
ABSTRACT 

NUTTER, FELICIA BETH.  Evaluation of a Trap-Neuter-Return Management Program 
for Feral Cat Colonies: Population Dynamics, Home Ranges, and Potentially Zoonotic 
Diseases. (Under the direction of Michael K. Stoskopf and Jay F. Levine)   
 

With this research project I evaluated the effectiveness of trap-neuter-return 

management for feral cat colonies, and specifically examined the prevalence of selected 

infectious diseases, population dynamics, and home ranges for feral cats under different 

management strategies.   

I used an effective trapping method and captured 98% of the target cats with 8.9 

trap nights per cat.  Breeding female cats produced a mean of 1.4 litters per year, with a 

mean of 3 kittens per litter.  The majority of kittens (75%) died or disappeared by 6 

months of age, and trauma was the most common cause of death.  Pregnancies occurred 

throughout the year but peaked between March and May.  I showed that feral cats and pet 

domestic cats had similar baseline health status and fecal prevalences of infections with 

Cryptosporidium spp., Giardia spp. and Toxocara cati.  Feral cats had higher 

seroprevalences of Bartonella henselae and Toxoplasma gondii, and these findings are 

likely related to greater exposure of feral cats to the vectors or hosts of these organisms.   

Survival analysis of individual intact and neutered cats in 9 colonies showed that 

castrated male cats and ovariohysterectomized female cats live significantly longer than 

their breeding counterparts, or than vasectomized males.  Colonies managed by trap-

neuter-return were stable in composition and declining in size throughout the seven year 

follow-up period.  On average, breeding control colonies increased in size and had high 



turnover of cats, although one colony did experience a population crash followed by a 

rebound.  Immigration into both breeding and sterilized colonies was consistent but 

occurred at low levels.  One sterilized colony went extinct after 31 months of follow-up, 

and the several other colonies consisted of 5 or fewer cats after 7 years of follow-up.  The 

two most common outcomes for individual cats were disappearance from the colony or 

death, most often due to trauma.  Vasectomized male cats were more likely to be killed 

by vehicles than intact or castrated males. 

The home ranges of the managed feral cats were small, usually less than 1 

hectare, regardless of sex or reproductive status.  Vasectomized male cats had 

significantly larger home ranges than intact or castrated male cats, but the sizes of intact 

and castrated male cat home ranges were similar, as were the home ranges of intact and 

spayed female cats.  Vasectomized males moved significantly greater distances from the 

feeding sites than intact or castrated males, and spayed females moved farther than intact 

females though the difference for females may not be biologically important.  The larger 

home range size and greater distance moved from feeding sites for vasectomized male 

cats are likely related to their search for breeding females, since the females in their home 

colonies were spayed.   

Community-level stakeholder meetings were successful in fostering consensus 

among participants with different backgrounds, preferences and agendas, and the need for 

multiple feral cat management options to address a diversity of situations was recognized.   

I used the data generated during the monitoring phase of this project to set up and 

run a population viability analysis model with VORTEX 9.57 software.  I simulated the 

potential fates of intact breeding colonies subjected to various harvest levels and harvest 



intervals, and of sterilized colonies with different proportions of breeding adults.  The 

models suggested that harvesting breeding colonies every one or two years at very high 

levels can keep colonies small, but will not lead to long-term reduction in the numbers of 

cats because colonies can re-establish due to immigration.  The models of neutered 

colonies suggested that sterilization levels of at least 75% to 80% are necessary to cause 

population decline and eventual colony extinction, assuming that immigrant cats are also 

sterilized.  The mean estimated time to extinction of 12.8 years fits well with ongoing 

observations of steady decline in the colonies managed by trap-neuter-return.   

Overall, the trap-neuter-return strategy is effective and provides a viable option for feral 

cat management. 
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Chapter 1.  Introduction and review of feral cat management strategies. 

Felicia B. Nutter 
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Introduction and Literature Review 

Domestic cats (Felis catus) are currently the most common pet in the United 

States, with an estimated population in 2005 of 90.5 million owned cats (American Pet 

Products Manufacturers Association 2005).  Their popularity has also unfortunately 

resulted in a growing number of unwanted or unowned cats, and overpopulation is one of 

the most important feline welfare issues.  Euthanasia is the leading cause of death for 

companion animals in the United States , and though exact figures are unavailable, it’s 

estimated that between 4 and 9.5 million cats are euthanized annually in the United States 

as a result of traditional population control efforts, and that the majority of those animals 

are stray or feral (American Humane Association 1993; Johnson et al. 1994; Nassar et al. 

1992; Olson et al. 1991; Humane Society of the United States 2005).  Reliable estimates of 

feral cat numbers are not available and the task of developing accurate estimates is 

complicated by various interpretations and applications of the terms feral, stray, unowned, 

and free-roaming.  For the purposes of this document, feral is employed in a broad sense 

and reflects current popular usage to indicate cats that were formerly domestic, or that had 

domestic ancestors but that currently live wild, regardless of the sources of their food, 

water or shelter (Liberg & Sandell 1988; McKnight 1964; Slater 2002). 

Feline overpopulation and related feral cat issues are not limited to the United 

Sates, but are of global importance.  Cats have been intentionally or accidentally 

transported worldwide, to diverse environments ranging from deserts and Sub-Antarctic 

islands to urban centers, and is probably the most widely-distributed carnivore on the 

planet (Liberg et al. 2000).  The status of cats as popular pet contrasts sharply with their 

inclusion on the World Conservation Union’s list of 100 of the worst alien invasive 
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species (Lowe et al. 2004), and this dichotomy helps fuel controversy over feral cat 

management and control options.  Feral domestic cats can live individually or form social 

groups called colonies, which have been compared to prides formed by lions (the only 

other socially-living felid) (Natoli 1990).  Colonies tend to form around food sources, such 

as human refuse or provisions from volunteer colony caretakers (Liberg 1980; Macdonald 

et al. 1987; MacDonald et al. 2000).  These caretakers frequently develop positive 

relationships with the feral cats or consider them beneficial because of their perceived 

value in rodent and pest control.  Others consider feral cat colonies public nuisances 

because of noise, odor from urine spraying, predation on native wildlife and zoonotic 

health concerns.  Different perceptions give rise to different preferences for interventions, 

and debates can be particularly contentious where feral cats are most visible – when they 

form colonies around rich, stable food resources (Dards 1981; Gilson et al. 1987; Levy & 

Crawford 2004; Patronek 1998; Rees 1981; Slater 2002; Tabor 1981).  Available feral cat 

management methods can be broadly categorized as lethal and non-lethal, and are briefly 

reviewed below.   

 

Lethal Control  

Methods used for lethal control of feral cats include trapping, shooting, hunting 

with dogs, poisoning, and deliberate introduction of diseases such as feline panleukopenia.  

Traps used include snares, leg hold traps, kill traps, and live traps (with captured cats 

subsequently euthanized).  Hunting may be carried out by wildlife management 

authorities, pest control companies, or even sport hunters, and rifles, handguns, shotguns, 

bows and arrows, and clubs have been used as weapons.  Poisons employed include 
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cyanide, strychnine, anti-coagulants, chloropicrin, and sodium monofluroracetate.  The 

only disease agent that has been deliberately introduced is feline panleukopenia, though 

modeling has shown that FIV may theoretically be effective (Biodiveristy Group 

Environment Australia 1999; Bester et al. 2002; Burrows et al. 2003; Courchamp & 

Sugihara 1999; Nogales et al. 2004; Short et al. 1997).  All lethal control techniques can 

affect non-target cats (such as free-roaming pets) and other non-target species.  Feral cats 

cannot be differentiated from pet cats by appearance alone and, thus, hunters can 

accidentally kill pets.  Trap selectivity can be improved by using trap-set techniques that 

favor cats, and poison baits can be designed to be attractive and palatable to cats, but 

neither method can completely exclude non-target animals or species (Alterio 2000; 

Biodiversity Group Environment Australia 1999; Molsher 2001; Wickstrom et al. 1999). 

Lethal control methods, usually aimed at extermination, can be successful if 

repopulation of the target area by immigration cannot occur, as with feral cats on islands 

(Biodiversity Group Environment Australia 1999; Nogales et al. 2004).  Even in these 

situations, great effort over a protracted time is required to accomplish extinction (Bester 

et al. 2002; van Rensburg & Bester 1988; Winter 2004).  For example, in 1975 an 

estimated 2500 feral cats resided on Marion Island, a 290 km2 sub-Antarctic island off the 

southeast coast of South Africa.  Sixteen years later, after an intensive campaign involving 

a combination of trapping, hunting (with both guns and dogs), poisoning with sodium 

monofluoroacetate, and introduction of feline panleukopenia virus, feral cats were finally 

eradicated.  In total, when the years of preliminary planning are included, the 

extermination effort took nineteen years and the cost has not been reported (Bester et al. 

2002; van Aarde 1980; van Rensburg & Bester 1988; van Rensburg et al. 1987).  A recent 
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review reported that the majority of successful feral cat eradications (36 of 48, 75%) have 

been achieved on islands less than 5 km2 in size, with feral cat populations estimated at an 

average of 40 per site (estimates available for 32 of 36 sites reported, and range from 1 cat 

to “possibly hundreds”).  Most successful island eradication programs (18 of 31, 58%) 

have used a combination of lethal methods (Nogales et al. 2004).  Information on the 

methods applied were not reported for three islands, and feral cats on two islands 

disappeared for unknown reasons (Nogales et al. 2004). 

Though they can cause rapid depopulation, lethal control methods have rarely 

proven effective in the long-term at mainland sites and extermination on mainland areas is 

unrealistic.  The presence of human populations insures that an irresponsible proportion of 

pet cat owners will supply cats to reoccupy colony sites.  It can be difficult to reach all 

resident cats with any control method or combination of methods, leaving breeding cats to 

repopulate the area along with immigrant cats.  As long as food is available, either as 

uncontrolled rubbish or through intentional provisioning, cats will fill a void (Biodiversity 

Group Environment Australia 1999; Neville 1983; Passanisi & Macdonald 1990; Remfry 

1996; Tabor 1983; Veitch 2001; Zaunbrecher & Smith 1993). 

Protection of valuable resources like threatened and endangered wildlife in 

mainland habitats can be accomplished by targeted lethal interventions, alone or in 

combination with feral cat exclusion measures such as predator fences.  These endeavors 

are expensive, with an estimate of $18,000-$50,000 Australian dollars (in 1994) per 

kilometer reported for construction and maintenance of fox exclusion fences in Australia 

(Biodiversity Group Environment Australia 1999).  This is equivalent to $16,553-$45,924 

US dollars in 2005, after adjusting based on historical exchange rates for 1994 Australian 
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and US dollars (xe.com 2005) and the Consumer Price Index between 1994 and 2005 US 

dollars (Williamson 2004). 

Requirements for successful eradication programs for any species include the 

availability of sufficient resources to fund the eradication effort to its conclusion, 

prevention of reinvasion, and clear lines of authority to empower a single responsible 

authority (individual or organization) to take all necessary actions. (Myers et al. 2000)  

Feral cat eradications on islands have succeeded because these conditions can be met, 

usually because of conservation concerns for insular or endemic species on the islands.  

Lethal population control methods in mainland areas are short-term fixes, not long-term 

solutions, due to violations of these requirements (Biodiversity Group Environment 

Australia 1999; Slater 2002).  They are also less popular with the general public than non-

lethal options because of concerns for cat welfare (Ash 2001; Ash & Adams 2003; Levy & 

Crawford 2004; Slater 2002). 

 

Non-lethal Control  

A growing number of organizations and individuals prefer that non-lethal 

methods be used to control feral cat populations (Centonze & Levy 2002; Hughes et al. 

2002; Levy & Crawford 2004; Patronek 1998; Slater 2002).  A variety of non-lethal 

methods have been used, with varying success, as alternatives to lethal control.   

 Trap and removal:  Trapping and removal of feral cats is a natural alternative to 

trapping and euthanasia as a control method.  Sociable kittens or adult cats may be 

offered for adoption, with unadoptable animals transferred to a sanctuary or another sites 

willing to accept them, such as farms or barns.  Feral cats are usually sterilized surgically 
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after trapping and before adoption or transfer to another site (Levy & Crawford 2004; 

Slater 2002).  Evidence on the effectiveness and challenges of trapping and removal 

programs is largely anecdotal.   

The experience of the Chico Cat Coalition provides an example of both the 

successes and pitfalls of this option.  The Coalition formed in 1996 as a grass-roots 

effort to offer a non-lethal solution for fewer than 20 cats resident in Bidwell Park 

(Chico, California).  By 2003, 633 cats had been trapped, with the majority (77%) 

adopted and the remainder transferred to a sanctuary exclusively for Bidwell Park cats.  

Though fewer than 20 cats were initially present, publicity about the program led to 

unexpectedly high numbers of cats being abandoned at the park (Levy & Crawford 

2004).  Such a high adoption rate is improbable for truly feral cats, and it seems likely 

that many of the cats dumped at Bidwell Park were unwanted pets.  Although the 

program is considered a success because cats have been successfully removed and new 

cats are quickly detected and removed, it also illustrates the unfortunate reality of cat 

abandonment and the role it can play in the development of feral cat populations.  

Additional challenges for trap and removal programs are the limitations on available 

space - whether permanent homes, sites for relocation, or sanctuaries.  These issues 

make trap and removal programs impractical as sole alternatives to lethal feral cat 

control and unrealistic on a large scale.  There are already insufficient homes for the 

available pet cats, without adding potentially adoptable feral cats to the equation (Levy 

& Crawford 2004; Slater 2002).   

Fertility Control:  Fertility control has been investigated for the management of 

species from screw worms and fruit flies to brushtail possums, geese, rabbits, feral 
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horses, white-tailed deer, wolves, and foxes (Converse & Kennelly 1994; Garrott 1995; 

Kirkpatrick et al. 1990; Myers et al. 2000; Ramsey 2005; Saunders et al. 2002; Spence et 

al. 1999; Twigg et al. 2000).  It has also been used to mitigate negative impacts of 

predators on prey , such as coyotes predation on domestic lambs (Bromley & Gese 

2001b).  Preventing births is considered more humane and financially responsible than 

spending time and money to manage a larger problem at a later date (Oogjes 1997).  

Some methods of fertility control also hold the promise of being scaleable to large 

populations occupying large areas.   

Preventing reproduction within feral cat colonies is being explored as an 

alternative to euthanasia that, theoretically, allows populations to be eliminated by 

natural attrition.  Administration of the synthetic progestin oral contraceptives 

megesterol acetate and medroxyprogesterone acetate to female feral cats was 

investigated in Denmark and the United Kingdom in the 1970s.  These steroids prevent 

ovulation by inhibiting the feedback mechanisms of the hypothalamic-pituitary-gonadal 

axis.  These programs reduced the numbers of litters born, but were abandoned because 

of the numerous difficulties encountered, including empirical dosing based on estimated 

body weights, problems accurately identifying individuals and insuring the labor-

intensive weekly follow-up dosing, and pyometra in erratically treated animals 

(Kristensen 1980; McDonald 1980; Remfry 1978).  Progestins can also be administered 

as long-acting injections or impregnated silastic implants, but the necessity of capturing 

animals for initial and follow-up treatments negates any benefit over surgical 

sterilization. 
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Cabergoline, a prolactin inhibitor, is luteolytic and acts as an abortifaciant when 

administered during the second half of gestation.  It also causes regression of the 

mammary glands within 36-48 hours of administration, so that milk production stops.  It 

is technically a lethal method of population control, but is included here under fertility 

control.  Term pregnancy in a cat is typically 58-65 days (Seguin 1998) and daily oral 

administration of cabergoline in food has produced abortion in feral queens when given 

for at least 4 days between 36 and 41 days gestation, or early parturition when given 

thereafter.  Kittens that were born died quickly because they could not nurse.  Treatment 

before 30 days gestation was ineffective.  After single or multiple abortions, queens were 

subsequently able to carry term pregnancies with no apparent problems.  Effective 

control using cabergoline would require constant exposure of the entire population 

throughout the breeding season (in regular food or bait), and concerns about the money 

and personnel required, welfare issues related to starving kittens, and effects on non-

target species renders this approach generally impractical (Jochle & Jochle 1993).  Its 

utility is still being explored in Australia and New Zealand, where it does not appear to 

affect marsupials and could be used to cause abortion in a variety of introduced 

mammalian predators, including feral cats (Hearn et al. 1998; Marks et al. 2001).   

 Chemical sterilants for male cats, specifically sclerosing agents for injection into 

the testes and/or epididymides, have been investigated.  Intraepididymal injections of 

4.5% chlorhexidine in water were not completely effective at causing permanent 

sterility, though intratesticular or intraepididymal injections of neutralized zinc arginine 

were effective.  A commercial zinc arginine formulation, Neutersol®, has been approved 

by the FDA for use in puppies 3-10 months old, but is not yet available for cats 
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(Bloomberg 1996; Olson & Johnston 1993; Wang 2002).  Though less invasive than 

standard surgical castration or vasectomy, use of these chemical sterilants in male feral 

cats would still require trapping and heavy sedation or anesthesia, and may not be more 

time or cost effective than traditional surgery.   

Development of a vaccine for contraception could provide a valuable alternative 

to the presently available methods.  Immunocontraceptive techniques are being rapidly 

developed and diversified, and likely hold the most promise for widespread fertility 

control in feral cats.  Vaccines against reproductive proteins or tissues can target eggs, 

sperm, or other parts of the reproductive tract.  Zona pellucida, the matrix surrounding 

oocytes, eggs and embryos, is to date the most commonly targeted site for 

immunocontraception.  Immunization with zona pellucida (ZP) proteins can cause an 

immune response that results in temporary or permanent sterility, and ZP vaccines have 

been used in feral horses, white tailed deer, fallow dear, seals, and elephants, as well as a 

variety of captive, exotic species in zoos (Brown et al. 1997; Fayrer-Hosken et al. 2000; 

Kirkpatrick et al. 1993; Kirkpatrick et al. 1997; Kirkpatrick et al. 1996).  Porcine ZP 

(pZP), which is readily obtainable as a slaughterhouse by-product, has been used to 

formulate ZP vaccines, due to conservation of ZP epitopes and generally good cross-

reactivity among different species.  Unfortunately, even though pZP is immunogenic in 

the domestic cat, immunization with pZP does not reduce fertility because of unique 

regions of the feline ZP that are involved in sperm binding and fertilization (Pohajdak et 

al. 2004).  Felid-specific ZP proteins are currently being investigated as alternatives. 

(Gorman et al. 2002; Jewgenow et al. 2004; Jewgenow et al. 2000).   



 11

Gonadotropin releasing hormone (GnRH) is produced by the hypothalamus and 

initiates the cascade that results in gonadal regulation and gamete production in both 

males and females.  Blocking GnRH prevents ovulation and spermatogenesis, and 

prevents behaviors associated with reproduction, which in feral cats include commonly 

cited nuisance behaviors like fighting and caterwauling (Ross et al. 2004).  Because 

GnRH is not naturally immunogenic, the molecule must be altered to promote 

recognition as a foreign antigen.  This is commonly done by conjugating it to carrier 

molecules, such as large proteins, immunomodulating peptides, and lipids, and then 

mixing the conjugate with a variety of adjuvants for additional immunostimulation 

(Baker et al. 2004; Ferro et al. 2004; Ferro & Stimson 1998).  A variety of GnRH-based 

vaccines have been experimentally tested in male and female adult cats, as well as 

prepubescent kittens, causing atrophy of ovaries and testes, declines in testosterone and 

progesterone levels, and suppression of reproductive behaviors.  Responses to 

vaccination are still variable, with up to 1/3 of cats in some tests failing to respond even 

after booster vaccines. Nonetheless in some cases immunity lasts up to 2 years (Baker et 

al. 2004; Levy et al. 2004; Robbins 2004; Robbins et al. 2004; Ross et al. 2004).  Further 

vaccine refinement in experimental settings is necessary before field trials with feral cats 

can be conducted. 

Additional targets for immunocontraception under investigation include follicle 

stimulating hormone (FSH), leutinizing hormone (LH), sperm acrosomal membrane 

protein, lutropin (LH) receptor, and a variety of egg-associated proteins that regulate 

sperm binding (Coonrod 2002; Hao et al. 2004; Herr 2004; Saxena et al. 2003).  Besides 

specific concerns associated with each contraceptive vaccine, overall progress to date 
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has been restricted by the variability of the immune response after immunization, the 

ability to attain and maintain effective antibody titers, time lag to achieve effective 

antibody titers, and uncertainty regarding the duration of immunity.  An ideal vaccine 

would rapidly provide lifelong immunity after a single dose. 

If an effective immunocontraceptive is developed, the final hurdle to overcome 

will be a delivery system for feral cats.  While administration by injection is adequate for 

experimental purposes under laboratory conditions, it is not practical for feral animals.  

The delivery mechanism could be a bait or self-spreading vector such as a virus or 

bacteria.  Theoretical modeling has demonstrated the utility of these systems, and testing 

of eventually developed vaccines on island populations of feral cats has been proposed 

(Courchamp & Cornell 2000; Hood et al. 2000).  The delivery system should also be 

species-specific and environmentally benign (Tuyttens & Macdonald 1998; Tyndale-

Biscoe 1994).  Most work to date has focused on bacterial and viral vectors as potential 

delivery systems for orally available vaccines that could be formulated into bait or food.  

Vaccine strains of Salmonella, E. coli, vaccinia virus, and adenovirus have been 

considered and tested to some degree, but are not adequately species-specific for further 

development.  A vaccine-approved strain of feline herpesvirus is the current focus of 

research efforts, due to its narrower host range (Boyle 2004; Boyle et al. 2004; Han et al. 

2004), but the possibility of impacts on native felids remains.   

Until an effective, orally available, single-dose chemical or immunosterilant can 

be developed, surgical sterilization is more reliable and is considered the “gold standard” 

for feral cat fertility control.  It is also potentially a good choice for small populations of 

carnivores that can be trapped (Tuyttens & Macdonald 1998), and while national 
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numbers of feral cats are estimated to be large, individual aggregations of cats are 

generally small (Centonze & Levy 2002; Levy et al. 2003; Rees 1981; Zasloff & Hart 

1998).   

Programs to trap, neuter (spay and castrate) and return feral cats back to their 

original environments have been employed in Europe and the United Kingdom since the 

early 1970s and are increasing in popularity in the United States.  The concept behind 

such management is that neutered cats will no longer breed and will defend their 

territories and resources against potential immigrants.  Neutering also decreases the 

incidence of spraying, fighting and caterwauling, the behaviors of feral cats that most 

people find objectionable (de Boer 1977; Hart 1973; Passanisi & Macdonald 1990; 

Tabor 1981).  Limited studies, mostly anecdotal, suggest this approach may stabilize 

colony population and lead to reductions over time (Centonze & Levy 2002; Levy & 

Crawford 2004; Levy et al. 2003; Neville & Remfry 1984; Passanisi & Macdonald 1990; 

Tabor 1981; Zaunbrecher & Smith 1993).  Home ranges of male cats may shrink after 

neutering, and neutered males may have a higher turnover rate than neutered females, 

although the observations are again mostly anecdotal (Passanisi & Macdonald 1990; 

Rees 1981; Tabor 1989; Zaunbrecher & Smith 1993).  Sterilization by vasectomy in 

males and tubal ligation in females has been used in other vertebrate species, in an effort 

to minimize behavioral changes due to hormonal alterations in gonadectomized animals 

(Bromley & Gese 2001a; Ramsey 2005; Saunders et al. 2002; Spence et al. 1999; Twigg 

et al. 2000).   

As an alternative to castration in feral cats, is has been suggested that hormonally 

intact vasectomized males might better defend territory, prevent immigration by intact 
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males, and provide better colony stabilization, but the evidence available to date is not 

conclusive (Kendall 1979; Mahlow 1995; Mahlow & Slater 1996; Passanisi & 

Macdonald 1990; Tabor 1989). 

 

Project Overview 

I designed this project to comprehensively evaluate a feral cat trap-neuter-return 

program.  I initially studied nine feral cat colonies in Randloph County, North Carolina, 

under three different management strategies.  I sterilized three colonies by 

ovariohysterectomizing females and castrating males, to mimic a typical trap-neuter-

return program; I sterilized an additional three colonies by ovariohysterectomizing 

females and vasectomizing males, to compare the management impacts of the two 

different male neutering techniques; and I left the final three colonies as reproductively 

intact controls.  I collected blood and fecal samples for infectious disease testing, and 

censused colony and collected home range data for two years.  At that time I sterilized 

the control colonies by ovariohysterectomizing females and castrating males and 

enrolled two additional control colonies.  The eleven colonies were monitored 

intensively for another two years, and then sporadically thereafter for a maximum of 

seven years follow-up time.   

I described in Chapter Two the initial trapping and enrollment portion of the 

project, and report the time and financial costs of that effort.  I compared the prevalence 

of the potentially zoonotic pathogens Bartonella henselae, Toxoplasma gondii, 

Cryptosporidium, Giardia, and Toxocara in feral and pet domestic cats and presented 

those results in Chapter Three.  In Chapter Four I assessed feral cat fecundity and kitten 
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survival based on breeding females studied prospectively as part of my research, and on 

retrospective analysis of records from a high-volume trap-neuter-return program.  I used 

census methods with a staggered entry design to evaluate survival times cause-specific 

mortality, and immigration events for individual cats in colonies managed by the three 

different strategies, and reported those results in Chapter Five.  Chapter Six compares 

the home ranges of male and female cats among the management treatments.  I 

organized a series of feral cat stakeholder meetings in three counties, where stakeholders 

with different backgrounds and agendas worked together to reach agreements about feral 

cat management options, and acceptable circumstances under which different options 

could be chosen.  The experiences of and outputs from those meetings are presented in 

Chapter Seven.  Finally, I built and tested a simple population viability analysis model 

using VORTEX 9.57 software.  Data generated by my research were used to 

parameterize the model, which was then refined to represent intact breeding feral cat 

colonies periodically harvested at different levels, and neutered colonies with varying 

proportions of cats remaining intact.   

The results of my research provide important information to support sound feral 

cat management.  More meaningful comparisons of the pros and cons of trap-neuter-

return programs with other management options are now possible.  
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Introduction 

Trap, neuter, and release (TNR) programs have been used to manage colonies of 

feral cats in Europe and the United Kingdom since the early 1970s and are becoming 

increasingly popular in the United States (American Veterinary Medical Association 

1996; Johnson 1996; Kristensen 1980; Neville & Remfry 1984; Tabor 1981).  However, 

techniques for live trapping of feral cats have not been well described in the literature 

(Bester et al. 2000; Neville & Remfry 1984; Rees 1981; Zaunbrecher & Smith 1993), 

and although baits and olfactory attractants have been developed, they have not been 

combined with live-trapping attempts (Clapperton et al. 1994; Edwards et al. 1997; 

Risbey et al. 1997). 

Feral cats are naturally wary of unusual conditions in their environment, meaning 

that some feral cats may be reluctant to approach and enter traps, regardless of whether 

they contain bait or olfactory attractants.  In an attempt to overcome this problem, some 

groups have suggested that baited traps that have been rigged so their doors will not 

close be placed in the cats’ environment for several days prior to the initiation of any 

trapping program (Alley Cat Allies 2002; Operation Catnip 2002; Feral Cat Coalition 

2002), as it is thought that this will help to accustom the cats to the traps and increase the 

likelihood that they will be captured.  However, whether this has any effect on trapping 

efficiency is not known.  Furthermore, the costs of programs for trapping feral cats, 

beyond the initial costs of the traps themselves, have not been evaluated.  The study 

reported here, compares the time and financial costs of two alternative approaches to live 

trapping feral cats, initiating trapping immediately versus acclimating cats to the traps 

prior to trapping.  



 28

Materials and Methods 

Feral cat colonies 

The study involved 9 feral cat colonies in Randolph County, NC. Cats in the 9 

colonies were live trapped between May and August 1998 as part of a prospective study 

evaluating the effects of TNR programs on feral cat colonies.  Colonies were identified 

and referred to the investigators by the Randolph County Humane Society.  After initial 

contact was made with the caretakers, all colonies were visited at least twice and 

assessed for suitability for inclusion in the study.  Colonies were included in the study 

only if they had an established caretaker who provided food and water on a regular basis; 

cats in the colony had access to adequate shelter, such as a barn, storage shed, carport, 

basement, or crawl space; the colony consisted of at least 10 adult cats (ie, cats > 6 

months old), with at least 3 adult male cats; and the colony was located in a rural or 

suburban residential area at least 1 km from the nearest 4-lane road. 

 

Trapping protocols  

Live traps (Tomahawk live traps #207 and #608, Tomahawk Live Traps, 

Tomahawk, Wisconsin, USA) lined with clean newspaper and baited with canned 

mackerel (approx 0.8 oz/trap) were used to trap cats in the 9 colonies.  Cats were not fed 

their regular diet for 24 hours prior to the initiation of trapping efforts. For each colony, 

15 traps were set in a radial pattern around the colony’s normal feeding site with the trap 

doors opening towards the center and at least 2 feet between traps.  Traps were covered 

with a light-colored towel for camouflage and to darken the interior of the trap in the 

hopes that this would help calm cats after capture.  No special efforts were made to 
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descent traps because the colonies were all well acclimated to humans providing food.  

No trapping was conducted during inclement weather (ie, if precipitation was forecasted 

or if the temperature was expected to be < 0oC [32oF]).  

Traps were set at dusk and checked the following morning within one hour of 

sunrise.  Newspapers and leftover bait were removed from the traps, and the traps were 

closed.  At dusk, traps were again baited and set.  Trapping was continued in this manner 

for 5 consecutive nights.  After this time, the number of traps was reduced to 5, and 

trapping was continued until at least 90% of the cats in the colony had been captured or 

until no more than 1 cat remained untrapped. 

To determine whether allowing cats time to acclimate to the traps had an effect 

on trapping effort or efficiency, 5 colonies were randomly selected to have traps set out 

for 3 days prior to initiation of trapping.  Doors of the traps were tied open during these 

3 days so that cats could not be captured, and the regular diet provided by the caretakers 

was placed in the traps.  The traps were checked and newspapers and food were replaced 

daily. 

 

Statistical analyses 

Trapping effort was defined as the mean number of trap-nights per cat captured, 

and trapping efficiency was defined as the percentage of cats captured per colony.  The 

Wilcoxon rank sum test (Hollander & Wolfe 1973) was used to compare trapping effort 

and efficiency between colonies in which cats were allowed to acclimate to the traps 

before initiation of trapping and colonies that were not allowed an acclimation period.  

The Wilcoxon rank sum test was also used to compare trapping cats between colonies 
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that were allowed an acclimation period and those that were not. For all analyses, values 

of P ≤ 0.05 were considered significant.  

 

Results 

Trapping effort and efficiency 

Mean ± SD number of adult (ie, > 6 months old) cats per colony was 12.8 ± 5.5 

cats (range, 10 to 27 cats; mean number of cats for colonies given an acclimation period, 

13.4 ± 7.6 cats; mean number of cats for colonies not given an acclimation period, 12.0 ± 

0.8 cats).  Overall trapping effort during the initial 5 days of trapping was 6.0 ± 3.1 trap-

nights per cat captured, but trapping effort during the initial 5 days of trapping was not 

significantly different between colonies given an acclimation period (6.1 ± 3.3 trap-

nights per cat captured) and colonies not given an acclimation period (6.0 ± 3.3 trap-

nights per cat captured).  Mean overall trapping effort (ie, number of trap-nights until at 

least 90% of the cats in the colony had been captured or until no more than 1 cat 

remained untrapped) for the 9 colonies was 8.9 ± 3.9 trap-nights per cat captured.  

Overall trapping effort was not significantly different between colonies given an 

acclimation period (10.1 ± 3.8 trap-nights per cat captured) and colonies not given an 

acclimation period (7.4 ± 4.1 trap-nights per cat captured).  For all 9 colonies, mean 

trapping efficiency during the initial 5 days of trapping was 87.2 ± 10.6%, and overall 

trapping efficiency was 98.0 ± 4.0%.  Trapping efficiency during the initial 5 days of 

trapping (87.0 ± 8.4% and 87.5 ± 14.4%, respectively) and overall trapping efficiency 
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(95.8 ± 5.8% and 96.8 ± 4.9%, respectively) were not significantly different between 

colonies that were provided an acclimation period and colonies that were not.  

 

Trapping costs 

Newspapers used to line the traps were obtained at no cost from a recycling 

center.  A single 16-ounce can of mackerel was found to be sufficient to bait 20 traps; 

therefore, bait cost was calculated to be $0.06/trap-night.  One person working alone was 

able to set the 15 traps at each colony in approximately 1 hour and 15 minutes, including 

time spent loading and unloading the traps from a transport vehicle, for a time of 5 

min/trap.  On the basis of the 1998 salary of $7.30/h earned by trap-setters for Randolph 

County Animal Control, labor cost was calculated to be $9.16, or $0.61/trap, for the 

initial trap setting.  Thereafter, checking the traps each morning, removing newspapers 

and leftover bait, and closing the traps and returning in the evening to bait and set traps 

required 45 minutes.  Thus, the labor cost to monitor traps was calculated to be 

$5.50/night, or $0.37/trap/night.  After the initial 5 nights, when the number of traps set 

was reduced to 5 per night, the labor cost to monitor traps was calculated to be 

$1.83/night ($0.37/trap/night).  The labor cost for the 3-day acclimation period was 

calculated to be $15.50/colony; no additional cost for bait was incurred, as cats were fed 

the regular diet provided by the caretakers. 

Mean ± SD total trapping cost (bait cost plus labor cost) per cat for colonies 

given an acclimation period ($6.57 ± $1.00) was significantly higher than mean total 

trapping cost per cat for colonies not given an acclimation period ($3.43 ± $1.74).  
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Similarly, mean total trapping cost per colony for colonies given an acclimation period 

($70.77 ± $11.75) was significantly higher than mean total trapping cost per colony for 

colonies not given an acclimation period ($37.79 ± $19.66). 

 

Discussion 

Results of the present study suggest that the live-trapping protocols that were 

used were effective, in that in the present study mean overall trapping efficiency was 

98% with mean overall trapping effort being 8.9 trap-nights per cat.  The success of 

trapping in these colonies could in part be attributable to the regular feeding schedules 

and locations maintained by the colony caretakers.  During preliminary visits to the 

colonies prior to the study, we observed that cats gathered at the feeding sites in 

anticipation of food delivery.  It was possible to see most, if not all, resident cats at these 

times.  

Feeding cats their regular diets in the traps for three days prior to the initiation of 

trapping did not have a significant effect on trapping effort or efficiency in the present 

study, but was associated with significant increases in trapping costs.  However, cats in 

the present study were used to being visited regularly by their caretakers.  Thus, whether 

providing an acclimation period would be beneficial for colonies not used to regular 

human contact or for particularly trap-shy cats could not be determined in the present 

study.  

Although the capture of all cats in any given colony is the goal of a TNR 

program, some cats can be expected to evade capture, and their effect on the success of 
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such programs must be evaluated. In the present study, trapping was continued until at 

least 90% of the adult (ie, > 6 months old) cats in a colony were captured or no more 

than 1 adult cat remained untrapped.  Additional methods can be used to catch 

stragglers, but require experience (eg, net capture) or the participation of a veterinarian 

(eg use of sedative-laced food).  Setting the traps used in the present study was 

straightforward and could have been accomplished by lay volunteers and colony 

caretakers following minimal instruction. 

The purchase of traps represents one of the major start-up costs for TNR 

programs.  Traps used in the present study cost $58.54 or $69.75 each, with volume 

discounts available from the company.  They performed reliably, did not cause injury to 

the cats, and were easy to clean.  Also, they are expected to have a long functional 

lifespan (≥ 10 years) if properly maintained.  

Trapping costs in the present study were specific to these colonies, and costs for 

trapping other feral cat colonies will vary depending on the traps and bait used and the 

particular trapping protocol.  Nevertheless, results of the present study can be used as 

general guidelines when calculating the costs of a TNR program.  
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Introduction 

The number of feral cats in the United States is difficult to estimate accurately, 

but the overall population is widely considered to be growing.  A major concern 

expressed about feral cats, especially those resident in groups near human habitation, is 

that they might serve as a reservoir for infectious agents that can be transmitted to 

humans (Gross et al. 1996; Hughes 1993; Johnson et al. 1994; Yamaguchi et al. 1996; 

Zaunbrecher & Smith 1993).  Indeed, several zoonotic agents, including Bartonella 

henselae, Toxoplasma gondii, Cryptosporidium spp, Giardia spp, and Toxocara cati, 

have been associated with feral cat populations (August & Chase 1988; Yamaguchi et al. 

1996).  However, it is difficult to put the potential health risk that feral cats pose into 

perspective without comparing the health status of feral cats with that of pet domestic 

cats.  The purpose of the study reported here, therefore, was to compare seroprevalences 

of antibodies against B. henselae and T. gondii and fecal shedding rates of 

Cryptosporidium spp, Giardia spp, and T. cati in feral and pet domestic cats.  

 

Materials and Methods 

Cats 

One hundred feral cats (47 females and 53 males) and 76 healthy pet cats (39 

females and 37 males) were included in the study.  The study was conducted in 

conjunction with a project examining the population dynamics of managed feral cat 

colonies in Randolph County, NC.  Feral cats were humanely live-trapped in box-type 

traps and anesthetized with an IM injection of ketamine, tiletamine, zolazepam, and 

xylazine.  Once cats were anesthetized, a complete physical examination was performed, 
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and blood and fecal samples were collected.  Cats were then vaccinated against 

rhinotracheitis, panleukopenia, calicivirus infection, FeLV infection, and rabies and 

treated with ivermectin.  Only those cats considered to be at least 6 months old on the 

basis of eruption of the full permanent dentition were included in the study.  Feral cats 

were included in the study on the basis of age and capture with no consideration for state 

of health at the time of trapping.  Traps were thoroughly cleaned between captures by 

scrubbing with a detergent solution to remove all organic debris and then spraying with 

10% bleach solution.  Traps were allowed to stand for at least 15 minutes after being 

sprayed with the bleach solution and were then rinsed with a high-pressure hose. 

Pet cats were enrolled in the study during the same period that trapping of feral 

cats occurred.  Owners bringing domestic cats to the Asheboro Animal Hospital in 

Asheboro, NC, for routine preventative medical examinations or elective surgical 

procedures were solicited to participate in the study.  Cats were manually restrained or 

anesthetized for collection of blood and fecal samples, depending on the reason for 

clinical evaluation.  Demographic information on the cats was collected through a 

questionnaire completed by the owners.  

 

Sample collection 

Blood samples were collected from all 100 feral cats and all 76 pet cats by means 

of jugular or saphenous venipuncture.  Samples were divided between plain glass and 

EDTA-containing collection tubes.  Samples in plain glass tubes were allowed to clot, 

and serum was obtained.  Serum samples were frozen at –70oC until analyzed. Samples 

anticoagulated with EDTA were used for determination of CBCs; samples that were not 
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processed within 1 hour after collection were refrigerated until they could be processed. 

For feral cats, all CBCs were completed within 6 hours after sample collection.  For pet 

cats, all CBCs were completed within 24 hours after sample collection.  

Fecal samples were collected from 87 feral cats (39 females and 48 males) and 

66 pet cats (31 females and 35 males). For the feral cats, fecal samples were obtained 

directly from the trap or by means of digital rectal examination.  For the pet cats, fecal 

samples were provided by the owner or obtained by means of digital rectal examination.  

Fecal samples were placed in neutral-buffered 10% formalin within 24 hours after 

collection and were held at room temperature until analyzed. 

 

Testing procedures 

Serologic testing for antibodies against B. henselae was performed as described 

(Kordick & Breitschwerdt 1997); cats with an antibody titer ≥ 1:64 were considered 

seroreactive.  Frozen serum samples were sent to the USDA Animal Parasitic Disease 

Laboratory for testing for antibodies against T. gondii.  A modified agglutination test for 

IgG (sensitivity, 83%; specificity, 90%) was used (Dubey & Desmonts 1987); cats with 

an antibody titer ≥ 1:25 were considered seropositive.  Blood or serum was tested for 

FeLV p27 core antigen and FIV antibody with a commercially available diagnostic test 

kit (SNAP, Idexx, Portland, Maine, USA); all samples were tested according to the 

manufacturer’s directions.  

Fecal samples were concentrated by means of formalin–ethyl acetate 

sedimentation.  Concentrated samples were tested for Cryptosporidium spp and Giardia 
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spp with a commercially available indirect fluorescent antibody test (Merifluor, 

Meridian Diagnostics, Cincinnati, Ohio, USA), according to the manufacturer’s 

instructions.  Concentrated fecal samples were also examined microscopically for T. cati 

ova. 

Complete blood counts were performed with an automated hematology machine 

(Baker System 9110+, BioChem ImmunoSystems, Allentown, Pennsylvania, USA) and 

differential cell counts were performed manually on stained blood smears (Diff-Quik, 

Dade-Behring Inc, Deerfield, Illinois, USA).  Serum biochemical panels, including 

determination of alanine transferase, alkaline phosphatase, and amylase activities and 

albumin, calcium, cholesterol, creatinine, globulin, glucose, potassium, total bilirubin, 

total protein, and urea nitrogen concentrations, were performed with an automated 

chemistry analyzer (VetScan Diagnostic Profile Plus, Abaxis Inc, Union City, 

California, USA). 

 

Statistical analyses 

Results of CBCs and serum biochemical analyses, seroprevalences of antibodies 

against B. henselae and T. gondii, and fecal prevalences of Cryptosporidium spp, 

Giardia spp, and T. cati were compared between feral and pet cats.  The χ2 or Fisher 

exact test was used for dichotomous data, and the Mann-Whitney U or Kruskal-Wallis 

test was used for continuous data.  For all analyses, standard statistical software 

(StatView 5, SAS Institute Inc, Cary, North Carolina, USA) was used; values of P ≤ 

0.05 were considered significant. 



 41

Results 

According to their owners, most pet cats had originally been obtained as strays 

(42/76 [55%]) or from shelters (8 [11%]), with smaller proportions having originally 

been obtained from a friend, neighbor, veterinarian, or classified advertisement (10 

[13%]); as a gift (5 [7%]); or from a breeder or pet shop (1 [1%]). Owners of 10 (13%) 

pet cats did not specify the original source of the cat.  Owners of 36 of 76 (47%) pet cats 

indicated that their cats spent at least part of their time outdoors.  Median age of the pet 

cats was 4 years (range, 3 months to 19 years), with 23 (30%) of the pet cats being ≤ 2 

years old, and 39 (51%) being < 6 years old.  Owners of 32 (42%) pet cats reported 

giving their cats an enteric parasiticide at least once a year.  

For both the feral and pet cats, results of hematologic and serum biochemical 

analyses were generally within ranges expected for healthy domestic cats (Aiello & 

Mays 1998).  Values for feral cats were not significantly different from values for pet 

cats, except that median PCV was significantly lower for feral cats (31%) than for pet 

cats (38%) and median neutrophil count was significantly higher for feral cats (11,500 

cells/µL) than for pet cats (7,800 cells/µL). 

Percentages of feral and pet cats with positive FeLV and FIV assay results were 

low (Table 1), and there were not enough cats with positive results to permit evaluation 

of whether either organism was associated with co-infection with other organisms. 

Percentages of feral cats seropositive for antibodies against B. henselae and T. gondii 

were significantly higher than percentages of pet cats, with median titers for feral cats 

(median titer of antibodies against B. henselae, 1:128; median titer of antibodies against 
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T. gondii, 1:50; Figure 1) significantly higher than median titers for pet cats (median titer 

of antibodies against B. henselae, 1:64; median titer of antibodies against T. gondii, 0).  

Percentages of feral cats with Cryptosporidium spp, Giardia spp, or T. cati ova in their 

feces were not significantly different from percentages of pet cats found to have these 

organisms in their feces.  

For the pet cats, serum titers of antibodies against B. henselae were significantly 

(P < 0.001) higher in younger than in older cats; however, titers were not significantly (P 

= 0.958) associated with whether cats had outdoor access.  Seroprevalence of antibodies 

against T. gondii was significantly (P = 0.009) higher in older than in younger pet cats; 

however, the actual specific value of the titer did not vary significantly (P = 0.08) with 

age.  Seroprevalence of antibodies against T. gondii was significantly (P= 0.04) higher in 

pet cats with outdoor access than in pet cats without outdoor access.  Among pet cats, 

prevalence of T. cati infection was significantly associated with outdoor access and age, 

with prevalence being higher in pet cats with outdoor access (P = 0.03) and in younger 

cats (P = 0.005).  Although a cursory examination of the data would suggest that pet cats 

with outdoor access have a higher prevalence of Giardia spp. and that younger cats 

might have a higher prevalence Cryptosporidium spp., these relationships were not 

found to be statistically significant at the 95% confidence level.  Prevalence of T. cati 

infection was not significantly associated with whether cats received anthelminthic 

treatment. 
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Discussion 

Feral cats included in the present study were from a limited geographic area in a 

rural county in North Carolina, and pet cats were drawn from a single clinic in the same 

county.  Overall, our results suggest that these feral and pet domestic cats had similar 

baseline health status, as reflected by results of hematologic and serum biochemical 

testing and similar prevalences of infection with FeLV, FIV, Cryptosporidium spp, 

Giardia spp, and T. cati.  Feral cats did have higher seroprevalences of antibodies 

against B. henselae and T. gondii than did pet cats, but this likely was related to greater 

exposure to vectors of these organisms.  Our results, therefore, conflict with the common 

portrayal of feral cats as disease ridden and in poor health and suggest that the health 

risk to humans through association with feral cats should be expected to vary with the 

environment (eg, temperature, humidity, and wildlife density) and management 

protocols the cats experience. 

Infection with FeLV and FIV was evaluated as a possible contributing factor to 

the presence of other infectious diseases in this study, but the overall prevalences of the 

retroviral infections were too low to permit proper evaluation of possible associations 

with co-infection.  The low prevalences in our study are consistent with recent findings 

in a large free-roaming cat population from Gainesville, FL, and other studies published 

studies (Childs et al. 1994; Gurfield et al. 2001; Jameson et al. 1995; Koehler et al. 

1994). 

Domestic cats are considered the major reservoir for Bartonella henselae, and 

infection in cats in the United States is widespread and common (Breitschwerdt & 

Kordick 2000; Chomel et al. 1995; Jameson et al. 1995; Koehler et al. 1994).  
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Approximately half of cats seropositive for antibodies against B. henselae are also 

bacteremic (Chomel et al. 1995; Chomel et al. 2002; Gurfield et al. 2001).  As in the 

present study, previous studies (Allenberger et al. 1995; Baneth et al. 1996; Childs et al. 

1994; Chomel et al. 1995; Gurfield et al. 2001) have also documented higher 

seroprevalences in feral, stray, and shelter cats than in pet cats.  Fleas (Chomel et al. 

1996; Foil et al. 1998) and, to a lesser extent, ticks (Breitschwerdt & Kordick 2000) are 

implicated in the transmission of B. henselae, and both seropositivity and bacteremia are 

associated with flea infestation (Chomel et al. 1995; Gurfield et al. 2001; Maruyama et 

al. 2003).  There is also a significant association between age, seropositivity, and 

bacteremia, with cats < 1 year old more commonly infected (Childs et al. 1994; Chomel 

et al. 1995; Koehler et al. 1994), as was the case for pet cats in the present study.  

Although feral cats included in the present study were from managed colonies, they did 

not receive any ectoparasite control.  In addition, feral cats were judged to be between 6 

months and approximately 2 years old, whereas pet cats had a median age of 4 years.  

Thus, it is possible that the higher seroprevalence of antibodies against B. henselae in 

feral cats in the present study could at least partly be explained by the younger age and 

greater exposure to fleas and ticks for feral cats, compared with pet cats. 

The seroprevalence of antibodies against T. gondii and the median antibody titer 

were significantly higher in feral cats than in pet cats in the present study.  This is 

consistent with the assumed greater opportunity for feral cats to prey on intermediate 

hosts or become infected through contaminated soil or water. A higher seroprevalence in 

feral versus pet cats has been reported previously (Dubey 1994; Dubey et al. 2002; 

Dubey et al. 1995), although some studies (DeFeo et al. 2002; Smielewska-Los & Pacon 
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2002) have found no difference in seroprevalence between the 2 populations.  In the 

present study, pet cats with outdoor access had a higher seroprevalence than did those 

without outdoor access, against consistent with greater potential exposure to infective 

prey and contaminated soil and water.  Thus, specific life history parameters should be 

considered as more important risk factors for T. gondii infection than broad 

categorization of domestic cats as feral or pet. 

The overall prevalence of Cryptosporidium spp. in feces from cats in the present 

study was 6.5% and did not differ between feral and pet cats.  This is consistent with 

findings from previous studies (Mtambo et al. 1991; Spain et al. 2001), which reported 

prevalences ranging from 3.8% to 8.1%.  One of these studies (Mtambo et al. 1991) also 

found no difference between feral and pet cat populations.  Prevalence was not 

significantly higher among pet cats with outdoor access than among pet cats without 

outdoor access in the present study; however, the P value (0.06) was close to the cutoff 

for significance, and it is likely that the small sample size and low prevalence limited the 

power of this comparison.  Because the diagnostic test used in this study has been shown 

to react with Cryptosporidium parvum and Cryptosporidium felis, it is not known which 

Cryptosporidium species was detected. Furthermore, it is difficult to speculate about the 

potential role of cats as reservoirs for human infection (Caccio et al. 2002), as cross-

infection studies have produced conflicting results.  The recent recognition of the 2 

genotypes of C. parvum and the identification of C. felis as a distinct species raise the 

possibility that investigators have been working with different genotypes or species 

(Asahi et al. 1991; Mtambo et al. 1996).  Dog ownership, not cat ownership, has been 

recognized as a risk factor for Cryptosporidium infection in HIV-positive people, but it 
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is still sensible to consider cats and particularly kittens as a possible reservoir for human 

Cryptosporidium infection (Glaser et al. 1998). 

The overall prevalence of Giardia spp in feces from cats in the present study was 

5.2% and did not differ between feral and pet cats.  Given the current knowledge about 

Giardia duodenalis host range and cross-transmission and that the prevalences of 

infections in humans and domestic cats in the United States are similar, typically ranging 

between 2.4% and 7.3%, it is unclear whether cats are reservoirs for human infection or 

vice versa (Adam 1991; Hill et al. 2000; Kappus et al. 1994; Spain et al. 2001).  As with 

Cryptosporidium spp, it is reasonable to consider cats as potential sources for human 

infection.  This is particularly prudent in that a recent study (McGlade et al. 2003) found 

32 of 40 (80%) of cats positive for G. duodenalis by use of a polymerase chain reaction 

assay, suggesting that for many cats tested by means of microscopy and staining 

techniques, results might be falsely negative because of low numbers of cysts in the 

sample.  

The overall prevalence of T. cati in feces from cats in the present study was 

19.6% and did not differ between feral and pet cats.  This is consistent with recent 

reports (Hill et al. 2000; Spain et al. 2001) in which prevalence ranged between 3.9% 

and 32.7% for cats in the United States.  The association between outdoor access and 

prevalence among pet cats in the present study likely was related to a greater exposure to 

contaminated soils or paratenic hosts.  Both feral and pet cats can be sources of human 

infection through contamination of the environment with T. cati ova, which can survive 

for months to years depending on climatic conditions (Luria et al. 2004). 
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Regional differences in the prevalences of diseases in feral cats have been 

reported (Luria et al. 2004).  Thus, it is important to include appropriate control 

populations of pet animals when collecting data to assess the zoonotic risk posed by feral 

or wild carnivores.  Simply reporting the prevalence in feral cat populations could 

potentially erroneously inflate the implied risk of exposure to zoonotic organisms posed 

by feral cats and inappropriately affect policy decisions made regarding feral cat 

management and control. 
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Table 1.  Prevalence of infection with or exposure to various retroviral, bacterial, and 
protozoal organisms in feral and pet domestic cats from a rural county in North Carolina.  
Data are given as No. positive/No. tested (%).  *Significantly (P < 0.05) different from 
percentage of feral cats. 
 

 
Organism Feral cats Pet cats
FIV 5/100 (5%) 3/76 (4%)
FeLV 4/100 (4%) 1/76 (1%)
Bartonella henselae 93/100 (93%)* 57/76 (75%)
Toxoplasma gondii 63/100 (63%)* 26/76 (34%)
Cryptosporidium  spp. 6/87 (7%) 4/66 (6%)
Giardia  spp. 5/87 (6%) 3/66 (5%)
Toxocara cati 18/87 (21%) 12/66 (18%)  
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Figure 1.  Serum titers of antibodies against Bartonella henselae and Toxoplasma gondii 
among 100 feral and 76 pet domestic cats from a rural county in North Carolina.  
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Introduction 

The size of the free-roaming cat population in the United States is unknown, but 

overpopulation of free-roaming cats is considered to be an important problem because of 

concerns about animal welfare, wildlife predation, and zoonotic disease transmission 

(Patronek 1998).  Methods for controlling populations of free-roaming cats are 

controversial, in large part because of a lack of the data needed to assess the various 

options (Mahlow & Slater 1996; Patronek 1998; Slater 2002).   Domestic cats are 

considered to be prolific breeders, with females capable of bearing their first litter before 

1 year of age and able to have multiple litters each year thereafter (Deag et al. 2000; 

Liberg 1981).  However, estimates of the reproductive capacity of female cats and the 

consequences of unabated reproduction are often extrapolated beyond scientific 

reliability, as they typically fail to use realistic litter sizes or ignore kitten mortality rates 

(Luoma 1997; Olson & Johnston 1993).  The purpose of the study reported here was to 

determine reproductive parameters of naturally breeding free-roaming cats.  For 

purposes of the present study, free-roaming cats were considered to be cats that were not 

confined when outdoors. Feral cats were considered to be a subset of free-roaming cats. 

 

Materials and Methods 

Data for the study were collected from 2 sources.  Between May 1998 and 

October 2000, data were collected on 71 sexually intact female cats in 9 managed feral 

cat colonies in Randolph County, NC.  The cats were being monitored to assess the 

impact of a trap-neuter-return (TNR) program on feral cat colony population dynamics.  

As each colony was enrolled in the population dynamics study, all cats in the colony 



 56

were captured, and pregnancy, lactation, and estrus status of the female cats were 

determined.  Colonies were included in the study only if they had an established 

caretaker who provided food and water on a regular basis and either owned the land on 

which the colony resided or had the permission of the landowner to tend to the cats; cats 

in the colony had access to adequate shelter, such as a barn, storage shed, carport, 

basement, or crawl space; the colony consisted of at least 10 adult cats (ie, cats > 6 

months old), with at least 3 adult male cats; the colony was located in a rural or suburban 

residential area at least 1 km from the nearest 4-lane road; and the colony caretaker 

agreed to random assignment of the colony to a treatment group (control vs surgical 

sterilization), ear-tipping of all cats for permanent identification, and regular visits to the 

colony by the investigators for data collection.  At the time of inclusion in the study, cats 

in the colony were live trapped and anesthetized with an IM injection of ketamine, 

tiletamine, zolazepam, and xylazine (Williams et al. 2002).  Female cats in 6 colonies (n 

= 44) were surgically neutered.  Female cats in the remaining 3 colonies (n = 27) 

remained intact.  All cats in all colonies were vaccinated against rhinotracheitis, 

panleukopenia, calicivirus infection, FeLV infection, and rabies and treated with 

ivermectin.  Food and water were provided daily.  Cats were returned to their colony 

sites and monitored for a 2-year follow-up period.  During that time, census data were 

collected on the colonies at least twice weekly by the caretakers or the principal 

investigator.  Data collected included parity, birth dates, litter sizes, and outcome of 

kittens.  Parity was estimated on the basis of whether the caretaker had observed the cat 

to have been pregnant, lactating, or caring for a litter previously and reproductive status 

of the cat at the time of enrollment in the study.  Kittens that survived to 6 months of age 
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were trapped and enrolled in the population dynamics study, but were not enrolled in the 

present study.  Litter size data were collected on 61 litters produced by the 27 control 

females during the 2-year study period.  Data were available on time of birth for all 61 

litters, on litter-specific mortality rates for 59 litters, and on litter size for 50 litters.  All 

cats were trapped, neutered, and vaccinated at the end of the population dynamics study 

and again returned to their colony sites.  

Data were also collected on a convenience sample of 2,332 free-roaming female 

cats trapped and brought by their caretakers to a monthly TNR clinic in Raleigh, NC, 

(Operation Catnip Inc, Raleigh, North Carolina, USA) between February 1996 and 

December 2001.  Information on living conditions of these cats was not available; 

however, data on pregnancy status (ie, identification of embryos or fetuses visible 

without magnification), number of fetuses per pregnancy, lactation status (ie, ability to 

express milk from teats), and estrus status (ie, ovarian follicle development and uterine 

status) were collected by veterinary technicians and assistants at the time of neutering 

and recorded on a standardized recording sheet.  Pregnancy status was recorded for 

2,281 of the 2,332 cats, and 608 cats were confirmed to be pregnant on the basis of 

identification of embryos or fetuses in the uterus.  Fetus counts were recorded for 317 of 

the 608 pregnancies.  Lactation status was recorded for 2,205 cats, and estrus status was 

recorded for 2,227.  

Data from the population dynamics study were used to determine litter sizes for 

live births, litters per year, kitten survival rate, and causes of death for kittens that died.  

Descriptive statistics were calculated, and associations between parity, litter size, kitten 

survival rate, and litter order (first, second, or third per year) were assessed with z tests. 
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Commercial software (StatView 5, SAS Institute Inc, Cary, North Carolina, USA) was 

used for all calculations; values of P < 0.05 were considered significant.  Distributions of 

fetus counts and litter sizes from live births were significantly different (P = 0.008; 

Kolmogorov-Smirnov test), thus analyses were performed separately for each.  Fetus 

counts and litter size were compared with the Mann Whitney U test.  Distributions of 

pregnancy, lactation, and estrus status were not significantly different between cats in 

the population dynamics study and cats examined in the TNR program.  Therefore, data 

were pooled for further analysis.  

Survival time for 169 kittens was evaluated by means of the Kaplan-Meier 

product-limit estimate of the survivor function (Lee & Wang 2003).  Observations were 

right-censored at the end of the 6 months (180 days).  Survival times were compared by 

parity of the queen, litter size, and litter order with the Peto and Peto generalized 

Wilcoxon test for k samples with censored data (Dexter et al. 2004); values of P < 0.05 

were considered significant.  

 

Results  

Six hundred twenty-five cats in the study (608 in the TNR program and 17 in the 

population dynamics study) were pregnant.  Pregnancies were observed in all months of 

the year, but the percentage of cats found to be pregnant was highest in March, April, 

and May (Figure 1) and lowest in November.  Distributions of the percentages of cats in 

estrus and the percentages of cats lactating had similar patterns, with the peak in 

percentages of cats in estrus preceding the peak in percentage of cats found to be 

pregnant and the peak in percentage of cats lactating following.  Overall, 149 of 2,276 
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cats (131/2,205 cats in the TNR program and 18/71 cats in the population dynamics 

study) were reported to be lactating, and 295 of 2,298 cats (277/2,227 cats in the TNR 

program and 18/71 cats in the population dynamics study) were in estrus.  

Information on fetus count was available for 317 cats in the TNR program and 17 

cats in the population dynamics study (1,401 total fetuses), and information on litter size 

was available for 50 litters produced by cats in the population dynamics study (171 total 

kittens).  Fetus count (median, 4; interquartile range [25th to 75th percentile], 2 to 6; 

range, 1 to 10) was significantly (P < 0.001) higher than litter size (median, 3; 

interquartile range, 2 to 4; range, 1 to 6).  Cats in the population dynamics study 

produced a mean of 1.4 litters/y, with a maximum of 3 litters per year.  

Survival data were available for 169 kittens.  Overall, 127 of the 169 (75%) of 

the kittens died (n = 87) or disappeared (40) before 6 months of age.  Median litter-

specific mortality rate was 75%  (interquartile range, 20% to 100%; range, 0% to 100%).  

Kitten mortality was not significantly associated with maternal parity (P = 0.19), litter 

size (P = 0.10), or litter order (P = 0.38).  Eighty-one of the 169 (48%) kittens died or 

disappeared before they were 100 days old (Figure 2).  Median survival time was 113 

days (10th to 90th percentile range, 24 to 180 days).  Survival time was not significantly 

associated with maternal parity (P = 0.12), litter size (P = 0.11), or litter order (P = 

0.58).  Causes of death were determined for 41 of the 87 (47%) kittens reported to have 

died.  Thirty-seven of the 41 (90%) died as a result of trauma, with attacks by stray and 

owned dogs (18) and motor vehicle accident (10) being the most common types of 

trauma.  Other types of trauma that resulted in more than one death included falls from 

hay lofts (n = 2), being stepped on by horses or people (3), and a suspected episode of 



 60

infanticide (3).  Cause of death was not be determined for 46 of the 87 (53%) kittens 

reported to have died, but many reportedly had signs of disease, including upper 

respiratory tract disease and diarrhea, prior to death.  
For 10 female kittens born into control feral cat colonies, ages at which they 

produced their first litters were recorded.  Median age at first parity was 10.5 months 

(interquartile range, 8 to 12 months; range, 6 to 15 months).  

 

Discussion 

Results of the present study reinforce concerns about the high reproductive 

capability of free-roaming domestic cats.  Although cats are considered to be seasonally 

polyestrous with a defined anestrus period associated with day length (Hurni 1981; Scott 

& Lloyd-Jacobs 1959) pregnant cats were identified during all months of the year in the 

present study, and similar findings have been reported previously (Prescott 1973).  

However, only 15 pregnancies were identified outside the spring and summer breeding 

season during the 6 years of the present study. This would support a hypothesis that 

seasonal births are dependent on optimal environmental conditions (Deag et al. 2000).  

In the present study, pregnancies peaked during the spring and late summer, 

which is consistent with reported patterns in Florida (Scott et al. 2002), Australia (Jones 

& Coman 1982), and South Africa (van Aarde 1978).  Estrus and lactation followed 

similar seasonal patterns, with estrus peaking prior to the peak in pregnancies, and 

lactation peaking after the peak in pregnancies, as expected.  Estrus and lactation were 

lower than would be expected given the reported pregnancies, most likely because of the 

difficulty of identifying estrus and lactation, compared with identifying pregnancy.  
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Also, estrus lasts a shorter time than either pregnancy or lactation, which would add to a 

bias for detecting pregnancy during monthly TNR clinics.  

Reported values for mean litter sizes for free-roaming, laboratory-raised, and 

cattery cats vary from 2.1 to 5 kittens per litter, with ranges from 1 to 10 kittens per litter 

having been reported (Ekstrand & Linde-Forsberg 1994; Kane et al. 1990; Lawler & 

Monti 1984; Mirmovitch 1995; Povey 1978; Prescott 1973; Robinson & Cox 1970; Root 

et al. 1995; Scott et al. 1978; van Aarde 1978), and litter sizes in the present study were 

consistent with these values.  Litter size was significantly smaller than fetus count in the 

present study, which may be an indication of late gestational or early neonatal losses that 

were not directly observed.  Litters of kittens could not always be located immediately 

after birth, and kittens were typically first counted at 3 to 4 weeks of age, when they 

began to visit the colony feeding site.  This has been the only method used by some 

researchers to determine litter sizes (Mirmovitch 1995) and, on the basis of our findings, 

results in conservative estimates of actual reproduction.  

On average, cats in the present study gave birth to 1.4 litters/y, although 2 cats 

had 3 litters in a single year.  Production of multiple litters a year has been negatively 

associated with survival of kittens in the first litter in other studies (Ewer 1973; Wolski 

1981), but we did not find a clear association between those variables in our data.  

However, the 2 females that each produced 3 litters in a single year did have 100% 

mortality for at least 1 of the first 2 litters in that year.  This association makes intuitive 

sense, but requires a larger data set to appropriately interpret the relationship.  Of 10 

female cats born into control feral cat colonies and closely followed to determine age at 

first parity, 9 produced their first litters at < 1 year of age, with 1 cat giving birth at 6 
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months of age.  This young age at first reproduction combined with the potential to 

produce multiple litters a year contributes to the perception of cats as prolific breeders 

(Deag et al. 2000; Liberg 1981). 

High neonatal and juvenile mortality rates are widely reported for domestic cats. 

Reported rates of early neonatal deaths (ie, up to 6 or 8 weeks of age) range from 12.8% 

to 48% (Jemmett & Evans 1977; Scott et al. 1978; van Aarde 1984).  In 1 study (van 

Aarde 1984), up to 90% of kittens died before 6 months of age.  Similarly, 81 of 169 

(48%) kittens in the present study had died or disappeared before they were 100 days 

old, and 127 (75%) had died or disappeared before they were 6 months old.  Trauma 

accounted for the death of most kittens for which cause of death was confirmed. Causes 

of kitten death may be highly dependent on a variety of environmental variables, and 

considerable variation in these data should be expected between study sites, making 

generalization difficult.  Variations are also likely within causes of death.  For example, 

single or multiple stray dogs were responsible for deaths of kittens in 2 colonies in the 

present study, whereas a caretaker’s dogs were responsible for the deaths of multiple 

kittens in a third colony.  It is likely that both motor vehicle accidents and dog attacks 

were over-represented as causes of death in the present study, because the noise or 

graphic visual evidence associated with these causes of death is likely to draw attention.  

Cats that become debilitated often seek hiding places, making it less likely that cats that 

die of illness or disease will be identified.  Predation of kittens by other animals, such as 

raptors, foxes, and coyotes, likely resulted in the disappearance of some kittens in the 

present study, but was not recorded as a cause of death, likely because the carcasses 

were consumed.  Causes of kitten death and the relative rank of contribution to overall 
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mortality rates were reported in a study (Wolski 1981) of farm cats in Ithaca, NY; 

however, relative rankings were different from rankings in the present study, likely 

because of differences in study design and environmental conditions of the kittens, such 

as human population density, road density, road proximity, and climatic conditions.  

 Examined out of context, our data would tend to reinforce the popular notion that 

kittens born to free-roaming cats live a marginal existence and have an unreasonably 

high mortality rate. However, reported kitten mortality was consistent with that reported 

for similarly sized wild carnivores (Cypher et al. 2000; Fritts & Sealander 1978), 

suggesting that the living conditions of free-roaming cats are comparable to those of 

other wildlife.  It also suggests that the assessment and management of feral cat colonies 

with methods developed for studying other small wild carnivores is appropriate.  Results 

of the present study provide information needed to develop reliable estimates of the 

impact of reproduction by sexually intact free-roaming domestic cats in rural and 

suburban regions of the southeastern United States. 
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Figure 1Percentages of free-roaming cats found to be pregnant, lactating, or in estrus 
as a function of month of examination. Data are based on 2,332 free-roaming female cats 
brought to a trap-neuter-return clinic for neutering and 71 female cats in managed feral 
cat colonies. 
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Figure 2Kaplan-Meier survival estimate for 169 kittens born to free-roaming cats. 
Kittens were observed for 180 days after birth. 
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Chapter 5.  Survival analysis for feral cat colonies managed by surgical sterilization, 
with two techniques for neutering males.   

 

Felicia B. Nutter 
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Introduction  

Attempts to compromise or develop consensus plans for managing feral cats are 

hampered by a paucity of data from objective, controlled research on the potential 

impact of trap-neuter-return programs. (Patronek 1998; Slater 2002)  Prospective 

controlled studies with sufficient numbers of colonies are needed to evaluate the value of 

different surgical approaches to male to feral cat colony management.  This project 

examined the changes in population size and composition of colonies of surgically 

sterilized cats compared to intact cats, and evaluated the effects of two techniques for 

sterilizing males, castration and vasectomy.   

 

Materials and Methods 

Study Design 

I enrolled nine pre-existing feral cat colonies in Randolph County, North Carolina 

were in the study between May and August 1998, and two additional colonies in June and 

July 2001.  Inclusion criteria for the colonies were (1) established caretaker to provide 

food and water on a regular basis, who either owned the land where the colony resided or 

had permission of the landowner to tend to the cats, (2) colony access to adequate shelter, 

such as a barn, storage shed, carport, basement or crawl space, (3) presence of at least ten 

cats greater than six months old, with at least three adult male cats, (4) location in a rural 

or suburban residential area, at least 1 km distant from a four-lane road, and (5) agreement 

of caretakers to the random assignment of colonies to treatment groups (control vs. 

surgical sterilization), ear-tipping of all cats for permanent identification, and regular visits 

to the colony by the investigators for data collection.   
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I captured cats with humane live traps (Tomahawk live traps #207 and #608, 

Tomahawk Live Traps, Tomahawk, WI, USA) (Nutter et al. 2004c) and anesthetized them 

for handling and surgery with a single intramuscular injection of ketamine 5mg/kg, 

tiletamine 3 mg/kg, zolazepam 3mg/kg, and xylazine 1.25 mg/kg.  The use of the 

injectable anesthetic mixture allowed for a very small volume injection (approximately 

0.25ml/cat), which provided ease of injection, short handling time and low stress 

(Williams et al. 2002).    II  uusseedd  isoflurane (0.5%-5% by facemask or endotracheal tube) to 

provide additional anesthesia when necessary.  Post-operative analgesia was provided with 

a single dose of butorphanol 0.40 mg/kg IM.   

I randomly assigned the nine colonies enrolled in 1998 to treatment groups.  

Three colonies served as reproductively intact controls (C1-C3).  In three “castration” 

colonies (SC1-SC3), I castrated males and ovariohysterectomized (spayed) females.  In 

three “vasectomy” colonies (SV1-SV3), I vasectomized males (Herron & Herron 1972) 

and spayed females.  The two colonies enrolled in 2001 were assigned to the control 

group (C4, C5).  I spayed pregnant females using a standard midline approach, while I 

used a left flank approach for lactating and non-gravid or early-pregnant females 

(Krzaczynski 1974).  I performed castrations using a standard bilateral scrotal approach, 

and vasectomies via a single pre-scrotal incision.  I removed 1cm from the tip of an ear 

(right for males, left for females) to identify neutered cats and to indicate to local animal 

control agencies that the cats had been neutered and vaccinated for rabies (Cuffe et al. 

1983).  I further identified cats by natural markings and placed color-coded collars and 

tags.  I placed colored nylon webbing collars with colored plastic tags as identification 

on cats in three colonies.  After 1 to 4 weeks of wear, varying degrees of injury caused 
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by the collars were noted in 5 of 48 cats, necessitating recapture of all cats and removal 

of collars.  In four cases, the trauma was minimal and consisted of hair loss and 

superficial abrasions.  In one case, surgical debridement and closure of a full-thickness 

circumferential laceration was required.  Nylon collars were replaced with flexible 

plastic tubing (Tygon R-3603, AAC00002, Saint-Gobain Performance Plastics, Akron, 

OH, USA) threaded with round elastic.  Tubing was cut to fit individual animals and 

elastic was tied under moderate tension to allow for escape if collars became entangled 

and accommodate growth of younger animals.  Four of 179 cats entangled one or both 

forelimbs in the new collars and sustained mild to moderate injuries as the collar 

migrated under one axilla or around the thorax.  Affected cats were recaptured and 

plastic tubing collars refitted.  One cat caught his mandible in the collar and 

subsequently disappeared.   

All animals were vaccinated for rabies (Rabvac-3®, Fort Dodge Animal Health, 

Overland Park, KS, USA), feline viral rhinotracheitis, calicivirus, and panleukopenia 

(Felo-Vax®, Fort Dodge Animal Health, Overland Park, KS, USA), and treated with an 

anthelminthic (IVOMEC®, Merial, Duluth, GA, USA).  They were provided with food 

and water daily.  This minimized variation among colonies due to common infectious 

diseases and food resource fluctuations, and increased the probability that the study 

would be conducted under growth conditions for colonies.  Whole blood or serum 

samples from 50 males and 50 females were tested for FeLV p27 core antigen and FIV 

antibody using a commercially available test (SNAP®, Idexx, Portland, ME, USA) to 

assess the potential impact of feline leukemia virus (FeLV) and feline immunodeficiency 

virus (FIV) infection on cat survival. 
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Data Collection 

I conducted censuses of all colonies by visually identifying animals at least twice 

weekly from 1998-2000, and at least once every two weeks from 2000-2002.  Colony 

caretakers collected census data at feeding times, and by the principal investigator during 

colony visits.  Data collected included presence/absence, births, deaths, disappearances, 

and immigration of new cats.  A specific cause of death was recorded if definitively 

known or determined through carcass inspection or necropsy.  The cause was listed as 

unknown if remains were found but examinations were inconclusive.  Emigrations were 

only recorded if cats were identified at new home sites.  Disappearances were recorded if 

cats were absent from the colony census for four consecutive weeks, but death or 

emigration was not confirmed.  Kittens born into colonies were trapped and enrolled in 

the study at six months of age.  Immigrants were trapped after one month’s presence in 

the colony.  Recruited kittens and immigrants received vaccines and anthelminthic, but 

were not neutered until the end of the study.  This allowed evaluation of the effects of 

these animals on colony population dynamics.   

Cats in two of the three original control colonies (C1and C3) were trapped for 

neutering (males castrated and females spayed) at the end of the initial two-year follow-

up period, and were then evaluated as spay/castration colonies for an additional two 

years, for a total of 4 years of follow-up.  The caretaker of C3 declined neutering in 

2000, and colony continued as a reproductively intact control until 2002.  The fourth 

(C4) and fifth (C5) control colonies, enrolled in 2001, were followed for slightly less 

than 2 years (20 and 19 months, respectively) before trapping and neutering.  The 

original castration (SC1-SC3) and vasectomy (SV1-SV3) colonies were followed four 
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years.  A single follow-up visit was made to 10 of the 11 colonies in June 2005 

(approximately 7 years after enrollment) and census information was collected by 

combination of caretaker interview and visual observation.  One colony (C5) was lost to 

follow-up at that time because of caretaker non-compliance.   

A standard staggered-entry design was used, with the date of cat enrollment in 

the study set as day zero, and end-points recorded whenever cats disappeared from 

colonies and emigration could not be differentiated from death, or were right-censored at 

the end of the two-year follow-up period (730 days) or the four-year follow-up period 

(1460 days) for each colony.  When the exact event date was not available, it was 

estimated as the date midway between the final observation of cat presence in the colony 

and the subsequent observation when the cat was noted as absent.   

 

Statistical Analysis  

Size and composition of colonies at enrollment were compared using the 

Kruskal-Wallis test, with an alpha value of 0.05 considered significant.  Incidence 

densities and 95% confidence intervals were used to compare immigrations and causes 

of death for males and females by colony treatment (control, spay/castration, 

spay/vasectomy), and calculations were made using computer software (EpiCalc2000, 

version 1.02).  To evaluate the effects of different treatments on colony dynamics the 

Kaplan-Meier product limit estimates of the survivor function were generated, using the 

length of colony residence in days as the time to event (Lee & Wang 2003).  All survival 

calculations were made with a statistical software package (StatView® 5).  Males and 

females were considered separately, and then compared by colony treatment using Peto 
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and Peto’s generalized Wilcoxon test for K-samples with censored data and an alpha-

value of 0.05 (Lee & Wang 2003).  In an attempt to differentiate death from emigration, 

the outcomes for uncensored observations were categorized as either dead or 

disappeared, and then survival times were compared within sex and treatment as above.   

Incidence density, a basic epidemiologic rate of the number of occurrences of a 

given event per unit time, were calculated for immigration events per colony and final 

outcomes (disappearance, death, etc.) for individual cats split by sex and treatment.  

Incidence density ratios (rate ratio) and 95% confidence intervals were used to compare 

the occurrences of events between or among groups.  When the confidence interval of a 

rate ratio includes 1, there is no significant difference between the rates being compared 

(Rothman & Greenland 1998).   

 

Results  

Initial Colony Sizes and Composition 

From May 1998 through October 2002, 344 cats (167 female, 177 male) were 

enrolled in the study.  Initial colony sizes ranged from 10 to 27 with a mean of 13 + SD 

6 cats per colony (see Table 1 for information by colony).  Compositions were similar, 

with more females than males in all but one colony (SV3).  The ratio of males to females 

ranged from 1:0.43 to 1:4 with a median of 1:1.4. 

 

Recruitment 

In the course of the study, 302 kittens were recorded in the research colonies.  

Some kittens were born into SC or SV colonies during the initial enrollment period prior 
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to completion of surgical intervention.  In 1999, kittens were born only in control 

colonies, but in 2000 an immigrant female in SV3 also produced a single litter of 5 

kittens.  An intact immigrant male had also joined the same colony and was presumed to 

have sired the kittens.  From 2000-2002, evasive cats in SV3 and in C1 (which had been 

neutered in 2000) continued to breed.  All breeding cats in SV3 were trapped and 

neutered in late 2002 and early 2003, but some breeding cats remained in C1 in 2005.  

At the end of follow-up in 2002, one female remained persistently trap-shy in C4.  No 

kittens were produced in 2003, presumably due to lack of an intact male in the colony.  

One litter of unrecorded size was produced in 2004, with two kittens (1 male, 1 female) 

recruited.  As of June 2005, the original intact female produced a litter of 3 kittens, and 

the recruited female also produced a litter of 3 kittens.  One hundred forty-seven of 302 

kittens (48.7%) survived to 6 months of age.  Detailed survival analysis for a subset of 

171 of these kittens has been presented elsewhere (see Chapter 5, Nutter 2004a). 

 

Immigration and Emigration 

Intact immigrant male and female cats were observed in all treatment groups 

(Table 2).  There were no significant differences (p>0.05) in the rates of male or female 

immigration among colony treatments.  All immigrant females (n=9) were abandoned at 

the colony sites, while 5 of 27 males were abandoned and 1 was introduced to the colony 

(C2) by the caretaker.  Immigrations occurred in all months of the year (Figure 1).   

For the survival analyses comparing cats categorized as confirmed dead versus 

disappeared, there were no survival times exceeding two years for intact males or 

females, or vasectomized males, so the two-year survival times were used.  There were 
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several spayed females for which survival exceeded two years, so the four-year survival 

times were used.  The median survival times at 2-years for intact and vasectomized 

males were not significantly different and so they were pooled into one group of 

hormonally-intact males and then split into categories for dead (n=26) and disappeared 

(n=38).  The median survival time for the dead category (114 days, 10%=29 days, 

90%=349 days) did not differ (p=0.07)  to the disappeared category (215 days, 10%=58 

days, 90%=589 days).  For castrated males, median survival for 15 cats confirmed dead 

(243 days, 10%=41 days, 90%=436 days) was the same (p=0.65) as that for 16 cats that 

disappeared (217 days, 10%=68 days, 90%=520 days).  For intact female cats, median 

survival for 14 cats confirmed dead (169 days, 10%=13 days, 90%=511 days) was not 

significantly different (p=0.31) from the median survival for the 18 cats that disappeared 

(90 days, 10%=4 days, 90%=590 days).  For spayed females, the median survival time 

of 254 days (10%=21 days, 90%=702 days) for 10 cats confirmed dead was not 

significantly different (p=0.12) from the median survival time of 568 days (10%=42 

days, 90%=820 days) for 19 cats that disappeared. 

 

Survival at Two Years 

Median 2-year survival time for males in control colonies was 267 days (range 5-

723 days, 10%=41 days, 90%=646 days), and did not differ statistically (p=0.65) from 

that of vasectomized males (median 265 days, range 21 to >730 days, 10%=29 days, 

90%=>730 days).  Survival times of control and vasectomized males (both groups 

hormonally intact) were then pooled (n=103, 34 censored observations) and compared to 

those for castrated males (n=74, 43 censored observations).  Kaplan-Meier estimates 
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(Figure 2) of survival for hormonally intact males versus castrated males were 

significantly different (p=0.0001).  More than 50% of castrated male cats remained in 

their colonies at the end of the 2-year period, thus median survival time exceeded 730 

days and could not be determined (range 3 to >730 days, 10%=61 days, 90%=>730 

days).  Hormonally intact males had a median survival of 282 days (range 5->730 days, 

10%=41 days, 90%=723 days).   

The survival times of spayed females did not differ for those in colonies with 

castrated versus vasectomized males (p=0.444; spay/castration range 14 to >730 days, 

10%=234 days, 90%=>730 days; spay/vasectomy range 24 to >730 days, 10%=32 days, 

90%>730 days).    Survival times for all spayed females were pooled (n=85, 56 censored 

observations), and compared to those for intact control females (n=82, 47 censored 

observations).  Estimates of female survival (Figure 3) were significantly different 

between treatments (p=0.001), with females in control colonies having median survival 

times of 593 days (range 3 to >730 days; 10%=38 days, 90%>730 days).  The majority 

of spayed females survived beyond the 2-year follow-up period, and their median 

survival times were thus greater than 730 days and could not be determined (range 14-

>730 days, 10%=234 days, 90%>730 days).  

 

Survival at Four Years  

No intact males had survival times greater than 730 days, and only 4 

vasectomized males survived more than 730 days.  Of those, 2 were censored at 1460 

days.  Based on the event times for the remaining two vasectomized males, the median 

four-year survival was 951 days.  Percentiles could not be determined due to the small 
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number of cats evaluated.  Twenty-two castrated males (18 censored observations) were 

evaluated and the median survival time could not be determined since the majority 

survived beyond 1460 days (10%=991 days, 90%>1460 days).  Statistical comparisons 

between treatments were not reliable because of the small sample size for vasectomized 

males.  

Six intact females were eligible for analysis, but all observations were censored 

and estimation of survival was not possible.  Thirty-nine spayed females were evaluated 

(35 censored observations), but median survival was not determined because the 

majority survived beyond 1460 days (10%=918 days, 90%.1460 days).  No statistical 

comparisons between treatments were possible due to the lack of events for intact 

females.  Four-year census data were not available for C4 and C5, which were enrolled 

in 2001 and neutered in late 2002 and early 2003, at the end of the intensive follow-up 

portion of the project.   

 

Changes in Colony Size and Composition 

Changes in colony and composition (Table 1) and sizes (Table 3) are compared 

at entry and after two, four and seven years years of follow-up, and are shown as a 

percentage change in Table 4.   The dynamic fluctuations in colony sizes over time are 

not reflected at the discrete time points, so they are shown for control colonies in Figure 

4 and for surgically sterilized colonies in Figure 5.  Over two years, the population of 

control colonies increased to 124% + 61% (mean + SD) of the original size, while 

vasectomy colonies decreased to 53% + 21% (mean + SD) and castration colonies to 

70% + 26% of the original size.  One control colony (C3) remained reproductively intact 
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for four years, during which it declined to 30% of its original size at two years, and then 

recovered to 140% of original size by four years, before finally peaking at 220% original 

size at 4.5 years.  At the final post-neutering time-point evaluated (C5 lost to follow-up) 

all colonies had decreased from their peak sizes, and 8 of 10 had decreased from their 

entry sizes. 

At the two-year and four-year follow-up points, castration and vasectomy 

colonies consisted predominantly of cats that were present at the outset of the study, 

while control colonies contained predominantly new cats, the majority were recruits that 

were born into the colonies and enrolled at six months of age.  Composition data were 

not available for all colonies in 2005, but the majority of cats in neutered colonies were 

original colony members. 

 

2005 Follow-up 

A point-check of colonies was conducted in June 2005, and the specific follow-

up time in months for each colony is presented in Table 3 as 7 year follow-up, but varies 

from 6.8 to 7.1 years of follow-up because of the staggered entry design.  Colony size 

and, in some cases, composition were available but Kaplan-Meier estimates could not be 

calculated using this data since event time information was not available for individual 

cats missing from the colonies or entry dates for immigrants and recruits.  Narrative 

accounts for each colony are presented below. 

C1: Two trap-shy females remained intact after the remainder of the colony was 

neutered in 2000.  These females and eventually their offspring continued to breed with 

immigrant male cats, and colony size continued to increase, to a recorded peak of 39 at 
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51 months follow-up.  By June 2005, the number of neutered cats had declined to 22 

(from 29 in 2002), with 8 intact cats, for a total colony size of 30.  Trapping efforts 

continue for the intact cats. 

C2: The size and composition of the colony were unchanged from 2002. 

C3: In 2000 the caretaker declined to have the colony, which had declined to 3 

cats, neutered.  By 2002 the colony had grown to 14 enrolled cats, which were neutered 

in 2002.  At that time, there were 11 kittens present.  Colony size peaked at 22 in 

January/February 2003 as 8 of 11 (72%) kittens were recruited and subsequently 

neutered.  Colony size in June 2005 was 17, which was a 21% increase from 2002, but 

was also a 23% decrease from the maximum colony size.   

C4: At the end of 4-year follow-up in 2002, one female remained persistently 

trap-shy.  No kittens were produced in 2003, presumably due to lack of an intact male in 

the colony.  One litter of unrecorded size was produced in 2004, with two kittens (1 

male, 1 female) recruited.  As of June 2005, the original intact female produced a litter 

of 3 kittens, and the recruited female also produced a litter of 3 kittens.  Due to deaths 

and disappearances of other colony members, the number of adult cats has decreased to 

16 from the 2002 pre-neutering peak of 20, a reduction of 20%.  Trapping efforts 

continue for the intact cats.   

C5: Lost to follow-up due to caretaker non-compliance. 

SC1: Five cats (3 male, 2 female) were killed by a neighbor’s free-roaming dogs 

in late 2004 and early 2005.  Three cats (1 male, 2 female) remain, and all are original 

colony members. 
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SC2: The caretaker reported that 4 original cats (1 male, 3 females) disappeared 

during a 2-3 week period in the spring of 2003, and the caretaker suspects poisoning or 

predation.  Eight additional cats have died or disappeared between 2002 and 2005, but 

the caretaker had no specific information about them.  A new intact male cat was 

abandoned at the colony site (a stable) in the spring of 2005. 

SC3: In June 2005 the colony consisted of one neutered female, who was present 

at the beginning of the study and is reliably estimated by the caretakers to be nine years 

old.  One immigrant male (neutered) who was present in 2002 was displaced by an intact 

immigrant male in 2003, and the second immigrant male subsequently disappeared in 

early 2005.  The caretaker reports that transient cats are occasionally noted, but suspects 

that many are owned cats from the neighborhood with variable outdoor access.  

SV1: Colony extinct since April 2001.   

SV2: Three of the formerly feral cats (1 male, 2 female) became inside-only cats 

when the caretaker’s indoor cats died.  Another former feral (female) became an 

inside/outside cat.  Four cats (1 original female and 3 immigrant males) were euthanized 

between January 2003 and August 2004 due to chronic debilitating health problems.  In 

June 2005 the colony consisted of one neutered female, who was present at the 

beginning of the study, and one neutered immigrant male.  The caretaker reported that 

several other immigrant cats had come and gone between 2002 and 2005. 

SV3: The colony size was stable at 5 between 2002 and 2005, but 1 original 

female cat died in April 2005 and the lone remaining vasectomized male disappeared in 

early 2005 (the caretaker suspects he moved to a neighbor’s house where there are intact 

female cats).  In May 2005 the caretaker added 2 “rescued” cats (both young males) that 
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she obtained when they were surrendered to the local veterinarian’s office where she 

works.  One remaining original female is reliably estimated at between 11 and 12 years 

of age, and the other 2 cats are castrated males recruited in 2001. 

 

Outcomes and Cause-specific Mortality 

Disappearance from the colony and death from trauma were the two most 

common fates for adult cats (Table 5).  Three male cats disappeared with prior signs of 

illness, one each from the three treatment groups, and two male cats disappeared with 

signs of injury, one each from a control and spay/vasectomy colony.  Most fatal 

traumatic injuries were the result of vehicle collisions (22 of 33 males, 8 of 14 females) 

or dog attacks (8 of 33 males, 5 of 14 females).  Rate ratios (Table 6) were compared for 

each sex, by treatment, for the three most common outcomes – disappearance, death 

caused by vehicle collision, or death caused by dog attack.  Intact and vasectomized 

males were approximately 4 times more likely to disappear from colonies than were 

castrated males, and vasectomized males were approximately 4 times more likely to be 

killed by a vehicle than castrated males.  There was no significant difference between 

deaths due to vehicle collision or dog attack for intact or castrated males; no deaths due 

to dog attack were recorded for vasectomized males and thus no comparisons were 

possible.  Intact females were twice as likely to disappear from colonies as spayed 

females, and 6.75 times more likely to be killed by a vehicle.  There was no difference 

between intact and spayed females in deaths from dog attack.   
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Discussion  

Managing feral cat colonies by either castrating or vasectomizing males and 

spaying females resulted in population decreases over the study period, while the control 

colonies increased during the time they were reproductively intact.  One sterilized 

colony (SV 1) was extinct by the 31 months follow-up visit, and 5 other colonies (SC1, 

SC3, SV2, SV3, and C2, which was sterilized in 2000) contained 5 or fewer cats by June 

2005.  All sterilized colonies showed consistent decreases from their peak sizes, and 8 of 

10 observed in 2005 had decreased from their entry size.  The experimental design used 

was strict trap-neuter-return, with no removal of sociable and potentially adoptable 

kittens or adult cats.  In reality most programs implement a combination of trap-neuter-

return and trap and removal for adoption, which can cause more rapid declines in feral 

cat colonies (Centonze & Levy 2002; Levy & Crawford 2004; Levy et al. 2003).  The 

efficacy of combining control techniques is recognized in other species (Barlow et al. 

1997; Tuyttens & Macdonald 1998) and is an area for further investigation with feral 

cats. 

Colony sizes fluctuated during the follow-up period, due predominantly to 

reproduction and recruitment in control colonies, and immigration in sterilized colonies.  

Intact trap-shy cats continued to breed in two former control colonies, and intact 

immigrant cats bred in a spay/vasectomy colony.  In one of the former control colonies 

(C1) breeding and recruitment caused a steady increase in colony size even though only 

2 of 9 females remained intact but continued trapping efforts and attrition of neutered 

cats have succeeded in mitigating the impact, and the colony is declining in size.  The 

example of C3, the control colony that declined to 30% of entry size after 2 years and 
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rebounded to 733% of that nadir by 4 years, illustrates how quickly feral cat populations 

can recover after crashes or incomplete removal.  Leaving a few intact cats at a colony 

site after a lethal or non-lethal control effort can result in rapid repopulation.  Density-

dependent changes in reproductive parameters have been described for other species, 

and included changes in litter size and number per year, increased recruitment, decreased 

age at first reproduction, increased survival, and increased immigration (Sinclair 1989; 

Tuyttens & Macdonald 1998; Twigg et al. 2000).  These processes can potentially 

overwhelm the effects of fertility control, but can also be difficult to demonstrate.  

Breeding females in C1 and C3 produced 1-2 litters per year, and kitten survival was 

within the range previously reported (Nutter et al. 2004b).  Availability of abundant food 

and shelter at feral cat colony sites likely removes some of the factors that limit 

reproduction for other wildlife, and thus reproduction in feral cat colonies may already 

be near upper limits for the species.   

Immigrant cats were observed in all treatment groups and at all times of the year.  

Most immigrants were intact males, less than a quarter of which were known to have 

been abandoned at the colony sites.  This history contrasts that of female immigrants, all 

of whom were abandoned or dumped at colony sites, two accompanied by kittens.  The 

role of abandonment in the formation and maintenance of feral cat colonies has been 

noted previously, particularly for colonies located on public lands where the 

management efforts are highly visible (Castillo & Clarke 2003; Levy & Crawford 2004; 

Natoli & De Vito 1991; Passanisi & Macdonald 1990; Tabor 1983; Zaunbrecher & 

Smith 1993).   
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Though the project was not specifically designed to find cats that emigrated, 

emigration was anecdotally confirmed for cats from two different control colonies.  In 

2002 an adult male, gravid female, and 5 juvenile and young adult (3 male, 2 females) 

cats from C3 moved to a house across the street from the original colony site.  The male 

moved in April, while the remainder moved in July.  The gravid female emigrated one 

day prior to parturition, which suggests the move may have been motivated at least in 

part by the search for a good queening site.  Quality of queening sites can influence 

reproductive success through protection from predation, easy access to food, and shared 

care of young (Liberg et al. 2000; Macdonald et al. 1987).  All emigrating cats, except 

the adult male, were from the same matriline.  The homeowner at the new site provided 

food outside for a pet cat with outdoor access, and increased the food supply when the 

emigrants arrived, but declined to participate in the study.  A single male and a single 

female cat from C1 also emigrated together and were fed and sheltered by another 

homeowner not participating in this study.  All observed dispersal events occurred in 

intact control colonies with approximately equal numbers of males (n=5) and females 

(n=4).  

The median survival times for cats that were confirmed dead and for those that 

disappeared did not differ for any of the sex/treatment groups and, thus, disappearance 

provided no clues regarding emigration.  The rationale for this analysis was based on the 

possibility that individuals in the “disappeared” category could have either died and not 

been recovered or emigrated.  Assuming cats that disappeared had the same survival 

probability as cats that died, and that dispersal tends to occur more at certain ages 

(juvenile/young adult), the survival times for the two categories would be the same only 
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if there were no significant emigration.  Similar analysis has been used previously to 

detect emigration, based on differential survival between “dead” and “disappeared” 

categories (Devillard et al. 2003), but using a larger data set.  With a larger sample size, 

the analysis for the pooled intact and vasecotmized males may have detected a 

significant difference, which would support male dispersal.  This is the expected strategy 

for community-living feral cats with either polygynous or promiscuous mating systems 

(Devillard et al. 2003; Devillard et al. 2004; Dobson 1982; Greenwood 1980).  Recent 

research has demonstrated the behavioral diversity of group-living feral cats, and 

examples of both male and female biased dispersal, as well as minimal dispersal of 

either sex, have been described. (Devillard et al. 2003; Kaeuffer et al. 2004; Natoli 1990; 

Say et al. 2003; Say et al. 2002)  The predominance of male immigrants joining colonies 

supports the prediction of male-biased dispersal, but the observed emigrations contradict 

the same prediction.  It is possible that both observations are valid and reflect existing 

diversity among different feral cat social groups in the same geographic area.  Once 

again, a larger dataset would help clarify the processes at work.  What is clear is that 

emigrating cats, whether intact or neutered, can join existing colonies (where they 

appear as immigrants) or serve as sources for new colony establishment if suitable food 

and shelter resources are found.   

Surgically sterilized colonies were stable in composition, with populations at the 

end of the study period composed mainly of cats that were colony members at the outset.  

In control colonies, the majority of cats present at the end of the study were born into the 

colonies, with original members having died or disappeared from the populations.  

Castration of males reduces roaming, fighting, and urine marking (Hart 1973, 1981; 



 88

Macdonald et al. 1998), and sterilization of male and female feral cats increase the cats’ 

tolerance for each other and their friendliness towards humans (Castillo & Clarke 2003; 

Neville & Remfry 1984; Passanisi & Macdonald 1990; Rees 1981).  These behavioral 

changes, along with the presence of abundant food and shelter, likely contributed to the 

success of immigrant cats in all types of colonies.  The increased friendliness towards 

human caretakers following sterilization certainly affected the decision of SV2’s 

caretaker to adopt some of the colony cats once space became available in her house.  

Tubal ligations and vasectiomies have been used in other species to avoid such 

behavioral changes, since maintenance of normal ranging behaviors, territory defense 

and social hierarchies are considered integral to the success of fertility control schemes 

in wildlife (Bromley & Gese 2001a, b; Ramsey 2005; Saunders et al. 2002; Tuyttens & 

Macdonald 1998).  The early literature on surgical sterilization of feral cats cited 

aggressive territory defense as one of the benefits, with the assumption that neutered cats 

would exclude immigrants.  That may not be desirable in the case of managed feral cat 

colonies, where the exclusion of cats attempting immigration may just lead to the 

establishment of colonies elsewhere where they may not be managed.  When neutered 

cats allow immigrant cats to join colonies, the new cats are subject to trap-neuter-return 

management, which is a preferable outcome.   

Castrated male and spayed female cats survived significantly longer than did 

their reproductively (intact males and females) or hormonally (vasectomized males) 

intact counterparts.  Neutering has long been recognized to increase survival in domestic 

cats due in part to reductions in illnesses (e.g. pyometra, dystocia) and injuries (e.g. fight 

wounds) associated with reproduction, as well as to elimination of the metabolic 
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demands of gestation and lactation (Hamilton 1965; Hamilton et al. 1969; Kraft & 

Danckert 1997; Passanisi & Macdonald 1990; Tabor 1989).  Fertility control has also 

increased lifespan in other wildlife (Ramsey 2005; Saunders et al. 2002; Tuyttens & 

Macdonald 1998; Twigg et al. 2000).  Increased survival of sterilized animals could have 

unwanted results since colonies will likely persist longer and cats may continue, or if 

fecundity increases in any remaining intact animals due to release of density-dependent 

inhibitors.  However, since breeding females and younger cats are more active and 

efficient hunters, the continued presence of sterilized aging cats may actually reduce 

predation (Bromley & Gese 2001b; Deag et al. 2000; Fitzgerald & Turner 2000; Nutter 

et al. 2004a). 

Vasectomized male cats showed no advantage over castrated male cats in 

stabilizing colony populations.  Vasectomized male cats had colony residence times that 

were similar to those of intact male cats, which were significantly shorter than those of 

castrated male cats.  Because vasectomized male cats are hormonally intact, they may be 

leaving colonies with spayed females in search of reproductively intact and responsive 

females.  During the study period multiple anecdotal observations of vasectomized 

males attempting to force copulation with spayed, anestrus females support this 

hypothesis.  The more time consuming and less commonly performed vasectomy 

surgery did not provide a benefit related to either colony size reduction or stability 

comparing to sterilizing male cats by castration.  I see no reason to substitute 

vasectomies for castrations in trap/neuter/return programs was identified.   

I collected information to maximize the number of colonies included in the study 

but this limited my time to watch individual animals closely.  My data had greater 
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breadth of observation but limited depth for individual cats.  Much of the data on 

suspected or confirmed causes of death came from caretaker reports.  Traumatic causes 

of death were often observed by the caretakers or confirmed by post-mortem 

examination.  Vehicle collisions were the most common causes of death and are a major 

cause of mortality in free-roaming cats (Childs & Ross 1986; Kolata et al. 1974; 

Rochlitz 2003a, b; Warner 1985).  Vasectomized males cats in this study were 

significantly more likely to be killed by a vehicle than either intact or castrated males.  

This is likely due to their wider ranging (larger home ranges and greater average 

distances from the feeding site), which I believe is related to the lack of breeding 

females in their home colonies and a search for breeding females elsewhere.  Higher 

risks of death from vehicle collisions have previously been reported for male cats 

(Childs & Ross 1986; Kolata et al. 1974; Rochlitz 2003a, b).  Intact female cats in this 

study were also significantly more likely to die from vehicle collisions than spayed 

females (IDR=6.75), which has not been previously reported.  Because intact and spayed 

females had similarly sized home ranges, the explanation I proposed for the difference in 

male deaths due to vehicle collision doesn’t hold.  Both of these findings may also be 

related to the ages of the cats.  Though exact ages for most of the cats were not known, 

the significantly shorter survival times of intact cats relative to neutered cats suggests a 

different age structure between the two populations.  It’s possible that younger, more 

inexperienced cats are at greater risk of death caused by vehicles, but the data set did not 

permit specific evaluation of this hypothesis.  Dog attacks, by stray dogs as well as dogs 

owned by caretakers, were the other major cause of fatal traumatic injuries and have also 

been previously reported as major causes of death for feral and free-roaming cats 
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(Hughes & Slater 2002; Warner 1985; Wolski 1981).  The findings related to deaths by 

vehicle collisions and dog attacks may also be related to relatively small sample size and 

inherent detection error in the data.  It’s likely that both vehicle collisions and dog 

attacks as causes of death were more commonly detected in this study because 

associated noise or graphic visual evidence of mortality is likely to draw attention.  Cats 

that become debilitated often seek resting and hiding places, and observations of deaths 

from illness or disease are likely negatively biased.   

The trauma sustained by some of the cats as a result of the identification collars 

was unfortunate but not completely unexpected.  Collar design is a difficult part of any 

wildlife ecology study and despite three months of testing on free-roaming owned cats, 

the nylon collars proved unsuitable for feral cats.  The nylon collars examined after 

removal showed evidence of excessive fraying and wear, which led to constriction of the 

fabric and tightening of the collars around the cats’ necks.  Much of the fraying appeared 

to be due to scratching by the cats, probably in response to fleas or ear mites.  These 

parasites were controlled in the owned test cats.  Minor complications were initially 

encountered with the plastic tubing collars, but ceased once experience was gained 

fitting the collars.  Complications for the nylon collars occurred in 10% of cats within 

four weeks, while complications for the plastic tubing collars occurred in only 2% of 

cats during the four-year study.  Much higher rates of collar-related morbidity and 

mortality have been reported for other species, with 25% morbidity (Harker et al. 1999) 

and 5% mortality (Bond et al. 2000) acceptable to some researchers.  We designed the 

collars employed in this project with a goal of 1% or less morbidity and mortality, and 

the plastic tubing collars approached that benchmark.  Zero morbidity and mortality 
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remain the target, but may be difficult to realize when collaring gregarious specious over 

long time periods.  It’s important to report collar design and complications encountered, 

so that designs can be refined and reduced morbidity and mortality achieved. 

As expected, the variability among colonies in some parameters examined was 

large, validating the need for research of this nature to study multiple colonies over time.  

Many uncontrolled variables contributed to colony diversity, and results from 

observations of a single colony, even over time, could be misleading.  Every reasonable 

effort was made to standardize the colonies as much as possible, by defining 

requirements for location, initial minimum population size, shelter, food and water 

provision, and caretaker involvement.  Minimum numbers of male cats were also 

required since surgical intervention strategies were being compared.  However, we could 

not control the exact male to female ratio, age structure, or familial relationships of the 

cats, all of which may have played roles in the dynamics of individual colonies.  Having 

replicates within each treatment was extremely important.  One of our control colonies 

decreased in population during the study period.  Had we studied only this control 

colony, we would have been unable to report the trend for population growth shown by 

the other control colonies and our conclusions would have been different.  For the main 

goals of this project, to evaluate the effects of surgical sterilization on feral cat 

population size and to compare male neutering techniques, the cohort definition was 

successful.  The study occurred under potential population growth conditions, as 

evidenced by the average population increases of control colonies, and we were able to 

show a significant impact of surgical sterilization on feral cat populations.   
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Surgical sterilization can be used to manage feral cat populations, and the stated 

goals of trap-neuter-return programs - namely to reduce or eliminate reproduction, 

stabilize colony composition and cause natural attrition and eventual extinction of 

colonies – are achievable.  The results of surgical sterilization programs also provide 

data to help evaluate the efficacy of fertility control in general, regardless of how it’s 

achieved.  The American Veterinary Medical Association, American Humane 

Association, Cat Fanciers Association, and Humane Society of the United States have all 

publicly supported the use of TNR as a humane alternative to trapping and euthanasia or 

other lethal control measures, and though other organizations such as The Wildlife 

Society, the National Audobon Society and the American Association of Wildlife 

Veterinarians are opposed trap-neuter-return, common ground is recognized in the 

shared objective of fewer feral cats.  Until advances in fertility control offer more 

reliable, easily implemented and cost-effective alternatives to lethal feral cat control, 

surgical sterilization remains a viable management strategy. 
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Table 1.  Composition of feral cat colonies by sex and cat source at discrete follow-up 
times.  orig=original, rec=recruit, immig=immigrant.  ‡ indicates follow-up time ranged 
from 6.8 to 7.1 years due to staggered entry design of the study. 
 
 

ORIGINAL 
TWO-YEAR

FOLLOW-UP
FOUR-YEAR
FOLLOW-UP

SEVEN-YEAR
FOLLOW-UP‡

male 6 7 rec, 1 immig 8 rec, 4 immig
female 6 2 orig, 7 rec 1 orig, 17 rec, 1 immig
male 5 6 rec, 2 immig 1 rec, 1 immig 1 rec, 1 immig

female 6 3 orig, 2 rec, 1 immig 1 orig, 1 rec 1 orig, 1 rec
male 5 1 rec, 1 immig 5 rec, 1 immig

female 5 1 orig 1 orig, 7 rec
male 2 5 rec

female 8 6 orig, 2 rec
male 5 4 orig, 3 rec

female 17 14 orig, 3 rec
male 11 10 orig, 1 immig 10 orig, 3 immig 6 orig, 4 immig

female 16 12 orig 12 orig, 2 immig 6 orig
male 5 4 orig, 1 immig 3 orig, 1 immig 1 orig

female 7 5 orig 4 orig 2 orig
male 5 2 orig, 1 immig 2 immig (no males)

female 5 1 orig 1 orig 1 orig
male 3 1 orig (no males) (no males)

female 7 2 orig (no females) (no females)
male 4 1 immig 3 immig 1 immig

female 6 6 orig 5 orig 1 orig
male 7 2 orig, 1 immig 2 rec 2 rec, 2 immig

female 3 2 orig, 1 immig 2 orig, 1 rec 1 orig

(lost to follow-up)

COLONY

(no information)

(no information)

(no information) n/a

C1

C2

C3

(lost to follow-up)

SV 2

SV 3

C4

C5

SC 2

SC 1

SC 3

SV 1 
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Table 2.  Total numbers of immigrant male and female feral cats observed by treatment, 
incidence densities (ID) of immigration events, incidence density ratios (IDR), and 95% 
confidence intervals (CI).   
 

 

Immigrants Colony-years ID IDR 95% CI
Males

Control 8 11.3 0.71 0.81 0.29-2.07
Spay/Castration 14 16 0.88 1.00 --

Spay/Vasectomy 5 12 0.42 0.48 0.13-1.40

Females
Control 5 11.3 0.44 2.36 0.46-15.20

Spay/Castration 3 16 0.19 1.00 --
Spay/Vasectomy 1 12 0.08 0.44 0.01-5.54  
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Table 3.  Changes in feral cat colony sizes at three discrete follow-up times.  * indicates times when control colonies were 
sterilized.  † indicates follow-up time of 20 months for C4, and 19 months for C5.  ‡ indicates follow-up time ranged from 6.8 
to 7.1 years due to the staggered entry design of the study.   
 

ENTRY SIZE
TWO YEAR

 FOLLOW-UP
FOUR-YEAR
 FOLLOW-UP

SEVEN YEAR 
FOLLOW-UP‡ PEAK SIZE

12 17* 31 30 39

11 14* 4 4 16

10 3 14* 17 22

10 20*† 16 n/a 20

22 27*† (lost to follow-up) (lost to follow-up) 27

27 23 27 16 27

12 10 8 3 12

10 4 3 1 11

10 3 0 0 12

10 7 8 2 12

10 6 5 5 10  
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Table 4: Feral cat colony size at discrete follow-up times, as a percentage of the colony 
size upon entry.  * indicates times when control colonies were sterilized.  † indicates 
follow-up time of 20 months for C4, and 19 months for C5.  ‡ indicates follow-up time 
ranged from 6.8 to 7.1 years due to the staggered entry design of the study.   
 

COLONY
% ENTRY AT 
TWO YEARS 

% ENTRY AT 
FOUR YEARS 

% ENTRY AT 
SEVEN YEARS‡ 

% PEAK AT
 FINAL END POINT

C1 142%* 182% 176% 77%

C2 127%* 36% 36% 25%

C3 30% 140%* 170% 77%

C4 200%*† 80% n/a 80%

C5 123%*† (lost to follow-up) (lost to follow-up) (lost to follow-up)

SC 1 85% 100% 59% 59%

SC 2 83% 67% 25% 25%

SC 3 40% 30% 10% 9%

SV 1 30% 0% 0% 0%

SV 2 70% 80% 20% 17%

SV 3 60% 50% 50% 50%
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Table 5: Outcomes and cause-specific mortality for male and female feral cats by colony 
treatment. 
 

Control Castrated Vasectomized Control Spayed
Disappeared 27 16 13 18 19

Trauma

Vehicle collision 7 8 7 6 2

Dog attack 4 4 2 3

Other trauma 3 1

Found dead 4 6 1 3 5

Removed by caretaker

Adopted as pet 3

Euthanized 2

TOTAL 45 34 21 32 32

Male (n=100) Female (n=64)
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Table 6: Incidence densities (ID), incidence density ratios (IDR), and 95% confidence 
intervals (CI) for the three most common outcome events for male and female cats by 
treatment.  Cat-years at risk by sex and treatment are indicated, and ID is standardized to 
a single cat-year.   
 

Disappeared n cat years ID IDR 95% CI
Castrated 16 122.62 0.130 1.00 --

Control 27 51.74 0.520 4.00 2.08-7.95
Vasectomized 13 27.10 0.480 3.69 1.63-8.15

Vehicle Collision
Castrated 8 122.62 0.065 1.00 --

Control 7 51.74 0.135 2.07 0.64-6.54
Vasectomized 7 27.10 0.258 3.96 1.22-12.49

Dog attack
Castrated 4 122.62 0.033 1.00 --

Control 4 51.74 0.077 2.37 0.44-12.72
Vasectomized 0 27.10 0.000 -- --

Disappeared n cat years ID IDR 95% CI
Spayed 19 181.42 0.105 1.00 --
Control 18 80.63 0.223 2.13 1.06-4.29

Vehicle Collision
Spayed 2 181.42 0.011 1.00 --
Control 6 80.63 0.074 6.75 1.21-68.38

Dog attack
Spayed 3 181.42 0.017 1.00 --
Control 2 80.63 0.025 1.50 0.13-13.09

Male

Female
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Figure 1: Total numbers of immigrant male and female feral cats observed for all 
colonies by month. 
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Figure 2: Kaplan-Meier 2-year survival estimate for male cats compared by treatment.  
Symbols indicate censored observations. 
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Figure 3: Kaplan-Meier 2-year survival estimate for female cats compared by treatment.  
Symbols indicate censored observations. 
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Figure 4.  Control colony sizes over time.  Symbol color changes from red to blue to 
indicate colony neutering.  Mixed colors for C1 and C4 indicate presence of breeding 
trap-shy cats.  Dashed lines are extrapolations between End 2 and End 3.  Dashed red 
lines for C1 and C4 are for total colony size, and dashed blue lines are for neutered size.   
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Figure 5.  Spay/castration (blue) and spay/vasectomy (purple) colony sizes over time.  
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 Chapter 6.  Home ranges of intact and neutered feral cats (Felis catus) in managed 
colonies in Randolph County, North Carolina.   
 

Felicia B. Nutter 
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Introduction 

Feral domestic cats (Felis catus) are opportunistic and adaptive, occupying a 

wide variety of niches and demonstrating very flexible social organizations.  Variations 

of over 1000-fold are reported for home range sizes and population densities (Liberg et 

al. 2000).  Cats live at low densities (<0.04 cats/ha) with home ranges of up to 760 ha in 

habitats such as forests, scrub, farmland and subantarctic islands where resources are 

poor and dispersed (Fitzgerald & Karl 1986; Jones & Coman 1982b; Konecny 1987; Say 

et al. 2002).  Where resources are clumped and abundant in suburban and urban areas, 

cats can form large, dense (>20 cats/ha) multi-male, multi-female groups with home 

ranges less than 1 ha (Barratt 1997; Haspel & Calhoon 1993; Izawa et al. 1982; 

Mirmovitch 1995; Natoli et al. 1999; Yamane et al. 1994).  Cats are found at the lowest 

densities and with the largest home ranges where they subsist by hunting, and at the 

highest densities with the smallest home ranges where they survive by scavenging or are 

fed by people (reviewed in Liberg et al. 2000).  The main resources driving feral cat 

social organization differ by sex, with food and shelter being the primary determinants 

for female cats and access to breeding females the primary determinant for males 

(Devillard et al. 2003; Devillard et al. 2004; Kaeuffer et al. 2004; Liberg et al. 2000; Say 

et al. 2002).  

Across the spectrum of social organization and population densities, feral cats as 

introduced, exotic predators have negative environmental impacts, which include 

predation on native wildlife, nuisance issues, and perceived health risks for people (Levy 

& Crawford 2004; Patronek 1998; Slater 2004; Winter 2004).  Unfortunately feral cat 

management remains largely reactive and is usually undertaken in response to a 
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complaint reported to an animal control agency or humane organization, or as part of a 

threat abatement plan for wildlife species of concern.  Feral cats living in groups at high 

densities are commonly targeted for control, because they are the most visible.   

Trap-neuter-return (TNR) programs for group-living feral cats are being 

implemented by grass-roots organizations as alternatives to lethal control.  The rationale 

for TNR programs is eventual population decrease through attrition, and territorial 

defense by resident cats to prevent immigration of intact cats that would breed and 

repopulate the site (Levy & Crawford 2004; Slater 2002).  A clear understanding of 

home ranges and the spatial organization of feral cats in managed colonies is needed to 

evaluate the effectiveness of TNR programs fully. 

This project evaluated home ranges for intact and neutered cats in managed 

colonies.  Two different techniques for neutering males, castration and vasectomy, were 

employed to investigate whether hormonally intact but reproductively sterile males 

might provide better territory defense.   

 

Materials and Methods 

Study Design 

Nine pre-existing feral cat colonies in Randolph County, North Carolina were 

included in the study as described in Chapter 5 (Nutter et al. 2004a; Nutter et al. 2004b).  

Three adult male cats in each colony were fitted with 30-g, motion-sensing transmitter 

collars, which weighed < 0.01% of cat bodyweight and had an expected 24 month battery 

life (model RI-2CM(12)sp, Holohil Systems Ltd., Ontario, Canada).  Because of financial 
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limitations and the primary interest in evaluating the impact of the two neutering 

techniques for male cats, no collars were placed on female cats. 

 

Data Collection 

I collected visual and radiotelemetry location data at each colony at least twice 

monthly for two years.  Visual locations were recorded from fixed points as bearing to 

the nearest decimal degree and distance in meters measured by laser rangefinder 

binoculars, or as proximity to permanent features (building, tree, etc.).  Radiotelemetry 

locations were obtained using the loudest signal technique (Springer 1979) and a hand-

held Telonics receiver and two-element antenna (Telonics Inc., Mesa, Arizona).  They 

were only collected if cats were not visually located, and radiolocation efforts ceased if a 

cat was visually located before three bearings were obtained.  Bearings were recorded to 

the nearest decimal degree from at least 3 fixed points within 15 minutes to minimize 

error from moving cats.  Signal quality was assessed for fluctuations in tone and volume 

as an indicator of animal movement, and location information was not collected if signal 

quality was judged poor.  All locations were collected by the same investigator.   

Location data were analyzed using geographic information system software 

(ArcView GIS 3.3, Redlands, California).  Digital orthophoto quarter quadrangle maps 

with 3 m resolution were imported into the program and used as a base layer for plotting 

the fixed points and animal locations.  Visual locations were calculated from the bearing 

and distance information using an ArcView software extension (Distance/Azimuth Tools 

v. 1.2, Jenness Enterprises, Flagstaff, Arizona) or were hand plotted.  Locations 

estimated by radiotelemetry were triangulated by computer (LOAS, Ecological Software 
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Solutions), and were the intersections of 2 compass bearings or the 2-dimensional 

arithmetic means of intersections of 3 compass bearings.  I estimated radiotelemetry 

error by the location error technique (Zimmerman & Powell 1995) using “dummy” 

collars placed at the colony sites in locations unknown to me.  I collected location 

estimates for the dummy collars and then calculated the absolute distances and bearing 

error angle between the estimated locations and the known locations using LOAS.   

Distances from the colony feeding sites to all individual cat locations for each colony 

were also calculated using Animal Movement v 2.0 extension for ArcView GIS 3.3 

(Hooge & Eichenlaub 1997).  Home ranges were calculated for individual cats with at 

least 20 location points each, using the same Animal Movement v 2.0 extension.  I 

calculated minimum convex polygon (MCP) estimates using all points (MCP 100) and 

also after removal of 5% of outliers by the harmonic mean distance process (MCP 95), 

and I calculated 95% and 50% fixed-kernel estimates (KE 95, KE50) with the Animal 

Movement v 2.0.  I also calculated MCP 100, MCP 95, KE 95 and KE 50 ranges for 

each colony, using location data from all cats in the colony, not just the cats for which I 

estimated home ranges.  For all kernel home range estimates, least squares cross-

validation (LSCV) was initially used to choose the band width, h (the width of the 

kernel) (Powell 2000).   

Cat density was estimated at the colony level and was calculated by dividing the 

total number of cats per colony (not just the cats for which individual home ranges were 

estimated) by the various colony home ranges estimates, to yield cats per hectare.  An 

overall cat density across colonies was estimated by dividing the total number of cats 

(188) by the sum of all 9 colony home range estimates, for each estimation method.   
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Statistical Analysis 

Data sets were evaluated for normality with the Shapiro-Wilk W test before 

performing additional statistical analyses.  Only the data set for the total number of cat 

locations collected per colony conformed with normality (p=0.20).  All other data sets at 

the individual and colony level were from non-normal distributions (all p<0.05).  

Accordingly I used non-parametric tests for statistical analyses.  Correlations between 

the number of locations and home range sizes were evaluated with Kendall’s rank 

correlation.  The Mann-Whitney U test was used to compare two groups, and the 

Kruskal-Wallis test was used to compare three groups, with multiple comparisons made 

using the Dwass-Steel-Chritchlow-Fligner method (Critchlow & Fligner 1991; 

Hollander & Wolfe 1999).  The significance level of α = 0.05 was used for all tests.  

Computer software packages (StatView, SAS Institute, Cary, NC, USA; Stats-Direct 

version 2.4.5, Cheshire, UK) were used for all analyses.   

 

Results 

I collected 4663 locations from a total of 188 cats during the study period.  The 

majority of locations were collected between 0600 and 1800 hours (71%), with 27% 

collected between 1800 and 2400 hours, and 2% between 2400 and 0600 hours.  I 

estimated home ranges for 91 cats (47 female, 44 male) that had at least 20 locations 

each.  The number of locations per individual cat whose home range was calculated 

ranged from 20 to 72, with a median of 38, and a mean of 41 (+ SD 14).  I was 

successful in locating the individual cats for which home ranges were estimated during a 

mean of 65% (+ 20%) and median of 66% of location attempts, with a range of 26% to 
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100%.  Only visual locations were collected for female cats.  Radiotelemetry locations 

were used in the home range estimates of 11 of 27 radiocollared male cats, with between 

1 and 6 radiotelemetry locations per cat (1% to 12% of total locations).  For 13 other 

radiocollared male cats, I used only visual locations.  For the remaining 3 radiocollared 

male cats no home range estimates were generated because not enough locations were 

obtained.  Two of those cats disappeared, and for one the radio failed and the cat 

subsequently disappeared.  The average radiotelemetry error angle was 2°, and the 

average location error distance was 6 m.   

Overall, median home range estimates for individual cats (Table 1 presents 

median statistics, Table 2 mean statistics) ranged from 0.028 ha to 3.947 ha (MCP 100), 

0.020 ha to 3.230 ha (MCP 95), and 0.008 ha to 3.849 ha (KE 95).  Core areas (KE 50) 

ranged from 0.002 ha to 0.386 ha.  There was no difference between male and female 

home ranges for any of the estimators used (MCP 100 p=0.17, MCP 95 p=0.32, KE 95 

p=0.22, KE 50 p=0.16).  When home range sizes were compared by sex without taking 

into account reproductive status, there was no significant difference for MCP 100 

(p=0.17), KE 95 (p=0.27), or KE 50 (p=0.21).  When cats were split by sex and then 

compared by reproductive status, vasectomized male cats had significantly larger ranges 

than either intact or castrated males for the MCP 100 (p=0.003 for both comparisons), 

KE 95 (p=0.002, p=0.004 respectively) and KE 50 (p=0.005, p=0.034 respectively).  

While there was no difference between intact and spayed females for MCP 100 (p=0.91), 

spayed females had significantly larger KE 95 (p=0.03) and KE50 (p=0.02) than intact 

females.  The MCP 100, MCP 95, KE 95 and KE 50 home ranges of all cats in the 

colonies overlapped extensively, and contained the feeding sites within the core areas 
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(see Figure 1 through Figure 10 for individual cat MCP 100 estimates and colony KE 95 

and KE 50, presented for each colony).   

Home range estimates at the colony level for all treatments combined (Table 3) 

ranged from 0.281 ha to 8.363 ha (MCP 100), 0.132 ha to 3.806 ha (MCP 95), and 0.024 

ha to 0.773 ha (KE 95).  Colony core areas (KE 50) ranged from 0.004 ha to 0.060 ha.  

There were no significant differences among colonies by treatment for any of the home 

range estimates (MCP 100 p=0.30; MCP 95 p=0.39, KE 95 p=0.06; KE 50 p=0.07).   

The number of individual cat locations and resulting MCP 100 area were 

correlated (p=0.003) for individual cat home ranges.  No correlations were found 

between the number of locations and the areas of individual cat KE 95 (p=0.64) or KE 

50 (p=0.50), or between the total number of locations per colony or cats per colony and 

the areas of colony-level MCP 100 (p=0.92, p=0.76), KE 95 (p=0.61, p=0.48) or KE 50 

(p=0.48, p=0.36).   

Home ranges for all cats within the same colony overlapped extensively (see 

Figure 2 through Figure 10) and included the feeding sites and often adjacent buildings.  

Using colony MCP 100, and dividing the total number of cats by the sum of the home 

range estimates, a density of 8 cats/ha was derived, while with the MCP 95 the density 

was estimated as 20 cats/ha (Table 4).  With the revised KE 95 the density was 94 

cats/ha, and in the revised KE 50 core area, the density was 1039 cats/ha.  No significant 

differences were found cat densities per individual colony compared by treatment (MCP 

100 p=0.20, MCP 95 p=0.15, KE 95 p=0.10, KE 50 p=0.25).   

Distances from colony feeding sites to individual cat locations (Table 5) ranged 

from 0.10 m to 290.70 m.  There was no difference between the distances moved by 
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males and females (p=0.29), but there were differences within the sexes by treatment.  

Vasectomized male cats moved farther from the feeding site than either intact 

(p<0.0001) or castrated (p=0.032) male cats, and castrated male cats moved farther than 

intact male cats (p<0.0001).  Spayed female cats moved farther than intact female cats 

(p<0.0001).   

 

Discussion 

The feral cats in these managed colonies were generally easy to observe, with a 

high percentage in attendance at any given time.  At least half the cats were located 66% 

of the time, with more than 1/3 of the cats observed during 75% or more of the colony 

visits.  Similarly high observation success has been reported for urban feral cats in Rome 

(Natoli & De Vito 1991).  The ability of caretakers to observe cats means that 

abnormalities can be easily noticed (injuries or other health problems) and new cats are 

likely to be detected quickly.  It also means that cats are readily accessible for 

management activities, such as the initial trapping for TNR programs, follow-up 

captures for booster vaccinations, or if necessary removal of individual cats or the entire 

colony.   

Cat locations were collected predominantly during daylight or crepuscular hours, 

and the resulting home ranges most accurately represent diurnal patterns of space use.  

Though cats are commonly considered to be most active at night, they do alter their 

activity patterns due to food availability (Fitzgerald & Turner 2000; Haspel & Calhoon 

1993; Konecny 1987; Langham 1992).  All colonies were fed during the day, and so the 

locations collected reflect space use related to high food availability and abundance.  
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Nocturnal ranges have been reported to be larger than diurnal ranges for both neutered 

pet cats and intact feral cats in Canberra, Australia (Barratt 1997) 

Previous studies of feral cat home ranges have most commonly used the MCP 

method to estimate home range (Liberg et al. 2000).  The traditional MCP is sensitive to 

the total number of locations per individual animal, and ignores the possibility of 

differential use of regions within the home range (Powell 2000).  Large areas that are 

rarely used by the animal may be included in the calculated home range.  However, it is 

intuitive and easy to calculate, and therefore widely used.  The individual cat MCP 100 

and MCP 95 home range sizes found here (Table 1 and Table 2) were within the range of 

those previously reported for feral cats living in environments with rich, clumped food 

resources (Barratt 1997; Bradshaw 1992; Chipman 1990 cited in Bradshow 1992; Dards 

1978; Izawa et al. 1982; Mirmovitch 1995; Tabor 1983; Yamane et al. 1994).  The home 

ranges of all cats within a colony overlapped extensively and included the feeding site 

and, frequently, adjacent buildings.  Only one cat, a spayed female, was routinely 

observed to cross a road adjacent to the colony site, though several cats from the same 

colony emigrated to a new site by crossing an adjacent road, and many cats were killed 

by vehicle collisions (Chapter 5).  There are relatively few reports in the literature of 

home ranges for neutered cats, and the data available are for free-roaming owned cats.  

MCP 100 ranges of 0.02 ha to 43.56 ha, and MCP 95 ranges of 0.02 ha to 27.93 ha have 

been reported for 9 neutered suburban cats in Canberra, Australia, with no differences by 

sex (Barratt 1997).  Home ranges of 7 intact feral farm cats from the same study ranged 

from 0.86 ha to 23.38 ha (MCP 100) and 0.77 ha to 4.46 ha (MCP 95).  These cats spent 

88-97% of their time in or near farm buildings, paddocks, and yards.  Though none of 
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them were ever observed to cross an adjacent road, two were killed by vehicles.  Median 

MCP ranges of 0.076 ha for 52 castrated males and 0.053 ha for 64 spayed females were 

reported from Manchester, UK (Chipman 1990 cited in Bradshaw 1992), and 0.02 ha for 

female cats in East London (Tabor 1983).  These values are similar to those for the intact 

and neutered cats in the present study and indicate intensive use of small areas.  Roads 

may play a role in limiting feral cat movements, either because cats avoid the roads, or 

because many of them are killed by vehicle collisions if they do not.   

The correlation between number of locations per individual cat and the resulting 

MCP 100 size reflects the sensitivity of the MCP method to number of locations and 

outliers (Powell 2000).  Kernel estimates provide better insight into what portions of an 

individual cat’s or colony’s range are functionally important (Figure 1) (Powell 2000).  

Feeding sites were contained within the core KE 50 for all individual cats and all 

colonies, as well as areas in or adjacent to buildings which likely represent resting or 

shelter sites.  A single study (Haspel & Calhoon 1989) has reported a utilization 

distribution home range estimate for intact feral cats in Brooklyn, NY, but the method 

used was unclear and so cannot be directly compared to the KE 50 and KE 95 areas that 

I calculated; those intact urban feral cats had a mean range of 2.6 ha for males and 1.7 ha 

for females.   

The choice to study existing feral cat colonies that were fed on a daily basis 

meant that by default their ecology was different from feral cats that subsist by hunting 

alone, or by scavenging from rubbish sites.  Variation in food availability, one of the 

primary drivers of carnivore organization, was elminated (Liberg et al. 2000; Macdonald 

1983).  In the managed feral cat colonies in this study, food and water were provided 
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daily and shelter was abundant.  Basic requirements were thus met, leaving social issues 

as the remaining major influence on home range.   

The home ranges of intact and castrated male cats in this study were similar in 

size.  Castrated male cats were located significantly farther from the feeding site than 

intact male cats, but the real difference (between either the mean or median distances) of 

less than 1 m is unlikely to be biologically relevant.  Home ranges of intact male cats are 

generally reported to be 3.5 to 10 times larger than female ranges, so that a breeding 

male encompasses several breeding females in his range (Liberg et al. 2000; Tabor 

1983).  A study of cats in rural Sweden showed that the home ranges of breeding males 

contained between 7 and 15 breeding females (Liberg 1980; Liberg 1981; Liberg 1983).  

In these colonies with multiple females, a male need not increase his home range beyond 

that of the resident females to find adequate breeding opportunities.  There is also often 

estrus synchronization among females, which makes it impossible for individual males 

to control reproductive access to all receptive females (Say et al. 2001).  Genetic 

analysis has confirmed that the mating system for such multi-male, multi-female 

colonies is promiscuous, with a high rate of multiple paternity, where kittens in a single 

litter are sired by more than one male (Natoli & De Vito 1991; Say et al. 1999).  Intact 

male cats were apparently able to meet their needs for access to females, and required 

home ranges no larger than those of females or castrated males.  Another possible 

explanation is that other intact females may have been too far away from the existing 

colonies for the males to either locate or visit regularly.   

Vasectomized males had significantly larger home ranges than intact or castrated 

males.  Their locations were, on average, twice as far from the feeding site as either 
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intact or castrated male cats.  Though there were also multiple females in the colonies 

with vasectomized males, they were spayed and presumably not meeting the 

reproductive demands of the hormonally intact, sterilized males.  There were multiple 

anecdotal observations made by myself and the colony caretakers of vasectomized males 

attempting to copulate with spayed females that were not exhibiting any signs of estrus.  

It seems likely that vasectomized males had larger home ranges than either castrated or 

intact males because they were searching for breeding females, but we have no data 

specifically supporting this supposition.   

There was no difference between the home range sizes of intact or spayed 

females comparing the 95 or 100 MCP estimates.  However, when the kernel estimates 

were compared, intact females had significantly smaller home ranges than spayed 

females.  Pregnant and lactating females have been shown to reduce their home range 

size during the breeding season, presumably due to the need to protect and feed kittens 

(Fitzgerald & Karl 1986; Jones & Coman 1982a, b; Konecny 1987).  Though 

alloparental care and nursing coalitions are described in feral cats and can theoretically 

help distribute the burden of nursing and guarding kittens (Macdonald 1983; Macdonald 

et al. 1987; MacDonald et al. 2000), there is little incentive for nursing queens in 

managed colonies to range widely.  However, the greatest distance from the feeding site 

for any cat, male or female, was 290.70 m, recorded for an intact female nursing a litter 

of kittens.  She was observed hunting at the interface of an open field and a forest block.  

The short survival times of intact females combined with the low-intensity sampling 

meant that the dataset for each cat was not large enough for seasonal analysis.  More 
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intensive location data collection and seasonal analysis would help better characterize 

possible differences in home ranges of intact and spayed female cats.   

An additional factor in this study that may have influenced the home ranges of 

intact male and female cats was the presence of cat-aggressive dogs at all three control 

colonies.  This is one of the factors that could not be controlled during the project, and 

dogs were added at two of the three colonies shortly after the research began.  Other 

researchers have also observed the effect of resident dogs on the cats’ behavior, noting 

that they stayed close to buildings or other sites of refuge when the dogs were active 

(Barratt 1997; Langham 1992).   

Home range sizes for the individual cats and the colonies varied by one to two 

orders of magnitude in this study.  Variations of one to three orders of magnitude for 

individual male and female home ranges from the same environments have been 

previously reported (reviewed in Liberg et al. 2000).  Though the underlying hypothesis 

is that food is the primary factor driving female home range, and that females in turn 

determine male home range, such wide variations within studies are likely due to 

additional factors.  Other potential explanations include differences in age, experience, 

temperament, dominance rank, and motivation to hunt, as well as the locations of 

favorite sunning, resting, hiding or hunting sites.  This study was not designed to address 

more subtle behavioral and ecological correlates of behavior, and I cannot draw any 

conclusions about the relative importance of these factors on cat home ranges though 

they remain questions for future research.   

The colony ranges (Table 3) calculated using MCP 100 were larger than the 

median individual cat range size, because all observations for any cat in the colony were 
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included.  The KE 95 and KE 50 colony ranges were similar to the median KE 95 and 

KE 50 individual ranges.  The lack of correlation between the number of cats per colony 

and the size of the KE 95 and KE 50 confirms the social tolerance and home range 

overlap in these multi-male, multi-female groups.  If there was significant territorial 

defense or exclusive home ranges for individual cats, one would expect the KE 95 and 

KE 50 to increase with the number of cats.  The lack of territory defense is further 

supported by observations during the study of successful immigration of intact males 

into all types of colonies (Chapter 5).  The rich, clumped food resource provided to 

managed feral cat colonies reduces or eliminates the territory defense that is associated 

with poorer, dispersed resources.(Liberg et al 2000)  Lack of territoriality and social 

tolerance have been previously described for other group-living feral cats with rich, 

clumped food resources (Barratt 1997; Devillard et al. 2003; Izawa et al. 1982).   

Small colony home ranges might help mitigate predation impacts on wildlife 

species.  Though the high cat densities would likely result in increased local impact, the 

region impacted would be reduced compared to more widely-ranging cats.  Farm cats 

kept specifically for pest control may significantly affect rodent populations only within 

50 meters of a farm site (Elton 1953).  Free-roaming owned cats fed at home decreased 

their hunting by approximately 50% compared to feral cats that were not fed (Liberg 

1984).  Intact female cats with nursing offspring are more efficient hunters, capturing 

more prey than non-mothers, and also investing fewer pounces per successful kill than 

non-mothers or males (Fitzgerald & Turner 2000; Turner & Meister 1988).  Spaying 

females for TNR management eliminates reproduction and the associated increases in 

food requirements and hunting, which might in turn help reduce predation on wildlife.  
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Cats also tend to hunt less, or perhaps less successfully, as they age.  Cats less than five 

years old bring home the most prey (Churcher & Lawton 1987), and there are decreases 

in a cat’s physical abilities, such as jumping, as they age (Harris 1999).  The increased 

survival times of neutered feral cats relative to intact feral cats (Chapter 5) may therefore 

also result in hunting reduction over time.  Research on the hunting behavior of feral cats 

before and after neutering would help clarify some of these issues.  Molecular genetic 

techniques are also being developed to identify prey DNA in predator feces, and offer a 

new method for studying feral cat food habits over time (Deagle et al. 2005; Symondson 

2002).  Information about cat predation is most useful when it can be related to the 

abundance of the prey species of interest.  When numbers of prey captured by cats are 

reported out of context there is no way to assess the impact of hunting on native wildlife 

populations.   

The total colony-level densities of cats reported here of 8-94 cats/ha depending 

on the colony home range estimate used for the calculation (MCP 100, MCP 95, or KE 

95), are similar to the range of 3-28 cats/ha reported for other high-density populations 

(Calhoon & Haspel 1989; Haspel & Calhoon 1989; Izawa 1983; Mirmovitch 1995; 

Natoli & De Vito 1991).  The total density of 1039 cats/ha in the KE 50 core area is 

among the highest reported, and could be misleading because the core represents the 

sites where cats gathered during feeding times.  Density of 140 cats/ha was reported for 

the feeding area of a colony of 80 feral cats in Rome (Natoli et al. 1999), and 210 cats/ha 

for 30 feral cats confined to a walled garden in Amsterdam (Tabor 1989).  Such high 

densities are found in very small areas, usually less than 0.25 ha, and in this study often 

less than 0.025 ha.  Because these density calculations are based on the home range 
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estimates, which vary by one to two orders of magnitude, the density estimates vary 

similarly, and the variation within treatments is as great as the variation between 

treatments.  Also, this rough method of calculation overestimates the density, because all 

cats observed during the two-year study were included, but not all cats were present 

throughout the study nor were individual home ranges estimated for all observed cats.  

The overestimation is greatest for the control colonies, which had the highest turnover 

and tallied more total cats during the study.   

The violation of the territorial defense assumption made by TNR programs could 

have both negative and positive impacts on the success of management.  When feral cat 

colonies are managed by TNR in public areas, the lack of territorial defense can lead to 

increases in colony sizes when cats are abandoned at visible management sites and 

readily join the group (Castillo & Clarke 2003; Levy & Crawford 2004).  However, the 

ability of immigrant cats to join a colony also means that they are subject to TNR 

management and thus their breeding potential is eliminated.  The provision of a stable 

food supply to group-living feral cats results in small home ranges, high attendance, and 

lack of territoriality that can facilitate the management and monitoring of group-living 

feral cats, though the environmental impacts of the cats and colonies will depend on the 

management technique chosen.   
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Table 1.  Home range estimates for intact and neutered male and female feral cats in 
managed colonies by 100% and 95% minimum convex polygon (MCP), and 95% and 
50% kernel.  Data are reported as median, interquartile range (minimum-maximum).  * 
and † indicate statistically significant differences between groups, by sex. 
 
 
 

# Cats 100% 95% 95% 50%
Males

Intact 14 median, IQR
(min-max)

0.152, 0.165*
(0.035 -1.229)  

0.108, 0.089*
(0.027-0.399)

0.072, 0.118*
(0.022 - 0.665)

0.010, 0.008*
(0.004 - 0.107)

Castrated 13 median, IQR
(min-max)

0.157, 0.068†

(0.071 -1.776)  
0.109, 0.054†

(0.053-0.527)
0.121, 0.057†

(0.063 - 0.536)
0.016, 0.012†

(0.007 - 0.086)  

Vasectomized 17 median, IQR
(min-max)

0.593, 1.640*†

(0.184 - 3.947)  
0.396, 1.185*†

(0.160-3.230)
0.474, 1.401*†

(0.090 - 3.849)
0.050, 0.187*†

(0.009 - 0.386)  

Females

Intact 17 median, IQR
(min-max)

0.227, 0.150
(0.034 -2.486)  

0.125, 0.100
(0.032-0.398)

0.092, 0.047*
(0.008 -0.708)

0.010, 0.006*
(0.002 -0.119)

Spayed 30 median, IQR
(min-max)

0.176, 0.339
(0.028 -0.844)  

0.133, 0.306
(0.020-0.754)

0.155, 0.280*
(0.010 -1.064)

0.019, 0.027*
(0.002 -0.269)

MCP (ha)  Kernel (ha)

 

 
 
 
Table 2.  Home range estimates for intact and neutered male and female feral cats in 
managed colonies by 100% and 95% minimum convex polygon (MCP), and 95% and 
50% kernel.  Data are reported as mean + SD (95% CI), and are presented to facilitate 
comparisons with existing publications.   
 
 
 

# Cats 100% 95% 95% 50%
Males

Intact 14 mean + SD
(95% CI)

0.241+ 0.316
(0.058-0.423)

0.134 + 0.111
(0.070-0.198)

0.141 + 0.163
(0.047-0.235)

0.019 + 0.026
(0.004-0.034)

Castrated 13 mean + SD
(95% CI)

0.318 + 0.440
(0.092-0.545)

0.167 + 0.142
(0.093-0.240)

0.161 + 0.113
(0.103-0.219)

0.023 + 0.020
(0.129-0.033)

Vasectomized 17 mean + SD
(95% CI)

1.111 + 1.23
(0.430-1.792)

0.840 + 0.916
(0.286-1.393)

1.129 + 1.271
(0.574-1.897)

0.131 + 0.138
(0.048-0.214)

Females

Intact 17 mean + SD
(95% CI)

0.334 + 0.563
(0.045-0.624)

0.143 + 0.089
(0.097-0.189)

0.126 + 0.159
(0.044-0.208)

0.018 + 0.028
(0.004-0.033

Spayed 30 mean + SD
(95% CI)

0.268 + 0.215
(0.187-0.348)

0.223 + 0.201
(0.148-0.298)

0.284 + 0.296
(0.173-0.395)

0.043 + 0.061
(0.020-0.066

MCP (ha)  Kernel (ha)
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Table 3.  Home range estimates for managed colonies of feral cats: 100% and 95% 
minimum convex polygon (MCP) and 95% and 50% Kernel.   
 
 
 

Colony # Cats # Locations Area (ha)
Mean + SD
(median) Area (ha)

Mean + SD
(median)

C1 43 781 0.688 0.427
C2 32 752 3.977 0.947
C3 16 310 0.281 0.132
S/C 1 30 834 1.131 0.613
S/C 2 13 436 3.098 1.111
S/C 3 11 399 0.402 0.246
S/V 1 15 236 8.363 3.806
S/V 2 16 472 3.747 1.917
S/V 3 12 443 1.437 0.341

100% MCP 95%MCP

1.649 + 2.027

1.544 + 1.395

4.516 + 3.526

0.502 + 0.41

0.657 + 0.43

2.021 + 1.73

Total 188 4663 23.124 2.569 + 2.60
(1.437) 9.540 1.060 + 1.169

(0.613)  
 
 

Colony # Cats # Locations Area (ha)
Mean + SD
(median) Area (ha)

Mean + SD
(median)

C1 43 781 0.024 0.004
C2 32 752 0.088 0.011
C3 16 310 0.053 0.007
S/C 1 30 834 0.118 0.012
S/C 2 13 436 0.184 0.021
S/C 3 11 399 0.059 0.007
S/V 1 15 236 0.581 0.060
S/V 2 16 472 0.773 0.042
S/V 3 12 443 0.130 0.017

0.055 + 0.032

 95% Kernel  50% Kernel

0.007 + 0.004

0.013 + 0.007

0.040 + 0.022

0.120 + 0.063

0.495 + 0.330

2.010 0.223 + 0.266
(0.118) 0.181Total 188 4663 0.020 + 0.019

(0.012)  
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Table 4.  Estimated cat densities for each colony, calculated using the various home 
range estimates.   
 
 
 

Colony # Cats Area (ha) Cats/ha Area (ha) Cats/ha
C1 43 0.688 63 0.427 101
C2 32 3.977 8 0.947 34
C3 16 0.281 57 0.132 121
S/C 1 30 1.131 27 0.613 49
S/C 2 13 3.098 4 1.111 12
S/C 3 11 0.402 27 0.246 45
S/V 1 15 8.363 2 3.806 4
S/V 2 16 3.747 4 1.917 8
S/V 3 12 1.437 8 0.341 35

9.540 20Total 188 23.124 8

100% MCP 95%MCP

 
 
 

Colony # Cats Area (ha) Cats/ha Area (ha) Cats/ha
C1 43 0.024 1792 0.004 10750
C2 32 0.088 364 0.011 2909
C3 16 0.053 302 0.007 2286
S/C 1 30 0.118 254 0.012 2500
S/C 2 13 0.184 71 0.021 619
S/C 3 11 0.059 186 0.007 1571
S/V 1 15 0.581 26 0.060 250
S/V 2 16 0.773 21 0.042 381
S/V 3 12 0.130 92 0.017 706

2.010 94Total 188

 95% Kernel  50% Kernel

0.181 1039
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Table 5.  Distances in meters from the colony feeding site to locations for individual 
intact and neutered male and female feral cats.  † and ‡ indicate statistically significant 
differences between treatment groups, by sex.   
 
 
 

# Locations
Median, IQR
(min-max)

Mean + SD
(95% CI)

Males

Intact*‡ 836 9.18, 18.03
(0.17-155.70)

14.28 + 15.62
(13.22-15.34)

Castrated*† 871 9.68, 12.42
(0.15-179.65)

15.18 + 17.17
(14.04-16.33)

Vasectomized†‡ 577 22.86, 37.00
(0.23-255.62)

34.41 + 39.13
(31.21-37.61)

Total 2284 11.18, 19.92
(0.15-255.62)

19.71 + 25.71
(18-66-20.77)

Females

Intact* 1007 8.12, 17.61
(0.13-290.70)

14.88 + 20.04
(13.63-16.11)

Spayed* 1372 12.78, 27.71
(0.10-189.56)

24.03 + 26.96
(22.60-25.46)

Total 2379 10.83, 21.6
(0.10-290.70)

20.16 + 24.69
(19.17-21.15)

Overall Total 4663 11.04, 20.76
(0.10-290.70)

19.94 + 25.19
(19.22-20.66)  
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Figure 1.  Example of MCP 100 home range (solid black line) and KE 95 (solid red line) 
and KE 50 (yellow dashed line) for castrated male cat.  j indicates feeding site. 
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Figure 2.  MCP 100 home ranges for male (solid outline) and female (dashed outline) 
cats from C1, shown with the colony KE 95 (green) and KE 50 (pale green) range 
estimates.     
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Figure 3.  MCP 100 home ranges for male (solid outline) and female (dashed outline) 
cats from C2, shown with the colony KE 95 (green) and KE 50 (pale green) range 
estimates.     
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Figure 4.  MCP 100 home ranges for male (solid outline) and female (dashed outline) 
cats from C3, shown with the colony KE 95 (green) and KE 50 (pale green) range 
estimates.     
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Figure 5.  MCP 100 home ranges for male (solid outline) and female (dashed outline) 
cats from S/C 1, shown with the colony KE 95 (green) and KE 50 (pale green) range 
estimates.     
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Figure 6.  MCP 100 home ranges for male (solid outline) and female (dashed outline) 
cats from S/C 2, shown with the colony KE 95 (green) and KE 50 (pale green) range 
estimates.   
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Figure 7.  MCP 100 home ranges for male (solid outline) and female (dashed outline) 
cats from S/C 3, shown with the colony KE 95 (green) and KE 50 (pale green) range 
estimates.   
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Figure 8.  MCP 100 home ranges for male (solid outline) and female (dashed outline) 
cats from S/V 1, shown with the colony KE 95 (green) and KE 50 (pale green) range 
estimates.     
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Figure 9.  MCP 100 home ranges for male (solid outline) and female (dashed outline) 
cats from S/V 2, shown with the colony KE 95 (green) and KE 50 (pale green) range 
estimates.    
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Figure 10.  MCP 100 home ranges for male (solid outline) and female (dashed outline) 
cats from S/V 3, shown with the colony KE 95 (green) and KE 50 (pale green) range 
estimates.     
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Chapter 7:  Community meetings to facilitate consensus on feral cat management 

 

Felicia B. Nutter 
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Introduction 

The appropriate management of feral cats is debated in large part because 

organizations and individuals have very different opinions regarding feral cats (Jessup 

2004b; Levy & Crawford 2004; Patronek 1998; Slater 2002; Winter 2004).  Polarization is 

not unique to the subject of feral cats and characterizes many issues where human 

interactions with animals and our environment are considered beneficial by some and 

detrimental by others – from the intentional and accidental movements of plant and animal 

species (McNeely 2001) to the development of automobile fuel efficiency standards (Auto 

Alliance 2005; Doniger et al. 2002).   

Features common to polarized issues include limited information about some of 

the factors influencing choices, diverse parties that may be affected by decisions, 

potentially serious consequences arising from decisions, parties that may share common 

goals yet have different preferences for how to achieve them, and a need to develop 

consensus since individual parties cannot achieve the common goal alone (Maguire & 

Boiney 1994).  Conflict resolution and decision analysis techniques were developed to 

address such situations and are commonly used to help solve seemingly intractable 

problems (Clemen 1999; Coleman & Deutsch 2000).  Because these have been used 

successfully to mediate discussions about a variety of human/animal interactions (Maguire 

1986; Maguire & Boiney 1994; Maguire & Servheen 1992; Redpath et al. 2004; Slenning 

1997), stakeholder meetings were organized in Orange, Randolph and Wake counties, 

North Carolina, to apply similar methods to the discussion of feral cat management.   
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Materials and Methods 

I contacted stakeholder groups by telephone and invited them to participate in 

community meetings to discuss feral cat management issues.  A “snowball” technique 

was used to develop the participant lists, where each stakeholder contacted was asked to 

suggest other stakeholders to include in the meeting.  If a particular stakeholder was 

mentioned more than once I added the organization or person to the list (Shmueli 2003).  

The final stakeholders contacted were representatives from public health agencies, 

animal control agencies, humane organizations, feral cat organizations, and feral cat 

caretakers.  To foster an intimate working environment and encourage active 

participation by all parties, target attendance at each meeting was 10 to 15 people.   

I conducted each meeting in a participatory format with assistance from B. 

Slenning.  At the start of each meeting participants completed basic information forms 

and indicated their primary work or volunteer experience with feral cats.  Participants 

then completed a 32-item self-administered survey designed to assess attitudes on a 

variety of feral cat issues.  The survey was scored on a Likert-type scale, where response 

options corresponded to strongly agree, agree, don’t know, disagree, and strongly 

disagree with the 32 presented statements.  The moderators were available to answer 

questions and provide clarifications if needed.  Two weeks after the meeting, identical 

surveys were mailed to all participants.  Telephone follow-up and a second mailing 

occurred two weeks later for initial non-responders.  Internal validity of the survey was 

evaluated with Cronbach’s alpha test for reliability (Cronbach 1951).  Changes in scores 

between the initial and follow-up surveys were evaluated using the sign test, with an 

alpha value of 0.05 considered significant (Roberson et al. 1995).  Frequencies of 
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responses to 32 statements were compared by county using the Mann-Whitney U test, 

with an alpha value of 0.05 considered significant. 

Selected results from the initial questionnaires were presented to the meeting 

participants to demonstrate areas of agreement among participants.  Participants were 

then asked to provide input for the following exercises: 

(1) Develop a consensus definition for “feral cat” 

(2) List attributes of feral cats that are liked and disliked 

(3) List currently available options for feral cat management 

(4) Choose the two most viable options for feral cat management and list pros 

and cons for each 

(5) Develop a consensus list of conditions under which the two chosen 

management options are acceptable or preferred  

(6) List reasons for failure of feral cat management programs 

 

Using the participants’ inputs the meeting facilitators developed a decision 

diagram for feral cat management options, and then presented it to the working groups as 

a single text for negotiation (Spangler & Burgess 2003).  Participants were asked if the 

diagram could be improved, and suggested improvements were discussed until 

consensus was reached and the diagram amended accordingly.  The process was 

repeated until no additional improvements were suggested.   
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Results 

There were 12 participants at the Orange County meeting, and 13 at the Wake 

County meeting, with representatives from most of the target stakeholder groups (Table 

1).  Attendance at two separate attempted meetings in Randolph County failed to achieve 

sufficient numbers and diversity to support productive discussions, with the same two 

feral cat caretakers attending both meetings.   

All participants completed the surveys at the beginning of the meetings.  There 

were no significant differences among frequencies of responses between Orange and 

Wake counties, and the results have been pooled for presentation (Table 2).  Internal 

validity of the questionnaire was high, with a Cronbach’s alpha of 0.91.  There was no 

significant difference in the proportion of individuals in Orange (8 of 12, 67%) and 

Wake (9 of 13, 69%) that responded to the survey. 

A scientifically accurate consensus definition (Liberg & Sandell 1988; McKnight 

1964; Slater 2002) for feral cat was developed by both working groups (Table 3).  Other 

attributes of feral cats that participants considered relevant but not necessary components 

of the definition addressed the health and reproductive status of the typical feral cat, as 

well as aspects of biology and behavior.   

The lists of attributes of feral cats that are liked and disliked were almost 

identical between counties (Table 4), as were the lists of management options (Table 5).  

Both Orange and Wake county working groups chose to discuss the pros and cons of 

traditional feral cat control by trapping and removal (usually with subsequent 

euthanasia) and management by a trap, neuter and return program (Table 6).  The 

consensus lists of conditions under which the two management options are acceptable or 
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preferred (Table 7) and the lists of reasons for management failure (Table 8) were also 

very similar between counties. 

The decision diagrams developed using the iterative process were identical 

except for the additional step included by the Wake County group for suitability of the 

environment where the cats are located (Figure 1). 

 

Discussion 

The initial response from all stakeholder groups contacted was enthusiastic and 

encouraging, but it proved difficult to schedule the meetings to assure adequate 

representation from the various stakeholder groups.  This difficulty was predominantly 

due to high turnover in positions with both municipal governments and with animal 

rescue and advocacy groups, which is a recognized challenge in the animal care and 

control trade (Antoniades 2005; Figley 1995).  Meetings in all three locales were 

rescheduled several times, and eventually successful meetings were only held in Orange 

and Wake Counties.   

The working group compositions differed between the counties.  In Wake 

County, representatives were present from all target stakeholders, but in Orange County 

there were no participants from the public health or wildlife sectors.  This difference is 

most clearly reflected in the failure of the Orange Country group to include items about 

environmental suitability and sensitive wildlife species in Table 7, and the similar lack 

of an Orange County decision node on suitability of the environments for the 

maintenance of neutered feral cat colonies.  Discussions about environmental suitability 

in the Wake County group encompassed a diversity of issues, including the possible 
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presence of wildlife species of concern, location of colonies on public vs. private land, 

and proximity of colony sites to busy roads or other areas considered possibly dangerous 

to the cats and input from the wildlife sector was important.  Other stakeholders raised 

public health issues at the Orange County meeting, and while a public health sector 

representative may have contributed additional information, the meeting outputs 

addressing public health were similar between the two counties.  These results support 

the need to be as complete as possible in identifying and including stakeholders.   

Responses received to the initial survey questions were encouraging because 

areas of agreement and common goals were identified.  The common responses to 

questions 1-3 and 16, where 100% of responses were in two adjacent categories, and 

questions 5, 9, 11, 17, 21, 24, and 30, with the majority of responses in a single category, 

were used to demonstrate to meeting participants the existing areas of agreement and 

shared goals among stakeholders.  Important points to highlight were that participants 

felt that stakeholder collaboration was important, feral cat management could be 

improved, and that traditional trapping and euthanasia of feral cats was not always the 

best nor the only option available.  While the majority of meeting participants (19 of 25) 

were from the humane, feral cat organization or feral cat caretaker sectors, responses to 

the survey statements showed a diversity of opinion within these parties.  For example, 

15 of 25 participants disagreed or strongly disagreed that trapping and euthanasia was 

the best management option (Question 5).  So even if all 15 were from humane or feral 

cat sectors, at least 4 of 19 were neutral or agreed with the statement.  Similarly for 

Question 12, only 5 of 25 respondents disagreed that trapping and euthanasia can be the 

most appropriate option under some circumstances; Question 17, where 20 of 25 agreed 
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that TNR can be the best option under some circumstances, and Question 30, where 20 

of 25 agreed that pet cats should be kept indoors.  Within any group there will be diverse 

opinions, and while some people’s positions may be inflexible there will likely be others 

who are willing to collaborate and work towards consensus.  Resources should be 

invested in working with those who are open to new information and the possibility of 

change, and who may have a better chance of influencing the “closed fanatics” than 

perceived opposition parties (Slenning 1997).  The areas where there were more 

“disagreements” or diversity of responses were related to the costs and effectiveness of 

different interventions (Questions 12, 14, 15, 19) the role of feral cats in disease 

transmission and native wildlife predation (Questions 4, 6, 8, 10, 13, 18, 20, 27), how 

feral cats relate to different disciplines such as ecology and animal control (Questions 7, 

22, 25, 32), and the “rights” of feral cats and relationships with caretakers (Questions 26, 

28, 29, ).  This diversity is not surprising, because these topics are either lacking hard 

data to inform assessments, or are properly characterized as personal value judgements.  

When these results were presented to meeting participants, many were pleasantly 

surprised at the amount of common ground.  Comments were offered about the 

assumptions that many participants had regarding the opinions and preferences of “the 

other side,” and the inability of the stakeholders to work together.  Starting the meetings 

with this positive atmosphere likely contributed to the generally constructive working 

environment. 

By using pre and post meeting surveys, we were able to assess changes in 

attitudes that might have been influenced by the participatory meeting, but found no 

significant differences.  The lack of change in attitude or opinion does not necessarily 
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indicate that the stakeholder meeting was unsuccessful.  Most of the areas of 

“disagreement” or diverse opinion, as discussed above, pertained to topics that lack solid 

foundation data for evaluating the impacts of possible choices.   

Both working groups developed similar consensus definitions for feral cats, 

based upon their origin as domestic cats and their reversion to free-living states.  During 

the related discussion both groups also agreed that stray cats were different from feral 

cats, and were characterized by having been “owned” during their lifetime, and generally 

behaving in a friendly manner towards humans.  The other feral cat attributes that 

stakeholders felt were important exemplified the diversity that exists within feral cats 

(for tolerance to people, food sources, etc.), and highlighted the influence of that 

diversity on the choice of management option.  The definition developed by the working 

groups is consistent with that proposed by other researchers (Clarke & Pacin 2002; Levy 

& Crawford 2004; Slater 2002), and the groups recognized that feral cats are a subset of 

free-roaming cats. 

Working groups developed similar lists of feral cat management options, 

predominantly focused on direct interventions.  Legislative options, including mandatory 

pet cat sterilization, limits on the number of pet cats per owner, and “leash” laws, as well 

as public education programs, were also included and are related to the importance of the 

pet cat population as the ultimate source of feral cats.  Participants in both meetings were 

able to reach a consensus that trapping and removal, even with possible euthanasia of 

trapped cats, was an appropriate management option under certain circumstances, and 

both groups defined acceptable circumstances similarly.  Important circumstances 

included the need for rapid feral cat population reductions in the face of disease, the 
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presence of feral cats in unsuitable environments (public areas, adjacent to busy 

highways, etc.), or potential impacts on wildlife species of concern.  Both groups also 

concluded that non-lethal programs (relocation or adoption for removed cats, and TNR 

for remaining cats) were more humane, more acceptable to the general public, and could 

potentially result in long-term animal control cost reductions and feral cat population 

declines.  The Wake County working group discussed more economic issues of feral cat 

management than the Orange County group did.  Wake County participants mentioned 

that public expenditures on animal control, which were estimated at $2.5 million for 

2002, contributed to people’s dislike of feral cats, and cited decreased public 

expenditures due to grass-roots and volunteer participation as a benefit of TNR 

programs.  It’s interesting to note that none of the working groups discussed chemical or 

immunosterilants as potential control options, even though various methods have been 

used since the 1970’s and new methods are being developed (Chapter 1).  This is 

probably because such methods remain largely theoretical or experimental, and the lay 

public is not widely aware of them.   

A simple decision diagram was developed using the preference information.  The 

Wake County diagram included an additional step related to the environmental 

suitability of feral cat colony locations.  There are multiple additional options available 

if feral cats are trapped and removed from a site.  If trapping and removal is chosen 

because of a potential human health problem related to the presence of feral cats, such as 

rabies cases within the colony, then euthanasia is the outcome.  For other chronic 

incurable health problems such as cases of FeLV or FIV, some groups will opt for 

euthanasia while others will attempt adoption for friendly cats or long-term sanctuary 
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care.  For potentially treatable health problems, such as internal or external parasites and 

respiratory diseases, treatment is an option if resources are available, with adoption, 

sanctuary care, or relocation to a suitable site with an available caretaker as the final 

outcomes.  The options are similar when cats are removed from unsuitable environments 

– friendly cats can be offered for adoption, cats can be relocated to suitable sites with a 

caretaker, cats may be placed in a specific sanctuary, or euthanized if no other option is 

available.  All participants admitted that while euthanasia was considered a last resort 

option by most of them, it is still the most common result after feral cat removal due to 

lack of financial resources and adequate space (in shelters, sanctuaries, relocation sites 

or adoptive homes) to pursue the other options.  Similar assessments of options and 

recommendations have been made by other researchers (Castillo & Clarke 2003; Clarke 

& Pacin 2002; Hughes & Slater 2002; Slater 2002), but their conclusions have not been 

reached via the participatory process used here.  Building consensus among stakeholders 

is an important component of fostering good working relationships, and can help 

facilitate the acceptance and implementation of novel feral cat management options.  If 

consensus is not sought prior to implementation of management strategies such as TNR, 

antagonistic and confrontational situations can arise among various stakeholders (Levy 

2003). 

There was agreement that feral cat management programs fail, regardless of their 

methodology, because of financial and personnel shortages, lack of public awareness and 

interest, and irresponsible human behavior.  Some discussions occurred regarding local 

ordinances which in some municipalities made TNR programs illegal or at least difficult 

to administer.  For example, feral cat caretakers may be considered owners if they 
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provide food or shelter for the cats beyond a specified length of time and can be held 

liable for damages caused by the cats.  Participants agreed that TNR programs could still 

be implemented even when local ordinances were violated if there was good 

communication and cooperation among animal control, humane organizations, and TNR 

programs.  Such ordinances can be impractical and difficult to enforce, particularly with 

feral cat colonies on private property.  If the caretakers are unwilling to implement lethal 

control methods, they are unlikely to identify themselves to animal control or other 

regulatory agencies, and the colonies will probably only come to attention if a neighbor 

files a nuisance complaint.  Additional discussions also focused on the lack of 

communication and cooperation among the groups, due in part to long-term mistrust and 

perceived extremist attitudes in all groups.  The high turnover that we observed in many 

organizations contributes to a lack of good communication and difficulties in developing 

successful working relationships.  Both groups suggested that better coordination of 

programs would lead to better feral cat management.  They suggested that a “neutral” 

third party could effectively fill a coordination roll, but also realized that the scarcity of 

existing financial and personnel resources made creation of a new position challenging.  

None of these issues is novel or surprising, and they too have been discussed by other 

feral cat researchers (Levy & Crawford 2004; Slater 2002, 2004).   

Though feral cat management is an important issue for stakeholders, it remains a 

more marginal issue for wider audiences.  Without good documentation of the costs of 

feral cats (related to current financial expenditures, human health risks, wildlife impact, 

etc.) there is no great motivation for additional public expenditures for improved feral 

cat management.  Also, the ultimate source for feral cats is irresponsible pet cat owners, 
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and the problem will never be successfully addressed in the long-term without reducing 

the influx of new cats into the free-roaming and feral population.  Changing human 

behavior, however, is probably much more difficult and expensive than periodically 

trapping and removing cats from colony sites, or implementing alternative management 

strategies.  

The working groups considered the meetings useful, particularly because they 

helped clarify stakeholder agreement on the common goals of decreasing feral cat 

populations and decreasing the number of cats euthanized, while acknowledging 

different methods for achieving those goals.  The focus on existing areas of agreement 

and shared goals helped participants realize that their positions were not as polarized as 

many had assumed.  The emphasis on common goals and consensus-building, in which 

the importance of diverse opinions was acknowledged and discussions continued until 

acceptable options were identified, helped foster good will and desire to work for 

positive outcomes.  A working decision diagram was developed without using hard data, 

but based on preferences and consensus on circumstances under which certain 

management options were acceptable or unacceptable.  This basic diagram can be used 

in more classical decision analysis scenarios to run cost-benefit analyses and develop 

payoff tables as more hard data become available to inform choices.  Meeting 

participants left with outputs they all agreed they could “live with,” and that they could 

promote to their respective organizations or communities.  Opportunities for 

collaboration and linkages among groups were identified.  The participants felt that 

regular, facilitated meetings with representation from all stakeholders would help build 

better working relationships and improve management and control of feral cats.   
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Stakeholder meetings managed for consensus-building and qualitative decision 

analysis can improve working relationships among feral cat stakeholders.  While some 

have commented that common ground on this issue is just emerging (Jessup 2004a), it is 

more accurate to acknowledge that the common ground has long existed but has been 

obscured by concentrating on the differences among stakeholders rather that highlighting 

similarities.   
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Table 1:  Participants in stakeholder meetings by field. 

 
 
 

Orange County (%) Wake County (%)
Public health 0 (0) 1 (8)
Animal control 2 (17) 1 (8)
Wildlife organnization 0 (0) 2 (15)
Humane organnization 7 (58) 3 (23)
Feral cat organnization 1 (8) 4 (31)
Feral cat caretaker 2 (17) 2 (15)

Total 12 13  
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Table 2:  Likert-type survey administered to stakeholder meeting participants, and resulting 
total frequencies of responses and response by participant sector (feral cat 
sector/regulatory sector).  Feral cat sector includes participants from humane and feral 
cat organzations and feral cat caretakers.  Regulatory sector includes animal control, 
public health, and state wildlife organizations.  

 
 
 

Strongly 
Agree Agree Neutral Disagree

Strongly 
Disagree Median

80% 20% 0% 0% 0%

16/4 3/2 0/0 0/0 0/0

0% 0% 0% 8% 92%

0/0 0/0 0/0 0/2 19/4

88% 12% 0% 0% 0%

17/5 2/1 0/0 0/0 0/0

28% 20% 20% 12% 20%

5/2 2/3 5/0 2/1 5/0

4% 12% 24% 4% 56%

0/1 1/2 5/1 0/1 13/1

20% 20% 32% 16% 12%

5/0 4/1 5/3 2/2 3/0

16% 40% 24% 16% 4%

3/1 6/4 6/0 3/1 1/0

20% 36% 20% 16% 8%

3/2 7/2 4/1 3/1 2/0

60% 24% 8% 4% 4%

11/4 5/1 1/1 1/0 1/0

4% 16% 48% 24% 8%

1/0 2/2 12/0 3/3 1/1

Strongly 
Agree

Neutral

There are too many feral cats in this 
county.9

Feral cats may help protect some 
native wildlife populations by 

controlling other introduced predators. 
10

Feral cats are a public health risk.8 Agree

Feral cat control is a conservation and 
ecology issue.7 Agree

5 Strongly 
Disagree

Feral cats are beneficial because they 
help control rodent populations6 Neutral

Strongly 
Agree

Neutral

Stongly 
Agree

Feral cats are not a problem in this 
county.2 Strongly 

Disagree

QUESTION

I am interested in  feral cat population 
control issues.1

There should be more public 
education about feral cat issues.3

Feral cats have a detrimental impact 
on native wildlife.4

The best way to manage feral cats in 
this county  is by trapping and 

euthanasia.
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Table 2: continued 
 
 
 

Strongly 
Agree Agree Neutral Disagree

Strongly 
Disagree Median

52% 24% 16% 0% 8%

12/1 4/2 2/2 0/0 1/1

24% 32% 24% 8% 12%

3/3 6/2 5/1 2/0 3/0

20% 36% 20% 16% 8%

3/2 7/2 5/0 2/2 2/0

52% 20% 16% 8% 4%

12/1 3/2 4/0 0/2 0/1

8% 16% 20% 20% 36%

1/1 2/2 5/0 2/3 9/0

80% 20% 0% 0% 0%

16/4 3/2 0/0 0/0 0/0

60% 20% 12% 4% 4%

15/0 3/2 1/2 0/1 0/1

8% 24% 32% 8% 28%

1/1 3/3 6/2 2/0 7/0

40% 16% 32% 8% 4%

10/0 2/2 7/1 0/2 0/1

0% 28% 20% 20% 32%

0/0 4/3 4/1 4/1 7/1

80% 12% 8% 0% 0%

15/5 2/1 2/0 0/0 0/0

4% 12% 16% 24% 44%

0/1 2/1 3/1 6/0 8/3
22 It's up to Animal Control to reduce the 

number of feral cats in this county. Disagree

21 Feral cat management and control 
programs could be improved.

Strongly 
Agree

Agree

Disagree

19

20

Trapping, surgical sterilization, and 
subsequent release is a cost-effective 
method of feral cat population control. 

People who feed and care for feral 
cats are not educated about the risks 

involved.

18
Feral cats are responsible for causing 
a significant decline in native songbird 

populations.
Neutral

In some situations, trapping, surgical 
sterilization and subsequent release is 
the most appropriate way to manage 

feral cat populations.  

17 Strongly 
Agree

Disagree

Strongly 
Agree

Trapping and euthanasia is a cost-
effective method of feral cat 

population control.
15

16

Animal control, public health, 
veterinarians,  humane organizations, 
and concerned citizens should work 

together to control feral cats.

The best way to decrease the number 
of feral cats in this county is by 

trapping, surgical sterilization and 
subsequent release.

14 Strongly 
Agree

Feral cats are a greater public health 
risk than pet domestic cats.13 Agree

In some situations, trapping and 
euthanasia is the most appropriate 

way to manage feral cat populations.
12 Agree

Feral cat control is  an animal welfare 
issue.11 Strongly 

Agree

QUESTION
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Table 2: continued 
 
 
 

Strongly 
Agree Agree Neutral Disagree

Strongly 
Disagree Median

40% 24% 28% 4% 4%

7/3 4/2 7/0 0/1 1/0

64% 28% 0% 4% 4%

14/2 4/3 1/0 0/0 0/1

36% 36% 0% 24% 4%

5/4 9/0 4/2 0/0 1/0

28% 12% 24% 24% 12%

7/0 3/0 4/2 4/2 1/2

0% 28% 32% 20% 20%

0/0 6/1 6/2 3/2 4/1

48% 24% 20% 8% 0%

11/1 4/2 4/1 0/2 0/0

0% 0% 20% 32% 48%

0/0 0/0 3/2 5/3 11/1

56% 24% 4% 4% 12%

11/3 5/1 1/0 0/1 2/1

12% 28% 28% 12% 20%

2/1 4/3 5/2 3/0 5/0

40% 28% 16% 8% 8%

10/0 4/3 3/1 2/0 0/2
32

Low cost spay/neuter programs for pet 
cats should be supported by tax 

dollars.
Agree

31 Feral cats are a reservoir for rabies. Neutral

30 Pet cats should always be kept 
indoors.

Strongly 
Agree

29
Feral cat populations only exist 

because people actively provide food 
for them.

Disagree

28
People who feed and care for feral 

cats benefit from their relationship with 
the cats.  

Agree

27 Feral cats are taking the place of 
native predators that used to live here. Neutral

26 Feral cats  have a right to live freely in 
this county. Neutral

25 Feral cat control is  a public health 
issue. Agree

Agree

Strongly 
Agree

23
There is more than one way to 

effectively control feral cat 
populations.

24
Low-cost spay/neuter programs for 
pet cats will decrease the number of 

feral cats in this county.

QUESTION
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Table 3: Stakeholder definition of feral cats, and additional relevant attributes developed 
during Orange County O and Wake County W meetings. 

 
 
 

Consensus Definition
Felis catus  with a history of domesticity, 
but reverted to wild behavior in the 
current or any previous generation

Diversity of tolerance for humansW

Diversity of habitats, population sizesW

Variable physical conditionW

Usually reproductively intact and 
  unvaccinatedO,W

Opportunistic, can survive without human 
  assistanceO,W

Other Attributes
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Table 4:  Attributes of feral cats that are liked and disliked, developed during Orange County O 
and Wake County W meetings.   

 
 
 

Rodent/pest control and secondary disease controlO,W

Remind people of their domestic catsO,W

Provide outlet for feelings of compassion, responsibility, desire
  to nuture, desire to helpO,W

Predation on native wildlifeO,W

Use of tax money for controlW

Tangible example of human irresponsibilityO,W

Attributes of Feral Cats Liked by People

Attributes of Feral Cats Disliked by People
Nuisance (noise from fighting and mating, smell from urine 
  spraying, property damage)O,W

Potential to spread disease to pets and peopleO,W
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Table 5:  Feral cat management options identified during Orange County O and Wake 
County W meetings. 

 
 
 

Trap, neuter and returnO,W

Feral Cat Management Options

Trap and euthanizeO,W

Trap and remove (relocate or adopt)O,W

Mandatory sterilization for pet catsO,W

Legal limit for number of pet cats per ownerO

Legislation to curb pet cat roamingO,W

Subsidized or low-cost sterilization for pet catsO,W 

Public educationW
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Table 6:  Pros and cons of the two primary management options discussed during Orange 
County O and Wake County W meetings.  

 
 
 

Trap and Removal Trap, Neuter, and Return

Quick population reductionO,W Humane, more acceptable to general 
  publicO,W

Disease controlO,W Shared responsibility for and ownership 
  of the problemO,W

Decreased public cost due to grass-
  roots and volunteer participationW

Perceived as inhumane by general 
  publicO,W

Predation on native wildlife 
  continuesO,W

Often a short-term solutionO,W Does not address all nuisance issuesO,W

Does not address all zoonotic disease 
  issuesO,W

May violate local ordinances,W or involve 
 liability issuesO

Not widely availableO,W

P
r
o
s

C
o
n
s
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Table 7:  Consensus list of conditions under which the two feral cat management options are 
acceptable or preferred by stakeholders in Orange County O and Wake County W.   

 
 
 

Trap and Removal Trap, Neuter, and Return
Rapid depopulation needed (disease 
  concern, caretaker overwhelmed,
   etc.)O,W

Cat population is healthyO,W

Presence of friendly cats that can be 
  adoptedO,W Dedicated caretaker is availableO,W

Threatened or endangered species are 
  impacted by the catsW Environment is suitableW

 
 
 
 
Table 8:  Reasons for management program failure identified during Orange County O and 

Wake County W meetings. 
 
 

Reasons for Failure of Feral Cat Management Programs

Lack of financial and personnel resourcesO,W

Lack of public interest and awarenessO,W

Lack of "ownership" of the problem; culture of human 
  irresponsibility, O,W

Lack of consensus about management optionsW

Lack of municipal and regulatory supportW
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Are the feral cats in a 
suitable environment?

YES

Are the feral cats 
healthy?

Is there a feral cat
caretaker available? 

Trap, Neuter 
and Return

Wake County
Start

Orange County
Start

NO
Trap and Remove

YES

YES

NO
Trap and Remove

NO
Trap and Remove

Figure 1:  Decision diagram for feral cat management. 
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Chapter 8. Use of VORTEX population model to estimate the outcome of feral cat 
colony management by trap-neuter-return 

 

Felicia B. Nutter 
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Introduction 

Extinction of feral cat colonies is the goal of most feral cat management 

programs, regardless of the technique used.  Difficulty in choosing between traditional 

lethal management and the relatively new trap-neuter-return (TNR) option is 

complicated by uncertainty about the efficacy and costs of the different strategies.  

Lethal control programs can eliminate cats from defined areas (Nogales et al. 2004), but 

the evidence for TNR program effectiveness remains largely anecdotal.  A few previous 

studies have examined large-scale population trends (Centonze & Levy 2002; Levy & 

Crawford 2004; Levy et al. 2003; Passanisi & Macdonald 1990; Xemar 1997), but more 

intensive monitoring of managed populations, like the current project, are necessary to 

build the body of evidence.  Quantitative assessment of the effectiveness of TNR 

management is crucial if informed choices are to be made.   

Although direct long-term observations of populations under different management 

conditions yield the best estimates of vital rates (survival, fecundity, etc.), these life-

table methods require decades of data collection to accurately reflect the effects of 

normal variation in demographic processes or the occurrence of random events (Ferson 

et al. 1989).  Computer-based population viability analysis (PVA) models can be used to 

explore the viability of populations rapidly with fewer data in hand (Lande 1988; Morris 

et al. 1999), although the reliability of PVA models is improved with more extensive 

data on the species of interest (Maehr et al. 2002).   

VORTEX is an individual-based PVA simulation software package, where the 

fate of each animal is tracked as it undergoes demographic events during discrete time 

intervals (Miller & Lacy 2005).  Users specify the mean probabilities of occurrence of 
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each demographic event and the magnitude of annual fluctuation (as standard deviation), 

and VORTEX uses Monte Carlo simulation to sample from the specified distribution.  

Stochastic events such as sex determination and survival are modeled by random 

sampling from a binomial distribution (Miller & Lacy 2005).  Various input parameters 

such as the percent of females breeding or harvest rates can be manipulated to simulate 

different management programs and explore their theoretical effects.   

I used VORTEX with the specific information on kitten mortality, litter size, 

adult mortality, and immigration for intact and neutered cats generated during the four-

year survival study.  I modeled the survival of intact and TNR-managed feral cat 

colonies to help assess the effectiveness of TNR programs as a strategy for feral cat 

management.  Specifically, I explored what harvest levels and time intervals were 

necessary to cause population decreases for intact colonies, and what proportion of 

males and females had to be sterilized to cause neutered colonies to decreases.  

 

Materials and Methods 

VORTEX 9.57 (Lacy et al. 2005) was used for all PVA.  I used a single baseline 

model with a stable age distribution and excluded inbreeding depression because it has 

not been demonstrated even in feral cat populations with a high degree of inbreeding 

(Devillard et al. 2003).  I did not specifically model catastrophes since the effects of 

events I observed that could be called catastrophes (for example dog attacks that killed 

multiple cats per colony) were already incorporated into the mortality estimates.  Table 1 

summarizes the remaining input parameters.  Maximum breeding age came from 

anecdotal reports provided by a control colony caretaker who estimated the age of one 
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intact female as 7-8 years old at enrollment; she survived an additional 2.75 years.  I 

used the exact observed frequencies of number of young produced per year (the sum of 

all kittens produced by a queen in a given year) instead of the mean and standard 

deviation, as suggested by the VORTEX user’s manual for species with small litter sizes 

(Miller & Lacy 2005).  All females were in the breeding pool, and there was no mate 

monopolization (Say et al. 1999; Say et al. 2001).  Mortality for breeding males was 

calculated by pooling data for intact and vasectomized males, because survival analysis 

in Chapter 5 did not detect any difference in survival between the two treatments.  

Supplementation was based on the observed immigration rates reported in Chapter 5.  

Immigration for males was rounded up to 1 event per colony year, and for females to 1 

event per 4 colony years.  The function (((Y%4=0)*1)+0)) was used to describe the 

female supplementation schedule, because male and female supplementations are 

constrained by VORTEX to occur on an annual basis, but from our data they occur at 

different rates.  This uses the modulus function (signified by the operator %) to 

supplement 1 female cat every 4 years to the baseline annual supplementation of 0 

female cats.  The modulus function is a division remainder calculator; so when Y%4, 

and Year is 5, the remainder is 1 and the expression in the inner parentheses resolves to 

FALSE and the value in the outer parentheses resolves to 0.  When Year is 4 or any 

multiple of 4, the modulus is 0, the inner expression resolves to TRUE, and the outer 

expression resolves to 1.  Every four years the modulus is 0 and 1 female cat is added to 

the baseline annual supplementation of 0. 

A theoretical carrying capacity of 50 cats was chosen to represent a population 

size at which colonies would likely be targeted for population reduction.  When the 
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carrying capacity is exceeded, VORTEX adds mortality risk to each individual so that 

the population will on average return to the carrying capacity.  The baseline models were 

varied to represent feral cat colony management by two different strategies, periodic 

trapping and removal (baseline=100% breeding) or TNR (baseline=100% neutered), 

with varying success capturing the cats.  Harvests were implemented every 1, 2, 3, 4, or 

5 years at levels ranging from 25% to 100% of the extant population to simulate 

traditional trapping and removal programs.  The proportion of sterilized cats varied from 

5% to 95% to simulate TNR.  After preliminary examinations of the results, additional 

simulations were run to better identify the break-point between resulting negative and 

positive r values. Initial population size was rounded up to 15 from the observed mean 

colony size of 13 for convenience.  All simulations ran for 25 years, with 1000 iterations 

each.   

Model predictions for neutered colony growth rates were compared with the 

observed rates for the eight extant neutered colonies (Chapter 5) between the four and 

seven year follow-up points.  Four of the five control colonies were neutered after two 

years, and all data collected were used to parameterize the model.  The only control 

colony followed for four years was the one that crashed and then rebounded, and those 

data were important for model parameterization as well.  For one colony (C4) the rate 

was determined between two and four years’ follow-up.  Because exact survival times 

for individual cats were not known for these periods, they were estimated using the 

change in colony size as a proxy for survival.  The colony size at the seven-year follow-

up was divided by the colony size at the four-year follow up (or for C1 and C3, the peak 

colony size that occurred shortly after the four-year follow-up), to give the proportion 
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surviving at the seven-year follow-up.  The geometric probability distribution was used 

to approximate the discrete lifetime distribution (Andersen et al. 2004; Hoel et al. 1971).  

The formula used to calculate survival was S=exp(ln(1-P)/t), where S is the survival per 

unit time (in this case, 2 or 3 years) and P is the probability that any individual cat will 

die by time t.  So for example, for C1, S=exp(ln(1-0.77)/t)=0.61.  S was then used to 

solve for r in the following equation: Nt/N0=ert (Ricklefs 2000).   

 

 

Results 

For the baseline simulation of intact colonies, both the deterministic and 

stochastic r values were positive (Table 3).  Even under such growth conditions, the 

extinction probability was 0.289, with 6.86 years mean time to extinction.  Successful 

recolonizations occurred following extinctions because of immigrating male and female 

cats.  All simulations for intact, breeding feral cat colonies with harvest intervals of 3, 4 

or 5 years, regardless of the harvest level, maintained positive population growth rates (r 

values) (Table 2).  The deterministic r values were stable, because they were based on 

the same reproductive and mortality rates, but the stochastic r values decreased with 

increasing harvest levels and frequencies.  With annual harvests, the stochastic r value 

switched from positive to negative at a harvest level between 55% and 60%.  With 

harvests every two years, a similar switch occurred at a harvest level between 70% and 

75%.  The mean number of cats per colony decreased with increasing harvest levels and 

frequencies.  For those colonies that went extinct, the mean time to extinction decreased 

with increasing harvest levels and frequencies.  For those colonies that went extinct, time 
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to recolonization ranged from 1.52 to 3.00 years.  This time to re-establish colonies 

following extinction depended on the immigration rate and was similar across harvest 

levels.   

Simulations for neutered colonies yielded different results related to the 

proportion of the population that was breeding (Table 2).  For the deterministic 

calculations, r switched from negative to positive between 20% and 25% breeding.  For 

the stochastic simulations, that switch occurred between 15% and 20%.  Mean cat 

numbers rose with the percentage breeding.  For those colonies that went extinct, mean 

time to extinction ranged from 11.13-12.96 years, and time to recolonization ranged 

from 1.91-2.07 years.   

The mean geometric population growth from the prospectively observed neutered 

colonies was -0.28 + 0.27 (range 0 to -0.81), which was identical to the deterministic r 

value calculated for neutered colonies with 95% sterilization, and also approximated the 

stochastic r within the standard deviation reported.    

 

Discussion  

VORTEX PVA models have been extensively applied to the management of 

endangered species of plants, invertebrates, and all major vertebrate groups, to help 

define trends in population behavior, identify missing data, and improve management 

and decision making (Berger 1990; Boyce 1992; Ginzburg et al. 1990; Harcourt 1995; 

Hu et al. 2001; Morris & Doak 2002; Towns et al. 2003).  The goal in such instances is 

the prevention of extinction, but the same PVA techniques are equally applicable when 

extinction is the desired outcome, as with feral cats.   
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The model I built was a simple single population simulation, using estimates of 

vital rates from my observational study of feral cat colonies under different management 

strategies.  These rate estimates were generated from two to four years’ field data, which 

is a brief window of time and does not allow full evaluation of the normal variation 

inherent in any population.  Despite this limitation, useful insights were provided by the 

simulations.   

For intact colonies, the baseline model with no harvest produced an estimated 

r=0.278 with stochasticity, or r=0.364 with deterministic calculations only.  The 

difference between the deterministic and stochastic r values of -0.086 reflects the impact 

of environmental variation on the population.  The negative impact of stochasticity, 

particularly on small populations such as the theoretical colony of 15 cats in the model, 

is well known (Lande 2002; Miller & Lacy 2005), and is reflected in the extinction 

probability for the same model of 28.9%.  This estimate corresponded with my 

observation that one intact (control) colony experienced a population decline of 70% 

over 2 years (from 10 cats to 3 cats), before rebounding to 170% of initial size at the end 

of 4 years.  Small populations, even those with strong positive growth characteristics, 

remain at significant risk of extinction due to stochastic variation.  This may be a 

surprising result to those who believe that all feral cats colonies are geometrically 

increasing populations, as suggested by the often-cited figure that one cat and her 

offspring can produce 420,000 cats in 7 years (generated from numbers of 3 litters per 

year, with 4-6 kittens per litter) (Humane Society of the United States 2005).  Realistic 

assessment of the impacts of normal variation on feral cat colony dynamics will lead to 

better management decisions than unreasonable extrapolations.  A recent review of feral 
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cat eradication from islands (Nogales et al. 2004) reported two colonies that went extinct 

without intervention.  In areas where immigration can occur, extinguished colonies are 

likely to re-establish in a just a few years, particularly if food sources are not eliminated.  

Breeding will only occur once both intact male and female cats have immigrated, which 

this model predicts in an average of 2.5 years.  The model predictions, the crash 

observed in this study, and the anecdotal reports of cat populations extinguishing without 

intervention, beg the question as to how often small, breeding populations of feral cats 

go extinct.  Addressing this question will require the long-term study of numerous intact 

colonies, but would provide important data for future model refinements. 

Annual harvests of at least 60% or semi-annual harvests of at least 70% were 

required to cause population declines, and of 95% or more to cause extinction.  When 

harvest was implemented at three or four year intervals, the population growth rates 

remained consistently positive, and only the highest harvest levels led to extinction.  The 

negative population growth rates for the four year harvest at 75-100% harvest levels 

were artifacts of the harvest occurring on the same schedule as supplementation, which 

added a male every year, but a male and female only every four years.  The restrictions 

of the model parameterization under such low levels of immigration did not allow 

variation in female supplementation so that a female could be added on average every 

four years, but where the exact timing of supplementation varied.  With harvests every 

five years, no harvest level was able to eradicate the population for prolonged periods 

because of continued immigration between harvests, and subsequent breeding.   

The absolute abundance of cats fluctuated around the mean by a standard 

deviation that was, in most cases, approximately equal to or greater than the mean 
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number of cats in the colony.  In all simulations, some of the populations reached the 

theoretical carrying capacity of fifty cats, while others went extinct.  This variance might 

have significant impacts on potential prey populations and has been theoretically shown 

to have a greater impact on prey populations than the size of predator population itself 

(Sabo 2005).  At-risk prey populations have a difficult time adjusting to variance in 

predator abundance, but can accommodate better if that variance is removed and they are 

subjected to more stable predation.  Trigger harvest, where cats are removed when the 

population size reaches a critical threshold, instead of the proportional harvest modeled 

here, has been suggested as a preferred strategy for controlling invasive predator species 

in areas with threatened or endangered prey (Sabo 2005).  Because of resource 

constraints, intermittent proportional harvest is often the default management strategy 

for feral cat control.  Implementing a trigger harvest requires even more resources in 

order to develop good estimates of the critical threshold and to monitor the population to 

intervene when that threshold is attained (Sabo 2005).  Trigger harvest may be feasible 

for some endangered or threatened species management programs, but is unlikely to be 

practical for widespread application.  In the face of continued, intermittent, proportional 

harvest, the variation in the feral cat population could have significant negative impact 

on prey populations, and should be evaluated in future studies of feral cat impacts on 

wildlife populations.   

For neutered colonies, the baseline model generated a very strong negative 

deterministic r (-99.990) and a more moderate stochastic r (-0.020).  While stochasticity 

had a negative impact on the persistence of breeding colonies, it had a positive impact on 

the persistence of neutered ones.  The extinction probability was 9.1%, with a mean time 
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to extinction of 12.64 years.  This lower extinction probability and longer mean time to 

extinction when compared to the intact colonies is due to the longer survival times 

(lower mean morality rates and smaller SD) for neutered cats compared to intact cats.  

When breeding was modeled to simulate the inability to capture all intact cats or the 

immigration of intact cats, the population growth rates switched from negative to 

positive.  For the deterministic calculations, the switch occurred when between 20% and 

25% of cats were breeding, and for the stochastic model the switch occurred at between 

15% and 20% breeding cats.  This prediction was reflected in my observations of two 

neutered colonies where breeding cats remained at levels below the predicted break 

points and both colonies continued to decrease even though kittens were born (Chapter 

5).  Previous work with a matrix population model (Andersen et al. 2004) predicted the 

same deterministic break point (must neuter > 75% of the population to cause decrease) 

found here, but adding stochasticity with the VORTEX model suggested that > 80% of a 

population should be neutered to cause decline.  This sterilization level is also similar to 

that predicted theoretically for Brandt’s voles (Shi et al. 2002) and foxes (Pech et al. 

1997), or experimentally for rabbits (Twigg et al. 2000; Twigg & Williams 1999).  TNR 

programs aim to neuter 100% of feral cats in any colony, but trap-shy individuals can 

reduce the success rate.  Predictions of 75% to 80% sterilization rate necessary to effect 

population decline can help TNR providers decide how to manage their resources to best 

attain their goals.  One previous study (Centonze & Levy 2002) reported that a mean of 

55.7% of cats in individual colonies were sterilized by a TNR program, but that 18.6% 

were neutered elsewhere, likely by a local veterinarian.  The total mean colony 

sterilization rate was then 74.3%, which approximates the break-point identified.  
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Concurrent adoption of sociable cats was also part of the program described, and 

contributed substantially to the 26% population reduction reported over 18 months.  

Many TNR programs allot a fixed number of spaces in a spay/neuter clinic to any given 

caretaker, instead of allowing a few caretakers to occupy all the space.  This strategy 

maximizes the number of individual colonies that can be served, but depending on the 

sizes of the colonies it also likely slows the rate at which target neutering levels are 

reached.  There may be circumstances where it would be more appropriate to work with 

a caretaker to rapidly attain target sterilization levels, for example when colony sizes are 

above a certain threshold.  One shortcoming of the model used was that it did not include 

different mortality rates for cats that immigrated into TNR colonies and subsequently 

reproduced.  This meant that survival for the breeding subset of the population was 

overestimated, which resulted in a slower rate of population decline and may also have 

changed the break-point for the proportion of sterilized cats required to cause decline.  

The mean times to extinction (range 11.13 to 12.96 years) predicted by the model were 

close to the working estimates I used from the outset of this project, that at least 10 years 

of field observation would likely be necessary to document the decline and possible 

extinction of sterilized feral cat colonies.  I observed the extinction of one colony 35 

months after sterilization, and 3 others were “micro” colonies of 3 or fewer cats after 7 

years follow-up.  All of these estimates fall within the range of population trajectories 

predicted by the VORTEX model.  All sterilized colonies were in decline at the last 

follow-up time, and the mean time to extinction of neutered colonies (12.64 + 5.64 

years) suggested by the VORTEX model can be used as a working guide for future TNR 

management and monitoring programs, until additional data can refine the model.     
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It is important to recognize that feral cats are members of complex ecosystems, 

and that perturbations in their populations can have both negative and positive effects on 

other species.  While it seems intuitive that removing feral cats from an ecosystem will 

benefit native wildlife, the actual impacts of such removal depend on what other species 

are present.  The mesopredator release effect has been demonstrated both theoretically 

via modeling (Courchamp et al. 1999), and has been documented from observations of 

areas where cats have been removed (Crooks & Soule 1999; Huyser et al. 2000).  

Conceptually, in a simplified ecosystem with a prey species (for example, a ground-

nesting bird), a mesopredator (Norway rat) and a top predator (feral cat), decreasing or 

eliminating the top predator population can lead to a rapid increase in the mesopredator 

population, which can then have significantly greater negative effects on the prey 

species.  Cats may also sometimes be the mesopredator, for example in chaparral 

canyons home to birds, cats, and coyotes, where coyotes are the top predator and their 

absence in very steep canyons correlated with more rapid bird extirpations presumably 

caused by cats and foxes (Soule et al. 1988).   

The comparison of the r values calculated by the model, compared to those 

observed for neutered colonies, suggests that the VORTEX model is making optimistic 

predictions for the population trajectory.  This is common when models are built from 

small data sets, which cannot accurately identify long-term trends, rare events, or 

variance in population sizes (Brook 2000).  Nonetheless, even with the limitations of the 

small data set used to build this model, and the recognition of potential optimistic 

population predictions, the general trends suggested by the model are useful.  For 

example, the mean numbers of cats were similar between the intact colonies with annual 
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or semi-annual harvests at levels of at least 50% to 65% respectively, and the neutered 

colonies with 90% to 100% sterilization.  The different strategies can achieve similar 

results, but the effort expended is likely to be quite different.  Trapping and surgical 

sterilization will probably need to be applied less frequently than lethal control, and after 

the initial intensive sterilization period only immigrant cats will have to be handled, 

assuming complete sterilization.  Other simulation models for wolves (Haight & Mech 

1997) and voles (Shi et al. 2002) have predicted similar results.  For wolves, periodic 

trapping for harvest meant that twice as many wolves had to be handled compared to 

periodic sterilization.  With voles, sterilization was more effective than identical levels 

of lethal control when applied at the right time of year (in autumn, prior to the spring 

breeding season).  Lethal control generally provides more rapid population decreases 

(Barlow et al. 1997), but also becomes more labor intensive as populations get smaller.  

Proportionately more effort must be expended to catch the last cat on an island than the 

first (Courchamp & Cornell 2000).  The choice between lethal control and fertility 

control for feral cats will necessarily take into account many factors, but differences in 

the required effort, intensity, and long-term costs of trapping and removal compared to 

sterilization are important issues and will benefit from additional research and 

clarification.   

More prospective, long-term monitoring of feral cat colonies managed with 

different control programs is necessary to develop the data required to improve estimates 

of vital rates and population processes.  Whenever possible, it is important to study 

multiple colonies simultaneously under similar conditions to provide more insight into 

the effects of demographic and environmental stochasticity.  Such information can help 
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refine future PVA models and enhance objective evaluations of management options 

(Maehr et al. 2002).  A single management strategy will not serve all situations, and the 

ability to realistically assess the costs and benefits of different options will ultimately 

lead to better decision-making.   
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Table 1.  Summary of parameter values used in VORTEX simulations of intact and 
neutered feral cat colonies.   
 
 

Parameter Input
Reproductive mode polygynous
Breeding age of males and females 1 year
Maximum breeding age 10 years

Frequency of # of young per year
1,2=5.71%; 3=22.86%; 4=17.14%; 

5=14.29%;6=0%;7,8=11.43%;
9=5.71%; 10,11=2.86%

Kitten mortality % (mean + SD) 67.17 + 37.14
Adult mortality % (mean + SD)

Intact and vasectomized males 45.9 + 24.5
Intact females 39.6 + 32.9
Castrated males 14.1 + 20.2
Spayed females 15.5 + 22.2

Supplementation
Male 1 per year
Female 1 every 4 years

Carrying capacity 50 cats
Initial population size 15
Duration 25 years
Iterations 1000
Parameters varied between intact and neutered colonies

% harvesting of intact colonies every 1, 2, 3, 4o r 5 years 25, 50, 75, 95, 100

% sterilization in neutered colonies 5, 25, 50, 75, 80, 85, 90, 95
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Table 2.  Survival probabilities for neutered colonies, calculated survival rates, and 
calculated r values.   
 

 

Colony Survival probability Survival rate r
C1* 0.77 0.61 -0.490
C2* 1.00 1.00 0.000
C3† 0.77 0.61 -0.490
C4* 0.80 0.45 -0.805

S/C 1 0.69 0.68 -0.390
S/C 2 0.37 0.86 -0.154
S/C 3 0.33 0.88 -0.133
S/V 2 0.25 0.91 -0.096
S/V 3 1.00 1.00 0.000

mean + SD 0.66 + 0.28 0.78 + 0.20 -0.28 + 0.27  
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Table 3.  Summary results of VORTEX simulations of two different feral cat management strategies, removal and neutering.  
Mean # of cats (extant) includes only populations that have not gone extinct, while mean # of cats (all) includes those 
populations that are extinct.   
 

Scenario Deterministic r Stochastic r SD Stoch (r)
Extinction 
Probability

Mean # cats 
(extant) 

SD Mean 
# cats 

(extant) 
Mean # 

cats (all) 

SD Mean 
# cats 
(all) 

Median time to 
extinction 

(years)

Mean time to 
extinction 

(years)

SD Mean time 
to extinction 

(years)
100% Breeding Colony Baseline 0.364 0.278 0.799 0.289 15.35 16.08 11.49 14.86 5 6.86 5.63

25% 1yr harvest 0.364 0.119 0.697 0.281 8.40 11.44 6.50 10.18 5 5.75 4.63
50% 1yr harvest 0.364 0.005 0.655 0.629 3.72 2.63 2.16 2.05 3 4.13 2.99
55% 1yr harvest 0.364 0.010 0.641 0.612 3.69 2.08 2.17 1.82 3 3.99 2.91
60% 1yr harvest 0.364 -0.019 0.622 0.619 3.37 1.74 2.02 1.55 3 3.78 2.71
75% 1yr harvest 0.364 -0.249 0.614 0.776 2.46 0.58 1.42 0.69 2 2.65 1.51
95% 1yr harvest 0.364 -1.620 0.155 1.000 0.00 0.00 1.00 0.00 2 1.52 0.50

100% 1yr harvest 0.364 0.000 0.000 1.000 0.00 0.00 1.00 0.00 1 1.00 0.00

25% 2yr harvest 0.364 0.182 0.749 0.265 10.61 13.23 8.25 12.01 5 6.28 5.13
50% 2yr harvest 0.364 0.075 0.749 0.559 6.90 9.32 3.81 6.79 5 5.21 4.42
65% 2yr harvest 0.364 0.007 0.737 0.599 4.37 4.72 2.51 3.37 3 4.67 3.77
70% 2yr harvest 0.364 -0.015 0.736 0.580 3.53 3.33 2.22 2.45 3 4.64 3.62
75% 2yr harvest 0.364 -0.082 0.800 0.762 3.26 2.29 1.67 1.47 3 4.05 3.17
95% 2yr harvest 0.364 -0.735 1.097 1.000 0.00 0.00 1.00 0.00 2 1.90 1.02

100% 2yr harvest 0.364 0.000 0.000 1.000 0.00 0.00 1.00 0.00 1 1.00 0.00

25% 3yr harvest 0.364 0.216 0.774 0.287 12.42 14.90 9.34 13.49 5 6.23 5.22
50% 3yr harvest 0.364 0.144 0.810 0.536 9.89 12.76 5.36 9.67 5 6.14 5.17
75% 3yr harvest 0.364 0.098 0.876 0.689 5.55 6.90 2.55 4.35 3 4.98 4.33
95% 3yr harvest 0.364 0.215 0.991 0.993 2.86 0.69 1.01 0.17 2 2.82 2.48

100% 3yr harvest 0.364 0.653 0.538 1.000 0.00 0.00 1.00 0.00 1 1.00 0.00

25% 4yr harvest 0.364 0.213 0.760 0.280 12.41 14.67 9.44 13.34 5 6.02 5.28
50% 4yr harvest 0.364 0.128 0.789 0.541 9.59 12.76 5.18 9.56 5 5.74 4.88
75% 4yr harvest 0.364 -0.010 0.861 0.736 5.03 6.75 2.25 3.86 5 4.93 4.28
95% 4yr harvest 0.364 -0.386 1.132 1.000 0.00 0.00 1.00 0.04 2 2.56 2.19

100% 4yr harvest 0.364 0.000 0.000 1.000 0.00 0.00 1.00 0.00 1 1.00 0.00

25% 5yr harvest 0.364 0.255 0.779 0.286 15.02 15.82 11.34 14.60 5 6.50 5.54
50% 5yr harvest 0.364 0.212 0.792 0.287 12.14 14.00 9.24 12.70 5 5.88 5.04
75% 5yr harvest 0.364 0.141 0.859 0.293 10.71 12.55 8.10 11.32 3 5.17 4.62
95% 5yr harvest 0.364 0.170 0.969 0.324 7.23 7.99 5.46 7.08 2 3.05 3.00

100% 5yr harvest 0.364 0.378 0.810 0.331 5.64 2.69 4.32 2.94 1 1.00 0.00

100% Neutered Colony Baseline -99.99 -0.020 0.275 0.091 7.53 2.51 7.22 2.65 13 12.64 5.64
95% neutered -0.286 -0.020 0.297 0.094 8.29 3.51 7.84 3.65 14 11.13 6.15
85% neutered -0.093 -0.008 0.349 0.064 11.64 8.99 11.13 8.93 19 12.77 6.15
80% neutered -0.031 0.006 0.372 0.052 15.40 11.72 14.79 11.72 25 12.41 6.55
75% neutered 0.023 0.023 0.394 0.049 18.32 13.90 17.61 13.92 >25 12.64 6.61
50% neutered 0.227 0.121 0.495 0.029 28.63 16.72 27.93 16.98 >25 12.96 7.19
25% neutered 0.384 0.223 0.583 0.020 33.43 16.28 32.83 16.66 >25 12.27 7.08

5% neutered 0.493 0.289 0.645 0.013 34.55 15.76 34.16 16.04 >25 11.63 7.03  
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Appendix: VORTEX input summary for baseline intact and neutered feral cat colonies  
 
INTACT COLONY BASELINE 
 
  1 population(s) simulated for 25 years, 1000 iterations 
 
  Extinction is defined as no animals of one or both sexes. 
 
  No inbreeding depression 
 
  EV in reproduction and mortality will be concordant. 
 
  First age of reproduction for females: 1   for males: 1 
  Maximum breeding age (senescence): 10 
  Sex ratio at birth (percent males): 50 
 
 
Population 1: Population 1 
 
  Polygynous mating; 
    % of adult males in the breeding pool = 100 
 
  % adult females breeding = 100 
   EV in % adult females breeding: SD = 0 
 
   Of those females producing progeny, ... 
     5.71 percent of females produce 1 progeny in an average year 
     5.71 percent of females produce 2 progeny in an average year 
    22.86 percent of females produce 3 progeny in an average year 
    17.14 percent of females produce 4 progeny in an average year 
    14.29 percent of females produce 5 progeny in an average year 
     0.00 percent of females produce 6 progeny in an average year 
    11.43 percent of females produce 7 progeny in an average year 
    11.43 percent of females produce 8 progeny in an average year 
     5.71 percent of females produce 9 progeny in an average year 
     2.86 percent of females produce 10 progeny in an average year 
     2.86 percent of females produce 11 progeny in an average year 
 
   % mortality of females between ages 0 and 1 = 67.17 
    EV in % mortality: SD = 37.14 
   % mortality of adult females (1<=age<=10) = 39.6 
    EV in % mortality: SD = 32.9 
   % mortality of males between ages 0 and 1 = 67.17 
    EV in % mortality: SD = 37.14 
   % mortality of adult males (1<=age<=10) = 45.9 
    EV in % mortality: SD = 24.5 
 
    EVs may be adjusted to closest values possible for binomial distribution. 
 
  Initial size of Population 1:       15 
    (set to reflect stable age distribution) 
 Age 1     2     3     4     5     6     7     8     9    10    Total 
     5     1     1     0     0     0     0     0     0     0       7  Males 
     5     1     1     1     0     0     0     0     0     0       8  Females 
 
  Carrying capacity = 50 
    EV in Carrying capacity = 0 
 
  Animals added to Population 1, year 1 through year 25 at 1 year intervals: 
    females 1 years old: Y%4=0*1+0 
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    males 1 years old: 1 
NEUTERED COLONY BASELINE  
 
 
  1 population(s) simulated for 25 years, 1000 iterations 
 
  Extinction is defined as no animals of one or both sexes. 
 
  No inbreeding depression 
 
  EV in reproduction and mortality will be concordant. 
 
  First age of reproduction for females: 1   for males: 1 
  Maximum breeding age (senescence): 10 
  Sex ratio at birth (percent males): 50 
 
Population 1: Population 1 
 
  Polygynous mating; 
    % of adult males in the breeding pool = 0 
 
  % adult females breeding = 0 
   EV in % adult females breeding: SD = 0 
 
   Of those females producing progeny, ... 
     5.71 percent of females produce 1 progeny in an average year 
     5.71 percent of females produce 2 progeny in an average year 
    22.86 percent of females produce 3 progeny in an average year 
    17.14 percent of females produce 4 progeny in an average year 
    14.29 percent of females produce 5 progeny in an average year 
     0.00 percent of females produce 6 progeny in an average year 
    11.43 percent of females produce 7 progeny in an average year 
    11.43 percent of females produce 8 progeny in an average year 
     5.71 percent of females produce 9 progeny in an average year 
     2.86 percent of females produce 10 progeny in an average year 
     2.86 percent of females produce 11 progeny in an average year 
 
   % mortality of females between ages 0 and 1 = 67.17 
    EV in % mortality: SD = 37.14 
   % mortality of adult females (1<=age<=10) = 15.5 
    EV in % mortality: SD = 22.2 
   % mortality of males between ages 0 and 1 = 67.17 
    EV in % mortality: SD = 37.14 
   % mortality of adult males (1<=age<=10) = 14.1 
    EV in % mortality: SD = 20.2 
 
    EVs may be adjusted to closest values possible for binomial distribution. 
 
  Initial size of Population 1:       15 
    (set to reflect stable age distribution) 
 Age 1     2     3     4     5     6     7     8     9    10    Total 
     7     0     0     0     0     0     0     0     0     0       7  Males 
     8     0     0     0     0     0     0     0     0     0       8  Females 
 
  Carrying capacity = 50 
    EV in Carrying capacity = 0 
 
  Animals added to Population 1, year 1 through year 25 at 1 year intervals: 
    females 1 years old: Y%4=0*1+0 
    males 1 years old: 1 
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Conclusions 

With this research project I evaluated the effectiveness of trap-neuter-return 

management for feral cat colonies, and specifically examined the prevalence of selected 

infectious diseases, population dynamics, and home ranges for feral cats under different 

management strategies.   

I used an effective trapping method and captured 98% of the target cats with 8.9 

trap nights per cat.  I showed that feral cats and pet domestic cats had similar baseline 

health status and fecal prevalences of infections with Cryptosporidium spp., Giardia spp. 

and Toxocara cati.  Feral cats had higher seroprevalences of Bartonella henselae and 

Toxoplasma gondii, and these findings are likely related to greater exposure of feral cats 

to the vectors or hosts of these organisms.   

Survival analysis of individual intact and neutered cats in 9 colonies showed that 

castrated male cats and ovariohysterectomized female cats live significantly longer than 

their breeding counterparts, or than vasectomized males.  Colonies managed by trap-

neuter-return were stable in composition and declining in size throughout the seven year 

follow-up period.  On average, breeding control colonies increased in size and had high 

turnover of cats, although one colony did experience a population crash followed by a 

rebound.  Immigration into both breeding and sterilized colonies was consistent but 

occurred at low levels.  One sterilized colony went extinct after 31 months of follow-up, 

and the several other colonies consisted of 5 or fewer cats after 7 years of follow-up.   

The home ranges of the managed feral cats were small, usually less than 1 

hectare, regardless of sex or reproductive status.  Vasectomized male cats had 

significantly larger home ranges than intact or castrated male cats, but the sizes of intact 
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and castrated male cat home ranges were similar, as were the home ranges of intact and 

spayed female cats.  Vasectomized males moved significantly greater distances from the 

feeding sites than intact or castrated males, and spayed females moved farther than intact 

females though the difference for females may not be biologically important.  The larger 

home range size and greater distance moved from feeding sites for vasectomized male 

cats are likely related to their search for breeding females, since the females in their 

home colonies were spayed.   

Community-level stakeholder meetings were successful in fostering consensus 

among participants with different backgrounds, preferences and agendas, and the need 

for multiple feral cat management options to address a diversity of situations was 

recognized.   

I used the data generated during the monitoring phase of this project to set up and 

run a population viability analysis model with VORTEX 9.57 software.  I simulated the 

potential fates of intact breeding colonies subjected to various harvest levels and harvest 

intervals, and of sterilized colonies with different proportions of breeding adults.  The 

models suggested that harvesting breeding colonies every one or two years at very high 

levels can keep colonies small, but will not lead to long-term reduction in the numbers of 

cats because colonies can re-establish due to immigration.  The models of neutered 

colonies suggested that sterilization levels of at least 75% to 80% are necessary to cause 

population decline and eventual colony extinction, assuming that immigrant cats are also 

sterilized.  The mean estimated time to extinction of 12.8 years fits well with ongoing 

observations of steady decline in the colonies managed by trap-neuter-return.   
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Overall, the trap-neuter-return strategy is effective and provides a viable option 

for feral cat management. 
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Appendix 1.  Results of infectious disease tests for feral and pet domestic cats 

Table 1.  Feral cat results 

CAT SEX Bart categ BhensT1 FeLV FIV Toxo Crypto Giardia T. cati
AK-1 M pos 128 neg neg 500 neg neg neg

AK-10 M pos 256 neg pos 500 pos neg pos
AK-11 F neg 32 neg neg 50 neg neg neg
AK-2 F pos 64 neg neg 500 neg neg neg
AK-3 F pos 512 neg neg 500 neg neg neg
AK-4 F pos 512 neg neg 50 neg neg neg
AK-5 M pos 256 neg neg 500 neg neg neg
AK-6 F pos 256 neg neg 500
AK-7 F pos 512 pos neg 500 pos pos pos
AK-8 M pos 128 neg neg 500 neg neg neg
AK-9 M neg 32 neg neg 500
BC-1 M pos 256 neg neg 50 neg neg pos

BC-11 F pos 128 pos neg 0 neg neg neg
BC-13 F pos 512 neg neg 0 neg neg pos
BC-14 M pos 512 neg pos 0 neg neg neg
BC-15 F pos 128 neg neg 25
BC-16 F pos 128 neg neg 50 neg neg neg
BC-17 M pos 128 neg neg 50 neg neg neg
BC-18 F pos 256 neg pos 0 neg neg neg
BC-22 F pos 64 neg neg 25 neg neg pos
BC-23 F neg 32 neg neg 0 neg neg neg
BC-24 M pos 1024 neg neg 50 neg neg neg
BC-4 F pos 256 neg neg 50 neg neg neg
BC-5 F pos 256 neg neg 50 neg neg neg
BC-7 M pos 128 neg neg 0 neg pos neg
BC-8 M pos 64 neg neg 0
BC-9 M pos 64 neg neg 500
BN-1 F pos 64 neg neg 500 neg neg pos

BN-11 M pos 128 neg neg 0 pos neg neg
BN-12 M pos 256 neg neg 50
BN-2 F pos 512 neg neg 0
BN-3 F pos 125 neg neg 0
BN-4 M pos 128 neg neg 0 neg neg neg
BN-5 M neg 32 neg neg 0
BN-6 F pos 64 neg neg 0
BN-7 M pos 64 neg pos 500 neg pos neg
BN-8 F pos 128 neg neg 50 neg neg neg
BN-9 M neg 32 neg neg 0 neg neg neg
BS-1 M pos 128 neg neg 50 neg neg neg
BS-10 M neg 0 neg neg 25 neg neg neg
BS-2 F pos 256 neg neg 50 neg neg neg
BS-3 F pos 128 neg neg 500 neg neg pos
BS-4 F pos 128 neg neg 50 neg neg neg
BS-5 M pos 512 neg neg 50 neg neg pos
BS-6 M pos 128 neg neg 50 neg neg neg
BS-7 M pos 128 neg neg 50 neg neg neg
BS-8 M pos 256 neg neg 50 neg neg neg
BS-9 M neg 32 neg neg 50 neg neg neg
KA-1 F pos 256 neg neg 50 neg neg neg

KA-10 F pos 512 neg neg 0 neg neg neg  
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Appendix 1, Table 1, continued. 

 

 CAT SEX Bart categ BhensT1 FeLV FIV Toxo Crypto Giardia T. cati
KA-3 F pos 64 neg neg 0
KA-4 M pos 64 neg neg 0 neg neg neg
KA-5 M pos 64 neg pos 500 pos neg neg
KA-6 F pos 64 neg neg 50 neg neg neg
KA-7 M neg 32 neg neg 0 neg neg neg
KA-8 F pos 256 neg neg 0 neg neg pos
KA-9 F pos 256 neg neg 0 neg neg neg
KR-1 F pos 128 neg neg 50 neg neg neg
KR-2 F pos 128 neg neg 500 neg neg pos
KR-3 M neg 0 neg neg 0 neg neg neg
KR-4 F pos 128 neg neg 0 neg neg neg
KR-5 F neg 0 neg neg 0
KR-6 M neg 32 neg neg 0 neg neg neg
KR-7 F pos 512 neg neg 50 neg neg neg
KR-8 M neg 32 neg neg 25 neg neg pos
PH-1 F pos 256 neg neg 50 neg neg pos

PH-11 M pos 128 neg neg 50 neg neg neg
PH-12 M pos 256 neg neg 500 neg pos neg
PH-13 F pos 128 neg neg 50 neg neg neg
PH-3 F pos 512 neg neg 0 neg neg neg

PH-33 F pos 1024 neg neg 50 neg neg neg
PH-34 M pos 1024 pos neg 50 neg neg neg
PH-35 M pos 512 neg neg 50 neg neg neg
PH-4 M pos 1024 neg neg 50 neg neg neg

PH-41 M pos 1024 neg neg 50 neg neg pos
PH-5 M pos 512 neg neg 0 neg neg neg
PH-6 F pos 512 neg neg 50 neg neg pos
PH-7 M neg 0 neg neg 500 pos neg neg
PH-8 M pos 128 neg neg 50 neg neg neg
PH-9 F pos 256 neg neg 500
TP-1 F pos 128 neg neg 50 neg neg neg
TP-10 F pos 128 neg neg 0 pos neg neg
TP-11 F pos 64 neg neg 50 neg neg pos
TP-12 M neg 32 neg neg 50 neg neg neg
TP-14 M neg 0 neg neg 50 neg neg neg
TP-15 M pos 1024 neg neg 50 neg neg neg
TP-18 M pos 512 neg neg 50 neg neg pos
TP-19 M pos 1024 neg pos 0 neg pos neg
TP-20 M pos 512 neg neg 0 neg neg neg
TP-21 M pos 512 neg neg 0 neg neg pos
TP-22 M pos 256 neg neg 0 neg neg neg
TP-23 F pos 512 neg neg 0 neg neg neg
TP-24 M pos 1024 neg neg 25 neg neg neg
TP-4 F pos 256 neg neg 50 neg neg neg
VR-1 M pos 512 neg neg 0 neg neg neg
VR-2 M pos 256 pos neg 0 neg neg neg
VR-3 F neg 32 neg neg 50 neg neg pos
VR-6 M neg 32 neg neg 0 neg neg neg
VR-7 F pos 128 neg neg 50 neg neg neg
VR-8 M pos 256 neg neg 0 neg neg neg  



 

 

204

Table 2. Pet cat results.   

 

Owner Initials Cat Name Sex Neuter Age(yrs) Source #Cats Range Bart categ Bart titer FeLV FIV Toxo Toxo titer Crypto Giardia T. cati
SA Bogie M Y 7.00 gift 2 in neg 32 neg neg 0 0 neg neg neg
MA Curious F Y 10.00 friend/neighbor 2 in/out neg 0 neg neg 50 50 neg neg neg
MA Lewis M Y 4.00 paper 4 in/out neg 32 neg neg 0 0 neg neg pos
DB Mirage M Y shelter 41 in neg 32 neg neg 0 0 neg neg neg
LB Cruella F Y 8.00 stray 4 in neg 0 neg neg 500 500 neg neg neg
LB Spot F Y 2.00 stray 4 in pos 256 neg neg 0 0 neg neg neg
TB August F Y 0.75 stray 3 in pos 1024 neg neg 500 500 pos neg pos
TB Little Boy M Y 8.00 paper 2 in pos 256 neg neg 0 0 neg neg neg
TB Maverick M Y 6.00 shelter 2 in pos 64 neg neg 0 0 neg neg neg
SB Sterling F Y 11.00 stray 5 in/out neg 32 neg neg 0 0 neg neg neg
JC Lexus M Y 3.00 stray pos 128 neg neg 500 500 neg neg neg
JC Lilly F Y 14.00 stray pos 64 neg neg 0 0 neg neg neg
JC Halley M Y 2.00 shelter 2 in/out pos 256 neg neg 0 0 neg neg neg
JC Roscoe F Y 5.00 stray 2 in/out pos 512 neg neg 0 0 neg neg neg
TD Abby F Y 5.00 stray 11 in/out pos 64 neg neg 0 0 neg neg neg
TD Baby F Y 5.00 stray 11 in/out pos 64 neg pos 25 25 neg neg neg
TD Butch M Y 4.00 stray 11 in/out pos 64 neg neg 500 500 neg neg neg
TD Maggie May F Y 5.00 stray 11 in/out neg 32 neg neg 500 500 neg pos neg
TD Smokey M Y 7.00 stray 11 in/out pos 64 neg neg 0 0 n/a n/a n/a
BD Bernie F N 3.00 stray 5 in pos 64 neg neg 0 0 neg neg neg
BD Expresso M Y 6.00 stray 5 in pos 64 neg neg 25 25 neg neg neg
BS Jelly Belly F N 3.00 stray 5 in pos 128 neg neg 0 0 neg neg neg
BS Leggs F Y 3.00 stray 5 in pos 128 neg neg 0 0 neg neg neg
DD Nikki F Y 0.50 shelter 1 in pos 256 neg neg 0 0 neg neg pos
KH Cooper M Y shelter pos 128 neg neg 50 50 n/a n/a n/a
KH Duffy M Y stray pos 128 neg neg 50 50 neg neg neg
KH Puffy F Y stray pos 256 neg neg 0 0 neg neg neg
KH Tuttles M Y 0.58 other 32 in/out pos 128 neg neg 0 0 neg pos neg
MH Precious F Y 1.33 gift 1 in/out pos 128 neg neg 0 0 neg neg pos
BH Smokey Jo F Y stray out pos 128 neg neg 50 50 n/a n/a n/a
JH Cameron M Y 0.42 stray 2 in/out pos 512 neg neg 0 0 neg neg pos
CL Nickie F N 0.58 stray 2 in pos 1024 neg neg 0 0 neg neg pos
PL Jake M Y 11.00 stray 1 in neg 32 neg neg 0 0 neg neg neg
KL Baby Doll F N 3.00 gift 2 in pos 64 neg neg 0 0 n/a n/a n/a
CM Abby F N other 10 in pos 128 neg neg 0 0 neg neg neg
CM Mama Cat F N other 10 in pos 64 neg neg 500 500 neg neg neg
CM Miranda F N other 10 in pos 64 neg neg 0 0 n/a n/a n/a
CM Saraobi F N other 10 in pos 128 neg neg 500 500 n/a n/a n/a
JM Patches F Y stray 4 in neg 32 neg neg 0 0 neg neg neg
JM Peach F Y 1.00 stray 4 in pos 256 neg neg 0 0 neg neg neg
JM Pooch M Y 6.00 stray 4 in neg 32 neg neg 500 500 neg neg neg
JM Punkin F Y 10.00 stray 4 in pos 64 neg neg 0 0 neg neg neg
KM Scooter F Y 1.50 stray 2 out pos 512 neg neg 0 0 pos neg neg
MM Lucky M Y 7.00 stray 4 in/out neg 32 neg neg 500 500 neg neg neg
MM Missy F Y 1.00 stray 4 in/out pos 256 neg neg 0 0 neg neg pos
MM Nick M Y 5.00 friend/neighbor 4 in/out pos 64 neg neg 500 500 neg neg neg
PM Baby Kitty M Y vet 23 in pos 64 neg neg 0 0 neg neg neg
PM Puffy F Y vet 23 in pos 128 neg neg 0 0 neg neg neg
RN Snowball M Y shelter 14 in neg 32 neg neg 0 0 neg neg neg
MN Leah F Y 1.00 friend/neighbor 3 in pos 128 neg neg 25 25 neg neg neg
MN Rachel F Y 1.00 friend/neighbor 3 in pos 64 neg neg 0 0 neg neg neg
FN Bishop M Y 9.00 stray 4 in/out pos 64 neg neg 25 25 neg neg neg
FN Sophie F Y stray 4 in/out pos 256 neg neg 25 25 n/a n/a n/a
FN Stihlman M Y 4.00 stray 4 in/out pos 128 neg neg 500 500 neg neg pos
FN Tucker M Y 8.00 stray 4 in/out pos 64 neg neg 50 50 neg neg neg
MP Harrison M Y 6.00 stray 3 in/out pos 64 neg neg 25 25 neg neg neg
MP Trapper M Y 14.00 stray 3 in/out neg 32 neg neg 0 0 neg neg neg
SR Bandit M N 19.00 other 3 in neg 0 neg neg 0 0 neg neg neg
LS Catapult M N 0.58 other 7 in pos 512 neg neg 0 0 neg neg neg
LS Scorpion M N 0.58 other 7 in pos 1024 neg neg 0 0 pos neg neg
LS Smokey Jr. F N 0.58 other 7 in pos 512 neg neg 0 0 n/a n/a n/a
SS Shadow M Y stray 5 in/out pos 128 neg neg 0 0 neg neg neg
KS Bobbie M Y 5.00 stray 5 in/out pos 256 neg pos 0 0 neg neg neg
KS Fluffer Nutter M Y 1.00 stray 5 in/out pos 512 neg neg 0 0 pos neg pos
KS Lucy F Y 10.00 stray 5 in/out neg 32 neg neg 25 25 n/a n/a n/a
KS Misty F Y 5.00 stray 5 in/out pos 64 neg neg 0 0 neg neg neg
KS Zap M Y 12.00 stray 5 in/out neg 32 neg neg 0 0 neg neg neg
RS Milo M N 1.50 stray 3 in/out pos 256 neg neg 50 50 neg pos pos
AT Barnaby M Y 10.00 breeder/pet shop 2 in neg 0 neg neg 25 0 neg neg neg
AT Patches F Y 4.00 shelter 2 in pos 32 neg neg 0 25 neg neg neg
JT Gus M N 3.00 gift 2 in pos 128 neg neg 0 0 neg neg neg
RT Mittens F Y 0.50 shelter 2 in/out pos 256 neg neg 0 0 n/a n/a n/a
RT Smudge M Y 1.00 friend/neighbor 2 in/out pos 128 neg pos 0 0 neg neg pos
DT Rafter F N 4.00 friend/neighbor 2 in/out neg 256 pos neg 25 0 neg neg pos
LY Curious George M Y 4.00 gift 3 in pos 32 neg neg 0 25 neg neg neg
LY Ms. Cat F Y 12.00 other 3 in neg 64 neg neg 0 0 neg neg neg  
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Appendix 2.  Fecundity and kitten survival data 

Table 1.  Births from research colony cats 

Mother # Mother Name Primiparous Birth Date Birth Month Birth Month/Year Birth Year Litter Size Litter of Yr 6 Mo Mort % Comments
BS2 Gray Y 15-May-98 May May-98 1998 3 1 67
KR1 Baby N 3-Jul-98 July Jul-98 1998 4 100
KR1 Baby N 1-Apr-99 April Apr-99 1999 4 1 50
KR2 Bashful N 3-Apr-99 April Apr-99 1999 4 1 100
KR2 Bashful N 24-Sep-99 Sept Sep-99 1999 3 2 66
KR7 Shannon N 7-Jul-98 July Jul-98 1998 4 100
KR7 Shannon N 23-Mar-99 Mar Mar-99 1999 2 1 50
KR7 Shannon N 8-Aug-99 Aug Aug-99 1999 2 2 50
PH Hussy 29-Aug-99 Aug Aug-99 1999 100 kittens never seen

PH10 15-Nov-99 Nov Nov-99 1999
PH13 15-Jul-98 July Jul-98 1998 3 33
PH13 N 18-May-99 May May-99 1999 1 100 kittens never seen
PH13 N 6-Aug-99 Aug Aug-99 1999 3 2 66
PH18 Dipstick 15-Aug-98 Aug Aug-98 1998 2 100 PH18 FIV positive
PH18 Dipstick N 9-Apr-99 April Apr-99 1999 4 1 100 PH18 FIV positive, 3 kittens killed by male, 1 disppeared
PH19 Left Eye Y 16-Apr-99 April Apr-99 1999 4 1 25
PH19 Left Eye N 28-Aug-99 Aug Aug-99 1999 4 2 0
PH19 Left Eye N 11-Apr-00 April Apr-00 2000 5 1 60
PH19 Left Eye N 9-Sep-00 Sept Sep-00 2000 5 2 20
PH2 Lady N 14-Jul-99 July Jul-99 1999 5 2 40
PH2 Lady N 18-May-00 May May-00 2000 3 1 33
PH2 Lady N 16-Aug-00 Aug Aug-00 2000 4 2 75
PH2 Lady Jan Jan-99 1999 1 100 kittens never seen
PH22 N 8-Jun-00 June Jun-00 2000 3 1 0
PH22 N 8-Oct-00 Oct Oct-00 2000 3 2 33
PH25 Phantom Y 30-May-00 May May-00 2000 1 100 kittens never seen
PH29 Dooley Y 8-Jun-00 June Jun-00 2000 5 1 80
PH3 13-Jul-99 July Jul-99 1999 4 1 75
PH3 N 13-Apr-00 April Apr-00 2000 4 1 0  
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Appendix 2, Table 1, continued. 

 

Mother # Mother Name Primiparous Birth Date Birth Month Birth Month/Year Birth Year Litter Size Litter of Yr 6 Mo Mort % Comments
PH3 N 8-Aug-00 Aug Aug-00 2000 4 2 100 kittens seen once
PH31 RJ Y 26-Apr-00 April Apr-00 2000 3 1 66
PH33 Runt Y 14-May-99 May May-99 1999 1 1 0
PH33 Runt N 26-Apr-00 April Apr-00 2000 1
PH33 Runt N 16-Aug-00 Aug Aug-00 2000 2 100
PH37 Got Milk Y 28-Apr-00 April Apr-00 2000 1 1 100
PH37 Got Milk N 30-Jun-00 June Jun-00 2000 4 2 0

TP Shelia Y died during first potential repro period
TP1 Kitty N 18-Aug-98 Aug Aug-98 1998 6 2 67
TP1 Kitty N 23-Feb-99 Feb Feb-99 1999 3 1 100 kittens seen twice
TP1 Kitty N 14-Apr-99 April Apr-99 1999 2 2 100
TP1 Kitty N 4-May-98 May May-98 1998 3 1 0
TP1 Kitty N 30-Sep-99 Sept Sep-99 1999 3 3 100
TP10 Midnight N 1-May-98 May May-98 1998 3 1 67
TP10 Midnight N 9-Sep-98 Sept Sep-98 1998 4 2 100
TP10 Midnight N 10-Apr-99 April Apr-99 1999 4 2 50
TP10 Midnight N 27-Sep-99 Sept Sep-99 1999 4 3 100 3 disappeared, 1 found dead
TP10 Midnight N 5-Apr-00 April Apr-00 2000 5 1 80
TP10 Midnight N 28-Jul-00 July Jul-00 2000 6 2 100
TP10 Midnight N Feb Feb-99 1999 1 100 kittens never seen
TP11 Cheerup Y 0 never gave birth in 2 years
TP13 Pooh Y 24-Apr-02 April Apr-99 1999 1 1 100 TP13 disappeared, suspect dystocia
TP17 Silver Y 20-May-99 May May-99 1999 3 1 100
TP17 Silver N 7-Aug-99 Aug Aug-99 1999 2 2 50
TP17 Silver N 4-Apr-00 April Apr-00 2000 1 100 kittens never seen
TP17 Silver N 27-Jul-00 July Jul-00 2000 2 100
TP2 Tiger N 7-May-98 May May-98 1998 2 1 0
TP2 Tiger N 21-Aug-98 Aug Aug-98 1998 5 2 60
TP2 Tiger N 9-Aug-99 Aug Aug-99 1999 3 2 0 all surviving
TP2 Tiger N Feb Feb-99 1999 1 100 kittens never seen
TP26 Charlotte Y 30-Jul-00 July Jul-00 2000 3 1 100
TP4 Tails N 7-Jun-98 June Jun-98 1998 3 1 100
TP4 Tails N 23-May-99 May May-99 1999 2 1 0

VR11 Smokey Y 25-May-00 May May-00 2000 4 1 100 kittens never seen, VR11 missing 25-27 May  
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Table 2.  Kitten survival 

 

Kitten # Kitten Name Sex Mother # Mother Name Primiparous Birth Date Death/Censor Date Death Cause
 PH22 00 Jun 1 CJ M PH22 N 8-Jun-00 29/Dec/01

BS Charcoal M BS2 Gray Y 15-May-98 13-Feb-99 trauma
BS2 May 98 2 Meatloaf M BS2 Gray Y 15-May-98 8-Jun-98 unknown
BS2 May 98 3 Gray F BS2 Gray Y 15-May-98 11-Jun-98 unknown

KA gray 1 KA 13-Dec-98 unknown
KA gray 2 KA 28-Dec-98
KA gray 3 KA 5-Nov-98 HBC

KR1 99 Apr 1 Oreo F KR1 Baby N 1-Apr-99 11-Mar-00 HBC
KR1 99 Apr 2 Simon M KR1 Baby N 1-Apr-99 8-May-00
KR1 99 Apr 3 KR1 Baby N 1-Apr-99 18-Jun-99
KR1 99 Apr 4 KR1 Baby N 1-Apr-99 23-Jul-99
KR2 99 Apr 1 KR2 Bashful N 3-Apr-99 24-Jun-99 found dead
KR2 99 Apr 2 KR2 Bashful N 3-Apr-99 31-Jul-99
KR2 99 Apr 3 KR2 Bashful N 3-Apr-99 31-Jul-99
KR2 99 Apr 4 KR2 Bashful N 3-Apr-99 31-Jul-99
KR2 99 Sept 1 Dipstick F KR2 Bashful N 24-Sep-99 26-Jan-00
KR2 99 Sept 2 Tater Tot F KR2 Bashful N 24-Sep-99 26-Jan-00
KR2 99 Sept 3 Dopey M KR2 Bashful N 24-Sep-99 19-Feb-01
KR7 98 Jul 1 Syrup F KR7 Shannon N 7-Jul-98 30-Aug-98
KR7 98 Jul 2 Waffle F KR7 Shannon N 7-Jul-98 28-Sep-98 killed by dog
KR7 98 Jul 3 Bacon M KR7 Shannon N 7-Jul-98 21-Oct-98 killed by dog
KR7 98 Jul 4 Eggs M KR7 Shannon N 7-Jul-98 24-Sep-98
KR7 99 Aug 1 F KR7 Shannon N 8-Aug-99 24-Nov-99 killed by dog
KR7 99 Aug 2 M KR7 Shannon N 8-Aug-99 9-May-00
KR7 99 Mar 1 KR7 Shannon N 23-Mar-99 14-Aug-99
KR7 99 Mar 2 KR7 Shannon N 23-Mar-99 24-Sep-99 HBC
PH10 99 Nov 1 PH10 15-Nov-99 30/May/00
PH13 98 Jul 1 Sugar PH13 15-Jul-98 21/Sep/98
PH13 98 Jul 2 B/W PH13 15-Jul-98 15/Sep/98
PH13 99 Aug 1 PH13 N 6-Aug-99 30/Sep/99
PH13 99 Aug 2 Sherbet F PH13 N 6-Aug-99 1/Aug/00

PH16 Punkin M PH13 15-Jul-98 26/May/99
PH17 Groucho M 30/Jun/99 unknown

PH18 98 Aug 1 PH18 Dipstick 15-Aug-98 20/Nov/98
PH18 98 Aug 2 PH18 Dipstick 15-Aug-98 31/Dec/98
PH18 99 Apr 1 PH18 Dipstick N 9-Apr-99 27/Apr/99 infantacide
PH18 99 Apr 2 PH18 Dipstick N 9-Apr-99 27/Apr/99 infantacide
PH18 99 Apr 3 PH18 Dipstick N 9-Apr-99 27/Apr/99 infantacide
PH18 99 Apr 4 PH18 Dipstick N 9-Apr-99 4/May/99
PH19 00 Apr 1 PH19 Left Eye N 11-Apr-00 10/Jul/00
PH19 00 Apr 2 PH19 Left Eye N 11-Apr-00 7/Aug/00
PH19 00 Apr 3 PH19 Left Eye N 11-Apr-00 8/Sep/00 killed by dog
PH19 00 Sep 1 PH19 Left Eye N 9-Sep-00 11/Nov/00 unknown
PH19 99 Apr 2 Sad Sack PH19 Left Eye Y 16-Apr-99 24/Oct/99
PH19 99 Apr 3 Smokey Jr. PH19 Left Eye Y 16-Apr-99 10/Apr/00
PH19 99 Apr 4 Sassy PH19 Left Eye Y 16-Apr-99 8/Sep/99 killed by dog
PH19 99 Aug 1 Cinder PH19 Left Eye N 28-Aug-99 10/Aug/00
PH2 00 Aug 1 PH2 Lady N 16-Aug-00 5/Sep/00
PH2 00 Aug 2 PH2 Lady N 16-Aug-00 5/Sep/00
PH2 00 Aug 3 Wild Bill M PH2 Lady N 16-Aug-00 8/Dec/00
PH2 00 May 1 PH2 Lady N 18-May-00 4/Aug/00
PH2 99 Jul 1 PH2 Lady N 14-Jul-99 30/Aug/99 illness
PH2 99 Jul 2 PH2 Lady N 14-Jul-99 22/Sep/99 unknown
PH2 99 Jul 3 Pie F PH2 Lady N 14-Jul-99 2/May/00 killed by dog

PH21 Tip M 19/Jun/99
PH22 00 Oct 1 Tom M PH22 N 8-Oct-00 28/Dec/00  
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Appendix 2, Table 2, continued. 

 

Kitten # Kitten Name Sex Mother # Mother Name Primiparous Birth Date Death/Censor Date Death Cause
PH25 Phantom F PH10 15-Nov-99 31/Oct/00
PH29 Dooley F PH19 Left Eye N 28-Aug-99 31/Oct/00

PH29 00 Jun 1 PH29 Dooley Y 8-Jun-00 18/Aug/00
PH29 00 Jun 2 PH29 Dooley Y 8-Jun-00 18/Aug/00
PH29 00 Jun 3 PH29 Dooley Y 8-Jun-00 18/Aug/00
PH29 00 Jun 4 PH29 Dooley Y 8-Jun-00 18/Aug/00
PH3 99 Jul 1 PH3 13-Jul-99 30/Sep/99
PH3 99 Jul 2 PH3 13-Jul-99 30/Sep/99
PH3 99 Jul 3 PH3 13-Jul-99 30/Oct/99
PH3 99 Jul 4 JJ F PH3 13-Jul-99 13/Jun/00

PH30 Parkay M PH19 Left Eye N 28-Aug-99 18/Jan/01
PH31 RJ F PH13 N 6-Aug-99 31/Oct/00

PH31 00 Apr 1 PH31 RJ Y 26-Apr-00 14/May/00
PH31 00 Apr 2 PH31 RJ Y 26-Apr-00 12/Jun/00
PH33 00 Apr 1 PH33 Runt N 26-Apr-00 28/Dec/00 HBC

PH34 Smudge M PH2 Lady N 14-Jul-99 8/Dec/00
PH35 Wildman M PH33 Runt Y 14-May-99 20/May/01 HBC
PH36 Little Bit F PH31 RJ Y 26-Apr-00 31/Oct/00
PH37 Got Milk F PH2 Lady N 14-Jul-99 18/Oct/00 unknown, ill

PH37 00 Apr 1 PH37 Got Milk Y 28-Apr-00 5/May/00
PH37 00 Jun 3 Larry M PH37 Got Milk N 30-Jun-00 6/Feb/01 HBC

PH38 Buttercup M PH19 Left Eye N 28-Aug-99 5/Mar/02
PH39 Ferris M PH19 Left Eye N 11-Apr-00 11/Apr/01 HBC
PH40 Simone F PH3 N 13-Apr-00 31/Oct/00 killed by dog
PH41 Van Dyke M PH19 Left Eye N 11-Apr-00 2/Jun/01
PH42 TJ M PH19 Left Eye Y 16-Apr-99 15/Nov/01
PH43 Gunsmoke M PH2 Lady N 18-May-00 27/May/01
PH46 Oleo M PH3 N 13-Apr-00 16/Jun/01 HBC
PH47 Onyx F PH3 N 13-Apr-00 31/Oct/00
PH48 Decker M PH22 N 8-Jun-00 8/Dec/00 HBC
PH49 Clover F PH3 N 13-Apr-00 31/Oct/00
PH50 Casper M PH2 Lady N 18-May-00 31/Oct/00
PH52 Tuffy M PH19 Left Eye N 9-Sep-00 31/Oct/00
PH53 Princess F PH29 Dooley Y 8-Jun-00 21/Nov/01 trauma
PH55 Scatter F PH22 N 8-Oct-00 28/Apr/01 killed by dog
PH56 Mo F PH2 Lady N 16-Aug-00 24/Oct/01 HBC
PH57 Fuzzy M PH19 Left Eye N 9-Sep-00 31/Oct/00
PH58 Curly F PH37 Got Milk N 30-Jun-00 31/Oct/00
PH59 Skitter F PH22 N 8-Oct-00 31/Oct/00
PH60 Midnight F PH19 Left Eye N 9-Sep-00 31/Oct/00
PH61 Chopper F PH37 Got Milk N 30-Jun-00 31/Oct/00
PH62 Wally F PH37 Got Milk N 30-Jun-00 31/Oct/00
PH63 Fluffy M PH19 Left Eye N 9-Sep-00 31/Oct/00
PH64 Mouth M PH33 Runt N 26-Apr-00 31/Oct/00

TP Piglet F TP2 Tiger N 21-Aug-98 6-Mar-99 trauma
TP Wild Thing M TP10 Midnight N 1-May-98 19-Dec-98 trauma
TP Skitty F TP10 Midnight N 5-Apr-00 31-Dec-00 unknown
TP Eyeor M TP2 Tiger N 21-Aug-98 21-Jul-99 trauma
TP Boots F TP1 Kitty N 18-Aug-98 17-Aug-99 killed by dog

TP1 Apr 99 1 F TP1 Kitty N 14-Apr-99 15-Apr-99 unknown
TP1 Apr 99 2 Daisy Mae F TP1 Kitty N 14-Apr-99 7-Jul-99 unknown
TP1 Aug 98 3 F TP1 Kitty N 18-Aug-98 20-Sep-98 unknown
TP1 Aug 98 4 M TP1 Kitty N 18-Aug-98 19-Dec-98 unknown
TP1 Aug 98 5 M TP1 Kitty N 18-Aug-98 11-Oct-98 unknown
TP1 Aug 98 6 F TP1 Kitty N 18-Aug-98 15-Oct-98 unknown
TP1 Sep 99 1 TP1 Kitty N 30-Sep-99 30-Nov-99 unknown  
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Appendix 2, Table 2, continued.  

 

Kitten # Kitten Name Sex Mother # Mother Name Primiparous Birth Date Death/Censor Date Death Cause
TP1 Sep 99 2 TP1 Kitty N 30-Sep-99 30-Nov-99 unknown
TP1 Sep 99 3 TP1 Kitty N 30-Sep-99 30-Nov-99 unknown
TP10 Apr 00 2 TP10 Midnight N 5-Apr-00 15-May-00 unknown
TP10 Apr 00 3 TP10 Midnight N 5-Apr-00 15-May-00 unknown
TP10 Apr 00 4 TP10 Midnight N 5-Apr-00 2-Jun-00 unknown
TP10 Apr 00 5 TP10 Midnight N 5-Apr-00 7-Jun-00 unknown
TP10 Apr 99 1 TP10 Midnight N 10-Apr-99 11-Apr-99 unknown
TP10 Apr 99 2 TP10 Midnight N 10-Apr-99 24-Jun-99 drowned
TP10 Jul 00 1 Taz M TP10 Midnight N 28-Jul-00 31-Dec-00 unknown
TP10 Jul 00 2 Sassy F TP10 Midnight N 28-Jul-00 20-Jan-01 unknown
TP10 Jul 00 3 Socks F TP10 Midnight N 28-Jul-00 20-Jan-01 unknown
TP10 Jul 00 4 F TP10 Midnight N 28-Jul-00 11-Sep-00 killed by dog
TP10 Jul 00 5 M TP10 Midnight N 28-Jul-00 13-Sep-00 killed by dog
TP10 Jul 00 6 M TP10 Midnight N 28-Jul-00 13-Sep-00 killed by dog

TP10 May 98 2 M TP10 Midnight N 1-May-98 14-Jun-98 unknown
TP10 May 98 3 F TP10 Midnight N 1-May-98 24-Jun-98 unknown
TP10 Sept 98 1 F TP10 Midnight N 9-Sep-98 29-Sep-98 unknown
TP10 Sept 98 2 Oreo M TP10 Midnight N 9-Sep-98 22-Oct-98 unknown
TP10 Sept 98 3 Plunder M TP10 Midnight N 9-Sep-98 29-Dec-98 unknown
TP10 Sept 98 4 F TP10 Midnight N 9-Sep-98 23-Oct-98 unknown
TP10 Sept 99 1 M TP10 Midnight N 27-Sep-99 26-Jan-00 unknown
TP10 Sept 99 2 F TP10 Midnight N 27-Sep-99 30-Nov-99
TP10 Sept 99 3 F TP10 Midnight N 27-Sep-99 30-Nov-99
TP10 Sept 99 4 F TP10 Midnight N 27-Sep-99 30-Nov-99

TP12 Winnie F TP1 Kitty N 4-May-98 17-Aug-99 killed by dog
TP13 Pooh F TP2 Tiger N 7-May-98 24-Apr-99 unknown

TP13 Apr 99 1 TP13 Pooh Y 24-Apr-99 24-Apr-99 unknown
TP14 Skunk M TP1 Kitty N 4-May-98 1-Jun-00 unknown
TP15 Shark M TP1 Kitty N 18-Aug-98 24-May-99 unknown
TP16 Tigger M TP2 Tiger N 7-May-98 14-Aug-00 trauma
TP17 Silver F TP1 Kitty N 4-May-98 31/Oct/00

TP17 Aug 00 1 F TP17 Silver N 27-Jul-00 6-Sep-00 unknown
TP17 Aug 99 2 Gray One F TP17 Silver N 7-Aug-99 24-Jan-00 unknown
TP17 May 99 1 TP17 Silver Y 20-May-99 21-May-99 killed by dog
TP17 May 99 2 TP17 Silver Y 20-May-99 21-May-99 killed by dog
TP17 May 99 3 TP17 Silver Y 20-May-99 24-May-99 unknown

TP19 Aaron M TP17 Silver N 7-Aug-99 17-Jun-01 illness
TP2 Aug 98 3 F TP2 Tiger N 21-Aug-98 14-Sep-98 unknown
TP2 Aug 98 4 F TP2 Tiger N 21-Aug-98 8-Oct-98 unknown

TP20 Michelob M TP2 Tiger N 9-Aug-99 31/Oct/00
TP21 Pirate M TP2 Tiger N 9-Aug-99 31/Oct/00
TP22 Gremlin M TP2 Tiger N 9-Aug-99 31/Oct/00
TP26 Charlotte F TP10 Midnight N 10-Apr-99 31/Oct/00

TP26 Jul 00 1 TP26 Charlotte Y 30-Jul-00 27-Aug-00 killed by dog
TP26 Jul 00 2 Mittens F TP26 Charlotte Y 30-Jul-00 13-Jan-01 killed by dog
TP26 Jul 00 3 Muffy F TP26 Charlotte Y 30-Jul-00 13-Jan-01 killed by dog

TP27 Bear M TP10 Midnight N 10-Apr-99 31/Oct/00
TP4 Apr 99 1 TP4 Tails N 23-May-99 17-Jun-99 unknown
TP4 Apr 99 2 TP4 Tails N 23-May-99 27-Jun-99 unknown
TP4 Jun 98 1 Oreo M TP4 Tails N 7-Jun-98 28-Jul-98 unknown
TP4 Jun 98 2 Ursula F TP4 Tails N 7-Jun-98 28-Jul-98 unknown
TP4 Jun 98 3 Kitten F TP4 Tails N 7-Jun-98 17-Jun-98 unknown

VR12 Leo M VR 11 Smokey N 6-Sep-00 31/Oct/00
VR13 Tiger M VR 11 Smokey N 6-Sep-00 31/Oct/00
VR14 Bluie F VR 11 Smokey N 6-Sep-00 31/Oct/00
VR15 Scratchy F VR 11 Smokey N 6-Sep-00 31/Oct/00
VR16 Speedy M VR 11 Smokey N 6-Sep-00 31/Oct/00  
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Appendix 3.  Adult cat survival data 

Table 1.  Adult cat survival 

 

NAME NUMBER SEX SOURCE TREAT 2 YR CENSOR 2 YR SURVIVAL 4 YR SURVIVAL 4 YR CENSOR CAUSE
Blaze AK1 m orig 2 censored 730 1322 uncensored dead
Buddy AK10 m orig 2 censored 730 1460 censored
Maggie AK11 f orig 2 censored 730 1460 censored
Minnie AK12 f orig 2 uncensored 702 HBC

Burly (or/wht tom) AK13 m immig 2 censored 730 1258 censored
Tippy AK2 f orig 2 uncensored 488 dead
Callie AK3 f orig 2 censored 730 1460 censored
Alley AK4 f orig 2 censored 730 1460 censored
Rusty AK5 m orig 2 censored 730 1460 censored
Mollie AK6 f orig 2 censored 730 1460 censored
Sissy AK7 f orig 2 censored 730 1090 uncensored HBC
Tom AK8 m orig 2 uncensored 169 disappeared
Tiger AK9 m orig 2 censored 730 1460 censored

Tweetums BC f orig 2 uncensored 519 removed
Baby Two BC f immig 2 censored 730 807 censored

Magic Ashes BC f immig 2 censored 730 807 censored
Baby BC f orig 2 censored 730 1460 censored

Or tab tom BC m immig 2 uncensored 6 transient
Bob BC m immig 2 censored 730 1179 censored

Homer BC m immig 2 censored 469
Shadow BC m immig 2 censored 469
Abbott BC m orig 2 censored 730 1460 censored

Hop-Along BC1 m orig 2 censored 730 1460 censored
Black Male BC10 m orig 2 uncensored 296 dead

Calico Female BC11 f orig 2 censored 730 1460 censored
Dark Tortie Female BC12 f orig 2 censored 730 1460 censored

Wheelbarrow BC13 f orig 2 censored 730 1460 censored
Chester BC14 m orig 2 censored 730 1460 censored

Julie BC15 f orig 2 censored 730 1460 censored
Or tab/wht tip female BC16 f orig 2 censored 730 1460 censored

Or Tab Male "Rackroom" BC17 m orig 2 censored 730 1460 censored
Black Female BC18 f orig 2 censored 730 1460 censored
Black Female BC19 f orig 2 uncensored 0 dead

Diva BC2 f orig 2 censored 730 1460 censored
Lothario BC20 m orig 2 censored 730 1460 censored
Charlie BC21 m orig 2 censored 730 1460 censored

Wild Kitty BC22 f orig 2 censored 730 1460 censored
Frosty BC23 f orig 2 censored 730 1460 censored

Pumpkin BC24 m orig 2 censored 730 1460 censored
Checker BC3 f orig 2 censored 730 1460 censored

B/W female BC4 f orig 2 censored 730 1460 censored
Marshmallow BC5 f orig 2 uncensored 578 removed

Prissy BC6 f orig 2 uncensored 507 removed
Black Male BC7 m orig 2 censored 730 1460 censored

Touche BC8 m orig 2 censored 730 1460 censored
Or Tab Male BC9 m orig 2 censored 730 1460 censored
Yellow Fuzzy BN m immig 3 uncensored 188 disappeared

Little Mac BN m orig 2 uncensored 41 HBC
Thomas BN m orig 2 uncensored 69 HBC
Grace BN1 f orig 3 censored 730 820 uncensored disappeared
April BN10 f orig 3 censored 730 1460 censored
David BN11 m recruit 3 uncensored 282 HBC

Poochie BN12 m immig 3 uncensored 522 disappeared
Battle BN13 m immig 3 censored 730 1460 censored euthanized, chronic dz

Brushy Tail BN14 m immig 2 uncensored 38 disappeared
Poochie Two BN15 m immig 2 censored 570 euthanized, chronic dz

Gabby BN16 m immig 2 censored 220 inside cat
Maxine BN2 f orig 3 censored 730 1460 censored  
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Appendix 3, Table 1, continued. 

 

NAME NUMBER SEX SOURCE TREAT 2 YR CENSOR 2 YR SURVIVAL 4 YR SURVIVAL 4 YR CENSOR CAUSE
Little One BN3 f orig 3 censored 730 1460 censored
Purr Baby BN4 m orig 3 uncensored 67 HBC
Little Nut BN5 m orig 3 uncensored 502 dead

Anne BN6 f recruit 3 censored 730 1460 censored
Old Cat BN7 m orig 3 uncensored 229 collar

Ava BN8 f orig 3 censored 730 1460 censored
Johnathan BN9 m recruit 3 uncensored 29 HBC

Clint BS1 m orig 2 uncensored 414 HBC
Charcoal BS10 m orig 2 uncensored 94 killed by dogs

Big Orange BS11 m immig 2 censored 730 981 uncensored disappeared
Pale Orange BS12 m immig 2 censored 730 802 censored

Gray BS2 f orig 2 uncensored 696 disappeared
Tortie BS3 f orig 2 uncensored 556 disappeared

Wierdie BS4 f orig 2 censored 730 1460
Black BS5 m orig 2 uncensored 541 disappeared
Toes BS6 m orig 2 uncensored 224 disappeared

Big Meatloaf BS7 m orig 2 uncensored 614 found dead
Renegade BS8 m orig 2 censored 730 991 uncensored found dead

Nice Meatloaf BS9 m orig 2 censored 730 1346 uncensored found dead
KA gray 1 KA f recruit 3 uncensored 32 disappeared
GreyKitten KA m recruit 3 uncensored 21 HBC
KA gray 2 KA m recruit 3 uncensored 47 HBC

KA1 KA1 f orig 3 uncensored 568 disappeared
KA10 KA10 f orig 3 uncensored 485 disappeared
KA11 KA11 m orig 3 uncensored 108 HBC
KA12 KA12 m immig 3 uncensored 170 disappeared
KA2 KA2 f orig 3 uncensored 478 disappeared
KA3 KA3 f orig 3 uncensored 568 disappeared
KA4 KA4 m orig 3 uncensored 306 HBC
KA5 KA5 m orig 3 uncensored 416 disappeared
KA6 KA6 f orig 3 uncensored 527 disappeared
KA7 KA7 m orig 3 censored 730 954 uncensored disappeared
KA8 KA8 f orig 3 censored 730 918 uncensored disappeared
KA9 KA9 f orig 3 censored 730 830 uncensored disappeared

KH May 01 6 KH f recruit 1 uncensored 40 disappeared
Grey/white DLH F KH f recruit 1 uncensored 128 HBC

KH6 Apr 02 2 KH f recruit 1 censored 24
KH5 Apr 02 1 KH f recruit 1 censored 21

Casper KH m recruit 1 uncensored 283 dead
Mr. Brown KH m recruit 1 uncensored 304 disappeared

LJ KH m recruit 1 uncensored 161 HBC
Mr. White KH m recruit 1 censored 353

Shorty KH m recruit 1 censored 263
Mr. Stripe KH m recruit 1 censored 263

KH6 Apr 02 1 KH m recruit 1 censored 24
KH6 Apr 02 4 KH m recruit 1 censored 24

Marilyn KH1 f orig 1 censored 517
Thomas Hoover KH10 m orig 1 uncensored 81 disappeared

Nosy KH2 f orig 1 censored 517
Fuzzy KH3 f orig 1 censored 517

Carolyn KH4 f orig 1 censored 517
Bandy/Bandit KH5 f orig 1 censored 517

Molly KH6 f orig 1 censored 517
Dommie KH7 f orig 1 uncensored 27 disappeared
Little Bit KH8 f orig 1 uncensored 25 disappeared
Pedro KH9 m orig 1 uncensored 58 disappeared
Missy KR f recruit 1 uncensored 42 disappeared

Peace KR f recruit 1 uncensored 267 emigrated  
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Appendix 3, Table 1, continued.   

 

NAME NUMBER SEX SOURCE TREAT 2 YR CENSOR 2 YR SURVIVAL 4 YR SURVIVAL 4 YR CENSOR CAUSE
Topanga KR f recruit 1 uncensored 38 emigrated
Munchkin KR f recruit 1 censored 5 emigrated

Oreo KR f recruit 1 uncensored 166 HBC
Olivia KR f recruit 1 uncensored 511 HBC

Diamond KR f recruit 1 censored 397
Fizzy KR f recruit 1 censored 397
Dusty KR f recruit 1 censored 60
Star KR f recruit 1 censored 60

Grey tab KR m recruit 1 uncensored 23 disappeared
Simon KR m recruit 1 uncensored 215 disappeared

KR7 Aug GT 2 KR m recruit 1 uncensored 95 disappeared
Dopey KR m recruit 1 uncensored 334 disappeared

KR2 Apr Blk 1 KR m recruit 1 uncensored 146 disappeared
Gray Tom KR m immig 1 uncensored 723 emigrated

Junior KR m recruit 1 uncensored 38 emigrated
Sly KR m recruit 1 uncensored 38 emigrated

Spunk KR m recruit 1 uncensored 38 emigrated
Cutie Pie KR m recruit 1 uncensored 93 HBC
Mr. Tim KR m immig 1 censored 580

Joy KR m recruit 1 censored 267
Mister KR m recruit 1 censored 5
Baby KR1 f orig 1 uncensored 482 HBC

Dark tabby KR10 m orig 1 uncensored 108 disappeared
Bashful KR2 f orig 1 censored 730 1460 censored

PJ KR3 m orig 1 uncensored 508 disappeared
Taz Too KR4 f orig 1 uncensored 244 disappeared

Taz KR5 f orig 1 uncensored 195 disappeared
JP KR6 m orig 1 uncensored 240 drowned

Shannon KR7 f orig 1 uncensored 390 HBC
Sam KR8 m orig 1 uncensored 154 HBC

Wonder KR9 m orig 1 uncensored 646 killed by dogs
Pie PH f recruit 1 uncensored 113 disappeared

PH10 99 Nov 1 PH f recruit 1 uncensored 18 disappeared
Hussy PH f immig 1 censored 730 776 censored spayed Dec 02
Andrea PH f recruit 2 censored 392

Lil Darlin PH f recruit 2 censored 392
Silver PH f recruit 2 censored 392
Poofy PH f recruit 2 censored 16
Button PH f recruit 2 censored 14
Dipper PH f recruit 2 censored 14
Spot PH f recruit 2 censored 14

Sweetie PH f recruit 2 censored 14
Sad Sack PH m recruit 1 uncensored 11 disappeared

Smokey Jr. PH m recruit 1 uncensored 180 disappeared
Cinder PH m recruit 1 uncensored 168 disappeared

CJ PH m recruit 2 uncensored 389 disappeared
Larry PH m recruit 1 uncensored 41 HBC

Yellow/White Tom PH m immig 2 censored 386
Big Tom PH m immig 2 censored 19
Amber PH m recruit 2 censored 392

Cheesie PH m recruit 2 censored 353
Purcy PH m recruit 2 censored 353
Mr. T PH m recruit 2 censored 14
Nehi PH m recruit 2 censored 14
Hissy PH1 f immig 1 uncensored 323 disappeared

PH10 f orig 1 uncensored 689 disappeared
PH11 m orig 1 uncensored 315 disappeared  
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Appendix 3, Table 1, continued. 

 

NAME NUMBER SEX SOURCE TREAT 2 YR CENSOR 2 YR SURVIVAL 4 YR SURVIVAL 4 YR CENSOR CAUSE
Fuzzy Butt PH12 m immig 1 uncensored 325 disappeared

Calico Mom PH13 f orig 1 uncensored 590 disappeared
PH14 f orig 1 uncensored 284 disappeared

Not Tip PH15 m recruit 1 uncensored 230 disappeared
Punkin PH16 m recruit 1 uncensored 135 disappeared

Groucho/Radar PH17 m recruit 1 uncensored 231 dead
Dipstick PH18 f immig 1 uncensored 241 euthanized
Left Eye PH19 f recruit 1 censored 675 neutered
Left Eye PH19 f recruit 2 censored 730 785 censored

Lady PH2 f orig 2 uncensored 616 disappeared
Lady PH2 f orig 1 censored 730 791 spayed

Buff Tabby PH20 m immig 1 uncensored 130 emigrated
Tip PH21 m recruit 1 uncensored 230 disappeared

Dark Tortie PH22 f recruit 1 censored 675 spayed
Dark Tortie PH22 f recruit 2 censored 730 785 censored

Runt PH23/33 f recruit 1 censored 676 spayed
Runt PH23/33 f recruit 2 censored 730 784 censored

Dilute Calico PH24 f recruit 1 uncensored 139 emigrated
Phantom PH25 f recruit 1 censored 289 spayed
Phantom PH25 f recruit 2 censored 551 611 censored
Sherbet PH26 m recruit 1 uncensored 181 disappeared

JJ PH27 m recruit 1 uncensored 156 disappeared
Black Jack PH28 m immig 2 uncensored 68 disappeared
Black Jack PH28 m immig 1 censored 200 neutered

Dooley PH29 f recruit 1 censored 198 spayed
Dooley PH29 f recruit 2 censored 730 781

Lower Orange PH3 f orig 1 censored 730 791 censored spayed
Lower Orange PH3 f orig 2 censored 731 785 censored

Parkay PH30 m recruit 2 uncensored 133 disappeared
Parkay PH30 m recruit 1 censored 195 neutered

RJ PH31 f recruit 1 censored 217 spayed
RJ PH31 f recruit 2 censored 730 784 censored

Smudge PH34 m recruit 2 uncensored 93 disappeared
Smudge PH34 m recruit 1 censored 239 neutered

Wildman Hinshaw PH35 m recruit 2 uncensored 256 HBC
Wildman Hinshaw PH35 m recruit 1 censored 300 neutered

Little Bit PH36 f recruit 2 censored 730 738 censored
Got Milk PH37 f recruit 2 uncensored 42 disappeared
Got Milk PH37 f recruit 1 censored 239 spayed

Buttercup PH38 m recruit 2 uncensored 545 disappeared
Buttercup PH38 m recruit 1 censored 194 neutered

Ferris PH39 m recruit 2 uncensored 185 HBC
Thomas T PH4 m orig 1 uncensored 349 dead

Simone PH40 f recruit 2 uncensored 21 killed by dogs
Van Dyke PH41 m recruit 2 uncensored 237 dead

TJ PH42 m recruit 2 uncensored 435 disappeared
TJ PH42 m recruit 1 censored 328 neutered

Gunsmoke PH43 m recruit 2 uncensored 194 disappeared
Mimi PH45 f recruit 2 censored 695
Oleo PH46 m recruit 2 uncensored 249 HBC
Onyx PH47 m recruit 2 censored 730 751 censored

Decker PH48 m recruit 2 uncensored 3 HBC
Clover PH49 f recruit 2 censored 730 751 censored

PH5 m orig 1 uncensored 70 HBC
Casper PH50 m recruit 2 censored 716
PH51 PH51 m recruit 2 uncensored 65 HBC
Tuffy PH52 f recruit 2 censored 602  
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Appendix 3, Table 1, continued. 

 

NAME NUMBER SEX SOURCE TREAT 2 YR CENSOR 2 YR SURVIVAL 4 YR SURVIVAL 4 YR CENSOR CAUSE
Princess PH53 f recruit 2 uncensored 351 dead

Flash PH54 m immig 1 censored 131 trapped and neutered
Flash PH54 m immig 2 censored 611

Scatter PH55 f recruit 2 uncensored 22 killed by dogs
Mo PH56 f recruit 2 uncensored 254 HBC

Fuzzy PH57 m recruit 2 censored 602
Curly PH58 f recruit 2 censored 623
Skitter PH59 f recruit 2 censored 571

PH6 f orig 1 uncensored 169 killed by dogs
Midnight PH60 f recruit 2 censored 602
Chopper PH61 f recruit 2 uncensored 483 disappeared

Wally PH62 f recruit 2 censored 623
Fluffy PH63 m recruit 2 censored 602
Mouth PH64 m recruit 1 censored 126 trapped and neutered
Mouth PH64 m recruit 2 censored 611

Yellow Longhair PH65 m immig 2 censored 386
Grey White stripe PH66 m immig 2 censored 384

Blue Boy PH7 m orig 1 uncensored 114 HBC
Side Stripe PH8 m orig 1 uncensored 263 disappeared

PH9 f orig 1 uncensored 356 HBC
Dopey SH f recruit 1 censored 279

Rhiannon SH f recruit 1 censored 279
Sneezy SH f recruit 1 censored 279
Barry SH m recruit 1 censored 288
Larry SH m recruit 1 censored 288

Sinister SH m recruit 1 censored 288
Tweak SH1 f orig 1 censored 471

Leo SH10 m orig 1 censored 471
Leroy SH11 f orig 1 censored 471

Serendipity SH12 f orig 1 censored 471
Sylvester SH13 f orig 1 censored 471

Stripe SH14 f orig 1 censored 471
Little Stripe SH15 f orig 1 censored 471

Lady D SH16 f orig 1 censored 471
Snuffy SH17 f orig 1 censored 471

Andariel SH18 f orig 1 censored 471
Bear SH19 f orig 1 censored 471
Tety SH2 f orig 1 censored 471

Munchkin SH20 f orig 1 uncensored 56 dead
Squirrel SH21 f orig 1 uncensored 4 disappeared

Kitty SH22 m orig 1 uncensored 56 HBC
Little Ty SH3 f orig 1 censored 471
Fluffy SH4 f orig 1 uncensored 45 disappeared
Turtle SH5 f orig 1 censored 471

Patches SH6 f orig 1 censored 471
Diablo SH7 m orig 1 censored 471
Diddle SH8 m orig 1 censored 471

Shadow SH9 m orig 1 censored 471
Sweetie TP f immig 1 uncensored 19 dead, ill

Abandoned queen TP f immig 1 uncensored 3 disappeared
Skitty TP f recruit 1 uncensored 90 disappeared
Boots TP f recruit 1 uncensored 184 killed by dogs
Socks TP f recruit 2 uncensored 234 killed by dogs
Piglet TP f recruit 1 uncensored 13 stepped on by horse
Eyeor TP m recruit 1 uncensored 150 ran over with tractor

Wild Thing TP m recruit 1 uncensored 52 stepped on by horse

New orange tom TP m immig 2 censored 144  
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Appendix 3, Table 1, continued. 

 

NAME NUMBER SEX SOURCE TREAT 2 YR CENSOR 2 YR SURVIVAL 4 YR SURVIVAL 4 YR CENSOR CAUSE
Kitty TP1 f orig 1 uncensored 644 euthanized

Midnight TP10 f orig 1 censored 730 841 censored spayed
Midnight TP10 f orig 2 censored 730 786 censored
Cheerup TP11 f orig 2 uncensored 618 found dead
Cheerup TP11 f orig 1 censored 730 841 censored spayed
Winnie TP12 m recruit 1 uncensored 286 killed by dogs
Pooh TP13 f recruit 1 uncensored 168 disappeared
Skunk TP14 m recruit 1 uncensored 575 disappeared
Shark TP15 m recruit 1 uncensored 99 disappeared
Tigger TP16 m recruit 1 uncensored 646 disappeared
Silver TP17 f recruit 2 uncensored 606 disappeared
Silver TP17 f recruit 1 censored 670 spayed

Tweetie TP18 m immig 2 uncensored 133 disappeared, ill
Tweetie TP18 m immig 1 censored 624 neutered
Aaron TP19 m recruit 2 uncensored 285 disappeared
Aaron TP19 m recruit 1 censored 214 neutered
Tiger TP2 f orig 2 uncensored 606 disappeared
Tiger TP2 f orig 1 censored 730 841 censored spayed

Michelob TP20 m recruit 1 censored 212
Michelob TP20 m recruit 2 censored 730 786 censored

Pirate TP21 m recruit 2 uncensored 325 killed by dogs
Pirate TP21 m recruit 1 censored 212 neutered

Gremlin TP22 m recruit 2 uncensored 243 killed by dogs
Gremlin TP22 m recruit 1 censored 212 neutered
Thirteen TP23 f immig 2 uncensored 637 disappeared
Thirteen TP23 f immig 1 censored 224 spayed
Snowball TP24 m immig 1 uncensored 74 killed by dogs

Tippy TP25 m immig 2 uncensored 436 killed by dog
Tippy TP25 m immig 1 censored 224 neutered

Charlotte TP26 f recruit 1 censored 333 spayed
Charlotte TP26 f recruit 2 censored 730 786 censored

Bear TP27 m recruit 2 uncensored 520 disappeared
Bear TP27 m recruit 1 censored 333 neutered

Whitey TP3 m orig 1 uncensored 59 disappeared, ill
Tails TP4 f orig 1 uncensored 593 disappeared

Sheila TP5 f orig 1 uncensored 101 dead
Grey tab TP6 m orig 1 uncensored 9 disappeared
Little Bit TP7 m orig 1 uncensored 457 killed by dogs

Icky TP8 m orig 1 uncensored 9 dead, ill
Spitfire TP9 m orig 1 uncensored 648 disappeared

Black Cat 3 VR f orig 3 uncensored 24 dead
Lance VR1 m orig 3 uncensored 265 disappeared

Smokey VR10 f immig 3 uncensored 585 disappeared
Black Top VR11 m immig 3 uncensored 589 disappeared

Leo VR12 m recruit 2 censored 604
Tiger VR13 m recruit 2 censored 604
Bluie VR14 f recruit 2 uncensored 217 disappeared

Scratchy VR15 f recruit 2 censored 604
Speedy VR16 m recruit 2 uncensored 217 disappeared

Bear Paw VR2 m orig 3 censored 730 1460 censored disappeared
Rachel VR3 f orig 3 censored 730 1460 censored
Oliver VR4 m orig 3 censored 730 761 uncensored disappeared, injured
Tom VR5 m orig 3 uncensored 681 disappeared

Chance VR6 m orig 3 uncensored 619 disappeared, ill
Yodie VR7 f orig 3 censored 730 1460 censored

Black Cat 1 VR8 m orig 3 uncensored 218 disappeared
Black Cat 2 VR9 m orig 3 uncensored 122 disappeared  
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Appendix 4.  Home range data.  

Table 1.  Individual cat MCP 100 and MCP 95  

 

Cat ID Treatment Sex Sample Size Total Visits %Obs 100% MCP (ha) 95%MCP (ha)
AK10M 2 M 51 66 0.77 1.054 0.447
AK11F 2 F 26 66 0.39 0.431 0.351
AK12F 2 F 31 66 0.47 0.447 0.417
AK1M 2 M 56 66 0.85 1.776 0.527
AK2F 2 F 26 45 0.58 0.028 0.020
AK3F 2 F 35 66 0.53 0.113 0.094
AK4F 2 F 35 66 0.53 0.050 0.039
AK5F 2 F 33 66 0.50 0.147 0.059
AK6F 2 F 34 66 0.52 0.175 0.102
AK7F 2 F 52 66 0.79 0.464 0.384
AK9M 2 M 32 66 0.48 0.427 0.382
BC BABY F 2 F 23 77 0.30 0.158 0.087
BC11F 2 F 26 77 0.34 0.069 0.062
BC12F 2 F 20 77 0.26 0.060 0.048
BC14M 2 M 61 77 0.79 0.200 0.101
BC15F 2 F 51 77 0.66 0.051 0.034
BC16F 2 F 29 77 0.38 0.128 0.096
BC17M 2 M 21 77 0.27 0.092 0.062
BC1M 2 M 42 77 0.55 0.191 0.145
BC20M 2 M 55 77 0.71 0.141 0.100
BC21M 2 M 70 77 0.91 0.301 0.135
BC23F 2 F 25 77 0.32 0.108 0.080
BC24M 2 M 26 77 0.34 0.157 0.098
BC2F 2 F 44 77 0.57 0.177 0.116
BC3F 2 F 46 77 0.60 0.175 0.150
BC4F 2 F 35 77 0.45 0.079 0.078
BC7M 2 M 23 77 0.30 0.071 0.063
BC8M 2 M 58 77 0.75 0.086 0.053
BC9M 2 M 39 77 0.51 0.142 0.112
BN10F 3 F 62 79 0.78 0.637 0.604
BN11M 3 M 41 56 0.73 0.777 0.597
BN12M 3 M 24 65 0.37 1.989 1.438
BN13M 3 M 32 58 0.55 0.408 0.396
BN1F 3 F 50 79 0.63 0.460 0.444
BN2F 3 F 23 72 0.32 0.331 0.323
BN3F 3 F 44 79 0.56 0.497 0.421
BN5M 3 M 42 58 0.72 0.593 0.346
BN6F 3 F 53 60 0.88 0.622 0.527
BN8F 3 F 63 79 0.80 0.580 0.547
BS1M 2 M 33 47 0.70 0.176 0.151
BS2F 2 F 45 68 0.66 0.197 0.153
BS3F 2 F 35 58 0.60 0.116 0.109
BS4F 2 F 56 76 0.74 0.225 0.172
BS5M 2 M 35 58 0.60 0.209 0.172
BS7M 2 M 35 63 0.56 0.102 0.097
BS8M 2 M 64 76 0.84 0.143 0.078
BS9M 2 M 48 76 0.63 0.144 0.109  
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Appendix 4, Table 1, continued. 

 

Cat ID Treatment Sex Sample Size Total Visits %Obs 100% MCP (ha) 95%MCP (ha)
KA3F 3 F 33 66 0.50 0.352 0.208
KA4M 3 M 26 45 0.58 3.947 3.230
KA5M 3 M 21 52 0.40 1.978 1.586
KA7M 3 M 29 84 0.35 2.318 1.769
KA8F 3 F 33 84 0.39 0.844 0.754
KR1F 1 F 28 48 0.58 0.117 0.076
KR2F 1 F 59 67 0.88 0.238 0.144
KR3M 1 M 36 50 0.72 0.103 0.098
KR6M 1 M 22 26 0.85 0.056 0.033
KR7F 1 F 31 40 0.78 0.034 0.032
KR9M 1 M 37 58 0.64 0.092 0.068
PH10F 1 F 36 87 0.41 0.098 0.076
PH12M 1 M 34 55 0.62 0.187 0.128
PH13F 1 F 25 68 0.37 0.130 0.083
PH17M 1 M 26 28 0.93 0.525 0.399
PH18F 1 F 42 42 1.00 0.181 0.124
PH19F 1 F 58 65 0.89 0.093 0.056
PH21M 1 M 21 28 0.75 0.185 0.149
PH23F 1 F 54 67 0.81 0.233 0.198
PH2F 1 F 68 97 0.70 0.275 0.176
PH35M 1 M 21 23 0.91 0.044 0.041
PH3F 1 F 40 97 0.41 0.172 0.140
PH4M 1 M 39 57 0.68 0.182 0.117
PH9F 1 F 22 59 0.37 0.116 0.071
TP10F 1 F 44 68 0.65 0.452 0.113
TP11F 1 F 54 76 0.71 0.308 0.262
TP12M 1 M 25 25 1.00 0.035 0.027
TP14M 1 M 33 46 0.72 0.061 0.060
TP16M 1 M 38 49 0.78 0.122 0.081
TP17F 1 F 45 53 0.85 0.264 0.216
TP18M 1 M 42 48 0.88 0.313 0.214
TP1F 1 F 56 63 0.89 0.258 0.125
TP2F 1 F 59 76 0.78 2.486 0.398
TP4F 1 F 51 58 0.88 0.227 0.142
TP7M 1 M 43 47 0.91 0.226 0.133
TP9M 1 M 65 69 0.94 1.239 0.331
VR1M 3 M 26 37 0.70 0.184 0.167
VR2M 3 M 72 75 0.96 0.509 0.308
VR3F 3 F 65 75 0.87 0.212 0.153
VR4M 3 M 54 75 0.72 0.342 0.245
VR5M 3 M 64 69 0.93 0.337 0.253
VR6M 3 M 40 65 0.62 0.185 0.160
VR7F 3 F 60 75 0.80 0.093 0.062
VR8M 3 M 24 34 0.71 0.876 0.422  
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Table 2.  Individual cat KE 95 and KE 50 estimates 

 

Cat ID Treatment Sample Size Percent Orig KE (ha) Orig Smooth Revised Smooth Revised KE KE Used (ha)
AK10M 2 51 50 0.045 31.50 73 0.197 0.197
AK10M 2 51 95 0.305 31.50 73 0.944 0.944
AK11F 2 26 50 0.069 41.23 75 0.229 0.229
AK11F 2 26 95 0.573 41.23 75 1.309 1.309
AK12F 2 31 50 0.133 39.99 60 0.258 0.258
AK12F 2 31 95 0.716 39.99 60 1.243 1.243
AK1M 2 56 50 0.032 26.38 35 0.052 0.052
AK1M 2 56 95 0.162 26.38 35 0.233 0.233
AK2F 2 26 50 0.002 6.67 13 0.009 0.009
AK2F 2 26 95 0.028 6.67 13 0.052 0.052
AK3F 2 35 50 0.013 16.08 n/a n/a 0.013
AK3F 2 35 95 0.076 16.08 n/a n/a 0.076
AK4F 2 35 50 0.003 7.42 14 0.009 0.009
AK4F 2 35 95 0.033 7.42 14 0.052 0.052
AK5F 2 33 50 0.009 13.62 19 0.016 0.016
AK5F 2 33 95 0.067 13.62 19 0.079 0.079
AK6F 2 34 50 0.009 12.12 21 0.020 0.020
AK6F 2 34 95 0.079 12.12 21 0.109 0.109
AK7F 2 52 50 0.033 29.87 56 0.122 0.122
AK7F 2 52 95 0.355 29.87 56 0.906 0.906
AK9M 2 32 50 0.086 35.81 55 0.203 0.203
AK9M 2 32 95 0.536 35.81 55 0.959 0.959
BC BABY F 2 23 50 0.036 18.99 24 0.059 0.059
BC BABY F 2 23 95 0.193 18.99 24 0.213 0.213
BC11F 2 26 50 0.014 11.88 n/a n/a 0.014
BC11F 2 26 95 0.106 11.88 n/a n/a 0.106
BC12F 2 20 50 0.012 11.39 19 0.025 0.025
BC12F 2 20 95 0.076 11.39 19 0.123 0.123
BC14M 2 61 50 0.019 13.11 21 0.034 0.034
BC14M 2 61 95 0.146 13.11 21 0.178 0.178
BC15F 2 51 50 0.003 7.32 11 0.006 0.006
BC15F 2 51 95 0.037 7.32 11 0.048 0.048
BC16F 2 29 50 0.016 12.56 14 0.016 0.016
BC16F 2 29 95 0.158 12.56 14 0.146 0.146
BC17M 2 21 50 0.014 15.22 33 0.048 0.048
BC17M 2 21 95 0.119 15.22 33 0.246 0.246
BC1M 2 42 50 0.010 14.48 28 0.045 0.045
BC1M 2 42 95 0.141 14.48 28 0.244 0.244
BC20M 2 55 50 0.012 10.08 15 0.014 0.014
BC20M 2 55 95 0.105 10.08 15 0.117 0.117
BC21M 2 70 50 0.020 11.47 16 0.029 0.029
BC21M 2 70 95 0.158 11.47 16 0.168 0.168
BC23F 2 25 50 0.033 13.93 22 0.045 0.045
BC23F 2 25 95 0.152 13.93 22 0.217 0.217
BC24M 2 26 50 0.042 13.80 15 0.041 0.041
BC24M 2 26 95 0.180 13.80 15 0.164 0.164
BC2F 2 44 50 0.022 16.30 26 0.045 0.045
BC2F 2 44 95 0.176 16.30 26 0.270 0.270
BC3F 2 46 50 0.010 13.78 31 0.041 0.041
BC3F 2 46 95 0.110 13.78 31 0.254 0.254
BC4F 2 35 50 0.004 9.85 25 0.024 0.024
BC4F 2 35 95 0.010 9.85 25 0.126 0.126
BC7M 2 23 50 0.015 12.52 16 0.019 0.019
BC7M 2 23 95 0.106 12.52 16 0.135 0.135
BC8M 2 58 50 0.007 8.44 14 0.014 0.014
BC8M 2 58 95 0.063 8.44 14 0.076 0.076
BC9M 2 39 50 0.024 12.47 25 0.037 0.037
BC9M 2 39 95 0.117 12.47 25 0.146 0.146
BN10F 3 63 50 0.094 33.34 39 0.100 0.100
BN10F 3 62 95 0.703 33.34 39 0.756 0.756  
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Appendix 4, Table 2, continued 

 

Cat ID Treatment Sample Size Percent Orig KE (ha) Orig Smooth Revised Smooth Revised KE KE Used (ha)
BN11M 3 41 50 0.211 41.99 61 0.353 0.353
BN11M 3 41 95 1.189 41.99 61 1.650 1.650
BN12M 3 25 50 0.363 72.62 n/a n/a 0.363
BN12M 3 24 95 3.849 72.62 n/a n/a 3.849
BN13M 3 32 50 0.055 31.32 50 0.106 0.106
BN13M 3 32 95 0.455 31.32 50 0.720 0.720
BN1F 3 50 50 0.050 27.33 n/a n/a 0.050
BN1F 3 50 95 0.689 27.33 n/a n/a 0.689
BN2F 3 23 50 0.269 50.95 n/a n/a 0.269
BN2F 3 23 95 1.064 50.95 n/a n/a 1.064
BN3F 3 44 50 0.031 26.07 33 0.047 0.047
BN3F 3 44 95 0.356 26.07 33 0.447 0.447
BN5M 3 42 50 0.033 27.43 37 0.083 0.083
BN5M 3 42 95 0.474 27.43 37 0.607 0.607
BN6F 3 53 50 0.103 36.28 n/a n/a 0.103
BN6F 3 53 95 0.909 36.28 n/a n/a 0.909
BN8F 3 63 50 0.197 31.32 41 0.228 0.228
BN8F 3 63 95 0.765 31.32 41 0.941 0.941
BS1M 2 33 50 0.013 14.30 26 0.028 0.028
BS1M 2 33 95 0.088 14.30 26 0.132 0.132
BS2F 2 45 50 0.017 14.77 38 0.058 0.058
BS2F 2 45 95 0.128 14.77 38 0.282 0.282
BS3F 2 35 50 0.015 15.02 n/a n/a 0.015
BS3F 2 35 95 0.155 15.02 n/a n/a 0.155
BS4F 2 56 50 0.010 14.32 23 0.022 0.022
BS4F 2 56 95 0.117 14.32 23 0.192 0.192
BS5M 2 35 50 0.017 17.65 29 0.041 0.041
BS5M 2 35 95 0.221 17.65 29 0.339 0.339
BS7M 2 35 50 0.015 12.54 16 0.022 0.022
BS7M 2 35 95 0.121 12.54 16 0.153 0.153
BS8M 2 64 50 0.008 11.03 n/a n/a 0.008
BS8M 2 64 95 0.069 11.03 n/a n/a 0.069
BS9M 2 48 50 0.012 11.26 20 0.019 0.019
BS9M 2 48 95 0.097 11.26 20 0.129 0.129
KA3F 3 33 50 0.028 25.35 40 0.059 0.059
KA3F 3 33 95 0.241 25.35 40 0.446 0.446
KA4M 3 26 50 0.284 75.73 145 1.076 1.076
KA4M 3 26 95 2.875 75.73 145 5.389 5.389
KA5M 3 21 50 0.169 58.83 100 0.433 0.433
KA5M 3 21 95 1.595 58.83 100 2.205 2.205
KA7M 3 29 50 0.386 73.40 126 0.817 0.817
KA7M 3 29 95 2.834 73.40 126 5.372 5.372
KA8F 3 33 50 0.037 32.60 43 0.069 0.069
KA8F 3 33 95 0.256 32.60 43 0.414 0.414
KR1F 1 28 50 0.010 12.58 30 0.037 0.037
KR1F 1 28 95 0.080 12.58 30 0.166 0.166
KR2F 1 59 50 0.010 11.80 n/a n/a 0.010
KR2F 1 59 95 0.050 11.80 n/a n/a 0.050
KR3M 1 36 50 0.010 11.07 25 0.032 0.032
KR3M 1 36 95 0.073 11.07 25 0.161 0.161
KR6M 1 22 50 0.015 11.38 25 0.035 0.035
KR6M 1 22 95 0.071 11.38 25 0.153 0.153
KR7F 1 31 50 0.004 7.71 13 0.015 0.015
KR7F 1 31 95 0.038 7.71 13 0.067 0.067
KR9M 1 37 50 0.014 11.12 26 0.045 0.045
KR9M 1 37 95 0.094 11.12 26 0.171 0.171
PH10F 1 36 50 0.004 10.72 23 0.019 0.019
PH10F 1 36 95 0.018 10.72 23 0.102 0.102
PH12M 1 34 50 0.009 14.35 29 0.038 0.038
PH12M 1 34 95 0.111 14.35 29 0.219 0.219  
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Appendix 4, Table 2, continued 

 

Cat ID Treatment Sample Size Percent Orig KE (ha) Orig Smooth Revised Smooth Revised KE KE Used (ha)
PH13F 1 25 50 0.008 14.11 30 0.046 0.046
PH13F 1 25 95 0.098 14.11 30 0.235 0.235
PH17M 1 26 50 0.107 31.01 44 0.165 0.165
PH17M 1 26 95 0.665 31.01 44 0.925 0.925
PH18F 1 42 50 0.010 14.69 26 0.033 0.033
PH18F 1 42 95 0.133 14.69 26 0.227 0.227
PH19F 1 58 50 0.002 17.15 n/a n/a 0.002
PH19F 1 58 95 0.008 17.15 n/a n/a 0.008
PH21M 1 21 50 0.016 20.34 25 0.030 0.030
PH21M 1 21 95 0.213 20.34 25 0.281 0.281
PH23F 1 54 50 0.010 16.38 23 0.019 0.019
PH23F 1 54 95 0.081 16.38 23 0.160 0.160
PH2F 1 68 50 0.007 13.49 25 0.024 0.024
PH2F 1 68 95 0.076 13.49 25 0.205 0.205
PH35M 1 21 50 0.004 10.89 25 0.022 0.022
PH35M 1 21 95 0.022 10.89 25 0.114 0.114
PH3F 1 40 50 0.008 13.55 24 0.024 0.024
PH3F 1 40 95 0.104 13.55 24 0.212 0.212
PH4M 1 39 50 0.008 13.60 25 0.025 0.025
PH4M 1 39 95 0.069 13.60 25 0.150 0.150
PH9F 1 22 50 0.007 13.42 22 0.018 0.018
PH9F 1 22 95 0.060 13.42 22 0.108 0.108
TP10F 1 44 50 0.050 20.44 35 0.095 0.095
TP10F 1 44 95 0.224 20.44 35 0.300 0.300
TP11F 1 54 50 0.015 19.05 65 0.152 0.152
TP11F 1 54 95 0.107 19.05 65 0.628 0.628
TP12M 1 25 50 0.005 9.94 15 0.010 0.010
TP12M 1 25 95 0.056 9.94 15 0.080 0.080
TP14M 1 33 50 0.006 11.15 17 0.012 0.012
TP14M 1 33 95 0.060 11.15 17 0.091 0.091
TP16M 1 38 50 0.008 11.84 15 0.010 0.010
TP16M 1 38 95 0.061 11.84 15 0.067 0.067
TP17F 1 45 50 0.017 20.07 42 0.076 0.076
TP17F 1 45 95 0.168 20.07 42 0.450 0.450
TP18M 1 42 50 0.020 20.67 27 0.034 0.034
TP18M 1 42 95 0.179 20.67 27 0.218 0.218
TP1F 1 56 50 0.013 11.23 n/a n/a 0.013
TP1F 1 56 95 0.095 11.23 n/a n/a 0.095
TP2F 1 59 50 0.119 44.24 n/a n/a 0.119
TP2F 1 59 95 0.708 44.24 n/a n/a 0.708
TP4F 1 51 50 0.013 12.93 n/a n/a 0.013
TP4F 1 51 95 0.092 12.93 n/a n/a 0.092
TP7M 1 43 50 0.011 15.16 60 0.131 0.131
TP7M 1 43 95 0.072 15.16 60 0.469 0.469
TP9M 1 65 50 0.033 17.08 n/a n/a 0.033
TP9M 1 65 95 0.227 17.08 n/a n/a 0.227
VR1M 3 26 50 0.020 17.27 25 0.033 0.033
VR1M 3 26 95 0.194 17.27 25 0.257 0.257
VR2M 3 72 50 0.024 17.62 40 0.070 0.070
VR2M 3 72 95 0.160 17.62 40 0.345 0.345
VR3F 3 65 50 0.019 12.53 27 0.036 0.036
VR3F 3 65 95 0.126 12.53 27 0.205 0.205
VR4M 3 54 50 0.045 18.09 35 0.070 0.070
VR4M 3 54 95 0.289 18.09 35 0.373 0.373
VR5M 3 64 50 0.012 15.40 24 0.025 0.025
VR5M 3 64 95 0.130 15.40 24 0.235 0.235
VR6M 3 40 50 0.009 14.52 26 0.027 0.027
VR6M 3 40 95 0.090 14.52 26 0.221 0.221
VR7F 3 60 50 0.008 10.22 17 0.015 0.015
VR7F 3 60 95 0.067 10.22 17 0.094 0.094
VR8M 3 24 50 0.093 38.85 85 0.279 0.279
VR8M 3 24 95 0.545 38.85 85 0.983 0.983
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Appendix 5.  Data from Community Meetings 

 
Table 1.  Likert questionnaire scores from Orange County meeting, pre and post.   
 

Orange Pre Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12
Feral cat 1 1 10 1 3 5 5 5 3 3 5 5 5
Feral cat 2 4 9 3 1 10 9 1 2 3 9 1 3
Feral cat 3 1 10 1 3 10 2 7 5 1 5 1 1
Feral cat 4 1 10 1 10 10 10 10 10 1 5 1 10
Feral cat 5 4 9 2 1 5 5 4 4 2 5 4 3
Feral cat 6 1 9 2 5 9 3 5 4 5 3 3 5
Feral cat 7 2 10 2 2 5 5 7 5 3 5 5 3
Feral cat 8 1 10 1 1 6 5 5 3 2 5 2 5
Feral cat 9 4 9 4 1 4 8 3 4 3 5 2 2
Feral cat 10 1 10 1 5 10 5 3 5 1 5 1 5
Regulatory 1 1 8 2 1 3 6 4 1 1 8 1 1
Regulatory 2 3 8 3 3 6 5 4 6 5 4 4 4

Orange Post Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12
Feral cat 2 1 9 1 1 9 7 1 2 2 8 1 2
Feral cat 3 1 10 1 4 10 5 5 5 1 5 1 4
Feral cat 4 1 10 1 8 9 1 5 5 1 2 1 7
Feral cat 6 1 7 2 8 10 3 5 8 3 3 3 5
Feral cat 8 1 9 4 3 3 6 6 3 1 7 5 1
Feral cat 10 1 10 1 5 10 6 6 6 1 6 1 9
Regulatory 1 1 10 1 1 5 5 1 1 1 9 1 1
Regulatory 2 2 8 4 4 6 7 1 8 5 4 5 3  
 

Orange Pre Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 Q21 Q22 Q23
Feral cat 1 5 5 4 1 5 4 5 3 1 7 1
Feral cat 2 2 4 7 1 4 1 4 7 3 7 1
Feral cat 3 5 1 10 1 1 5 1 7 1 6 5
Feral cat 4 10 1 10 1 1 10 1 10 1 10 10
Feral cat 5 7 5 5 1 2 3 5 5 2 3 3
Feral cat 6 4 2 8 3 2 7 5 5 3 8 5
Feral cat 7 3 4 6 3 3 5 5 5 5 7 5
Feral cat 8 1 5 5 1 1 5 5 8 1 7 5
Feral cat 9 3 5 3 4 2 4 3 7 5 4 5
Feral cat 10 5 1 10 1 1 5 1 4 1 5 4
Regulatory 1 2 8 4 3 5 2 7 7 2 1 1
Regulatory 2 7 4 7 1 4 4 3 6 2 10 4

Orange Post Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 Q21 Q22 Q23
Feral cat 2 2 2 2 1 2 1 2 9 2 9 1
Feral cat 3 7 1 5 1 1 5 5 10 1 6 1
Feral cat 4 8 1 10 1 1 9 1 5 1 8 1
Feral cat 6 5 3 3 3 3 7 3 9 3 9 5
Feral cat 8 4 8 2 1 8 3 9 6 1 9 7
Feral cat 10 5 1 10 1 1 6 1 6 1 8 6
Regulatory 1 1 4 4 1 2 2 3 2 1 1 1
Regulatory 2 6 2 9 1 3 4 2 6 1 8 1  
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Appendix 5, Table 1 continued.  
 
 
 Orange Pre Q24 Q25 Q26 Q27 Q28 Q29 Q30 Q31 Q32
Feral cat 1 2 4 8 4 5 8 1 8 3
Feral cat 2 1 2 7 6 3 7 2 4 5
Feral cat 3 1 1 1 6 1 6 10 10 1
Feral cat 4 1 10 1 5 1 10 2 10 1
Feral cat 5 3 3 9 6 3 8 4 5 3
Feral cat 6 4 5 3 3 4 8 3 5 5
Feral cat 7 3 5 5 5 5 5 2 5 7
Feral cat 8 3 3 5 5 5 5 2 3 2
Feral cat 9 2 3 7 4 6 7 4 4 7
Feral cat 10 1 5 1 8 1 10 5 6 3
Regulatory 1 4 1 10 7 2 10 4 1 3
Regulatory 2 3 6 5 5 4 5 2 5 4

Orange Post Q24 Q25 Q26 Q27 Q28 Q29 Q30 Q31 Q32
Feral cat 2 1 2 3 9 2 9 2 4 4
Feral cat 3 1 3 1 5 1 10 5 10 1
Feral cat 4 1 2 2 5 1 9 1 8 1
Feral cat 6 5 8 3 5 3 8 3 9 5
Feral cat 8 3 3 9 3 7 10 1 8 8
Feral cat 10 1 6 1 8 1 10 6 8 1
Regulatory 1 1 1 10 5 5 5 4 1 6
Regulatory 2 3 6 5 3 3 3 2 3 1  
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Table 2.  Likert questionnaire scores from Wake County meeting, pre and post.   
 
 
 

Wake Pre Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12
Feral Cat 1 1 10 1 10 10 7 2 7 9 7 1 4
Feral Cat 2 1 10 1 10 10 4 5 8 1 5 1 5
Feral Cat 3 1 9 1 5 5 4 3 3 3 7 4 2
Regulatory 1 1 10 2 7 8 7 7 7 2 8 6 6
Regulatory 2 3 10 1 3 3 6 3 3 1 8 4 3
Feral Cat 4 1 10 2 5 10 2 5 5 1 5 2 8
Feral Cat 5 1 9 2 7 10 3 1 8 8 5 1 4
Feral Cat 6 1 10 1 6 10 9 4 10 1 8 1 10
Feral Cat 7 1 10 1 10 10 1 8 1 1 1 10 8
Feral Cat 8 1 10 1 8 10 1 3 4 1 3 3 4
Regulatory 3 1 10 2 4 9 4 4 3 4 4 5 2
Feral Cat 9 1 10 1 10 10 1 5 2 1 5 1 10
Regulatory 4 1 10 1 1 1 8 1 1 1 10 10 1

Wake Post Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12
Feral Cat 1 1 10 1 9 10 6 9 9 1 6 1 2
Feral Cat 2 1 10 1 7 10 5 7 10 1 5 1 4
Feral Cat 3 1 10 3 7 8 6 7 5 2 7 3 3
Regulatory 2 3 10 3 2 3 6 6 3 1 7 7 2
Feral Cat 7 1 10 1 8 10 2 9 9 1 6 1 10
Feral Cat 8 1 10 1 8 10 4 9 4 1 4 8 3
Regulatory 3 1 10 1 5 9 5 5 3 5 5 5 2
Feral Cat 9 1 10 1 10 10 1 5 10 1 1 5 10
Regulatory 4 1 10 1 1 1 10 1 1 1 10 10 1  
 
 

Wake Pre Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 Q21 Q22 Q23
Feral Cat 1 9 1 10 1 1 10 1 10 1 10 1
Feral Cat 2 5 1 10 1 1 9 1 9 1 10 5
Feral Cat 3 4 3 5 1 3 5 6 3 2 7 1
Regulatory 1 7 2 7 1 2 5 3 10 3 10 1
Regulatory 2 1 8 3 8 4 3 2 3 4
Feral Cat 4 4 1 1 1 1 5 1 3 1 6 4
Feral Cat 5 4 1 8 1 1 8 2 9 2 10 3
Feral Cat 6 2 1 10 1 1 10 1 6 1 9 1
Feral Cat 7 3 1 10 1 1 10 1 10 1 10 1
Feral Cat 8 8 1 10 1 1 10 6 10 1 10 1
Regulatory 3 4 4 8 1 5 4 5 4 1 9 1
Feral Cat 9 5 1 10 1 1 10 1 10 1 10 5
Regulatory 4 3 10 1 1 10 6 10 1 6 8

Wake Post Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 Q21 Q22 Q23
Feral Cat 1 9 1 10 1 1 10 1 10 1 10 1
Feral Cat 2 10 1 10 1 1 9 1 9 1 8 5
Feral Cat 3 4 4 6 1 4 7 4 9 2 8 1
Regulatory 2 1 8 2 8 8 3 8 4 1 3 7
Feral Cat 7 10 1 10 1 1 9 1 8 1 8 1
Feral Cat 8 4 4 10 1 1 10 2 10 1 10 1
Regulatory 3 5 3 7 1 3 5 3 5 3 10 2
Feral Cat 9 10 1 10 1 1 10 1 10 1 10 5
Regulatory 4 1 10 3 1 3 4 10 7 1 3 1  
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Appendix 5, Table 2, continued.  
 
 
 

Wake Pre Q24 Q25 Q26 Q27 Q28 Q29 Q30 Q31 Q32
Feral Cat 1 1 2 2 10 1 10 2 1 1
Feral Cat 2 1 6 1 4 1 10 2 10 1
Feral Cat 3 1 3 6 3 4 9 3 4 5
Regulatory 1 10 6 7 9 3 8 8 3 4
Regulatory 2 4 2 7 4 7 7 9 4 9
Feral Cat 4 1 3 3 7 1 9 1 8 1
Feral Cat 5 5 2 6 8 2 9 1 7 3
Feral Cat 6 1 1 3 9 1 10 1 10 1
Feral Cat 7 1 3 1 10 1 10 3 1 1
Feral Cat 8 1 3 8 4 1 10 10 10 1
Regulatory 3 1 1 5 5 5 5 1 3 5
Feral Cat 9 1 4 1 10 1 10 1 5 1
Regulatory 4 1 1 10 8 8 8 2 5 10

Wake Post Q24 Q25 Q26 Q27 Q28 Q29 Q30 Q31 Q32
Feral Cat 1 1 1 2 6 1 3 2 2 1
Feral Cat 2 3 8 1 3 1 10 1 10 3
Feral Cat 3 1 5 8 4 2 8 3 7 2
Regulatory 2 7 3 7 4 5 4 8 4 10
Feral Cat 7 1 3 1 10 2 10 3 10 4
Feral Cat 8 1 8 8 3 1 10 10 10 1
Regulatory 3 1 2 9 5 2 7 1 4 1
Feral Cat 9 1 10 1 10 1 10 10 10 1
Regulatory 4 3 1 10 10 6 5 2 1 10  
  

 




