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Abstract

The domestic cat is an invasive species that often causes great impacts where introduced due to its high predatory 
and reproductive potential, especially on islands. In this study, carried out on Ilha Grande (RJ, Brazil), we aimed to: 
i) estimate the population density of domestic cats, ii) calculate the number of animals preyed upon annually by domestic 
cats, and iii) evaluate the efficiency of methods to control the cat population. We used the Vortex program to project 
the population growth of domestic cats in fifty years, and simulated different scenarios of population control (without 
control, castration, spay and harvest). Population density of owned cats was 662 cats/km2. The annual predation rate 
was 1.97 prey animals/cat which is an average of 1497.96 prey/year. The population would only be reduced if 70% 
of females were spayed or removed annually. Measures to control the domestic cat population must be undertaken 
urgently, since uncontrolled growth of this predator has the potential to seriously impact the biodiversity of Ilha Grande.
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Modelando o controle populacional de gato doméstico:  
um exemplo de uma ilha no Brasil

Resumo

O gato doméstico é uma espécie invasora que frequentemente causa grandes impactos onde é introduzido, em razão 
do seu alto potencial predatório e reprodutivo, especialmente em ilhas. Com este estudo realizado na Ilha Grande-RJ, 
Brasil, tivemos como objetivos: i) estimar a densidade populacional de gatos domésticos; ii) calcular o número de 
animais predados anualmente por gatos domésticos, e iii) estimar a eficiência de métodos para o controle da população 
de gatos. Nós utilizamos o programa Vortex para projetar o crescimento da população de gatos em 50 anos e simulamos 
diferentes cenários de controle populacional: sem controle, castração, esterilização de fêmeas e remoção de indivíduos. A 
densidade populacional de gatos que possuem donos foi de 662 gatos/km2. A taxa anual de predação foi de 1,97 animais 
predados/gato, ou seja, uma média de 1497,96 presas/ano. A população de gatos pode ser reduzida apenas se no 
mínimo 70% das fêmeas forem esterilizadas ou removidas anualmente. Medidas para o controle populacional de gatos 
domésticos devem ser tomadas com urgência, uma vez que o crescimento descontrolado da população desse predador 
tem o potencial de causar graves impactos à biodiversidade da Ilha Grande.

Palavras-chave: espécie invasora, Felis catus, taxa de predação, densidade populacional, simulação de castração.

1. Introduction

The introduction of new species is the biggest threat 
to biological diversity on islands (Groombridge, 1992; 
Courchamp et al., 2003), being a major concern for 
conservation management nowadays. To stem the damage 
caused by invasive alien species, one of the most feasible 
devices is population control or eradication (Blackburn et al., 
2010).

The domestic cat (Felis catus, Linnaeus, 1758) has 
been introduced onto several islands as an attempt to 

control exotic rodents (Brikner, 2007). However, since 
the beginning of the 17th century, 176 bird species have 
been made extinct by introduced cats, and 93% of these 
lived on oceanic islands (King, 1985). Cats are notoriously 
one of the worst predators on islands, and are considered 
by Lowe et al. (2000) to be one of the 100 worst exotic 
invasive species in the world.

Due to the restricted size of islands and the high 
rates of endemism, introduced species severely threaten 
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insular species (Tomkins, 1985). Domestic cats are an 
even worse threat due to its high reproductive capacity 
(Courchamp et al., 2003; Bonnaud et al., 2007).

When a female cat starts its reproductive cycle, it mates 
for 15 days with one or more males until fertilization occurs 
(Gunther and Terkel, 2002). In the tropics, domestic cats 
can reproduce throughout the year, as long as they have 
access to sufficient food and habitats (Fitzwater, 1994).

According to Nogales et al. (2004), attempts to remove 
feral cats have been made on 48 islands all over the world. 
Removal has been successful on 75% of those islands, 
most of them smaller than 10 km², and in the sub-Antarctic 
Marion Island, southern Indian Ocean, with an area of 
290 km² (Bester et al., 2002).

Eradication programmes on islands have been applied 
mainly to feral cats (Nogales et al., 2004), i.e. cats that 
have no owners and depend on environmental resources. 
The methods used in different eradication programmes are 
many, such as poisoned baits, usually rats or fishes that 
ingested anticoagulants such as brodifacoum (Brown, 1997; 
Brown et al., 1998); introduction of viral diseases such as 
feline panleukopenia (Van Resburg, 1987); hunting with 
dogs (Bester, 2002); and traps (Short and Turner, 2005).

However, such forms of control, particularly the 
introduction of viral diseases and prey poisoning, are not 
feasible in most areas in Brazil for two main reasons: 
the presence of other animals, including native felines in 
forested areas near urban areas (Pereira et al., 2001), and 
the rejection of these methods by residents.

No research has been undertaken so far on the effects of 
domestic cats in Brazil on islands. Our study was conducted 
on Ilha Grande, an island covered by Atlantic rainforest 
that supports a growing population of people and cats.

Considering the severe impacts that can be caused by 
domestic cats in natural environments, especially insular 
ones, the objectives of this study were 1) to estimate the 
population density of domestic cats on an island off the 
coast of Brazil; 2) to calculate the average number of 
animals preyed upon annually by domestic cats; and 3) to 
investigate which method of population control could 
reduce cat density, considering five different scenarios 
for projected population growth.

2. Methods

2.1. Study area

The Ilha Grande is a coastal island of 190 km², located 
on the southweast coast of Rio de Janeiro state. This island 
comprises two important conservation units: the Parque 
Estadual da Ilha Grande and the Reserva Biológica da Praia 
do Sul (Saraça et al., 2009; Alho et al., 2002). The island 
has 85% coverage by a mosaic of secondary dense Atlantic 
rainforest with different ages (Oliveira, 2008). Our study 
was carried out at Vila do Abraão (23° 08’ 28.44’’ S and 
44° 10’ 10.05’’ W), the largest urban area on this island, 
covering 0.37 km2 and supporting about 1800 inhabitants, 
according to the last census from 2006 (IBGE, 2008).

2.2. Domestic cat population

We carried out a survey of domestic cats in all the 
houses at Vila do Abraão from May to November 2008, 
in order to record population parameters about the cats 
that have owners. We applied a questionnaire to each cat’s 
owner to find out the number of cats owned, the gender 
and age of the cats, whether they were neutered, and the 
numbers of females and kittens produced per year. These 
cats were registered and whenever possible, photographed.

Additionally, the density of domestic cats on the 
streets was estimated using the linear transect method 
(Buckland et al., 2001), in order to complement our 
surveying. We delimited five transects at Vila do Abraão, 
varying in length from 885 m to 1,147 m. Each transect 
was walked four times during three periods (morning, 
afternoon and evening), and one of these periods was 
repeated randomly. The total length of transects covered 
was 21 km. We used software Distance 5.0 to estimate 
the density of domestic cats on the streets (Laake et al., 
1993). Population density was estimated by dividing the 
total number of individuals counted in the houses and in 
the streets, divided for the urban area (0.37 km2).

2.3. Predation by domestic cats

To measure which animals are preyed on by domestic 
cats inside the study area, we asked cat owners to retain all 
animals captured by their cats in a container with alcohol 
(500 mL). This methodology refers to domestic cats that 
often bring their prey home (Churcher and Lawton, 1987; 
Barratt, 1997; Baker et al., 2008). We collected prey animals 
every 20 days for six months, from May to November.

For accuracy of prey collected by owners, we measured 
the degree of interest of each participant in the project 
through information provided by a questionnaire applied 
during the visits. Values were assigned to five attributes 
that were assessed in the questionnaire: 1) Knowledge of 
the cat’s owner - considering information such as name, 
age, whether vaccinated or castrated, and living area; 
2) Clinical care - if the cat had received veterinary care, 
when vaccinated or castrated, and its overall health state; 
3) Consistency of response - whether the same answers 
were given in response to questions asked more than once 
on different visits; 4) Presence during the visit - if the owner 
was present during the visits to answer the questionnaire; and 
5) Interest in the research - whether the owner asked about 
our research, if he or she paid attention to the information 
received, and cared about the material received. Responses 
were ranked from 1 to 5 (1 = low interest or knowledge in 
the cats, 5 = high interest and knowledge), and then used 
to evaluate if there was a relationship with the number of 
prey collected in the houses using analysis of variance.

To estimate the number of preys predated by cats 
we calculated the minimum daily predation rate (PMIN) 
according to the formula: PMIN = (P/Ng/day). Where P is 
the number of prey, Ng is the total number of registered 
cats in homes and day is the total number of days elapsed 
during the project. Minimum daily predation was then 
multiplied by the estimated population size and by 365 days 
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to get an idea of the predation rate of Felis catus during 
one year in the study area.

2.4. Population modeling

For population modelling we used the parameters 
observed at the studied cat populations of Vila do Abraão 
(house and street cats), to simulate population growth. We 
simulated the feasibility of reducing the cat population in 
following years with different scenarios of control methods. 
Analyses were carried out using Vortex 9.5 (Lacy, 1993). 
Vortex estimates population viability, incorporating the 
effects of demographic, environmental and genetic events 
on population dynamics (Lacy, 2000). Therefore, it is 
necessary to know life history parameters of the target 
species (Table 1). Life history parameters were obtained 
from the data provided in the questionnaires and confirmed 
by the literature (Gunther and Terkel, 2002). The software 
also calculated other parameters, such as the percentage 

of males that succeed in mating, and the average number 
of females that successfully find a mate each year. We 
simulated changes in the domestic cat population in Vila 
do Abraão over 50 years, using different scenarios. The 
scenarios below were based on methods currently used 
for population density control.

I.	No methods of population control: In this scenario 
we assumed the current numbers of males and 
females that do not breed (15%), thus evaluating 
population growth with the current neutered 
levels;

II.	 	Control of reproductive males: We assumed that 
a minimum percentage of males do not breed, 
estimated for reducing population growth. Thus 
we simulated a method of birth control like 
castration;

III.		Control of reproductive females: We assumed 
that a minimum percentage of females do not 

Table 1. Population parameters used in VORTEX. Data represent values observed in the present study and confirmed in the 
literature. Some indicated values were estimated in each different scenario (I, II, III, IV and V). 

Parameters Data Reference
Reproductive System

Age of first reproduction of males and females 1 year* (1)
Maximum reproductive age 13 years (2)
Maximum number of litters per year 5 (1), (2)
% of males per litter 50 (1), (2)

Reproduction rate
% of adult reproductive females I, II and V = 85, III and IV = SA (1), (3)
Standard deviation (Sd) in the % of adult reproductive 
females

8.16 (1)

Average number of kittens per litter 3 (1), (3)
Death rate

Annual Death rate of females between 0-1 year  
old and over 1 year old

55 and 35 (SD = 5) (1), (2)

Annual Death rate of males between 0-1 year  
old and over 1 year old

45 and 45 (SD = 5) (1), (2)

Mating manipulation
% of males that are physically, psychologically and 
physiologically able to mate

I, III and V = 85, II  = SA,  
IV = SA, VI and VII = SA

(1)

Population size
Number of individuals in the initial population 228 (1)

Carrying capacity
Carrying capacity of the study area 1000 (1)
Standard deviation (Sd) 500 (1)

Harvesting
Is the population harvested? I, II, III and IV  =  no V = yes Simulation
Interval between harvested V and VI = 1 Simulation
Adults females harvested V = 100 and VI = 50 Simulation
Adults males harvested V = 100 and VI = 50 Simulation
SA- Value correspondent to result of Sensibility Analyses; SD- Standard deviation; (1) Present study; (2) Paragon and 
Vaissaire, 2001; (3) Fitzwater, 1994. *1 year is the minimal age accepted by the program. Domestic cats can have the first 
reproduction before 1 year.
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breed, estimated for reducing population growth. 
Thus we simulated a method of birth control like 
spaying;

IV.		Control of reproductive males and females: We 
assumed that a minimum percentage of males 
and females do not breed. Both percentages 
estimated imply reduced population growth. Thus 
simulating a method of birth control like castration 
and spaying; and

V.	 	Harvest of population. We assumed a minimum 
number of adult males and females to be removed 
annually from the population over five years, to 
reduce population growth. Thus we simulated a 
method of population control through removal.

For these models, we considered a closed population 
for all scenarios. Also, the minimum percentages and the 
minimum numbers of individuals were estimated, until 
the intrinsic growth rates decreased (Table 2). We did this 
by sensitivity analyses, testing different values of those 
parameters on Vortex.

3. Results

We recorded 160 cats in 66 of the 364 residences in Vila 
do Abraão. The overall cat-occupancy rate was therefore 
0.44 cats/house. Considering only the houses with cats, 
the cat-occupancy is 2.42 cats/house. Fifty-three cats were 
sterilised, 24 males (15% applied in the first scenario) 
and 29 females (18% used as a Vortex parameter). The 
maximum age reported was 13 years and the mean litter size 
observed during the study was 3.00 + 2.34 (Mean + SD).

Eighty-five cats were observed on transects. Among 
them, 17 had already been counted as owned cats, according 
to photo identification. According to Akaike’s information 
criterion, the best-fit results were obtained with the cosine 
function (AICmin = 333,01, AICmax = 341.93), with an 
effective strip width of 4.5 m. The density estimated on 
the streets was 390 cats/km2. Population density estimated 
in Vila do Abraão was 616 cats/km2.

Cats brought home 93 prey items in 107 days. 
Invertebrates were the most common prey (54), followed 
by mammals (18), birds (11), reptiles (6) and amphibians 
(4). The minimum daily predation rate (PMIN) was 0.0054 
prey animals/cat/day, representing annually 1.97 prey 

animals/cat. When we assumed a population with 228 
individuals (registered cats plus cats observed in the 
transect), the PMIN was 449.16 prey animals/year.

The ANOVA comparing the number of prey obtained 
with the degree of interest of the cat owner was significant 
(F = 12.99; p < 0,001). With higher interest of the owner, the 
highest was the number of prey items obtained (Figure 1). 
Considering the number of prey animals obtained by the 
owners with the highest degrees of interest (4 and 5), the 
PMIN changed from 0.0054 to 0.018 prey animals/cat/day. 
Hence, the predation rates estimated at Vila do Abraão 
varied from 1.97 to 6.57 prey/cat/year.

For the population growth projection in Vortex, our 
scenarios used a baseline population of 228 cats. Scenarios 
(I) and (II) presented equal growth rates (r = 0.36) and 
scenarios (III) and (IV) the lower, r = –0.061 (Table 3). 
The projection in 50 years of the population growth curve 

Table 2. Simulations with sensibility analysis, each number represents values that can be used at a plan for population control 
of domestic cat. 

Sensibility analyses Variables Values (%)
Scenario I - -
Scenario II Percent of reproductive males 80, 70, 50, 40, 20 and 1**
Scenario III Percent of reproductive females 80, 70, 60, 50, 40, 30** and 20,
Scenario IV Percent of reproductive  

males and females 
50 and 50, 70 and 40, 30 and 
40**, 20 and 40, 10 and 30

Scenario V Percent of adults  
males and females removed

100 and 100, 20 and 80, 50 and 
50, 10 and 40, 10 and 30**

**Value used at the simulation.

Figure  1. Numbers of prey items (mean  ±  SD) returned 
by cats to their owners in Vila do Abraão plotted against 
the degree of interest shown by the owners of those cats, 
showing a strong positive relationship (ANOVA, F = 12,99; 
p  <  0,001). Different letters (a,b,c,d) identify means that 
differ between them.
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showed that in the first two scenarios the population of 
cats increases until 780 cats in the first 10 years and then 
decreases, stabilising at around 220 individuals (Figure 2). 
In the first scenario the population seems to grow back 
after 40 years. Scenarios (III) and (IV) show the higher 
reduction of 99.5% and 99.8% of initial value and we 
observed the lowest growth rate, r = –0.061 (Table 3). 
The downward curve of the fifth scenario was similar to 
that of scenario IV, although there was an initial increase 
in the cat population (Figure 2).

Assuming population scenarios (I), (II) and (V), no 
modelled population was predicted to decrease in less than 
7 years. Only in scenario III, IV and V, the probability of 
extinction, in our case control, was 99% (Table 3).

4. Discussion

We estimate a high population density of domestic 
cats in Vila do Abraão (616 cats/km2), but according to 
Brikner (2007), it is very difficult to estimate populations 
of domestic cats because: (1) owners are not obliged to 
report their animals, (2) street cats have no population 
control, and (3) feral cats are rarely observed. Therefore, 
the best way to estimate the density of cats is combining 
different methods.

Although the population density estimated in the 
census was high, the counting of house cats, though 
efficient, may underestimate the population, as it does not 
consider un-owned street cats. We found out that 77% of 
the cats observed on transects did not have an owner. The 

Table 3. Results of modeling population viability, with the values of intrinsic growth rate (r) and the standard deviation 
(SD), the probability of extinction (PE), the maximum number of individuals (Nmax), and the minimum percent number of 
individuals by sensibility analyses (Nmin).

Scenario r (SD) PE Nmax Nmin 

I 0.358 (±0.14) 0.83 780.61 -
II 0.36 (±0.16) 0.67 609.92 0.01
III –0.061 (±0.06) 0.99 1.13 0.3
IV –0.061 (±0.08) 0.99 0.33 0.3
V 0.025 (±0.08) 0.98 108.11 1.0 

Scenarios: I- No methods of population control, II- Control of male reproductive, III- Control of female reproductive,  
IV‑ Control of male and female reproductive and V- Harvested males and females.

Figure 2. Projections of the cat population in Vila do Abraão calculated using Vortex software using different scenarios of 
population control (I to V).
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village is surrounded in its south, east and west sides by 
forest, but we did not make observations on feral cats, any 
interactions between urban cats and feral cats beyond the 
urban fringe remain unknown.

Studies have showed that population densities of cats 
can vary from 0.44 cats/km2 in sub-Antarctic environments 
(Say et al., 2002) to 523 cats/km2 in urban environments 
such as in the city of Bristol (Baker et al., 2005). In very 
poor or favourable conditions, according to a review of 
Felis catus ecology and management, densities may range 
even more greatly, from the equivalent of 0.03 cats/km2 
to 2800 cats/km2 (Denny and Dickman, 2010). In the 
United Kingdom, the Cat Protection League estimated 
that there are 7.6 million cats living in British houses 
(Woods et al., 2003). On islands, inland areas of Marion 
Island sheltered only 4.93 cats/km², whereas coastal areas 
sheltered 13.85 cats/km² (Van Aarde, 1979).

On 27 other islands with population control programmes 
for feral cats, densities varied from 0.15 to 243 individuals/km² 
(Nogales et al., 2004), which is lower than the density 
we observed in Vila do Abraão. But, these studies were 
conducted in natural areas with limited resources and a 
small human population. However, our results resemble 
those studies carried out in urban areas that reported higher 
densities of cats (e.g. 523 cats/km², Baker et al., 2008), 
since they receive supplementary food.

The predation rate observed in this study was 
underestimated by the degree of interest of owners, but it is 
still comparable to those found in other studies. Woods et al. 
(2003), conducting a five-month study in England using 
the same methodology, observed that some cats take to 
their owner over 37 prey items each year. However, this 
predation rate varies greatly among individuals (Churcher 
and Lawton, 1987). We were unable to define how many 
prey items each cat brought home, since on average, there 
were more than two cats per house (2.42 cats/house).

Although not measured, cats may threaten prey 
populations at Vila do Abraão, as predation rates based 
only on results from owners with a high degree of interest 
in the research indicated that over 1497 prey animals/year 
could be killed in the 0.37 km2 urban area. Clearly, because 
our results were dependent in part on the commitment 
of cat owners, it is important to select participants who 
will contribute reliably to such research. Beyond this, 
any further increases in the cat population are likely to 
escalate the rate of predation. If the population of cats 
on the island reaches 780 individuals, as expected in 
scenario I for example, some 5124.6 prey animals may 
be killed each year.

Before any conclusions can be made about possible 
impacts on threatened prey populations, two caveats need 
to be made. No matter how large the numbers of animals 
killed by cats may be, such estimates cannot predict the 
impact on prey species’ populations since we do not know 
the information on native prey individuals.

Our population modelling suggests that scenario 
(III), with control of reproductive females, was the most 
efficient method to reduce population growth, and the 

scenario with harvest (V) was effective in reducing the 
numbers of individuals. With others models, like control 
of reproductive males only (scenario II), the population 
was predicted to remain higher than the initial baseline. 
Although scenario IV had the higher expected reduction of 
fertility, the simulation result did not show higher control, 
according to the Vortex modelling. Moreover, any desired 
reduction would most likely occur only if the population 
was closed, since recruitment was not considered in our 
simulations.

In urban areas like Rome (Natoli et al., 2006), control 
is aimed at cats living in colonies, usually in parks and 
gardens. Eradication is feasible only with the removal of 
all individuals, which are taken to shelters where they are 
euthanised or neutered.

Gonçalves da Silva et al. (2009) carried out a modelling 
study on the effects of castration on large exotic mammals on 
islands. Using a model (Leslie’s matrix type II) to simulate 
population decrease, they evaluated three eradication 
scenarios: hunting, castration, and both. They concluded 
that castration is an efficient method for the eradication 
of exotic vertebrates only if applied together with a lethal 
method. Courchamp and Sugihara (1999) also carried out 
the modelling of biological population control of a feral 
domestic cat, inquiring through a mathematical model 
that describes the effects of introducing a virus into the 
cat population on population dynamics of both the cat and 
its prey. The results suggested that eradication is possible 
with the introduction of Leucemia Virus in the feral cat 
population and is the best methodology for its extermination. 
However, if the cats have an owner, it is necessary to provide 
another methodology for population control.

Our results also suggest that male castration is not 
enough to eradicate the cat population in Vila do Abraão, 
as has been done annually by animal protection NGOs. 
It will be necessary to control the number of reproductive 
females, and spay them. Moreover, there must be at 
the same time a campaign to increase the awareness of 
residents about the damage caused by cats and an intense 
inspection procedure implemented on harbours to prevent 
the immigration of new cats to the island.

For eradication to succeed, it requires involvement of 
local people, researchers and government, since all the cats 
on the island will have to be castrated. Breeding cannot 
be faster than the castration campaigns and immigration 
of new individuals must be totally blocked or kept to near 
zero (Parkes, 1990; Phillips, 2010).

Thus we conclude that the population of domestic cats 
on Ilha Grande is high and the generated models suggest 
that unless 70% of females should be spayed or removed to 
control the population of cats. However, there should also 
be a simultaneous campaign aimed to educate residents 
about the damage caused by cats and an intense inspection 
process implemented at ports to prevent the immigration 
of new cats to the island.
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