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13 Feral Cats

Christopher A. Lepczyk and David C. Duffy

INTRODUCTION

People have a long history with domestic cats (Felis catus) that spans thousands of 
years. In fact, findings from the early agricultural village of Quanhucun in Shaanxi, 
China, indicate that cats have been associated with humans for between 5560–5280 
years (Hu et  al. 2014). These findings from China predate previous estimates by 
more than a millennium, suggesting an even longer-term coexistence with cats than 
previously thought. In the millennia since early mutualistic coexistence and domes-
tication, cats have accompanied human society as it has moved around the world. In 
nearly all such situations, some cats have become feral as people leave locations and 
the cats stay, are abandoned, or simply leave human settlements. As a result, every 
continent, save Antarctica, has feral cats present on it today, as well many islands 
throughout the world. However, because of their near cosmopolitan distribution, 
feral cats have also wreaked ecological havoc to many ecosystems in which they are 
present (e.g., Simberloff 2013).

Feral cats are defined variously in the veterinary medical, animal welfare, and 
wildlife literature—often depending upon degree of human contact and ownership 
status (Patronek 1998; Baker et al. 2010). However, it can be challenging to differen-
tiate feral cats, which are under no ownership and are free-ranging on the landscape, 
from semiferal cats, which have some human contact, such as those living in colo-
nies, (Baker et al. 2010) and pet cats allowed outdoors. While ecologically it makes 
little difference whether or not there is a line in the sand in definitions, in this chapter 
we focus our attention on feral cats, which we consider those that are unowned and 
free ranging in the environment including those living in cat colonies and cats in 
urban ecosystems.

As obligate carnivores cats fill the role of mesopredator in ecosystems in which 
they occur, or when higher order predators are absent, they become apex predator, 
such as on many islands (Hess 2011). In particular, cats depredate a wide range of 
animal species in order to fulfill their daily dietary requirement of protein (Spotte 
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268 Ecology and Management of Terrestrial Vertebrate Invasive Species

2014). Moreover, cats also act as disease reservoirs and vectors, which can negatively 
affect many other species. Finally, feral cats are often viewed negatively when they 
occur in urban areas or locations where people regularly work (Lohr and Lepczyk 
2014). Hence, feral cats pose both ecological and societal concerns that require man-
agement attention, which is the focus of the chapter.

HISTORY OF CAT INTRODUCTIONS IN THE UNITED STATES

Feral cats have been observed in North America for well over a hundred years as 
evidenced by documents of feral cat predation in wildlife-related literature (e.g., 
Forbush 1916). Though an exact time point at which domestic cats became feral in 
North America is unknown, it likely was not long after European settlers brought 
them to the continent. For instance, in Hawaii, European ships brought domestic cats 
to the islands in the late 1700s (King 1984) and feral cats were noted in the 1840s, 
only decades after Europeans arrived in the island archipelago (Brackenridge 1841). 
Cats most certainly did arrive in continental North America before they arrived to 
many Pacific islands, simply based upon when Europeans arrived along the east-
ern coast of the United States and Canada. Because cats were often used to reduce 
rodent populations within agricultural settings and on ships, separating out timelines 
when feral cat populations may have been established in North America is likely 
impossible. Furthermore, because cats were not widely recognized to negatively 
impact the ecosystem, especially in continental settings, pinpointing their numbers 
and spread would be challenging if not impossible. Regardless of the exact time 
course, feral cats have been present in many locations for multiple decades, if not 
centuries, in some locations (e.g., warmer climates). Furthermore, as knowledge and 
societal views have changed, we have today a greater recognition that feral cats may 
be an ecological problem. For instance, during the 1980s and 1990s several seminal 
publications drew renewed attention to the issue of feral and outdoor cat depreda-
tion on native bird species (Churcher and Lawton 1987; Coleman and Temple 1993), 
which prompted many municipalities to enact laws and organizations to develop out-
reach material aimed at keeping cats indoors. Finally, owned cat numbers have been 
increasing for decades in the United States (Lepczyk et al. 2010; Figure 13.1) and it 
is believed that the feral cat population is following a similar trajectory.

From a life history perspective, cats have a number of attributes that have allowed 
them to be successful invaders. Specifically, cats have been extremely successful in 
colonizing new ecosystems due to a combination of their generalist diet, the assem-
blage of other species present, and their reproductive abilities. This combination 
of factors is particularly advantageous in warmer climates or areas where they are 
subsidized by people (Figure 13.2).

In terms of diet, cats are opportunistic predators and obligate carnivores (Coman 
and Brunner 1972; Fitzgerald and Karl 1979) that can survive on preformed and 
metabolic water in food for months (Prentiss et al. 1959). Cats have also evolved to 
survive off only animal tissue and have a set of several nutritional adaptations as 
carnivores. Specifically, cats have a limited ability to regulate enzymes of amino 
acid metabolism, an inability to synthesize niacin from tryptophan, and an inability 
to use plant material for conversion to amino acids and vitamins (MacDonald et al. 
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269Feral Cats

1984). Hence, while cats do consume plant material (Errington 1936; Jackson 1951), 
they are dependent on meeting their energetic demands through consumption of a 
high protein diet. Dietary analyses have been carried out in cats around the world for 
over a 100 years (e.g., Forbush 1916), with many studies finding that either birds or 
small mammals are the dominant prey items, often depending upon the ecosystems 
in which the studies were conducted (Coman and Brunner 1972; Pearre and Maass 
1998; Fitzgerald and Turner 2000). Such dietary differences across studies is likely a 
reflection of differences in prey availability among habitats (Dickman 2009). In our 

FIGURE 13.2 A cat colony being fed by a caretaker. (Photo courtesy of Grant Sizemore.)
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FIGURE 13.1 Estimates of the owned cat population in the United States based upon 
 animal welfare and pet food manufacturing companies.

K24734_C013.indb   269 7/7/2017   9:20:15 PM
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own compilation of approximately 260 cat diet studies we have found over 1000 dif-
ferent species consumed, with the house mouse (Mus domesticus), European rabbit 
(Oryctolagus cuniculus), black rat (Rattus rattus), house sparrow (Passer domesti-
cus), and common blackbird (Turdus merula) amongst the most common (Lepczyk 
et al., unpublished manuscript). Although many of these species are associated with 
humans, this is more a reflection of study location than diet preference, as the over-
all view is that cats will take any available prey that they are physically capable of 
killing (Duffy and Capece 2012). However, recent findings suggest cats continue 
to hunt specific species of prey, even when these prey become scarce, and that they 
can exhibit individual variation in hunting behavior (Dickman and Newsome 2015). 
Furthermore, cats scavenge carcasses of animals (e.g., Ragg et al. 2000; Olson et al. 
2016; Abernethy et al. unpublished manuscript), including of animals larger than 
they can kill and consume spoiled and wasted food left by people (Errington 1936; 
Jones and Coman 1981; Lepczyk et al. unpublished manuscript).

As predators, cats fall into higher trophic levels, depending somewhat on the com-
position of other species present in the ecosystem. In fact, feral cats occur in both 
ecosystems that have mesopredators and apex predators, as well as systems devoid of 
these species. In places where top predators exist, feral cats can be regularly depre-
dated (Crooks et al. 1998). However, depredation levels in urban areas based on scat 
analysis suggested that cats were not a large part of urban coyote diets (Gehrt and 
Riley 2010). These low rates of predation may be due to how cats and coyotes parti-
tion themselves on the landscape to avoid interspecific competition, as was found 
in Chicago’s urban metroparks (Gehrt et al. 2013). However, in places where preda-
tors are reduced or absent, feral cat numbers can increase markedly due to either 
mesopredator release (Crooks et al. 1998) or simply by being the only predator, as is 
the case in a number of island ecosystems. This is not to say that cat numbers will 
increase exponentially forever, but rather that several key factors that regulate many 
populations are absent or reduced where cats have become successfully established.

A final factor allowing feral cats to be successful is their high fecundity. Under 
good nutritional status, female cats can become reproductively active and produce 
offsprings by six months of age (Nutter et al. 2004). However, most cats begin breed-
ing at physiological maturity, which ranges from 6–9 months in females and 9–12 
months in males (Say et al. 1999; Nutter et al. 2004). Females have 1.3–1.9 litters 
per year (though some cats have litters up to three times per year; Warner 1985; 
Nutter et al. 2004), that typically range from 1 to 9 kittens per litter (Forbush 1916), 
with an average litter sizes of between 4 and 4.6 (Warner 1985; Wallace and Levey 
2006). As with many terrestrial vertebrates, these fecundity estimates are affected 
by nutritional status and health of the female, as well as environmental aspects, such 
as photoperiod. Thus, while reports indicate that ownership status is related to litter 
size and number of litters per year across feral to fully owned cats (Schmidt et al. 
2007), this is almost certainly due to differences in health and nutritional status of 
the females. As a result, well-fed feral cats very likely have a greater lifetime repro-
ductive output than poorly fed feral cats.

High fecundity does not itself guarantee a growing or rapidly growing popula-
tion, as survival is a key modulating factor in population growth. Survival differs 
from birth to maturity notably, depending upon climate, food availability, density of 
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271Feral Cats

cats, and the composition of other predators in the environment (see Spotte 2014 for 
review). Though variable, many reported survival rates of feral cats are over 25% for 
the first year, meaning that if conservative numbers of litters are considered along 
with conservative litter sizes, the population is easily at replacement level. Hence, 
overall population growth rates can vary markedly based on location due to various 
environmental factors.

Diet breadth, lack of competition or predation, and high reproductive potential 
acting alone and in tandem with one another, allow cats to be successful in many 
ecosystems, particularly in warmer climates where temperatures do not limit the 
species. In higher latitudes or colder temperatures, feral cats may have lower sur-
vival probabilities due to their physiology and may not survive overwinter. Notably, 
however, comparative estimates of feral cat survival across latitudes are absent in 
the peer-reviewed literature. That said, feral cats can be found in colder climates if 
they can find food and shelter, which are often located near human habitation. Thus, 
urban areas and farms can provide safe havens for feral cats from the winter ele-
ments, allowing them to overwinter successfully in cold environments.

SCOPE OF THE PROBLEM

Because feral cats are found not only in rural and relatively wild locations, but also 
in urban areas, the scope of the problem across the United States is quite large. 
Numerically, there is no agreed upon estimate of the number of feral cats across the 
continent, because as with any free-ranging animal, estimating their true population 
size over such a large space is essentially impossible. That said, a number of different 
estimates have suggested that the numbers range from 60 million to over a 100 mil-
lion (Jessup 2004; Winter 2004). More importantly, however, is that most estimates 
are now well over a decade old and given that the owned cat population (Lepczyk 
et al. 2010) has been increasing during this time (Figure 13.1), it is likely that the 
number of feral cats has been increasing as well. Because of these large numbers 
and the near cosmopolitan distribution of cats, the problems they pose ecologically, 
economically, and sociologically are significant.

Ecologically, cats pose a number of concerns. Historically, foremost amongst 
these concerns has been the effects of predation on native wildlife (Forbush 1916; 
Churcher and Lawton 1987; Coleman and Temple 1993; Lepczyk et  al. 2004; 
Loss et al. 2013). Cats depredate essentially any animal that they can handle, and 
scavenge many more (Lepczyk et  al. unpublished manuscript; Olson et  al. 2016; 
Abernethy et al. unpublished manuscript), due to their generalist nature and high 
protein requirements. As a result, cats have caused local extirpations of species, 
exterminated species endemic to oceanic islands, and are responsible for the mortal-
ity of billions of birds and mammals annually (Medway 2004; Bonnaud et al. 2011; 
Medina et al. 2011; Anke et al. 2014; Figure 13.3). In terms of population dynam-
ics, cat depredation can exceed local recruitment, affecting the persistence of native 
wildlife populations (van Heezik et al. 2010). For instance, nest success and juvenile 
postfledging survival of Gray Catbirds (Dumatella carolinensis) in urban areas was 
most impacted by predation, which represented 79% of mortality, with cats account-
ing for the greatest source of predation (Balogh et al. 2011). Although cats certainly 
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272 Ecology and Management of Terrestrial Vertebrate Invasive Species

depredate a large number of animals—and evidence suggests they have population-
level affects in both island and continental areas—it has yet to be determined if cats 
are ultimately affecting mortality in an additive or compensatory nature in continen-
tal locations (e.g., Balogh et al. 2011). Given that cats are unevenly distributed across 
the landscape and the degree of human subsidies vary, coupled with the fact that prey 
species have different life history attributes, it is important to note that both additive 
and compensatory mortality scenarios likely occur, depending upon the location and 
the type of prey species.

Aside from predation, cats carry a wide range of diseases that pose risks to them-
selves, other wildlife species, and humans (Moodie 1995; Lepczyk et al. 2015). For 
instance, felids, including domestic cats, are the definitive hosts of Toxoplasma 
 gondii, a parasite that is responsible for a wide range of ailments in a number of spe-
cies including humans (Smith and Frenkel 1995; Dubey 2002, 2010). Recent work 
has shown toxoplasmosis to be associated with a range of neurological and psychi-
atric disorders in humans such as schizophrenia, epilepsy, altered personality traits 
and “aggregate neuroticism” (McAllister 2005; Lafferty 2006; Palmer 2007; Torrey 
et al. 2007, 2015). Moreover, toxoplasmosis has led to deaths in a number of animal 
species including sea otters (Enhydralutris nereis; Kreuder et al. 2003), Hawaiian 
crows (Corvus hawaiiensis; Work et al. 2000), Hawaiian geese (Branta sandvicensis; 
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FIGURE 13.3 Estimated annual free-ranging cat depredation on (a) birds and (b) mam-
mals in mainland areas of the contiguous United States. (From Loss, S.R., et  al., Nature 
Communications, 4,1396, 2013. Reprinted with permission from Nature Publishing Group.)
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Work et al. 2002), Hawaiian monk seals (Monachus schauinslandi; Honnold et al. 
2005), and red-footed boobies (Sula sula; Work et  al. 2002). Toxoplasmosis also 
affects livestock (Dubey and Jones 2008) and oysters (Lindsay et al. 2004; Esmerini 
et al. 2010). Likewise, cats are also carriers of rabies (Eng and Fishbein 1990) and 
plague (Craven et al. 1993), two diseases that while thought of as rare in present day 
developed countries, nonetheless continue to occur regularly.

All feral cats pose a risk of disease transmission due to their interactions with one 
another, with wildlife, and exposure to the environment. Cats can expose humans 
and other wildlife to disease in a variety of ways: mechanically through bites and 
scratches; through aerosol passage of pathogens; enterically through contact with 
feces in soil or water; or by movement of disease-bearing ectoparasites. Many dis-
eases are also of concern where densities of cats are great as higher densities of cats 
allows for a greater opportunity for transmission.

Evaluating the damage caused by feral cats in terms of economics is important 
for both determining the cost of the problem as well as for weighing management 
options. Although economic evaluations exist for many invasive species (e.g., brown 
tree snake [Boiga irregularis], Shwiff et al. 2010), there is a paucity of studies with 
regards to cats. One of the few studies to consider the economic damage posed by 
feral and outdoor cats in the United States was conducted around the turn of the most 
recent century and estimated the cost at $17 billion/year (Pimental et al. 2000). This 
dollar value is based on the estimated annual mortality to birds in the United States, 
which at that time they took conservatively to be eight birds per cat per year (from 
McKay 1996), multiplied by an estimated feral and free-ranging cat population size 
of 71 million, multiplied by $30 per bird killed (see Pimental et al. 2000 for details). 
The most difficult and often challenged of these three values is the cost of a bird. The 
reality is, however, that birds can be economically evaluated in terms of the amount 
spent on bird rearing, watching, hunting, and fines for illegal take (Lohr et al. 2013). 
Though each of these three values are estimates themselves, what is apparent is that 
even altering the values by an order of magnitude lower would result in a multimil-
lion dollar problem.

Aside from the estimate by Pimental and colleagues, the peer-reviewed literature 
is depauperate of economic analyses. However, if we update Pimental et al.’s esti-
mate with revised estimates of bird mortality alone from unowned cats (i.e., feral 
cats), which Loss et al. (2013) estimated to range between 952 million and 3.065 
billion for the continental United States per year, a more recent cost would be in 
the range of 28.56 to $91.95 billion/year. Importantly, this estimate is only for the 
continental United States and only for birds. Given that annual mammal mortality 
estimated by Loss et  al. (2013) was five times greater than birds, not to mention 
mortality on herpetofauna and other species, the economic valuation of just mortal-
ity alone is most certainly much higher. Notably, none of the estimates presented or 
published consider any other forms of cost, such as those borne by animal control 
and animal welfare organizations, property owners, or human health care costs. In 
fact, human health care costs are likely far in excess of many other costs based on 
treatment for diseases like rabies and toxoplasmosis.

Feral cats also pose a challenge to society at large. For instance, cats can be a 
nuisance to people as they defecate in children’s sandboxes and on lawns, pose a 
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274 Ecology and Management of Terrestrial Vertebrate Invasive Species

threat to people with asthma, leave a urine stench, make noise, and provoke barking 
by dogs (Proulx 1988; Jarvis 1990; Natoli 1994; Baker 2001). For these reasons it is 
perhaps unsurprising that recent work in Hawaii has shown that the vast majority of 
stakeholders (87%), including the public and animal welfare organizations, want to 
see feral cats removed from the landscape (Lohr and Lepczyk 2013). Furthermore, 
there has been a growing concern over human health due to cat-borne diseases (See 
Lepczyk et al. 2015 for review).

Aside from the nuisance and health concerns, a large sociological aspect of feral 
cats relates to their management. Specifically, while human dimensions research has 
indicated a desire to reduce feral cat populations (Lohr and Lepczyk 2013), there has 
been a great deal of conflict amongst some members of society in terms of the facts 
surrounding cat management and what management technique to use (Lepczyk et al. 
2011; Peterson et al. 2012). Much of this conflict ultimately relates to what constitutes 
humane treatment of animals and the no kill movement.

CONTEMPORARY APPROACHES FOR MANAGING FERAL CATS

Feral cats are not a new problem across North America as illustrated by Forbush’s 
(1916) work a century ago on cat predation. Thus, the issue of feral cat management 
is an old one to wildlife ecologists and one in which a number of professional soci-
eties (e.g., American Bird Conservancy, The Wildlife Society) have taken a stance 
on. However, because of the growth in feral cat numbers, the rise in scientifically 
unsupported management approaches, a broader recognition of the problems feral 
cats pose, and the conflicts amongst stakeholder groups, cat management has risen 
to a top issue for vertebrate pest management.

Nearly all cat management options involve either deterring their presence or man-
aging populations through direct or indirect methods (Table 13.1). Deterring cats 
involves approaches designed to either limit ingress of new individuals or to reduce 
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TABLE 13.1
Linking Management Action to Population Control in Feral Cats

Management Action Vital Rate Affected Cats Remain on the Landscape

Habitat modification None Yes, but in different locations
Deterrents None Yes, but in different locations
Fencing None Yes, but cannot access certain locations
Licensing None Yes
Adoption Emigration (Birth) Maybe
Euthanasiaa Death No
Sanctuaries Emigration (Birth) No
Contraception Birth Yes
TNR Birth Yes
Nothing None Yes

a Includes techniques such as hunting, trapping followed by euthanasia, etc.
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275Feral Cats

the suitability of a location to support cats. Hence, deterrence does not affect the 
overall population size necessarily, but simply results in cats occurring in lower den-
sities in certain parts of the landscape. On the other hand, many forms of manage-
ment are geared at managing cat populations generally through alteration of birth 
and death rates.

One common form of managing terrestrial vertebrates, whether native or non-
native, is through habitat modification (i.e., altering the environment). In the case 
of feral cats, the goal of habitat modification is to reduce their presence at a given 
location on the landscape. Simple approaches to altering the environment that make 
it less hospitable to cats includes keeping garbage and other waste in secure contain-
ers and removing large brush piles near homes. Cats do consume refuse and get into 
garbage (Spotte 2014) and are often found foraging and living in and around waste 
transfer sites or dumps (Dickman 1996). Thus, removing waste and storing it in 
secured containers can be effective at reducing animal access of waste (e.g., Barrett 
et al. 2014). Likewise, keeping sand boxes covered and removing large brush piles 
can both reduce the suitability of a given location for feral cat habitats.

Aside from altering habitat, another method aimed at discouraging cat presence 
is the use of sonic deterrents. However, the use of sonic deterrents have shown mixed 
results, with some finding little evidence of deterrence (Mills et al. 2000), whereas 
others (Nelson et al. 2006) have found some evidence they reduce the probability of 
a cat intrusion into a site and stronger evidence that such intrusions are of shorter 
duration when devices are present. Motion activated sprinklers are a similar type 
of deterrent that shoot a pulse of water at any animal that moves. Finally, there are 
chemical repellents that discourage cats, but notably must be applied regularly to the 
locations where cats are not desired.

A more direct method to keeping feral cats away from a given area is simply to 
exclude them through the use of fences. A variety of fences have been developed that 
are resistant to the cat’s ability to tolerate electric shock, dig, climb vertical surfaces, 
and jump at least 1.8 m (Long and Robley 2004). In one recent case a predator-
excluding fence was built after removal of feral cats and has successfully excluded 
them for years, resulting in an increase in the number of nesting seabirds (Young 
et al. 2013).

The second main set of management approaches for feral cats are those aimed at 
controlling a vital rate. In contrast to previously mentioned approaches that might 
aim at affecting presence or migration, this second set of approaches focuses on 
managing births and deaths through a variety of techniques (Table 13.1). Most 
management techniques that address vital rates tend to focus on forms that reduce 
cat numbers, either through increasing mortality or physically removing cats from 
unwanted locations.

One of the most commonly used management approaches successfully imple-
mented in a number of locations is eradication (see Campbell et al. 2011 for review). 
However, most successful eradication efforts to date have occurred on islands or small 
isolated populations, although large-scale eradication efforts are currently underway 
in Australia. In reviewing island eradications, Campbell et al. (2011) identified 87 
successful campaigns across 83 islands, ranging in size from 5–29,000 ha, with each 
successful campaign requiring an average of 2.7 eradication methods. A number of 
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different specific methods exist for eradicating feral cats that entail either lethal meth-
ods (see Fisher et al. 2015 for review) or removal, which includes sanctuaries and 
shelters. One eradication method is the use of toxic baits, such as sodium monofluo-
roacetate (1080). Sodium monofluoroacetate is inexpensive and nonpersistent in food 
chains (Rodríguez et al. 2006), but at present it is not permitted in the United States, 
and though cats are highly susceptible to it, the degree to which it kills humanely has 
been questioned (Sherley 2007). A second toxicant that has shown great promise is 
paraaminopropriophenone (PAPP), which is fast-acting and appears to be “humane 
and effective” for carnivores (Eason et al. 2010b). In fact, grooming traps specifi-
cally designed for cats were recently used to apply a gel containing PAPP to the 
fur of feral cats which was consumed via grooming and resulted in mortality (Read 
et al. 2014). Notably, because some birds may be vulnerable to PAPP, the bait must 
be designed to limit such exposure (Eason et al. 2010a). Furthermore, PAPP is not 
currently approved for use in North America. When considering use of toxicants it is 
important to bear in mind that toxicant efficiency depends on bait size, shape, taste, 
color, strength, and positioning, both to attract cats and to deter incidental take by 
other species (Morgan et al. 1996; Wickstrom et al. 1999; Marks et al. 2006; Algar 
and Brazell 2008). Interestingly, a recent suggestion that diets lacking arginine be 
tested as an alternative to poison, as it would be host specific since cats require argi-
nine and its absence from a single meal in a hungry cat can induce hyperammonemia 
in less than one hour, with death being inevitable (Spotte 2014).

A second form of eradication is via hunting. In many cases hunting is a preferred 
technique for removing the last remaining cats at a site (Nogales et al. 2004), though 
it may be ineffective when cats are at low densities (Bester et al. 2000). However, 
hunting is often used in combination with other approaches to ensure complete eradi-
cation (e.g., Young et  al. 2013). Similarly, trapping can be an effective means of 
removing cats but is often used in combination with other methods (Nogales et al. 
2004). Because live traps have to be checked at least daily or require a mechanism to 
signal if a cat is caught, it is a labor-intensive approach (Benevides et al. 2008; Will 
et al. 2010). Given the effort required for live trapping, there have also been a vari-
ety of kill traps developed that are used in New Zealand, Australia, and the Pacific 
Islands (e.g., Glen et al. 2014).

A final form of eradication that has been applied in the control of feral cats is the 
use of disease. Specifically, diseases have been used as a biocontrol method of eradi-
cation and have been effective when used in combination with other techniques. For 
instance, feline panleukopenia virus (FPV) has been used to reduce cat populations 
on several oceanic islands (Rauzon 1985; Van Rensburg et al. 1987). Feline leukemia 
virus (FeLV) and Feline immunodeficiency virus (FIV), both of which remain effec-
tive at low host densities, might serve as effective agents for cat control on islands 
and have the potential to greatly increase the efficiency of an eradication program, 
when used with other techniques (Courchamp and Sugihara 1999). Notably, though, 
biological control has the potential to spread to owned cats or closely related species 
and not be effective in locations where the diseases and consequent natural immu-
nity are already present.

An approach that is akin to eradication is removing feral cats from the environ-
ment and housing them elsewhere, such as in sanctuaries. Cat sanctuaries house feral 
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cats in enclosed areas where they are provided with food, shelter, and veterinary 
services, helping to eliminate disease risk, while removing their impact on wildlife 
(Winter 2003). Sanctuaries may be appropriate for very small populations, but are 
expensive and have a finite capacity, making them an impractical management tool 
in many contexts.

In contrast to management approaches that seek to reduce feral cat populations 
via increasing mortality (or removing cats from the landscape), are approaches that 
seeks to limit recruitment via a reduction in birth rate. One approach that has been 
increasingly touted by animal welfare organizations in the United States is Trap-
neuter-return (TNR). Although there are several variations on this technique that 
go by subtly different acronyms (e.g., trap-vasectomy-hysterectomy-release [TVHR]; 
McCarthy et al. 2013), they are effectively similar to TNR in that they leave cats on 
the landscape (Lepczyk et al. 2013) and thus we do not differentiate them here. TNR 
is an in situ method in which feral cats are captured, sterilized, and returned to the 
environment. From a theoretical mathematical point of view, TNR is very appealing, 
as a population that is appropriately sterilized will fall to zero over time as births 
are eliminated. However, TNR assumes a closed population (i.e., no immigration), 
which simply does not exist in almost any free-ranging terrestrial vertebrate, and that 
managers can sterilize a sufficient portion of the population to reduce growth rates 
below replacement levels. Given the theoretical underpinning and lack of euthanasia, 
TNR is sold as a valid and humane form of management by organizations such as 
Humane Society of the United States, Best Friends, and Maddie’s Fund.

Unfortunately, TNR does not eliminate free-ranging cats (Castillo and Clarke 
2003; Winter 2004; Foley et al. 2005) and thorough critiques (Dauphiné and Cooper 
2009; Longcore et al. 2009; Duffy and Capece 2012;Spotte 2014) have indicated that 
its goal is to “keep cats alive as long as possible through provisioning, veterinary 
care, and favorable legislation” (Spotte 2014). Beside the negative effects of TNR 
on wildlife (e.g., Longcore et al. 2009; Lepczyk et al. 2010), TNR cat colonies are 
an ineffective management option for disease risk reduction as they may actually 
increase risk as they “can increase immigration and kitten recruitment, which would 
lead to naive populations of cats that would be a source for zoonotic diseases includ-
ing rabies and toxoplasmosis.” (Gerhold and Jessup 2012). Because colonies that do 
not have adequate and continuing veterinary care could infect free-ranging domestic 
cats (Murphy et al. 1999), it could “impose a financial and emotional burden on adja-
cent cat owners that are either not usually considered in discussions of cat colonies, 
or are dismissed (Duffy and Capece 2012).” Furthermore, having a large number 
of cats in any colony simply poses a greater potential for disease transmission due 
to density dependence. Given that TNR is less cost effective (Lohr et al. 2013) and 
less preferred than removal approaches (Lohr and Lepczyk 2014; Lohr et al. 2014), 
coupled with the fact that no peer-reviewed studies have demonstrated it to work, the 
use of TNR for managing feral cats is a poor choice.

THE FUTURE OF MANAGING FERAL CATS

Managing feral cats needs to be conceived of over the long term, as no management 
options will yield immediate outcomes. Much like changing societal behaviors can 
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take decades, pursuing management actions that addresses feral cats from all fronts 
is a multiyear or decade prospect in many instances. While small islands or indi-
vidual properties can be managed effectively using current techniques, broadscale 
management will likely require using multiple techniques, changing policies, and 
changing human behavior.

Over the long term, managing feral cats requires managing both owned and 
unowned cats. In many places throughout the United States, owned cats are unli-
censed, lack microchips, are unsterilized, and allowed to roam freely outdoors. As 
such, owned cats have opportunities to become feral, interact with feral cats, and 
contribute more individuals to feral populations when unwanted cats are abandoned. 
Thus, as part of a multipronged approach, one major component of reducing feral 
cat numbers over the long run is to increase responsible pet ownership. Namely, 
house cats need to be valued and cared for in a way that both benefits the cat and the 
environment.

The primary steps needed in owned cat management include increasing steriliza-
tion rates and reducing unwanted births. Policies and/or economic incentives can be 
used to encourage sterilization. Likewise, requiring licensing to breed cats has been 
considered as an approach to reduce supply and increase value in cats. At present 
animal welfare organizations have a supply problem, in that they have more cats than 
they have space and homes for, which makes cats have low economic value. When 
people place greater economic value on living or nonliving items they tend towards 
more responsible care and ownership of that item.

Aside from requiring that all owned cats be licensed and microchipped, poli-
cies are needed to require owned cats be kept indoors or confined to one’s property. 
Although such policies do exist in a number of cities in the United States, enforce-
ment is not always implemented. Concurrently with policies aimed at keeping cats 
indoors or on one’s property, policies aimed at TNR-based approaches need to be 
challenged as they hold no scientific merit. Without working on owned cat issues in 
conjunction with feral cat issues, management will always be in a state of triage as 
new cats continue to flow into the environment.

In terms of managing feral cats in the future, it is critical that scientists and man-
agers continue to challenge policies aimed at keeping feral cats on the landscape (e.g., 
Lepczyk et al. 2016). At the same time there are both developing technologies and 
policies designed to add to the management toolbox. First, kill traps that use PAPP 
are currently undergoing efficacy testing in Australia (Read et al. 2014) and may 
provide an option for field implementation in the future. However, efficacy testing 
and governmental approval in the United States would be required prior to any field 
implementation. Second, while nonsurgical long-term or permanent contraception 
remains a holy grail of vertebrate pest management, recent work in mice has dem-
onstrated the possibility of long-term infertility (Li et al. 2015) and may offer a new 
direction for managing cats (Williams 2015). In fact, the Michelson Prize has sought 
to incentivize “a low-cost, permanent, nonsurgical sterilant for male and female cats 
and dogs” by awarding $25 million to the first entity to accomplish this task. Third, 
Australia and New Zealand have been leaders in managing many invasive verte-
brates, including feral cats, through the scale of their operations and techniques (e.g., 
traps and poisons), if successful, may provide evidence for similar management in the 
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United States. Specifically, after reviews that linked cats to the extinction or decline 
of many native mammals (Woinarski et al. 2014, 2015), the Australian Government 
swiftly implemented several initiatives focused on recovering threatened species via 
cat control. In 2014, a Threatened Species Commissioner was appointed to cham-
pion practical conservation actions to recover threatened biota, with a key focus 
on feral cats. A broad threatened species strategy set targets for the culling of two 
million feral cats, application of control measures over 10 million hectares, and the 
establishment of cat-free havens both on the continental mainland and on offshore 
islands (Commonwealth of Australia 2015; see Department of the Environment 2015 
for a more detailed plan describing options for cat management). In addition to these 
initiatives, Aust$29.98 million was allocated to a Threatened Species Recovery Hub 
in 2015, with the first theme of this facility focusing on reducing the impacts of 
introduced predators on threatened mammals (http://www.nespthreatenedspecies.
edu.au/). As a government led effort to reduce the impacts of cats on wildlife, these 
initiatives demonstrate that there is political will and understanding of the problem 
in such a way as to facilitate change. In particular, Australia can serve as a model 
for the United States and other nations to follow in terms of implementing feral cat 
management and funding it.

CONCLUSION

Ultimately, if feral cat management in the United States is to be successful, a vari-
ety of approaches are needed in conjunction with enforcement of existing policies, 
and the creation of new policies and management plans as well as funding. Given 
the continued growth of the owned cat population and laws promoting TNR, the 
feral cat problem is unlikely to decrease without a prolonged effort. As a result, it 
is most important to focus attention first on locations of greatest need, such as near 
protected areas, wildlife refuges, islands, and other locations of biological impor-
tance. However, large-scale efforts in both on-the-ground management and policy 
are needed for broader-scale success. As such, reductions in feral cat numbers need 
to be considered on more of human generation time akin to other long-term societal 
changes.
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