correlation with estrogens. Six of thirteen females monitored were transferred 

between institutions: transfers affected adrenal hormone concentrations but no differences in 

gonadal hormone concentrations were found between transferred and stationary fishing cats. 

Additionally, none of the reproductive traits monitored (age, number of follicular phases, 

Season Follicular phases Non-pregnant 
luteal phases

Pregnant 
luteal phases Anestrous

Mean Progestin 
Concentration 
(µg/g feces)

Mean Estrogen 
Concentration 
(µg/g feces)

Dec-Feb 27 9 1 3 4.40 ± 0.97 0.32 ± 0.05
Mar-May 32 6 4 2 5.62 ± 0.97 0.34 ± 0.06
Jun-Aug 20 3 1 5 5.37 ± 1.15 0.35 ± 0.06
Sep-Nov 23 10 0 0 3.89 ± 1.01 0.31 ± 0.05
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spontaneous ovulations or mean and baseline PGM, EM and GCM concentrations) differed 

between transferred and stationary females. As fishing cats aged, estrogen concentrations 

decreased and progestogens decreased. Female fishing cats with breeding success were 

significantly older (age range = 5-8 years) than unsuccessful females. Perhaps older females are 

more receptive to breeding, while young females, although reproductively mature, may not be 

behaviorally receptive. For example, a single fifteen month old female (SB# 950) exhibited a 

period of sustained progestogens lasting approximately six months. Although follicular activity 

was measured (six defined follicular phases) during the period of elevated PGM, no estrus 

behavior was reported during this time period. In contrast, the following year, when this 

individual was twenty-six months old, PGM decreased to baseline, and staff began to routinely 

report estrus behaviors. (This female subsequently became pregnant at four years of age, after the 

study period was over). Although fishing cats are considered reproductively mature by one year 

old, this hormonal pattern could have been indicative of the priming of the reproductive system 

associated with puberty. Complete analysis of the onset of puberty has not been examined in this 

species but could help reveal any gonadal hormone changes associated with the process. Births 

are known to sharply decline in females after 7 years of age (Orndorff et al., 2010). However, 

breeding success in this study occurred during the end of this species reproductive life (ages 5-8), 

limiting the fecundity of these individuals. It is unknown whether a lack of breeding opportunities 

or hormonal and behavioral changes in the females could be the cause of this lack of success in 

younger females. Breeding opportunities should be provided early in the reproductive life of 

females to maximize fecundity, which is further reduced as EM concentrations decline with age.  

Pregnancies (n = 6) revealed a consistent rise in EM approximately two-thirds of the way 

into the luteal phase (40.17 ± 2.97 days; range = 32-49), which dropped sharply at parturition 

(20.33 ± 2.42 days; range =13-28 after initial rise). Although EM peaks were observed in most 
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non-pregnant luteal phases (72%), initial peak was observed earlier and EM did not continue to 

rise until the phase was completed. Thus non-invasive monitoring of estrogens could help to 

confirm pregnancy in this species, and a sharp decline in the estrogens could potentially predict 

parturition. Early pregnancy detection in females would allow staff time to prepare and 

potentially avoid necessary management changes for an impending birth. 

Previous findings showed that a high percentage of females (71%) spontaneously ovulate 

when housed in same sex pairs or singly (Santymire et al., 2011). High instances of spontaneous 

ovulation (58% of females) seen during the current study confirm this finding. However, females 

were most often housed with or in close proximity to male fishing cats. Only one female in the 

current study was housed singly at any point with no physical, auditory, or sensory contact from 

male fishing cats, and she exhibited one instance of spontaneous ovulation during the 12 months 

of monitoring. All other females (n = 11) were physically housed with or shared an exhibit with a 

male fishing cat.  

The ovulation mechanism in this species is still unknown. Physical stimulation has been 

seen in female pairs of lions (Schram et al., 1994) and leopards (Schmidt et al., 1988). Perhaps in 

fishing cats these ovulations are not spontaneous, but “induced” by stimuli other than physical 

touch or cervicovaginal stimulation during copulation. Semiochemicals are known to impact 

reproductive function by stimulating the HPG in a variety of species (Dehnhard, 2011). The 

“male effect” is well known as a stimulus of reproductive function in several ruminant species 

(Hamada et al., 2002; Shipka et al., 2002). For example, introduction of a novel male to ewes 

(Ovis aries) can increase LH secretion at any point in the estrous cycle (Hawken et al., 2009). 

Even exposure to buck hairs increases LH pulse frequency in female goats (breed: Bunte deutsche 

Edelziege) (Over et al., 1990). Fatty acid changes in urine of the giant panda (Ailuropoda 

melaleuca) attracts solitary males and females to each other over long distances and stimulate 
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estrus behavior (Dehnhard et al., 2005). Similar in nature, solitary felids have a highly developed 

olfactory system for communication which includes both the main olfactory epithelium (MOE) 

and the vomeronasal organ (VMO) in order to detect and process chemical signals left behind by 

conspecifics (Dehnhard, 2011; Døving & Trotier, 1998). Fishing cats are one of the most 

odorifourous species relative to the other felids (pers. obs.) and strong odors are associated with 

pheromone production (Whitten, 1956). It is possible that having limited physical contact (i.e. 

through a howdy) or sharing an exhibit where male semiochemicals are left behind (i.e. rotating) 

could stimulate female fishing cats to ovulate after a natural estrus. Mate compatibility may 

depend on the ability of the male to stimulate the female’s HPG axis. If there is information in the 

odours being shared by a male about his intrinsic quality, such as health or virility then specific 

males may elicit a greater response in females. Since there are instances of fishing cat pairs that 

have remained together for years with little or no reproductive behaviors (pers. comm. Jessica 

Kinzer), introducing a novel male’s odor/hair may elicit a neuroendocrine response from the 

female (Hawken et al., 2009) and increase mate compatibility. Further investigation is needed to 

identify which potential stimuli may activate the HPG in this species.  

Periods of anestrus observed in this species were consistent with a potential breeding 

season, with 70% of anestrus beginning in April through August. Some additional periods of 

anestrus during this study may also have been missed due to sporadic collection that occurred. 

Female SB# 950 had a clear anestrus associated with elevated GCM concentrations from July-

October in year three. Although GCM concentrations rose as EM concentration fell at the start of 

this anestrus, follicular activity did begin again in October while GCM concentrations remained 

high, indicating potential seasonal influences. In the previous year, an unconfirmed anestrus (with 

more than 4 days of samples missing) occurred at this same time period in this female.  



 

  102 

Previous research recorded follicular phases throughout the year and suggested fishing 

cats are not seasonal (Santymire et al., 2011). In the present study, findings were similar, however 

more follicular phases and ovulations were seen September through May. This, along with higher 

concentrations of progestogens, confirms the finding of Pope et al. (2006) where higher rates of 

ovulations were observed January through May. Given the high reliance on water this species has 

in its natural habitat, estrous cycles and frequency of ovulations in captivity may be dependent on 

factors such as rainfall in a given region or even water availability within the enclosure it is 

housed. These factors warrant further investigation, to determine if annual rainfall or enclosure 

features such as wading or submersive pools may impact reproductive cycles and ultimately 

reproductive success in this species. Identifying prime reproductive activity is important for 

determining timing of both breeding introductions and assisted reproductive technologies (ART). 

Females may be more receptive to males and ART may be more effective due to the propensity to 

ovulate during this time period. Timing of transfers between institutions should consider these 

timeframes for moving individuals. Shipments in the late spring or early summer would give an 

individual one month in quarantine and three months post-release to return to baseline GCM 

levels (Chapter 3) at which time breeding introductions could begin in the late fall and potentially 

be more successful.  
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CHAPTER FIVE 
 

Keeper rated temperament assessments to determine behavioral profiles in the 
fishing cat (Prionailurus viverrinus) 

 

Abstract 
 
Temperament in the ex situ population of fishing cats (Prionailurus viverrinus) was quantified 

using animal keeper rated assessments of defined characteristics and then correlated to direct 

observations of behavioral traits. After inter-rater reliability testing of the temperament 

assessments, 14 characteristics were retained and entered into a Principle Component Analysis 

which revealed four distinct temperaments accounting for 77% of the variation including: 

Friendly, Aggressive, Confident and Assertive. The Friendly temperament was associated with 

breeding success (P = 0.030) and was also positively correlated with individuals that frequently 

performed species-specific behavior (rs = 0.448; P = 0.032) and interacted with enrichment (rs = 

0.451; P = 0.031). Individuals with a Confident temperament may be well suited as program 

animals because the temperament did not correlate to breeding success (P > 0.05), but these 

individuals were rated highly for shifting well and being easy to work with. Individuals with 

Aggressive temperaments did not interact positively with animal care staff and fishing cats with 

Assertive temperaments were difficult to train. Temperaments were compared to glucocorticoid 

metabolite (GCM) concentrations obtained during non-invasive fecal monitoring of transfers 

between facilities and breeding introductions. Temperament did not influence (P < 0.05) either 

mean or baseline glucocorticoid metabolite concentrations (GCM). Additionally, there was no 
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relationship (P < 0.05) between temperament and age, sex, or the method the individual was 

reared – either by the dam (mother-reared) or by a human (hand-reared). Animal keepers were 

accurately able to rate temperament in this species and they correlated to behavioral traits 

observed during routine husbandry. These findings could help pinpoint individuals with higher 

likelihood for breeding success and guide management decisions in the future. 

 

1. Introduction 
 

Quantifying temperaments within a species is a field of increasing interest, especially 

when applied to assist in the management of captive animals. In North America, Species Survival 

Programs (SSP) are committees formed within the Association of Zoos and Aquariums (AZA) to 

help manage captive populations of threatened and endangered species. Each SSP is made up of a 

group of species-specific experts dedicated to sustaining a healthy captive population that can 

serve to educate the public and potentially replenish dwindling wild populations if needed in the 

future. The SSPs make breeding recommendations for this captive population based on genetics, 

age and keeper intuition. Often, because of a genetically valuable animal’s age, there is only one 

chance to create a successful breeding pair. Keeper intuition can offer a way to make better 

informed decisions about which animals should be paired and under what circumstances. Animal 

keeper staff spend countless hours observing their animals in various conditions and life stages, 

and are therefore the most familiar with the characteristics that comprise temperament in the 

animals with which they work closely every day (Gosling, 1998). Rating different aspects of 

temperament in the fishing cat (Prionailurus viverrinus) is one fairly simple way to quantify 

keeper intuition. Temperament has not yet been studied in the fishing cat, but keeper rated 

assessments have been used to characterize temperament in other captive species such as primates 

(Stevenson-Hinde et al., 1980), cheetah (Razal et al., 2015; Wielebnowski, 1999), snow leopard 



 

  105 

(Gartner & Powell, 2012) and elephants (Freeman et al., 2010). The objective of this study was to 

classify individual temperaments within the captive fishing cat population and determine if any 

temperaments might be associated with breeding success. It is hypothesized that fishing cats with 

amicable temperament traits will have lower GCM concentrations and breeding success. The 

results could reveal quantifiable measures based on animal keeper knowledge that could 

determine temperament and identify fishing cats more adaptive to exogenous stressors and more 

likely to experience reproductive success. 

 

2. Methods 

2.1 Animal Subjects 
 

Fishing cats in the study (male, n = 13; female, n = 13) were housed in 16 AZA facilities 

and included cats transferred between institutions or paired for breeding due to SSP 

recommendations between 2010 and 2013 (Kinzer, 2012; Kinzer & Groome, 2011; Orndorff et 

al., 2010). Housing, diet and management all followed the guidelines set out by the AZA 

(detailed in Mellen & Wildt, 1998). 

2.2 Animal keeper rated assessments 
 

Temperament and behavioral assessments (Appendix XV) were requested from up to 

three primary care staff at both the sending and receiving institutions for transferred cats. The 

temperament assessment contained 22 well defined “personality” characteristics (Appendix XV), 

such as Playful, Confident, Investigative to help determine how the fishing cat interacts with 

people, conspecifics, novel objects and their environment. The behavioral assessment contained 

13 additional traits (Appendix XV) focused on how the individual responded to daily husbandry 

activities. These measures included such information as how well the individual would move 
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between exhibits (shifted) when asked, if they participated well in formal training, and whether 

they performed species-specific behaviors on exhibit. Both types of assessments were set up on a 

sliding scale in order to make the analysis as accurate as possible (Feaver et al., 1986). The 

animal care staff were asked to rate each individual fishing cat in their care with their overall 

impression of each cat’s behavioral patterns when they are the most active. Responses were set up 

on a sliding scale (Feaver et al., 1986) and given by placing a hash mark on a 120 mm line to 

represent how frequently each characteristic was displayed by the individual. One exception was 

aggression during feeding – in which response options were provided (See Appendix XVI).  

2.3 Data analysis 
 

Temperament characteristics were each given a value based on the distance measured 

from 0 mm and the placement of the hash mark for each response on the line ranging 0-120 mm.  

These numbers were then recoded 1-5 as follows: 1 = 0-24mm; 2 = 25-48mm; 3 = 49-72mm; 4 = 

73-96mm; 5 = 97-120mm. These coded values were assessed for inter-rater reliability using intra-

class correlation coefficients (ICC) (3, k) (Shrout & Fleiss, 1979). ICC (3, k) are defined as 

equalities where (3, k) = (BMS-EMS)/BMS (BMS: mean square between targets, EMS: mean 

square of residual) (Shrout & Fleiss, 1979). The ICC result represents the proportion of the 

variance in a set of scores that is attributable to the total variance (Cicchetti, 1994). Only ICC 

values that were statistically significant at the P < 0.05 level were included in further analysis. 

Characteristics that were retained (Table 14) were averaged for each individual fishing cat and 

then entered into a principal components analysis (PCA) with an orthogonal transformation 

(Wells et al., 2004; Wielebnowski, 1999). These data met the basic assumptions of PCA and 

followed Kaiser’s criterion (Kaiser, 1960) where there were less than 30 variables and 

communalities greater than 0.7 (Field, 2002). Only factors with Eigen values over 1 were used for 

the individual factor score calculation. This analysis has been used to characterize temperament in 
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similar studies (Stevenson-Hinde et al.,1980; Gold & Maple 1994; Wielebnowski, 1999; Freeman 

et al., 2010).  PCA allows 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 (Wielebnowski et al., 

2002). The factor scores obtained for each individual from the PCA were used in subsequent 

analyses. 

A binomial logistic regression model (Batt et al., 2008) was used to determine if 

temperament (independent variable) could predict any of the dichotomous dependent variables 

(sex, rearing, breeding success). Breeding success was defined as observed copulations during the 

study period. Significance was determined using a chi-square distribution with Wald statistic (X2) 

< 0.05. 

A linear regression model was used to examine the relationships among dependent 

variables (post-release mean GCM, post-release baseline GCM concentration) obtained during 

longitudinal monitoring of each individual (Chapter 3) with their corresponding temperament 

scores. Spearman’s rank order correlation (rho) was used to assess the relationships between PCA 

scores (e.g., the determined temperaments) with categorical ratings from of behavioral 

characteristics from the keeper’s behavioral assessments. Statistical analysis was performed in 

SPSS v22 (IBM, Somers, N.Y., U.S.A.). Tests for normality were run using Kolmogorov-

Smirnov Z test and transformations or non-parametric statistics applied when P < 0.05. 

Significance was determined at the P > 0.05 level. 

3. Results 
 

After the inter-rater reliability test, 14 characteristics from the Temperament assessment 

and 8 from the behavioral assessment were retained for the PCA as they were significnat (P < 
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0.05) and had correlation coefficients > 0.5 (Table 13). Three cats (SB# 497, SB# 542 and SB# 

721) were excluded from analyses as they were not rated on all the retained traits and did not 

receive factor scores. A mean rating for the remaining characteristics was calculated for each 

fishing cat (n = 23) and these were entered into a principal component analysis (PCA) with an 

orthogonal transformation (Varimax). Four main components resulted, accounting for 77% of the 

observed variance (Table 14). The factors were labeled according to the character traits with the 

highest positive loading. Factor 1 had high positive loading for friendly to conspecifics, 

expressive and vocal, as well as a high negative loading for fearful of conspecifics; thus it was 

deemed “Friendly”. Factor 2 had high positive loadings for aggressive to familiar people, 

aggressive to strangers, and food aggressive, and high negative loadings for friendly to familiar 

people and strangers; thus it was deemed “Aggressive”. Factor 3 had high positive loadings for 

both confident and investigative, with high negative ratings for insecure and fearful of familiar 

people; thus was deemed “Confident”. The final Factor 4 had a high positive loading for the 

characteristic assertive; thus it was deemed “Assertive”. 
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Table 13 Animal caretakers at 16 zoological institutions rated the following temperament characteristics and 
behavioral traits of 26 fishing cats, which were included in a PCA analysis to determine which traits predict 
breeding success. 

 

Temperament Characteristic Definition

Shifts readily
Easy to work with this animal

Behavioral Traits

Aggressive to Keepers
Interacts positively with Keepers
Performs self-mutilating behavaiors (tail sucking, fur-plucking etc.)

Performs well during operant conditioning or training sessions
Performs species-specific behaviors on exhibit (i.e. scent marks, grooms, fishes, patrols, etc.)
Interacts with Enrichment

Vocal Frequently and readily vocalizes to conspecifics 

Expressive  Exhibits behavioral signs of estrus; or when female is in estrus, male responds 
appropriatelu (may include increased vocalizations, scent marking, pacing etc.) 

Assertive Readily displaces conspecifics without threat or aggression

Confident Moves in a seemingly  well-coordinated and relaxed manner (enters areas that have 
been changed with little hesitation)

Food Aggressive Animal becomes aggressive when food is present (i.e. may strike out, bite or claw at 
mesh, or growl, hiss etc.)

Insecure Seems scared easily; "jumpy" and fearful in general (i.e. may hide or not eat when a 
change occurs)

Fearful of familiar people Retreats and hides readily from primary staff (may hide or freeze if they are in the 
area)

Friendly to strangers Initiate proximity; approaches readily and in a friendly manner (i.e. rubs on fence) to 
strangers

Fearful of conspecifics Retreats and hides readily from other fishing cats (may hide or freeze if they are in 
the area)

Friendly to conspecifics Social; initiates and seeks out close proximity to other fishing cats

Friendly to familiar people Initiates close proximity; approaches readily and in a friendly manner (i.e. rubs on 
fence) to primary staff

Investigative Readily approaches and explores changes in the environment

Aggressive to strangers Frequently reacts hostile, strikes out or displays aggressive behavior or vocalizations 
to strangers

Aggressive to familiar people Frequently reacts hostile, strikes out or displays aggressive behavior or vocalizations 
toward primary staff
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Table 14 Results of Principle Component Analysis of behavioral traits and characteristics of 23 fishing cats 
managed in North American zoological institutions, as assessed by their keepers. Bold values are traits rated the 
highest (positive or negative) across the factor scores and thus contributing the most to each temperament.  

 
Rotation method: Varimax with Kaiser Normalization 
Rotation converged in 5 iterations 
 

The binomial logistical regression analysis showed an influence of temperament on 

breeding success, but no influence on sex or rearing (Table 15). There was a positive prediction 

of the temperament Friendly, but not Aggressive, Assertive, or Confident on breeding success. 

The linear regression showed no relationship between any of the temperament factor scores and 

mean GCM (factor 1: y = 0.10x + 1.622; factor 2: y = -0.193 + 1.622; factor 3: y = -0.035 + 

1.622; factor 4: y = -0.24 + 1.622; R2 = 0.034; P = 0.957) or baseline GCM concentrations (factor 

1: y = -0.13x + 1.250; factor 2: y = -0.145 + 1.250; factor 3: y = -0.072 + 1.250; factor 4: y = -

0.041 + 1.250; R2 = 0.025; P = 0.975). Temperament characteristics were found to correlate to 

several behavioral traits also rated by animal care staff (Table 16). Friendly temperaments were 

postitively correlated to performs species specific behaviors on exhibit and interacts with 

enrichment. Aggressive temperaments were positively correlated to aggressive to keepers and 

Characteristic Factor 1: 
Friendly

Factor 2: 
Aggressive

Factor 3: 
Confident

Factor 4: 
Assertive

Friendly to conspecifics 0.863 0.105 0.076 0.121
Expressive 0.812 -0.160 0.129 0.120

Vocal 0.765 -0.112 0.298 -0.406
Fearful of conspecifics -0.513 0.216 -0.283 -0.232

Aggressive to familiar people -0.174 0.886 -0.010 0.252
Aggressive to strangers -0.060 0.865 -0.070 0.192

Food aggressive 0.205 0.790 0.032 -0.312
Friendly to familiar people 0.539 -0.569 0.228 -0.028

Friendly to strangers 0.358 -0.563 0.310 0.027
Insecure -0.115 0.105 -0.879 -0.133

Fearful of familiar people -0.022 0.181 -0.808 0.238
Confident 0.462 -0.019 0.749 0.250

Investigative 0.313 0.052 0.703 0.277
Assertive 0.147 0.119 0.182 0.814

Observed variance (%) 22.09 21.10 20.43 9.46
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negatively correlated with interacts positively with keepers. Confident temperaments were 

positively correlated to shifts well and easy to work with. Assertive temperaments were 

negatively correlated to trains well and interacts positively with keepers. 

 

Table 15 Summary of parameter estimates from binomial logistical regression analysis to determine if 
temperaments can predict sex, rearing or breeding success in the captive fishing cat population (n = 23 fishing 
cats). 

 
*P < 0.05 (2-tailed).  

 

Table 16 Spearman rank order correlation coefficients between keeper rated behavioral traits observed during 
their daily care correlate to PCA factor loadings of temperaments in fishing cats (n = 23) housed at 16 North 
American Zoological institutions.  

 
* Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed). 

 

Lower Upper Wald Chi-Square df Sig.
Sex (Intercept) 0.09 0.43 -0.75 0.93 0.046 1 0.830

Friendly -0.35 0.46 -1.24 0.55 0.577 1 0.447
Aggressive -0.32 0.45 -1.20 0.55 0.520 1 0.471
Confident 0.01 0.44 -0.84 0.86 0.000 1 0.983
Assertive 0.20 0.44 -0.66 1.06 0.208 1 0.649

Rearing (Intercept) 1.45 0.58 0.31 2.59 6.188 1 0.013
Friendly -0.14 0.57 -1.25 0.98 0.058 1 0.810

Aggressive 0.35 0.54 -0.70 1.41 0.433 1 0.510
Confident -0.32 0.57 -1.44 0.80 0.310 1 0.578
Assertive -0.64 0.66 -1.94 0.65 0.944 1 0.331

Breeding success (Intercept) 0.54 0.83 -1.09 2.17 0.425 1 0.514
Friendly -3.19 1.47 -6.07 -0.31 4.699 1 *0.03

Aggressive -1.53 1.05 -3.59 0.53 2.122 1 0.145
Confident -0.90 0.86 -2.60 0.80 1.083 1 0.298
Assertive 0.03 0.96 -1.85 1.91 0.001 1 0.975

95% Wald Confidence 
Interval Hypothesis TestDependant Variable Parameter B Std. Error

Temperament Trains well

Performs 
species 
specific 

behaviors on 
exhibit

Interacts with 
enrichment

Aggressive 
to keepers

Interacts 
positively 

with 
keepers

Self 
mutilates

Shifts 
well

Easy to 
work with

Friendly 0.256 0.448* 0.451* -0.294 0.349 0.321 0.221 0.241

Aggressive -0.252 0.342 0.297 0.742** -0.467* 0.257 0.001 -0.054

Confident 0.276 0.300 0.238 -0.131 0.335 -0.225 0.677** 0.603**

Assertive -0.425* -0.054 0.045 0.302 -0.538** 0.000 -0.072 -0.363
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4. Discussion 
 

Sustainability of the captive population of fishing cats may be imperative to their 

conservation. In this study, animal care staff rated fishing cats (n = 23 cats) in their care for both 

temperament characteristics and behavioral traits. Analysis of these revealed four distinct fishing 

cat temperaments, Friendly, Aggressive, Confident and Assertive within the captive population. 

Friendly individuals, rated high for friendly to conspecifics, expressive and vocal and low for 

fearful of conspecifics, and were predicted to have breeding success in this population. This 

supports previous findings that friendly vocalizations during breeding introductions predict 

copulation success in this species (Chapter 2). The other three temperaments (aggressive, 

confident and assertive) did not predict breeding success. However, a dichotomy within 

successful pairs did exist within the temperament Assertive. Assertive was defined as “readily 

displaces conspecific without threat or aggression”. In each pair, one individual had a positive 

factor score for the temperament and the other individual had a low score, which may prove 

useful when determining which individuals may be compatible. Temperament in felids has been 

correlated with age and gender, (Gartner & Powell, 2012), the manner in which they were reared 

from birth, and to their reproductive success (Fazio, 2010; Wielebnowski, 1999). In this study, no 

influence of sex or rearing was found on temperament, indicating that hand-rearing individuals 

does not affect their personality. In addition, both hand- and mother-reared females were 

successful breeders in this study. There were, however, no successful hand reared males. Some of 

the hand reared males were previously unsuccessful and therefore not given breeding 

opportunities during this study. A single hand-reared male was previously successful in 

producing young, but no breeding occurred during the study period. Therefore the impact on 

breeding success of hand-rearing males bears further investigation.  
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Animal care staff rated several behavioral traits that were based on the knowledge gained 

from working closely with individual fishing cats every day (i.e. shifts between exhibits readily, 

interacts with enrichment etc.). These behavioral traits were found to closely correlate with 

specific temperaments. Animal care takers could identify fsuccessful breeders as fishing cats that 

are comfortable enough on exhibit to perform species specific behaviors and interact with 

enrichment. In addition, friendly vocalizations, females exhibiting an easily identifable behavioral 

estrus, or males that respond to a female in estrus are all signs these individuals may be successful 

breeders. 

Classifying temperament in felids with limited captive populations and low genetic 

diversity can help assist management decisions about reproduction and welfare. Identifying 

individuals which may be more appropriate for breeding, education, display or for being moved 

between institutions may help tailor the population for sustainability (Horback et al., 2013). For 

example, the fishing cat is often used as program animals, and in educational demonstrations for 

the public, but not for breeding. Results of this study indicate that Confident individuals were 

rated high by keepers for being investigative and low for being insecure and fearful of familiar 

people. Confident cats also were rated high for shifting well on and off exhibit and being easy to 

work with. Therefore, these individuals may make ideal program animals and breeding efforts 

can be focused on individuals with different temperaments.  

 There was no relationship between glucocorticoid concentrations and temperaments in 

these fishing cats. However, previous analyses revealed a relationship between lower mean GCM 

concentrations and breeding success (Chapter 3). So perhaps low GCM and a “Friendly” 

temperament are both needed to increase breeding success. Rating different aspects of 

temperament in this species was one fairly simple way to quantify keeper intuition, and results 

can be used to more effectively manage this small ex situ population. 
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CHAPTER SIX 
 

CONCLUSIONS AND RECOMMENDATIONS FOR EX SITU FISHING CAT 
CONSERVATION 

Results of this study provide a comprehensive outline of how fishing cats are currently 

being managed in North America. A detailed account of husbandry associated with institutional 

transfer and breeding of the species has been documented. Offspring production is low with only 

13% (n = 2) of pairs producing viable kittens during the three year period. This figure is far from 

a sustainable growing captive population where at least 5-7 kittens per year are needed in order to 

grow at 3% (Kinzer and Groome 2012). Identification of a successful cortisol enzyme-

immunoassay (R4806) was established as a reliable measure of potential exogenous stressors in 

the fishing cat (Chapter 3). After validation through an adrenocorticotrophic challenge, 

metabolite excretion was established at approximately 21 hours. Biological validation from 

samples collected within 24-48 hours of stressful events showed GCM concentrations increasing 

2 – 20 times the mean baseline. Institutional transfers were primarily of male fishing cats (13 of 

20) and occurred most frequently in the fall months (n = 13). No significant influence of method 

of rearing (hand vs. mother) or sex was found on GCM concentration in this species. Extreme 

variability in GCM concentration, regardless of environmental and management conditions, 

existed during the longitudinal monitoring of fishing cats.  

Institutional transfers in this species did temporarily elevate GCM concentrations and on 

average it took 2-3 months (54 ± 16 days) for individuals to return to baseline after they were 

released from quarantine; though this did range widely depending on the individual (1-277 days). 
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Breeding introductions were also associated with higher levels of GCM, therefore it does seem 

that some time should be given to an individual to settle into a new institution prior to the start of 

breeding introductions (Chapter 3). In this study, the first howdy introductions occurred within 

two weeks of an individual’s release from quarantine (15.67 ± 8.85 days) and first physical 

introductions occurred on 55 ± 9.01 days days post-release. This is still within the time frame 

identified with elevated GCM after transfer, which may explain why first copulation was not 

observed until around 114 days, with pairs being left together 24/7 unsupervised shortly there 

after (≈ 122 days) (Chapter 1). Although an adrenal response was noted in transferred individuals, 

it did not seem to impact reproductive function in the female fishing cats monitored (n = 6 

females transferred). There were no significant differences found in any hormone concentrations 

(estrogens, progestagens, cortisol) or in number of follicular phases or spontaneous ovulations 

between transferred and stationary or successful and unsuccessful females (Chapter 4). 

Successful breeders, both male and female can be identified as highly vocal (Chapters 

1,4), performing species specific behaviors (Chapter 4) and had lower GCM mean and peak mean 

concentrations (Chapter 3). Rates of friendly vocalizations observed by animal keeper staff 

during physical breeding introductions were significantly higher among successful individuals. 

Scent marking and approaches were also observed more frequently during introductions of 

successful pairs, although they were not significantly higher (Chapter 2). The temperament 

associated with breeding success (Friendly) supported these findings with individuals receiving 

high ratings for friendly vocalizations and low for fearful of conspecifics. In addition, this 

temperament correlated to performing species-specific behaviors on exhibit, which indicates that 

these individuals are comfortable acting like their wild counterparts in a captive setting (Chapter 

5). Vocalizations and scent marks are fundamental behaviors used by felids to relay information 

to conspecifics (Mellen, 1993; Sunquist & Sunquist, 2002; Zala, 2004). This information can be 
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the key to successful reproduction (Mellen, 1993). Therefore, it is not surprising that individuals 

that were observed copulating communicated more than non-breeding individuals. These 

behaviors, vocalizations and scent marking, are also easily identified by animal care staff, 

potentially allowing observations during daily husbandry to help inform breeding 

recommendations. 

During this study, there was mate compatibility was rigid. New breeding pairs formed 

during the study period (13 unique pairs) were either successful within the first year of 

introductions (n = 5) or did not successfully copulate at all, including in subsequent years (n = 7). 

One exception was SB# 950 who bred successfully with SB# 779 two years after initial 

introductions. However, SB # 950 was the youngest female in the population at the time of 

pairing (26 months) and did not breed until after 3 years of age. Overall, successful females were 

significantly older (7.00 ± 0.54 years) than unsuccessful females (4.56 ± 0.55 years). Therefore, 

further investigation is needed into whether maturity of the female plays a role in reproductive 

success or if there was a lack of breeding opportunities earlier in the female’s reproductive lives. 

It would be useful to have a detailed analysis of puberty to determine when estrogen and 

progestogen concentrations normalize and behavioral estrus begins. In addition, examination of 

senescence is recommended due to changes in reproductive hormones observed with age in this 

study (Chapter 4) and a dramatic decrease in pregnancies and live births after seven years of age 

noted in studbook data (Orndorff, et al. 2010). Determining the most productive reproductive 

years, specifically in female fishing cats, could help guide breeding recommendations and focus 

efforts on individuals that have the most potential for success. 

In the current study, follicular phases were recorded throughout the year, but higher 

occurrences of both follicular phases and ovulations were seen September through May. Periods 

of anestrus seemed to have a seasonal influence, with 70% beginning between April and August 
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and lasting 66-181 days. In addition, higher levels of progestogens and estrogens occurred 

February to August (Chapter 4). Although this species should not be classified as seasonal, there 

does seem to be a period of higher reproductive activity between December-August. Previous 

findings indicate higher rates of ovulations January through May (Pope et al., 2006) and studbook 

data show births occur primarily February through September (Kinzer 2012). In the wild, fishing 

cat births occur between March and May which corresponds to the wet season. Other felid species 

known to inhabit the same native areas as the fishing cat with varied resource availability do tend 

to have a propensity for certain periods of heightened reproductive activity in captivity that match 

the timing observed in the current study. For instance, anestrus in captive clouded leopard 

females is typical between August and December, which corresponds to the dry season in their 

native range (Yamada & Durrant, 1989), however they will cycle continuously if housed indoors 

on a 12-hour light cycle. Given the fishing cats’ high reliance on water in its natural habitat, 

estrous cycles and frequency of ovulations in captivity may be more dependent on factors such as 

rainfall in a given region or even water availability within an enclosure than photoperiod. These 

factors warrant further investigation, to determine if annual rainfall or enclosure features, such as 

wading or submersive pools, may impact reproductive cycles and ultimately reproductive success 

in this species.  

Along these lines, the ovulation mechanism for this species is still unknown and could 

potentially be influenced by resource availability or proximity to other cats. There were high 

instances of spontaneous ovulation (58% of females) seen during this study period. There may be 

an influence of age on the increase in spontaneous ovulations and this warrents further 

investigation as most females in this study were older (mean age approx. 5 years) and the three 

individuals that did not exhibit spontaneous ovulation were between 1-4 years of age. It would be 

beneficial to monitor females during the beginning of their reproductive life (1-4) to determine if 
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spontaenous ovulations begin after a certain time or are associated with individuals who have or 

have not experienced a pregnancy. These ovulations may also be associated to proximity of other 

fishing cats. Only one female was housed singly at any point (SB# 722) with no physical, 

auditory, or chemical contact from male fishing cats. All other females (n = 11) were physically 

housed with or shared an exhibit with a male fishing cat (Chapter 4). Perhaps these ovulations are 

not truly spontaneous, but “induced” by stimuli other than cervicovaginal stimulation during 

intromission. Semiochemicals are known to impact reproductive function by stimulating the HPG 

in a variety of species (Dehnhard, 2011) and solitary felids have a highly developed olfactory 

system in order to detect and process chemical signals left behind by conspecifics (Dehnhard, 

2011; Døving & Trotier, 1998). It is possible that with limited physical contact, male 

semiochemicals from the odiferous fishing cats are enough to stimulate females to ovulate after a 

natural estrus.  

Results of the present study suggest that reproductively successful individuals have 

overall lower GCM concentrations (Chapter 3). Therefore, instituting management changes 

associated with lower GCM in this species could help improve reproductive success. Analysis 

revealed factors well within an animal caretakers control, such as positive reinforcement training, 

which could lower GCM levels. Fishing cats that were trained more frequently likely developed a 

more positive relationship with keepers, which contributed to lower GCM concentrations and was 

translated into greater reproductive success. Additionally, training gives the animal more control 

over its environment and care, which can help to reduce adrenal activity during potentially 

stressful events (Dembiec et al., 2004; Sheperdson et al., 1998). Fishing cats monitored 

throughout this study were trained an average of eight days a month, with five facilities reporting 

no training at all. Unlike large felids, small felids can be netted for routine medical and husbandry 

procedures, which may decrease the need for training in zoological facilities, but increase the 
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negative experiences the animals have with their caretakers. Positive reinforcement training is 

one way that animal care staff can interact and establish a good keeper-animal relationship 

(Carlstead, 2009). Increased positive keeper-animal interactions can have a positive effect on 

felid reproductive success (Mellen, 1991; Wielebnowski, 1999) and reduce stress levels 

(Wielebnowski et al., 2002a). Further evidence of the positive effects of training on fishing cats 

was provided in this study - institutions that incorporated more days of training into their 

management routines (> 10 days/month) were the most successful in reproducing fishing cats. 

Increasing the amount of positive reinforcement training is one easy management strategy that 

can create positive animal-keeper interactions and increase reproductive success in the fishing 

cat.  

Successful breeding was more likely to occur when the animal care staff indicated that 

they believed the female was in estrus during the time of the introduction (Chapter 2). Although 

not significant, institutions with successful pairs correctly identified a female in estrus 

approximately 49 % of the time, compared to unsuccessful institutions (≈ 27%) (Chapter 4). All 

successful facilities maintained video monitoring of their breeding pairs, which may have assisted 

in estrus detection through the monitoring of estrus-related behaviors (Chapter 2). Animal 

caretakers know the individual animals and the species they work with better than anyone else 

and results show that investing time with this species, creating a positive relationship through 

frequent training, using video analysis to observe behavior, and identifying estrus in females all 

may influence positive outcomes and enhance reproductive success. 

Providing indoor, private (off-exhibit) areas (2-4 enclosures) where cats can take refuge 

from the public in a private, quiet, undisturbed area also may lower stress. Not only did 

successful facilities have more indoor off-exhibit areas (Chapter 2), but 2-4 of these holding areas 

predicted lower GCM concentrations in the cats (Chapter 3). In captivity, exposure to the public 
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can increase glucocorticoid levels in several species (Carlstead & Brown, 2005). Many small cats 

are prey species for other larger carnivores (Nowell & Jackson, 1996; Sunquist & Sunquist, 2002) 

and hiding spaces provide escape areas that can help individuals feel more secure in their 

environment (Mellen & Wildt, 1998; Mellen, 1991). Thus, identifying what may constitute an 

adequate hiding space for fishing cats should be a priority. Nestboxes can provide seclusion from 

guests and animal care staff without having to redesign existing enclosures; however, nestboxes 

(mean: 1.45 ± 0.54; range = 0-6 per breeding pair) were not provided for females intended for 

breeding at 20% of facilities. All sucessful facilities provided nestboxes (1-4 boxes) for their 

females. Providing and increasing the number of nestboxes may decrease GCM concentrations 

and increase breeding success. It is recommended that a breeding female have at least two nest 

boxes available. 

Rating different aspects of temperament in the fishing cat is one fairly simple way to 

quantify keeper intuition. Information gained only from working directly with an individual (i.e. 

shifts between exhibits readily, interacts with enrichment etc.) could be used by caretakers in the 

future to identify animals that may be successful breeders and assist with management decisions 

that could affect welfare. The Friendly temperament in the fishing cat predicted breeding success 

in this study and these individuals exhibited behaviors that are similar to that of their wild 

counterparts (Chapter 5). Temperament in felids have previously been correlated with their 

reproductive success (Fazio, 2010; Wielebnowski, 1999). Specifically, with a small population it 

can be essential to identifying which individuals may be more appropriate for breeding, 

education, display or for being moved between institutions (Horback et al., 2013). The fishing cat 

is often used as a program animal for educational shows rather than breeding. In this study, 

individuals that were Confident were not predicted to be successful breeders, however they were 

easy to work with and investigative, therefore these individuals may make ideal program animals 
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and efforts can be focused on other individuals for breeding. In addition, there was a dichotomy 

among successful pairs with one individual scoring positive and one negative for the 

temperament Assertive – defined as “readily displaces conspecific without threat or aggression”. 

Assertive cats were correlated with not training well and not interacting positively with keepers, 

however unlike the Aggressive temperament, these cats were not rated as aggressive to keepers so 

this temperament is distinguishable (Chapter 5). It also did not matter if the male or female was 

the assertive cat, just that both a high and low scoring cat were together. In the future, efforts 

could be made when creating pairs to put only one Assertive cat in each pair to help increase the 

chances of compatibility.  

Since temperament in this species was quantifiable using assessments rated by animal 

care staff and behavioral traits they observed during daily husbandry, future research should focus 

on developing a novel object test that could be employed for similar findings. A novel object test 

can be a fast, accurate way to quantify temperament and unlike keeper-rated assessements, does 

not depend on the personal history of the rater with the species or individual animal (Watters and 

Powell 2012). Novel object tests have been shown to correlate to keeper rated assessments in 

snow leopards (Gartner and Powell, 2012) and giant pandas (Powel and Svoke, 2008). A reliable 

novel object test could be employed by the SSP to assess the entire captive population equally 

prior to making breeding recommendations.  

Both sex and the method the individual was reared did not influence temperament. 

Although, Mellen (1992) found hand reared domestic cats were not successful breeders, this 

factor did not seem to affect copulation success in fishing cats. It should be noted that no hand-

reared males were successful in this study and that the two hand-reared females that successfully 

bred, did not at any point raise a successful litter of kittens. So there may not be a direct effect on 

success in the manner it was measured for this study (copulations with mate), but ultimate 
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reproductive success and species sustainability may still be negatively influenced by hand-

rearing. 

Results of this study led to several recommendations for management of the fishing cat in 

captivity. Whenever possible, transfers should occur in the late spring or early summer of males. 

At least three months post quarantine release should be given before physical introductions begin. 

During this time the intended mates could have howdy introductions and rotate through a shared 

exhibit or holding space. This time will allow the tranferred individual to return to baseline GCM 

concentrations before experiencing another stressful event (breeding introductions).  

Animal care staff should devoted time to observing the animals interactions through the 

howdy and when first shifted into the exhibt or holding that the opposite cat had the night or day 

before. After proper protocols are followed, the feces, urine or used bedding of the intended mate 

could be left out or shared with the other cat in order to encourage scent investigation. Staff 

should make all efforts to identify estrus behaviors in the female in order to increase the chances 

of the male being interested and the female accepting his advances during any physical 

introductions between a new pair. Several physical introductions (mean = 8) were necessary in 

some cases for copulations to be observed, but a truly compatible pair in a comfortable 

environment could breed on first introduction. If fishing cat pairs are indicating through affiliative 

behaviors, that they are compatible before the three month time frame, attempts can be made for 

physical introduction prior. Since the population is so small and genetic diversity imperative, a 

one year trial period for each pair is suggested. After that point, if the pair is not expressing 

appropriate breeding behaviors a new match should be made and individuals transferred again. In 

this study, no pairs that were not observed copulating within the first year went on to breed later, 

so mate compatibility is fairly rigid (Chapter 2).  
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If facilities can house more than one male or female that would be ideal, in order to 

quickly switch around cats to determine compatibility. A mate choice management strategy has 

been employed with cheetahs and although nothing as complicated seems to be necessary for 

fishing cats, a facility housing multiple pairs or individuals could be invaluable to this ex situ 

population as spaces are needed for the population to grow. In addition, individuals housed alone 

in this study had the highest predicted GCM concentrations compared to any other socially 

housed cats (Chapter 3). Therefore, it may be beneficial not only for genetic variability within the 

population but also to the well-being of the individuals in the collection for institutions to hold 

multiple cats. Since housing multiple animals is often not fesable due to limited funds or housing. 

Perhaps introducing a novel male’s odor/hair could increase compatibility between fishing cat 

pairs, as has been shown in sheep (Hawkens et al, 2009). Further investigations are needed to 

identify which potential stimuli may activate the HPG in this species and influence mate 

compatibility. In clouded leopards, a novel olfactory test utilizing domestic cat urine elicited 

breeding behaviors (flehmen and scent marking) in successful, but not unsuccessful breeding 

males (Fazio, 2010). Therefore not only could urine or feces be utilized to stimulate the female, 

but also perhaps to pinpoint an appropriate male for breeding.   

The information gained in this study provides an outline for fishing cat SSP managers on 

how this species is managed in captivity. It also provides a solid foundation of longitudinal 

monitoring of adrenal activity and provides recommendations for the future sustainability of the 

ex situ population. The fishing cat is a species with great potential for conservation success. Its 

adaptability in the wild to degraded and even urban habitats lends itself to potential 

reintroductions, making the ex situ population even more essential to species survival. Fishing 

cats are a charasmatic species, making active and engaging exhibit animals, especially when 

provided water features on exhibit (pers. obs.). Their conservation story can inspire the millions 
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of visitors AZA institutions attract each year. Fishing cats serve as an umbrella species for the 

many others reliant on the same habitat in the range countries they inhabit. Animal keepers are 

the true champions for fishing cats; helping to promote, educate and keep the fight for their 

survival alive. The ex situ population acts as ambassadors to ignite an interest in fishing cat 

conservation around the world. Animal caretakers have a quantifiable impact on breeding success 

and are responsible for the well-being of a sustainable captive population. They are among the 

many advocates working collectively on both in and ex situ fishing cat conservation. Hopefully, 

this study will contribute to their efforts, but it is their passion that will sustain this species.  
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APPENDICES 

Appendix I  

 

Primary Keeper Survey 
 

STUDY:  The effects of transfer and breeding introductions on the Fishing cat 
(Prionailurus viverrinus). 

 
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 small felids? ___________ 
How many years have you worked with this individual animal? _______ 
How many days per week do you work with this individual? _________ 
 
Does this animal have a history of any medical problems?  Yes No 
(please explain) 
__________________________________________________________________________________  
 
__________________________________________________________________________________  
 
 
(Circle all that apply to this individual) 
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 
 
MANAGEMENT: 
How many outdoor enclosures are available for use with this individual? __________ 
 How many (if any) are “off exhibit” or away from public view? _____________ 
 
How many indoor enclosures are available for use with this individual? ___________ 

How many (if any) are “off exhibit” or away from public view? _____________ 
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Please list each enclosure size (specifically indicating height animals have access too) 
 
Indoor ___________________   Outdoor_________________  
 
How often does this animal have a different exhibit/ off exhibit areas?  Please describe 
 

Multiple times a day  Daily   Weekly Other  
 
__________________________________________________________________________________  
 
__________________________________________________________________ ________________ 
 
__________________________________________________________________________________  
 
 
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 
 
How do you manage this individual (circle one)?  Protected contact   Unprotected contact 
Other explain _______________________________________________________________________  
 
Please list the components of the primary diet and how often they are fed. 
________________________________ _____________________ _____________________________ 
 
__________________________________ ______________________ __________________________ 
 
______________________________ ______________________ ______________________________ 
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 
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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 
 
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 
 
TRANSPORT (Please fill out if you are the sending institution for this cat) 
 
How was this individual crated at your institution (circle one)?   
 
Crate Trained  Netted     Anesthestized 
Other (explain)_____________________________________________________________________  
 
What mode of transportation was used to transfer this animal? (please write in time spent in each) 
  
Car _______  Plane _________  Other ___________ 
 
List any other transfers within the institution before the transfer to the new facility 
 
__________________________________________________________________________________  
 
Was this animal anesthetized for a pre-ship exam (list date)?    Yes __________ No 
 
Date and approximate time the animal was crated at your facility for transport____________________  
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Please list all keepers that work or worked with this individual during the study period, including how 
long they have worked with this individual and how long they have worked with felids. 

 
Please attach any additional protocols used for the management of this species, these could include 
Introduction protocols, Birth Management protocols, Training protocols etc. 
 
BREEDING INTRODUCTIONS (Please fill out this section if you are doing intros with this cat) 
 
How many approximate hiding spaces do you offer during intros______________________________  
 
Did you video any portion of the intros?   Yes No 
 
Does your staff have experience with successful fishing cat introductions?    Yes  No 
 
Did you offer non-food enrichment specifically for the intros? Yes No 
 
Did you offer food enrichment (fish etc.) during any of the intros?  Yes  No 
 
Did you eliminate any elevated areas during intros (i.e. platforms, nestboxes etc.)?   Yes No 
Explain ____________________________________________________________________ _______ 
 
How many nestboxes do you offer your female? ___________________________________________  
 
How high off the ground is each nestbox? ________________________________________________  
 
Does the male have access to the same nestboxes (prior to parturition)? _________________________  
 
Are the nestboxes heated or in a heated space? ____________________________________________  
 
 
 
 
 

Animal Keeper Name Time working with Individual Time working Felids 
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Appendix II 
 

 

Quarantine Keeper Survey 
 

STUDY:  The effects of transfer and breeding introductions on the Fishing cat 
(Prionailurus viverrinus). 

 
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#:_________ 
 
TRANSFER 
 
Date and approximate time the animal arrived at your institution and was released into quarantine 
____________________________  
 
 
Was this animal anesthetized for a quarantine exam before release?   
Yes   No  
Date _________ 
 
How was the animal caught up for this exam? __________________________  
 
List dates of any other transfers within your institution before the animal was at its final exhibit (i.e. moved 
in quarantine or to temporary exhibit).  Please list how the animal was caught up and transferred. 
 
 
_______________________________________________________ _________________ 
 
_______________________________________________________________________  
 
 
Please list any other significant events (with dates) that may have occurred during the quarantine period 
 
 
 
 
 
 



 

  130 

 

 

 
 

 

MANAGEMENT: 
Enclosure size (specifically indicating height animals have access too) 
 
Indoor ___________________ _______________________________________________   
 
Outdoor_________________________________________________________________  
 
 
How busy is the quarantine area? 
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 quarantine keepers work with this animal? 
1- One 
2- Two 
3- Three 
4- Four 
5-More than four 
 
 
Was the diet changed during the quarantine period?   Yes No 
 
 
Please list the components of the primary diet and how often they are fed (if changed please list both initial 
and new diets) 
________________________________ _____________________ ___________________  
 
__________________________________ ______________________________________  
 
______________________________ __________________________________________  
 
 
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 
 
 
 
 
 



 

  131 

 

 
 

 

 

 
 

 

 
How often does this animal 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) 
 Yes No 

 
List species________________________________________  

 
Are there any other animals housed in quarantine area that they do not have visual access too? 

Yes No                  
List species________________________________________  

 
 
ENRICHMENT AND TRAINING 
Are these animals trained during quarantine?  Yes No 
 
In a one month period, how many days was this individual trained? (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  
Are these animals enrichment during quarantine? Yes No 
 
In one month period, how many days was this individual enriched (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  
 
 
 
Please print and fill out Assessments as well 
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Appendix III 

 

Fishing Cat Introduction Observation Sheet
Your Name ______________________ Animal ID's ________________________

Date _________________________ Facility ___________________________

# of Keepers present (write in actual number) ____________

 Total time (write in actual times start/end)_____________________

1. Type of Introductions:

New area intro 
(no conspecific)

olfactory intro only - 
yard or stall 

investigation
visual breeding 
intro no howdy howdy

physical 
intro Other - write in

2.. Area Indoors Outdoors Both

3. Aggression Male--> Female Female --> Male Male <---> Female both

4. Affiliation Male--> Female Female --> Male Male <---> Female both

5. Approach Male--> Female Female --> Male Male <---> Female both

6. Scent-marking Male Female Both None

7. Female cycling Yes No Don't know

8. Vocalizations (non-aggressive) Male Female Both None

9. Breeding behaviors Male Female Both None

10. Overall Response Poor Fair Good Excellent

COMMENTS OR NOTES:

Circle the appropriate response indicating your observations during a single introduction. Use one 
sheet for each introduction.
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Variable Definition
Type of Introductions

# of keepers How many people are in the area observing during the introductions

Total Time
Approximate time (from when to when) the animal was introed to the 
new area or conspecific

Area This indicates where the animal is during the event

Aggression

Affitiation

Approach Please indicate who initiates the initial approach of each intro 

Scent-marking This includes urine-spraying, urinating, defecating

Breeding behaviors
Includes any behaviors directly related to breeding - urine 
investigation; lordosis; nape biting; mounting; copulation etc.

Female Cycling Yes or no

Vocalizations (non-aggressive) This includes barking, meowing, or any type of affiliative vocalization

Overall Response - General impression of the intro overall

PLEASE detail and copulations in the comments section specifically 
indicating if they were thought to have been successful

Significant events that may impact the behavioral response of the cat; 
mainly related to breeding introduction methods, but should also 
include moves or first time intros to yard etc.

Definitions for Fishing Cat Introduction Observations

Aggressive behavior directed towards a conspecific - this includes, 
spitting, hissing, ground slapping, fighting; posturing etc.  Please 
select the option that indicates the initiator (i.e. if the male initiates 
aggression towards the female choose male-->female etc.)

PLEASE detail any fights in the comments section specifically 
indicating if keepers needed to interfer to break it up or if any injuries 
were sustained

Affiliative behavior directed towards a conspecific - this includes, 
cheek rubbing, allo-grooming, Please select the option that indicates 
the initiator (i.e. if the male initiates aggression towards the female 
choose male-->female etc.)
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Appendix	IV	

 

 
 

Fishing Cat Study Guidelines 
 
 
Endocrine Research: Fecal Collection 
 
! Sending!Institution!–!Fecals!should!be!collected!every%day!on!individuals!prior!to!
! transfer.!

!

! Receiving!Institution!–!!

! Every&day&sample&collection:&
1. During!quarantine!–!on!quarantined!cat!and!any!other!fishing!cat!already!

in!the!collection!throughout!the!quarantine!period!(approx.!one!month).!!!

2. During!potential!pregnancies!C!please!collect!every!day!on!the!female!

until!parturition.!

! Every&other&day&collection:!!
1. On!all!cats!in!the!collection!for!one!year!from!the!date!of!release!from!

! quarantine.!!!

!

Please!label!each!fecal!sample!with!the!individual!cat’s!Sex,!Species,!Studbook#,%Name,%
Institution;%and%Date.!!NOTE:%Hormones%can%be%extracted%from%feces%retrieved%from%
water,%so%if%you%have%a%cat%that%defecates%in%water%and%you%can%collect%those%samples,%
they%can%be%used!!!!!
!

When!shipping!samples!please!send!them!STANDARD!overnight,!clearly!mark!the!package!

FISHING!CAT!STUDY!and!send!an!eCmail!to!fazioj@si.edu!to!alert!of!shipment!delivery.!!!

!

Mark!the!label!as!"Bill!recipient"!and!"3rd!party"!because!the!address!that!the!
account!is!set!up!under!is!different!from!where!you!are!shipping.!

The!FedEx!account!is!287666535.!
!

Address!for!biomaterial!shipment:!

ATTN:!Jilian!Fazio!

1500!Remount!Rd.!

Front!Royal,!VA!22630!

!

Proper!bag!labeling!with!sample:!

!

!

!

!

!

!
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Behavioral Research: Observations and Assessments 
 
All records will be sent in hard copy form for each cat in your collection.  An excel spreadsheet 
titled “FC_Study_Paperwork” has been provided and contains all of the paperwork associated 
with this study in case your staff would rather record observations electronically.  The 
Temperament and Behavioral Assessments MUST be filled out on a hard copy and will be 
provided. 

Send all completed forms to: 
ATTN: Jilian Fazio 

Center for Animal Care Sciences, 
National Zoological Park PO BOX 37012 MRC 5507 

Washington, DC 20013-7012 
OR FAX:  202-633-8727 ATTN: Jilian Fazio 

 
Temperament)and)Behavioral)Assessments!–!these!documents!should!be!filled!out!by!the!
animal!keeper!staff!who!care!for!the!fishing!cats!involved!in!the!study.!!It!is!best!to!get!
multiple!people!(up!to!3),!however!if!there!are!less!that!can!accurately!rate!the!cats!then!
that!is!fine.!
! Sending!institution!–!Fill!out!both!assessments!on!the!individual!you!are!shipping!
! out!and!if!another!cat!is!remaining!at!your!institution!on!them!as!well.!
 Receiving institution!fill!out!the!at!four!different!times:!

1. Quarantine!Keeper!on!quarantined!cat!upon!exit!from!quarantine;!!
Primary!staff!on!cat!already!in!collection!at!this!time!(baseline!temperament)!

2. Primary!staff!1!month!after!the!cat!exits!quarantine!(on!both!cats),!
3. Primary!staff!6!months!after!quarantine!(on!both!cats),!and!
4. Primary!staff!12!months!after!quarantine!(on!both!cats)!

!
Primary)Keeper)Survey)
! Sending!Institution!–!Filled!out!this!out!once!for!each!cat!in!your!care!by!one!
! Primary!staff!member!!
! Receiving!Institution!–!Fill!this!out!for!once!each!cat!in!your!care!after!the!
! transferred!cat!arrives!by!one!Primary!staff!member.!!Be!sure!to!mark!any!! future!
! changes!to!the!animals’!management!in!the!Event!log.!
!
Quarantine)Keeper)Survey)
& Receiving!Institution!only!–!Filled!out!by!quarantine!keeper!on!each!individual!
! under!their!care.!
!
Introduction)Observation)Sheet)
! This!sheet!is!to!record!observations!on!the!individuals’!behavior!during!each!exhibit!
! and!breeding!introductions!and!serves!as!the!primary!behavior!record.!!Only!one!
! observation!sheet!should!be!filled!out!for!each!event,!meaning!breeding!encounter.!!
! So!if!individuals!are!introduced!twice!in!the!same!day,!this!counts!as!two!events.!!
! Observations!can!be!recorded!directly!into!the!spreadsheet!using!the!dropdown!
! options,!or!on!hard!copies!that!can!be!printed!out.&
&
Events)Record)
! This!record!should!be!filled!out!by!Primary!staff!at!either!facility!to!detail!additional!
! events!or!activities!that!may!be!of!importance!when!it!comes!to!individual!
! husbandry!management.!!This!can!include!anything!that!may!be!assumed!to!cause!
! additional!stress!to!the!individual(s)!such!as!immobilizations,!moves,!changes!to!
! exhibit!etc.!It!may!be!recorded!directly!into!spreadsheet!or!as!a!hard!copy.!
!
Pregnancy)Profile)
! Should!be!filled!out!once!each!time!management!for!a!potential!pregnancy!occurs!
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Appendix V 

Date Individual(s) Event Comments
Fishing Cat Study Event Record
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Appendix	VI	
Results of Pearson Correlation of management variables reported from 16 institutions holding fishing cats in North American zoos.  Significant results are 
bold. * Correlation is significant at the P < 0.05 level (two-tailed) ** Correlation is significant at the P < 0.01 level (two-tailed). 
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# indoor on exhibit 
enclosures 0.21 0.29 0.45 -0.35 0.48 -0.24 -0.24 .837** 0.19 0.26 -0.28 .630** -0.01 -0.06 0.00 -0.06 -0.14 .744*

# indoor off exhibit 
enclosure 0.29 -0.03 -0.21 0.29 -0.21 0.06 0.32 0.25 0.13 0.41 -0.01 -0.28 0.23 -0.14 0.23 0.41 0.02

total indoor 
enclosure size .728* -.724** -0.05 -0.10 -0.11 0.14 0.41 0.52 -0.39 -0.12 -0.09 0.49 -0.15 0.06 0.39 -0.20

indoor enclosure 
height -.624* 0.15 -0.27 -0.20 0.24 0.38 0.19 -0.42 0.10 -0.06 0.21 0.14 -0.12 0.01 0.04

# outdoor on exhibit 
enclosures 0.24 0.01 -0.19 -0.22 -0.49 -0.42 0.35 -0.08 0.10 -.797** 0.12 0.39 -0.14 0.32

# outdoor off exhibit 
enclosures 0.04 -0.04 .497* -0.22 0.28 -0.04 0.44 0.00 -0.38 -0.33 0.31 0.03 .813**

total outdoor 
enclosure size -0.11 -0.32 -0.38 -0.21 -0.28 -0.11 -0.27 0.14 -0.20 -0.31 0.30 -0.10

outdoor enclosure 
height -0.43 -0.56 -0.15 0.42 -0.13 0.31 .861* -0.38 -0.09 0.50 0.00

how busy is holding 0.46 0.39 -0.29 .750** -0.23 -0.10 -0.30 0.15 -0.21 .720*

# keepers 0.27 -0.04 0.24 -0.16 0.43 -0.40 0.08 0.19 -0.16

average years 
experience -0.56 0.29 -0.02 0.24 -.529* 0.01 0.12 0.16
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free contact 0.13 -0.10 -0.22 -0.12 -0.44 .633*

fast days -0.08 0.20 -0.31 0.06 -0.16

amount of time given 
access outside -0.33 -0.27 0.41 -0.56
visual access to  
carnivores -0.36 -0.47 -0.29
# training 
days/month 0.30 0.32
# enrichment 
days/month -0.16
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Appendix VII 
Differences in management practices at facilities holding successful or unsuccessful (success = observed 
copulations) fishing cat pairs. Significant differences (in bold) found using Student’s T-test (continuous) or 
Mann Whitney U Test (categorical variables) P < 0.05 level (two-tailed). b not corrected for ties. 

 

Management 
variables F Sig. t df Sig. (2-

tailed)

95% 
Confidence 

Interval

Breeding 
Success N Mean ± SE 

Lower Upper
# indoor-on 
exhibit

Equal variances 
assumed 0.79 0.40 0.91 9.00 0.39 -0.75 1.75 Yes 5 1.00 ± 0.55

No 6 0.5 ± 0.22
*# indoor-off 
exhibit

Equal variances 
assumed 0.09 0.77 2.54 9.00 0.03 0.11 1.85 Yes 5 2.67 ± 0.29

No 6 1.69 ± 0.25

indoor-size Equal variances 
assumed 0.32 0.59 -0.11 8.00 0.92 -402.82 366.50 Yes 5 327.49 ± 100.89

No 5 345.65 ± 132.84
# outdoor-on 
exhibit

Equal variances 
assumed 0.64 0.44 0.72 9.00 0.49 -0.65 1.25 Yes 5 0.80 ± 0.37

No 6 0.50 ± 0.22
# outdoor-off 
exhibit

Equal variances 
not assumed 5.24 0.05 2.30 4.86 0.07 -0.16 2.63 Yes 5 1.40 ± 0.51

No 6 0.17 ± 0.17

# keepers Equal variances 
assumed 0.12 0.74 0.09 9.00 0.93 -2.04 2.22 Yes 5 2.74 ± 0.71

No 6 2.66 ± 0.62
average years 
keeper exp.

Equal variances 
assumed 0.24 0.64 -0.12 9.00 0.91 -10.01 8.99 Yes 5 10.07 ± 2.82

No 6 10.58 ± 3.02
*# training 
days/month

Equal variances 
assumed 0.00 0.98 2.56 9.00 0.03 1.23 20.32 Yes 5 14.78 ± 3.27

No 6 4.00 ± 2.73
# enrichment 
days/month

Equal variances 
assumed 2.04 0.19 1.43 9.00 0.19 -4.54 20.03 Yes 5 27.05 ± 2.95

No 6 19.31 ± 4.28

# of nestboxes Equal variances 
assumed 2.70 0.14 1.42 7.00 0.20 -1.03 4.13 Yes 5 2.30 ± 0.94

No 4 0.75 ± 0.25

totspace Equal variances 
assumed 0.27 0.62 1.08 7.00 0.32 -300.0945 802.0875 Yes 4 716.64 ± 191.22

No 5 465.65 ± 146.50

Excluded due to lack of data

outdoor-size Equal variances 
assumed . . 0.43 3.00 0.70 -19029.78 24934.35 Yes 4 3552.29 ± 3089.03

No 1 600

indoor-height Equal variances 
assumed 1.41 0.29 1.25 5.00 0.27 -3.47 10.01 Yes 3 10.08 ± 2.63

No 4 6.81 ± 1.21

outdoor-height Equal variances 
not assumed 34.68 0.01 -0.08 1.09 0.95 -48.20 47.50 Yes 3 10.15 ± 0.97

No 2 10.50 ± 4.50

Levene's Test for Equality of Variances Descriptives
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Categorical

Management 
variables

Breedings
uccess N Mean Rank Sum of Ranks Mann-

Whitney U Wilcoxon W Z Asymp. Sig. 
(2-tailed)

Exact Sig. 
[2*(1-tailed 
Sig.)]

Yes 5 5.50 27.50 12.5 27.5 0 1 1.000b

No 5 5.50 27.50

Total 10

Yes 5 5.80 29.00 14 29 -0.212 0.832 .931b

No 6 6.17 37.00

Total 11

Yes 5 4.90 24.50 9.5 24.5 -0.671 0.502 .548b

No 5 6.10 30.50

Total 10

Yes 5 6.70 33.50 11.5 32.5 -0.662 0.508 .537b

No 6 5.42 32.50

Total 11

Yes 5 6.10 30.50 14.5 35.5 -0.136 0.892 .931b

No 6 5.92 35.50

Total 11

Yes 5 4.80 24.00 9 24 -1.129 0.259 .329b

No 6 7.00 42.00

Total 11

Yes 5 5.50 27.50 12.5 27.5 0 1 1.000b

No 5 5.50 27.50

Total 10

Frequency 
rotated to new 
areas

How busy 
holding

Free or 
Protected 
contact

Amount of 
time provided 
access outside

Previous 
experience 
with 
successful 
fishing cats 

Number of fast 
days

Carnivores 
visible
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Appendix VIII 
HPLC separation of metabolized cortisol metabolites in fishing cat feces. Immunoreactivity of each fraction was 
determined by cortisol EIA (R4806). 
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Appendix	IX	
Longitudinal monitoring of 26 fishing cats during institutional transfers recommended by the North American fishing cat Species Survival Program between 
2010-2013. Day 0 for transferred cats represents the day they entered quarantine (red shading) and for stationary cats it represents the day post quarantine 
release (dashed line). Red arrows indicate chemical immobilizations. Solid gray lines divide study years. Physical introductions are denoted with dashed 
arrows. The GCM mean baseline is a blue line and the cutoff is 2.5 standard deviations of this baseline (red dashed line). 

 

SB# 651(Angelfish) cortisol profile during transfer on 9/21/10. Howdy introductions were only reported during one period (blue 
shading) for this individual paired with SB# 621 (Gorton). This pair was unsuccessful.  
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SB# 950 (Anna/Sophie) cortisol profile during transfer in December from a European to an AZA institution and housed with visual access only to male 
SB# 720 (Banyu) that she was not intended to breed with during study year 2. Male SB# 779 (Chet) who was transferred to her institution on 12/12/12 
and released from quarantine (dashed line) for breeding introductions in study year 3. A significant increase in cortisol began on Day 162 and lasted 
through the end of the study period Day 297. No copulations were observed between this pair although they were left together 24/7 by Day 259.  
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SB# 720 (Banyu) cortisol profile during transfer on 8/26/10 between AZA institutions in study year 1 where he was housed alone. Female SB# 950 
(Anna/Sophie) was transferred to institution in year 2 and although they were not an intended breeding pair, they did have visual access rotated 
through a single exhibit enclosure throughout the year. Example of reduced cortisol when a cat goes from being individually housed to being housed 
within visual access (and rotating exhibits) with a female cat.  
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SB# 960 (Broucek) cortisol profile during transfer on 10/24/12 between AZA institutions. He was housed in a same sex pair with his brother SB# 
959 (Tegas). Example of potential food/enrichment driven cortisol response at Day 289 after diet increase and Day 375 approximately. 24 hours 
after being given quail for the first time. Could also be example of food aggression between the two brothers.  
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SB# 779 (Chet) cortisol profile of transfer on 9/23/10 between AZA institutions to be paired with female SB# 776 (Iris). They were housed 
together 12-24 hours a day and the pair was unsuccessful. In year 3, he was transferred again on 12/12/12 with a quarantine exam on Day 14. 
He was released from quarantine and began rotating exhibits with female SB# 950 (Anna) on Day 40. Physical introductions (dashed arrow) 
began routinely several times a week on Day 99. Internal moves occurred on Day 89, 126, 135 and 307 (black arrows). The female was 
reported as aggressive to the male and the pair was unsuccessful during the study period, but went on to produce young in subsequent years.  
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SB# 542 (Dow) cortisol profile of transfer on 11/30/11 between AZA institutions to be paired with male SB# 661(Bullet). A quarantine 
exam (red arrow) occurred on Day 9 and she was released on Day 31. Her first time on exhibit was Day 41 and physical breeding 
introductions (dashed arrow) occurred from Day 69-80 with copulations observed. Introductions occurred again at Day 189, but the female 
was aggressive and they were separated. The male was moved to the hospital for the remainder of the study on Day 205. This female has 
chronically elevated cortisol until Day 169, approximately 30 days after treatment for loose stools with Solka floc when she finally returns 
to baseline and remains there. May be an instance of disease elevating cortisol levels, but no previous mention of loose stools was reported. 	
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SB# 633 (Electra) cortisol profile of stationary female introduced to male SB# 781 (Lek) after his transfer on 11/10/10 in study year 1. On Day 
-22 male SB# 777 (Viper) was transferred out and SB# 781 was released from quarantine on Day 30. First physical introductions occurred at 
Day 18 and resulted in aggression. Subsequent introductions began again on Day 103 and copulations were observed. The pair was left together 
24/7 after Day 165 and only separated for potential births and kittens. Four pregnancies occur (green shading) with parturition (green arrows) 
around Day 213, 5/18/12, 2/21/13, and 5/17/13. Lactation (blue shading) occurred after both live births and resulted in the lowest cortisol levels 
for this female.  
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SB# 652 (Goldfish) was a stationary female introduced successfully to a transferred male SB# 780 (Kiet). He was released from quarantine and 
moved to the exhibit Day 0, a single mesh howdy was given from Day 4-Day 12 and physical introductions began on Day 41. Copulations were 
observed on Day 51and 52 and the pair was given 24-hour access to each other from Day 56 on (blue arrow). 	
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SB# 621 (Gorton) cortisol profile during longitudinal monitoring of recommended breeding with SB# 651(Angelfish) transferred on 9/21/10 and released from 
quarantine on 10/21/10 (Day 0). A single timeframe of howdy introductions (blue shading) was reported, he subsequently killed Angelfish after the study period 
ended.  In study year 3, he was transferred for breeding with SB# 694 (Ratana). Prior to introductions, he injured her leg to the point of amputation, so physical 
breeding introductions never occurred. He was moved internally from the exhibit to a holding area from Day 47-61 (grey shading), where a clear rise in cortisol can 
be seen.  
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SB# 778 (Gunter) cortisol profile from transfer between institutions on 9/28/11 (Day 0) for breeding with SB# 664 (Guppy). Quarantine exam occurred 
on Day 29 when he was moved to the exhibit and given howdy access to female.  Access to the exhibit was given for the first time on Day 39 and the 
first physical introduction (grey shading) was on Day 89 and several introductions followed through Day 109. The pair was left alone overnight 
unsupervised on Day 154-319. The pair was successful with the first copulation observed on Day 319. From Day 354-390 they were separated for a 
potential birth and reintroduced. 
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Stationary female SB# 664 (Guppy) cortisol profile, her intended mate SB# 778 (Gunter) was transferred on 9/28/11 and given howdy access to 
female on Day 1 out of quarantine.  Gunter gained access to the exhibit for the first time on Day 9 and the first physical introduction (grey 
shading) was on Day 59 with several introductions through Day 89. The pair was left alone 24/7 unsupervised from Day 124-329. The pair was 
successful with the first copulation observed on Day 289. From Day 329-362 they were separated for a potential birth and reintroduced on day 
362.  
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SB#  776 (Iris) cortisol profile of longitudinal monitoring during breeding introductions with SB# 663 (Janji) transferred on 1/10/13. Physical 
introductions of this pair occurred directly out of quarantine and they were kept together. The male presented with a broken leg on Day 21 and was sent 
to the hospital (blue shading) for surgery and recovery. The female was moved up to the hospital on Day 91 (black arrow). Single physical 
introductions on Days 102, 105, and 198 (dashed arrows) were unsuccessful with aggression from the female. 	
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Hospital 

SB# 663 (Janji) cortisol profile of transfer in year 1 to be paired with SB# 733 (Tabah). Howdy and rotating through a shared exhibit began on Day 38. He 
was housed at the hospital (blue shade) for gastric issues from Day 56- 81 and exhibit renovations Day 215-219. Physical introductions (dashed arrows) 
were done on Day 117 and Day 212 . The pair was unsuccessful. In study year 3, this male was transferred on 1/10/13 to pair with SB#  776 (Iris). 
Physical introductions of this pair occurred directly out of quarantine and they were kept together. The male presented with a broken leg on Day 77 and 
was sent to the hospital (blue shading) for surgery and recovery. The female was moved up to the hospital on Day 140 (black arrow). Subsequent physical 
introductions were unsuccessful.  
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SB# 780 (Kiet) was transferred on 10/21/10 in study year 1 for breeding with SB# 652 (Goldfish) but presented with elevated liver values at his pre-shipment 
exam, Day -8. He was diagnosed with hepatitis and several rounds of clavamox (green shading) began in quarantine and doxycycline (blue shading) before 
resulting in normal liver values Day 212. A sustained elevation in cortisol can be seen with a baseline value of 5.77x his normal values increasing from 0.75 to 
4.33 µg/g during this time period. During the study period he also received a rabies vaccination on Day 162. Copulations were observed beginning on Day 
147 and this pair was housed together 24 hours after Day 148. Although copulations were seen, Goldfish did not become pregnant until after the study period 
indicating a possible effect of the chronically elevated cortisol on Kiet’s gonadal function.  
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SB# 781 (Lek) cortisol profile of institutional transfer on 11/10/10 in study year 1. He is released from quarantine on Day 30. First physical 
introductions (dashed arrow) occurred at Day 48 and resulted in aggression. Subsequent introductions began again on Day 103-170 (grey 
shading) and copulations were observed. The pair was left together 24/7 after Day 195 (blue arrow) and only separated for potential births and 
when the dam was with kittens (blue shading). Four pregnancies occur with parturition (green arrows) around Day 243, 5/18/12, 2/21/13, and 
5/17/13.  
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SB# 722 (Maliha) cortisol profile during longitudinal monitoring of established pair with SB# 440 (Toulouse) in study year 1. This pair was 
unsuccessful and although several physical introductions had been done previous to the study period. Only one was reported during the study time 
frame. In study year 3, Maliha was transferred on 10/5/11 and moved out of quarantine on Day 38. Exhibit access was not given until Day 172 
(black arrow).  
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SB# 732 (Miri) cortisol profile during transfer on 10/25/11 between institutions for breeding with SB# 440 (Toulouse). She was moved to the new 
area on Day 34, and given exhibit access until Day 64. The male was reported to have neurological symptoms beginning on Day 298 for the 
remainder of the study. 

Male exhibiting 
neurological issues 
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SB# 657 (Molly) was transferred on 11/1/11 and housed singly after her quarantine release on Day 30. This individual was diagnosed with a bladder 
tumor common in this species and shows a chronic elevation in cortisol beginning at Day 75, with baseline values increasing from 1.72 to 8.19 µg/g 
during treatment. Unfortunately, fecal collection ended (black line) before the treatment resolved. A brief collection period at nine months post transfer 
and after treatment finished confirmed a return to baseline.  
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SB# 687 (Parvatti) cortisol profile during institutional transfer on 7/15/10 in study year 1 for breeding with male SB# 759 (Rybar). Howdy 
introductions began in quarantine and they were released on Day 44. Physical introductions (blue shading) began on Day 117 were done several days in 
a row when the female was believed to be in estrus. The pair was successful and live offspring were produced during this study year. In year 3, the male 
offspring and breeding male were all shipped out (grey shading).  
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SB# 694 (Ratana) cortisol profile during internal moves (black arrows) and construction and physical introductions to established mate SB# 497 
(Riger) throughout year 1. Finally, the pair was back on exhibit (blue arrow) at the end of the study year. Sample collection was not consistent, 
therefore most introductions did not have 24-48 hour samples collected. In study year 3, male SB# 621 (Gorton) was transferred as a potential mate on 
10/15/12 and released from quarantine on 11/15/12. On Day 7, the female’s leg was injured and required amputation. The pair was never physically 
introduced. On Day 356, the female was sedated for a laparscopic oviductal artificial insemination that resulted in the birth of a single kitten after the 
study period ended. 
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SB# 497 (Riger) cortisol profile during internal moves (black arrows), construction and physical introductions to established mate SB# 694 
(Ratana) throughout year 1. Finally, the pair was back on exhibit (blue arrow) at the end of the study year. Sample collection was not 
consistent, therefore most introductions did not have samples collected within 24-48 hours. 	
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SB# 759 (Rybar) cortisol profile during transfer on 7/15/10 in study year 1 for breeding with SB# 687 (Parvatti). The pair had a howdy during 
quarantine and once released on Day 44 began physical introductions (dashed arrow) led to breeding success and eventual live birth. In study year 3, 
he was transferred again on 1/15/13 for breeding with SB# 733 (Tabah). He was released from quarantine on Day 33 and the pair rotated through a 
shared exhibit together. One physical introduction is recorded on Day 100, but the pair fought through the door so by Day 320 all visual access was 
eliminated due to fighting through the door that injured the female’s toe. A drastic increase in cortisol concentrations can be seen during the period 
immediately prior to transfer, during quarantine and until approximately Day 55 at which point he returns to baseline and remains the rest of the 
study. The extreme elevation in cortisol concentrations should be noted during quarantine and just post-release for this individual. 
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SB# 733 (Tabah) cortisol profile during breeding introductions to male SB# 663 (Janji) transferred on 10/15/10. He was released from quarantine on 
11/15/10 (Day 0) and howdy was given on Day 7, 12, 63 and 65. They began switching exhibits on Day 15. Physical introductions occurred on Day 
86 with aggression and also when they were moved internally (solid arrow) to the hospital for exhibit renovations on Day 181. In year 3, male SB# 
759 (Rybar) was transferred on 1/15/13 and moved to the exhibit on 2/17/13. Only one physical introduction occurred at Day 66, however they 
continued to fight through the doors and the female injured her toe and had to stay at the hospital, when she was transferred back to exhibit visual 
access was eliminated at Day 286. Both pairs were unsuccessful. 

Hospital 
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SB# 959 (Tegas) cortisol profile during transfer on 10/14/12 (Day 0) with brother SB# 960 (Broucek). The pair was housed together during the 
study period. Red shading indicates quarantine period and chemical immobilizations are indicated by red arrows.  
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SB# 440 (Toulouse) cortisol profile while housed in rotating exhibits with female SB# 722 (Maliha). Animal care staff reported previous and current unsuccessful 
physical introductions, but no dates were given. In study year 3, SB# 732 (Miri) was transferred on 10/26/10 for a recommended breeding pair. She was released 
from quarantine on 11/28/10 rotating through the same exhibit as the male on Day 35. No information was provided on breeding introductions for this pair, but 
Toulouse was reported to have neurological symptoms in conjunction (Day 268) with chronically elevated cortisol. Relatively few significant peaks (all under 5 
µg/g) can be seen in the years prior to his illness, however during his illness his baseline cortisol increased from 0.73 to 6.69 µg/g. This individual did pass away 
at the end of the study period.  

Neurological symptoms 

Study year 1 

  G
C

M
 µ

g/
g 

dr
y 

fe
ce

s 
 



 

  

16
7 

 

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

Date 

Study year 1 

G
C

M
 µ

g/
g 

dr
y 

fe
ce

s	

SB# 777 (Viper) experienced an internal transfer after a sedation exam (red arrow) on 11/15/10. He was housed singly for the entire study year.  
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Appendix	X	
Fecal glucocorticoid metabolite concentrations in fishing cats (n = 27) during longitudinal monitoring of institutional transfers and breeding introductions 
recommended by the SSP between 2010-2013. Pre-ship value includes a 30-day period prior to being moved between institutions. Quarantine represents the 
time period where the transferred cat was separated from other collection animals for observation of medical health prior to introduction. Post-release period 
are all samples from quarantine release up to one year. Breeding success was defined as copulations observed during the study period. 

 

SB# Study 
Year Age Sex Transfer Mate Success n Mean Baseline n Mean n Mean Baseline Peak Mean Proportion 

of Peaks
Cutoff 

(+2.5 SD)
440 2010 12 M N 722 N 101 0.85 ± 0.09 0.69 ± 0.05 3.00 ± 0.50 0.06 7.80
440 2011 13 N 732 N 8 0.82 ± 0.13 0.82 ± 0.54 79 0.89 ± 0.12 0.74 ± 0.07 2.27 ± 0.27 0.09 0.93
497 2010 8 M N 694 N 13 0.79 ± 0.06 96 1.77 ± 0.22 1.05 ± 0.09 4.68 ± 0.67 0.09 1.41
542 2011 8 F Y 661 Y 25 8.00 ± 0.49 8.00 ± 1.13 24 8.56 ± 0.82 63 3.82 ± 0.32 3.82 ± 0.51 0 0.00 1.09
633 2010 6 F N 781 Y 14 0.73 ± 0.10 0.65 ± 0.14 170 0.81 ± 0.06 0.52 ± 0.03 1.96 ± 0.20 0.14 1.65
633 2011 7 N Y 140 0.85 ± 0.06 0.61 ± 0.04 2.19 ± 0.26 0.14 1.91
633 2012 8 N Y 195 0.73 ± 0.05 0.51 ± 0.03 1.75 ± 0.24 0.10 4.50
651 2010 7 F Y 721 N 16 0.69 ± 0.22 0.41 ± 0.11 8 1.24 ± 0.45 98 0.82 ± 0.09 0.53 ± 0.05 3.17 ± 0.28 0.10 1.25
652 2010 7 F N 780 Y 8 0.62 ± 0.07 0.62 ± 0.16 135 0.9 ± 0.08 0.58 ± 0.04 2.2 ± 0.27 0.16 1.82
653 2010 6 M Y 733 N 13 0.92 ± 0.24 0.92 ± 0.35 6 1.28 ± 0.14 137 1.11 ± 0.06 0.98 ± 0.06 4.43 ± 0.70 0.02 5.91
653 2012 9 Y 776 N 10 0.74 ± 0.06 0.74 ± 0.15 25 1.09 ± 0.10 228 1.82 ± 0.14 1.09 ± 0.05 4.95 ± 0.60 0.12 0.95
657 2011 9 S Y - 25 0.88 ± 0.15 0.55 ± 0.08 15 1.34 ± 0.17 44 2.74 ± 0.20 2.34± 0.27 19.88 0.02 1.01
664 2011 8 F N 778 Y 22 1.06 ± 0.05 1.03 ± 0.13 144 1.14 ± 0.05 1.00 ± 0.06 2.51 ± 0.23 0.08 0.80
687 2010 5 F Y 759 Y 14 2.24 ± 0.43 112 0.92 ± 0.13 0.51 ± 0.05 2.35 ± 0.25 0.18 2.19
687 2012 7 N - 59 1.77 ± 0.42 0.99 ± 0.14 4.56 ± 0.46 0.15 2.84
694 2010 5 F N 497 N 107 2.63 ± 0.46 2.14 ± 0.23 9.59 ± 1.39 0.06 1.46
694 2012 7 N 721 N 26 1.63 ± 0.37 0.96 ± 0.19 182 0.94 ± 0.09 0.47 ± 0.03 2.35 ± 0.40 0.13 1.93
720 2010 4 M Y - 11 6.2 ± 0.51 6.20 ± 1.25 13 4.55 ± 0.28 170 3.8 ± 0.16 3.09 ± 0.19 7.77 ± 0.42 0.11 10.07
720 2011 5 N - 10 2.96 ± 0.62 2.96 ± 1.00 134 2.97 ± 0.13 2.83 ± 0.21 7.53 ± 0.21 0.03 1.01
721 2010 4 M N 651 N 15 0.97 ± 0.21 0.97 ± 0.31 103 1.03 ± 0.10 0.54 ± 0.04 2.16 ± 0.27 0.20 1.11
721 2012 6 Y 694 N 21 1.36 ± 0.28 197 0.68 ± 0.05 0.39 ± 0.02 1.8 ± 0.22 0.12 2.44
722 2010 4 F N 440 N 122 5.22 ± 0.05 4.96 ± 0.38 15.53 ± 3.78 0.02 1.83
722 2011 5 Y - 12 5.78 ± 1.95 3.87 ± 0.89 24 8.85 ± 1.33 170 6.04 ± 0.04 5.59 ± 0.31 13.27 ± 1.12 0.06 1.61
732 2011 4 F Y 440 N 20 1.16 ± 0.12 1.16 ± 0.22 27 2.44 ± 0.36 109 1.66 ± 0.26 1.08 ± 0.10 3.99 ± 0.32 0.14 1.94
733 2010 3 F N 653 N 12 1.02 ± 0.15 1.02 ± 0.27 210 1.37 ± 0.18 0.98 ± 0.05 3.64 ± 0.51 0.11 1.14
733 2012 5 N 759 N 24 1.43 ± 0.13 1.43 ± 0.24 210 1.65 ± 0.10 0.91 ± 0.05 4.29 ± 0.46 0.12 1.86
759 2010 3 M Y 687 Y 13 16.79 ± 3.34 128 1.40 ± 0.24 0.99 ± 0.07 3.38 ± 0.35 0.15 1.62
759 2012 6 Y 733 N 21 4.46 ± 0.33 4.23 ± 0.63 277 1.14 ± 0.09 0.62 ± 0.02 6.02 ± 1.84 0.05 1.14
776 2012 4 F N 653 N 17 1.47 ± 0.08 1.47 ± 0.23 203 1.38 ± 0.06 1.16 ± 0.06 3.17 ± 0.27 0.08 5.72
777 2010 3 M N - 148 1.23 ± 0.05 1.12 ± 0.10 3.43 ± 0.18 0.04 1.33
778 2011 4 M Y 664 Y 25 1.85 ± 0.36 161 1.48 ± 0.11 0.93 ± 0.05 3.34 ± 0.42 0.16 5.67
779 2010 1 M Y 776 N 15 0.85 ± 0.09 0.76 ± 0.13 24 0.86 ± 0.07 162 1.4 ± 0.11 0.97 ± 0.06 4.18 ± 0.65 0.09 0.92
779 2012 3 Y 950 N 26 1.64 ± 0.13 1.57 ± 0.24 15 1.50 ± 0.11 161 1.16 ± 0.07 0.8 ± 0.05 2.44 ± 0.24 0.15 1.21
780 2010 1 M Y 652 Y 19 0.57 ± 0.04 0.57 ± 0.09 101 1.08 ± 0.02 0.8 ± 0.07 2.69 ± 0.25 0.12 0.77

QUARANTINEPRESHIP POST-RELEASEANIMAL SUBJECTS
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SB# Study 
Year Age Sex Transfer Mate Success n Mean Baseline n Mean n Mean Baseline Peak Mean Proportion 

of Peaks
Cutoff 

(+2.5 SD)
781 2010 1 M Y 633 Y 16 0.81 ± 0.07 0.81 ± 0.15 14 4.21 ± 0.54 171 0.85 ± 0.08 0.59 ± 0.04 1.99 ± 0.18 0.13 10.39
781 2011 2 N Y 157 0.9 ± 0.23 0.65 ± 0.04 1.79 ± 0.10 0.17 9.85
781 2012 3 N Y 195 0.87 ± 0.05 0.78 ± 0.05 2.45 ± 0.14 0.04 2.44
950 2011 1 F Y - 6 1.77 ± 0.56 111 1.4 ± 0.10 1.02 ± 0.08 3.35 ± 0.32 0.12 1.41
950 2012 2 N 779 N 13 2.16 ± 0.34 2.16 ± 0.58 107 2.98 ± 0.21 2.85 ± 0.30 9.40 ± 1.28 0.02 2.08
959 2012 1 M Y - 13 0.87 ± 0.20 0.54 ± 0.10 27 0.92 ± 0.18 176 0.86 ± 0.16 0.59 ± 0.03 1.70 ± 0.13 0.17 1.92
960 2012 1 M Y - 13 1.58 ± 0.28 1.58 ± 0.45 26 1.15 ± 0.21 175 1.61 ± 0.14 0.79 ± 0.05 3.07 ± 0.39 0.22 1.09

ANIMAL SUBJECTS PRESHIP QUARANTINE POST-RELEASE
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Appendix	XI	
Longitudinal profiles of fecal estrogen (EM) in grey and progestogen (PGM) metabolites in red of thirteen female fishing cats monitored during institutional 
transfers and breeding introductions. Estrus peaks indicative of follicular phases are indicated with an (*). Study years are  separated by gray dotted lines. 
Quarantine periods are indicated with red shading, spontaneous ovulations are black rectangles and presumed induced ovulations are open rectangles.
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Appendix	XII	
Results of Mann-Whitney U test and Student’s t-test to examine differences in estrogen (EM), progestogen (PGM) and glucocorticoid 
(GCM) concentrations and reproductive function between stationary and transferred female fishing cats. Reproductive function was 
measured as number of follicular phases and spontaneous non-pregnant luteal phases (NPLP). 

 

 

 

 

Variable Mean ± SE N Mean ± SE N Test Statistic Significance
NPLP (spontaneous only) 1.35 ± 0.33 9 1.00 ± 0.63 6 t = 0.492 0.363

Follicular phases 6.35 ± 1.14 8 4.40 ± 0.93 5 U = 16.00 0.551
Follicular phases (potential) 10.65 ± 1.66 8 6.00 ± 1.29 6 t = 2.087 0.059

Mean EM 0.34 ± 0.08 9 0.28 ± 0.03 6 U = 23.00 0.897
Baseline EM 0.28 ± 0.06 8 0.23 ± 0.03 6 t = 0.575 0.576
Mean PGM 5.86 ± 0.91 9 3.92 ± 0.95 6 t = 1.434 0.175

Baseline PGM 2.75 ± 0.41 9 2.55 ± 0.80 6 t = 0.164 0.806
Mean GCM 1.94 ± 0.46 9 2.44 ± 0.85 6 U = 25.00 0.814

Baseline GCM 1.70 ± 0.45 9 2.09 ± 0.86 6 U = 25.00 0.914
Age 5.72 ±0.68 9 5.00 ± 1.00 6 t = 0.957 0.546

Stationary Transferred
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Appendix	XIII	
 
Female fishing fecal glucocorticoid concentrations during various reproductive states. Wilcoxon signed ranks of each reproductive state 
compared to mean GCM found no significant differences Z statistic and P value are reported. 

 

Fishing cat 
SB#

Baseline 
GCM (µg/g 

feces)

Mean GCM 
(µg/g feces)

Follicular phase 
mean GCM 
(µg/g feces)

Anestrus 
mean GCM 
(µg/g feces)

Non-pregnant 
luteal phase  
mean GCM  
(µg/g feces)

Pregnant luteal 
phase mean 
GCM (µg/g 

feces)

Lactation 
mean GCM 
(µg/g feces)

651 0.53 ± 0.05 0.82 ± 0.09 0.94 ± 0.32 0.77 ± 0.15 0.71 ± 0.19
651 1.94 ± 0.19 2.19 ± 0.16 1.82 ± 0.29 4.71 ± 0.29 1.16 ± 0.10
542 3.82 ± 0.51 3.82 ± 0.32 7.74 ± 1.56 3.52 ± 0.49 4.26 ± 0.57
633 0.55 ± 0.03 0.80 ± 0.06 0.83 ± 0.15 1.04 ± 0.24 0.63 ± 0.07 1.00 ± 0.09 0.67 ± 0.04
652 0.58 ± 0.04 0.90 ± 0.08 0.79 ± 0.09 0.80 ± 0.05
664 1.00 ± 0.06 1.14 ± 0.05 1.30 ± 0.09 1.01 ± 0.11 1.05 ± 0.06
453 0.43 ± 0.03 0.48 ± 0.02 0.64 ± 0.04 0.41 ± 0.02
722 5.28 ± 0.05 5.63 ± 0.05 6.82 ± 0.92 6.15 ± 0.21 4.94 ± 0.41
732 1.08 ± 0.38 1.66 ± 0.13 1.03 ± 0.21
687 0.75 ±0.19 1.35 ± 0.26 1.00 ± 0.26 1.06 ± 0.11
694 1.31 ± 0.05 1.79 ± 0.28 2.81 ± 0.87 2.23 ± 0.41 0.61 ± 0.06
733 0.95 ± 0.08 1.51 ± 0.14 1.34 ±0.15 1.31 ± 0.10 0.98 ± 0.07

Mean ± SE 1.52 ± 0.44 1.84 ± 0.43 2.54 ± 0.43 2.64 ± 0.81 1.71 ± 0.45 0.75 ± 0.13 0.54 ± 0.13

Z Value -0.764 -0.980 -1.779 0 -1.342
P value (2-
tailed) 0.445 0.327 0.075 1 0.18
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Appendix XIV 
Results of Student’s t-test and Mann Whitney U test examining differences in reproductive traits between 
successful and unsuccessful female fishing cats 
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Number of 
spontaneous 
non-pregnant 
luteal phases

Equal 
variances 
assumed

0.154 0.703 -0.17 10 0.866 -0.15 0.843 -2.025 1.73 No 8 1.19 ± 0.48

Yes 4 1.33 ± 0.71

Baseline EM
Equal 

variances 
assumed

1.247 0.29 1.291 10 0.226 0.11 0.085 -0.079 0.3 No 8 0.29 ± 0.06

Yes 4 0.18 ± 0.03

Mean PGM
Equal 

variances 
assumed

0.197 0.667 -1.11 10 0.293 -1.9 1.716 -5.726 1.92 No 8 4.63 ± 0.82

Yes 4 6.53 ± 1.84

Baseline PGM
Equal 

variances 
assumed
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Yes 4 3.02 ± 0.83
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W

Z
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Sig. (2-
tailed)
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tailed 
Sig.)]

Number of 
Follicular 

phases
No 7 6.43 45 11 21 -0.58 0.561 0.648

Yes 4 5.25 21
Total 11

Mean EM No 8 7.56 60.5 7.5 17.5 -1.45 0.148 0.154
Yes 4 4.38 17.5

Total 12
Mean GCM No 8 7.25 58 10 20 -1.02 0.308 0.368

Yes 4 5 20
Total 12

Baseline 
GCM

No 8 6.38 51 15 51 -0.17 0.865 0.933

Yes 4 6.75 27
Total 12

F Si
g. t df

Si
g.

 (2
-

ta
ile

d)

M
ea

n 
D

iff
er

en
c

e
St

d.
 E

rr
or

 
D

iff
er

en
c

e

Variable

Lo
w

er

U
pp

er

B
re

ed
in

g 
su

cc
es

s
N

Number of 
spontaneous 
non-pregnant 
luteal phases

Equal 
variances 
assumed

0.154 0.703 -0.17 10 0.866 -0.15 0.8434 -2.02505 1.733 No

8
Yes 4

Baseline EM
Equal 

variances 
assumed

1.247 0.29 1.291 10 0.226 0.109 0.0847 -0.0794 0.298 No
8

Yes 4

Mean PGM
Equal 

variances 
assumed

0.197 0.667 -1.11 10 0.293 -1.9 1.7158 -5.72566 1.92 No
8

Yes 4

Baseline PGM
Equal 

variances 
assumed

0.182 0.679 -0.63 10 0.542 -0.53 0.8385 -2.39699 1.339 No
8

Levene's Test 
for Equality 
of Variances

t-test for Equality of Means
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Appendix XV 

 
 

 

Animal SB#/Name _______________    Date______________

TEMPERAMENT ASSESSMENT 

Questions should be answered for the individuals when they are most active during the DAY                                                           
(for each question ask "how often is this animal ...")

Please print out and place a hash mark i.e. ( - ) --------------I---------------------- ( + ) indicating the frequency of each behavior                  
( - ) being NEVER and ( + ) being ALWAYS

Fearful of FAMILIAR 
people

Retreats and hides readily from 
primary staff (may hide or freeze 

if they are in the area)
( - ) ( + )

Fearful of 
CONSPECIFICS

Retreats and hides readily from 
other fishing cats (may hide or 
freeze if they are in the area)

( - ) ( + )

Friendly to 
STRANGERS

Initiate proximity; approaches 
readily and in a friendly manner 
(i.e. rubs on fence) to strangers

( - ) ( + )

( + )

Friendly to FAMILIAR 
people

Initiates close proximity; 
approaches readily and in a 
friendly manner (i.e. rubs on 

fence) to primary staff

( - ) ( + )

Friendly to 
CONSPECIFICS

( + )

( - ) ( + )

( - ) ( + )

( + )
Aggressive to 
STRANGERS

Frequently reacts hostile, strikes 
out or displays aggressive 

behavior or vocalizations to 
strangers

( - )

CALM Not easily disturbed by changes 
in the environment

( + )

Moves frequently (i.e. patrols, 
runs stalks a lot)

( - )

Your Name_____________________

( - )
Aggressive to 

CONSPECIFICS

Frequently reacts hostile (i.e. 
attacks, growls), strikes out or 

displays aggressive 
vocalizations toward other 

fishing cats

Social; initiates and seeks out 
close proximity to other fishing 

cats
( - )

INVESTIGATIVE
Readily approaches and 
explores changes in the 

environment

Frequently reacts hostile, strikes 
out or displays aggressive 

behavior or vocalizations toward 
primary staff

( - )

( - )

HIGH-STRUNG
Exhibits stereotypic or unusual 

behavior (i.e. excessive pacing, 
tailbiting, hiding etc.)

Aggressive to 
FAMILIAR people

( + )

ACTIVE

Send all completed forms to: ATTN: Jilian Fazio Animal Programs, National Zoological Park PO BOX 37012 MRC 5507
Washington, DC 20013-7012

( + )
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COMMENTS:                                                                                                                    

Frequently and readily vocalizes 
to conspecifics ( - ) ( + )VOCAL

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
Frozen or shows restraint in 

movement and posture ( - ) ( + )

ASSERTIVE

EXPRESSIVE

CONFIDENT

Moves in a seemingly  well-
coordinated and relaxed 

manner (enters areas that have 
been changed with little 

hesitation)

( - ) ( + )

PLAYFUL

Initiates and engages in play 
behavior (seemingly 

meaningless, but nonaggressive 
behavior with objects and/or 

other fishing cats

( - ) ( + )

INSECURE

Seems scared easily; "jumpy" 
and fearful in general (i.e. may 
hide or not eat when a change 

occurs)

( - ) ( + )

FOOD AGGRESSIVE

Animal becomes aggressive 
when food is present (i.e. may 
strike out, bite or claw at mesh, 

or growl, hiss etc.)

( - ) ( + )

Fearful of 
STRANGERS

Retreats and hides readily from 
strangers (may hide or freeze if 

they are in the area)
( - ) ( + )

 Exhibits behavioral signs of 
estrus; or when female is in 

estrus, male responds 
appropriatelu (may include 

increased vocalizations, scent 
marking, pacing etc.) 

( - ) ( + )

Readily displaces conspecifics 
without threat or aggression

( - ) ( + )
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Animal SB#/Name ______________    Date______________

( + )Easy to work with this animal

( - )

COMMENTS:                                                                                                                    

( + )

( - )

( + )

Shifts readily ( - ) ( + )

Hides ( - ) ( + )

Fecal quality normal ( - )

Performs species-specific 
behaviors off exhibit (in holding if 

available)
( - ) ( + )

( - ) ( + )Interacts positively with Keepers

Interacts with Enrichment ( - ) ( + )

Aggressive to Keepers

( - ) ( + )

Performs species-specific 
behaviors on exhibit (i.e. scent 
marks, grooms, fishes, patrols, 

etc.)

Performs well during operant 
conditioning or training sessions ( - ) ( + )

0 Can't even feed, will strike out or slap food away when being offered by hand or feed stick and/or leaves food 
and will only eat when people are gone

1 Extreme aggression - aggressive vocalizations when standing near them while eating

2 Aggressive - some aggressive vocalizations and strikes out in anticipation

3 Mild aggression - at fence right away, more excited than aggressive

Aggression during 
feeding  (circle 

one)
4 No aggression

 ( - ) being NEVER and ( + ) being ALWAYS

( - ) ( + )Food motivated

Send all completed forms to: ATTN: Jilian Fazio Animal Programs, National Zoological Park PO BOX 37012 MRC 5507
Washington, DC 20013-7012

Behavioral Assessment
Your 
Name_____________________

Questions should be answered for the individuals when they are most active during the DAY

Please print out and place a hash mark i.e. ( - ) --------------I---------------------- ( + ) indicating the frequency of each behavior

Performs self-mutilating 
behavaiors (tail sucking, fur-

plucking etc.)
( - ) ( + )

Paces ( - ) ( + )
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