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Abstract The domestic cat has been introduced on most islands worldwide, where it has

established feral populations and is currently known to be one of the worst invasive

mammalian predators. Predation is the strongest deleterious effect of cats on wildlife,

inducing a direct negative impact on population size and dynamics, breeding success and

changes in species assemblages. Direct predation is not the only damaging impact on

native wildlife, since cats can be responsible for other poorly-documented underlying

ecological impacts, like competition, hybridization, disease transmission, ecological pro-

cess alteration, and behavioral change. Here, we pinpoint relevant examples of these

ecological impacts, by searching for accurate data from published literature. We used

electronic databases covering most of the world islands where the effects of cats were

documented. Knowledge of these impacts can be of great importance to preserve insular

ecosystem functions and persistence of endangered native species. We emphasize that

direct predation processes should not be the only factor considered in the management of

invasive cats on islands.
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Introduction

Among invasive species, mammals are known to be the most detrimental group, threat-

ening native species through predation, grazing, competition for resources, habitat loss, and

introduction and spread of diseases and parasites (e.g. Courchamp et al. 2003). The

domestic cat (Felis silvestris catus) has been introduced on most islands worldwide, where

it has established feral populations leading to a heavy impact on native island species

(Dickman 1996; Fitzgerald and Turner 2000; Courchamp et al. 2003; Medina et al. 2011).

Continuous release of house cats into the wild leads to a large reservoir of breeding animals

for feral populations, increasing their survival success even in the most severe environ-

mental conditions (Potter 1991). Three different status groups of cats are known: (i) house

cats living with people that provide food, rest and shelter; (ii) feral cats independent of

humans that reproduce and predate in the wild, and (iii) stray or roaming cats linked to one

or several households but living and predating mostly in the wild (see Liberg et al. 2000 for

details). Thus, working on cats and their impacts requires considering these different

statuses and the source-sink dynamics between them.

Predation has been considered the strongest deleterious impact of cats on wildlife

(Fitzgerald and Turner 2000), in the case of both (i) house cats in urban and suburban

habitats (Woods et al. 2003; Baker et al. 2005) and (ii) stray and feral cats in natural

environments (Dickman 1996; Fitzgerald and Turner 2000). The direct impact of cat

predation can (i) decrease population size and population dynamics (Microtus arvensis in

Sweden, Hansson 1988), (ii) affect assemblage structure of numerous prey species (several

bird species in Britain, Sims et al. 2008), and (iii) negatively affect breeding success

(Pterodroma macroptera and Procellaria aequinoctialis on Marion Island, van Rensburg

and Bester 1988; Loxioides bailleui on Hawai’i, Pletschet and Kelly 1990). Two reviews to

highlight the impact of cat predation on islands were published recently. The first discussed

analyses of feral cat diet on islands and showed that at least 248 different species were

predated (27 mammals, 113 birds, 34 reptiles, 3 amphibians, 2 fish, and 69 invertebrates)

(Bonnaud et al. 2011). The second concluded that feral cats preyed on at least 175

endangered vertebrates (25 reptiles, 123 birds and 27 mammals) and are at least in part

responsible for 14 % of global bird, mammal and reptile extinctions, currently affecting

8 % of critically endangered birds, mammals and reptiles (Medina et al. 2011).

Although direct predation by cats has been highly destructive, their impact can be

exacerbated through indirect negative effects on native island wildlife. Indirect effects

appear when the impact of one species on another is mediated by a third species, as occurs

in apparent competition (Wootton 1994). Sub-lethal or non-consumptive effects of pre-

dators can also affect the fitness of prey, leading to changes in their ecological and

behavioral constraints (Cresswell 2008; Bonnington et al. 2013). In the same way, predator

presence can strongly increase prey’s perception of predation risk to seriously affect prey

population dynamics, independently of the predation process (Zanette et al. 2011). The

ability of naive island prey to identify predation risk, and to develop or alter their behavior

to avoid introduced predators, largely depends on their ability to discriminate cues of

predator presence (Lima 1998). For many prey species, sensitivity to predator-derived

odors, sounds and visual cues is crucial to their survival.

Therefore, the global effect of predators on prey populations may be much greater than

predation alone, particularly if the prey response to predator impact (direct or indirect)

leads to a decrease in reproductive success and/or an increase in mortality (Lima 1998;

Beckerman et al. 2007).
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Cats are one of the most studied invasive mammalian predators, information about their

other ecological impacts besides predation is available, although scattered (e.g. Bonnington

et al. 2013). The main purpose of this contribution is to review the literature to highlight

further potential effects of cats on islands, other than direct predation, and assess the need

to study predator impact more thoroughly.

Methods

We compiled data from published literature using electronic databases (Webspire, Web of

Knowledge, Ovid SP, Inist, Blackwell Publishing, Science Direct) covering the world’s

insular regions where impacts by cats were documented, combining (as a Boolean search)

the key words: cat(s), feral cat(s), Felis catus, Felis silvestris catus, island(s), diet, pre-

dation, impact, indirect, and native species. References cited in the papers found were

examined for additional sources. Even after the most complete review possible (n = 149

studies), a quantitative analysis of each impact studied was not possible, due to the low

number of cases described. We thus decided to pinpoint and illustrate the most relevant

cases to show the need to study these interactions more deeply.

The effects of feral cats on island species are usually compounded by the presence of

other introduced predators. Often, other factors such as habitat destruction, fishing, pol-

lution or persecution are more deleterious for some species than cat predation itself

(Medina et al. 2011). For this reason, some examples were included in this paper where

cats were not the main predator species involved, to discuss similar impacts found for cats.

Results and discussion

We gathered examples of (i) predator–prey mechanisms: competition and ecological

process alteration and (ii) non-predator–prey mechanisms: hybridization, and disease

transmission. Behavioral changes can be induced by both predator–prey and non-predator–

prey mechanisms (see text and Fig. 1). From the studies reviewed, a total of 29 species (3

plants, 4 reptiles, 16 birds and 6 mammals) have been indirectly affected by cats in 23

different places worldwide (Table 1). Food competition, transmission of diseases and

changes in behavior were the most frequent indirect impact described in the studied cases.

Most took place on islands (n = 26) and 14 species affected by cat presence are currently

threatened (IUCN 2012). From these endangered species, six are considered as a critically

endangered, mainly affected by competition for food (Table 1).

Competition

Introduced animals compete with native species for food and habitat when individuals feed on

the same limited resources. Exploitation is one of the simplest ways to compete using up the

common resources (Krebs and Davies 1993). In contrast, apparent competition occurs when

an alternative prey species in the diet of a food-limited predator reduces the other’s equi-

librium abundance, whether or not they directly compete (Holt 1977). Due to cat predation,

some specific interactions can be indirectly modified, those related to hyperpredation and

mesopredator release have been extensively studied as apparent competition and trophic

cascade effects, respectively (Courchamp et al. 1999, 2000a; Russell and Le Corre 2009). The

examples encountered dealt with exploitative competition and more frequently between
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closely-related species, though in some cases it can occur between different animal groups.

Competition between species has a strong influence on their abundance and distribution

overall when resources are limiting (Glen and Dickman 2005, 2008).

Competition for food

The Iriomote cat (Prionailurus iriomotensis) is an endemic felid species on Iriomote Island

(Ryukyu archipelago, Japan) currently threatened by habitat restriction and competition

with feral cats. When studying the diet of these two species, Watanabe et al. (2003) found

that feral and Iriomote cats shared some prey species, leading to possible inter-specific

competition for food resources. However, to accurately assess the quantitative impact of

this competition process is generally difficult. In the same way, Phillips et al. (2007) found

a high level of dietary overlap between feral cats and the endemic island fox (Urocyon

littoralis clementae) on San Clemente Island, California. Despite this extensive dietary

overlap and the relatively narrow niche breadth of these two species, cats and foxes coexist

(Phillips et al. 2007). A similar case was found for native mammals like the chuditch

(Dasyurus geoffroii) in Australia, also coexisting with feral cats. Both of these species

showed a high level of diet similarity (Dickman 1996; Glen et al. 2009), even if the

chuditch is also a common prey for cats (Glen et al. 2010).

More surprisingly, feral cat trophic competition can also occur among distant taxa like

reptiles and birds. On Isla Todos Santos Sur, in northwest Mexico, feral cats compete for

food resources with an endemic subspecies of kingsnake (Lampropeltis zonata herrerae),

by preying on lizards and skinks that constitute its primary prey (Donlan et al. 2000). In

Australia, a dietary overlap between one bird, the endemic letter-winged kite (Elanus

scriptus), and three different introduced mammals (dingo, Canis familiaris; European red

fox, Vulpes vulpes; and cat) was described. Although dietary overlap between these species

was especially high during rodent outbreaks, strong competition for food was observed,

Fig. 1 Impacts of feral cats (Felis silvestris catus) on island species

330 Biodivers Conserv (2014) 23:327–342

123



T
a

b
le

1
S

p
ec

ie
s

af
fe

ct
ed

b
y

n
o
n
-d

ir
ec

t
p
re

d
at

io
n

b
y

fe
ra

l
ca

ts
o
n

is
la

n
d
s

S
p
ec

ie
s

G
ro

u
p

L
o
ca

ti
o
n

R
eg

io
n

IU
C

N

C
at

eg
o
ry

G
eo

g
ra

p
h
ic

al

fe
at

u
re

s

O
th

er
in

tr
o
d
u
ce

d

p
re

d
at

o
rs

In
d
ir

ec
t

im
p
ac

t
R

ef
er

en
ce

s

P
la

n
ts

C
n
eo

ru
m

tr
ic

o
cc

o
n

P
la

n
t

B
al

ea
ri

c

Is
la

n
d
s

M
ed

it
er

ra
n
ea

n
–

C
o
n
ti

n
en

ta
l

fr
ag

m
en

ts

M
ar

te
n
s,

g
en

et
s

an
d

w
ea

se
ls

D
is

ru
p
ti

o
n

se
ed

d
is

p
er

si
o
n

R
ie

ra
et

al
.

(2
0
0
2

)

D
a
p
h
n
e

ro
d
ri

g
u
ez

ii
P

la
n
t

B
al

ea
ri

c

Is
la

n
d
s

M
ed

it
er

ra
n
ea

n
V

U
C

o
n
ti

n
en

ta
l

fr
ag

m
en

ts

M
ar

te
n
s,

g
en

et
s

an
d

w
ea

se
ls

D
is

ru
p
ti

o
n

se
ed

d
is

p
er

si
o
n

T
ra

v
es

et
an

d
R

ie
ra

(2
0
0
5

)

N
eo

ch
a
m

a
el

ea

p
u
lv

er
u
le

n
ta

P
la

n
t

C
an

ar
y

Is
la

n
d
s

A
tl

an
ti

c

O
ce

an

–
O

ce
an

ic
is

la
n
d

R
at

s,
m

ic
e

an
d

d
o
g
s

D
is

ru
p
ti

o
n

se
ed

d
is

p
er

si
o
n

V
al

id
o

(1
9
9
9
)

R
ep

ti
le

s

C
a
le

d
o
n
is

ci
n
cu

s

a
u
st

ro
ca

le
d
o
n
ic

u
s

S
k
in

k
N

ew C
al

ed
o
n
ia

P
ac

ifi
c

O
ce

an
L

C
O

ce
an

ic
is

la
n
d

R
at

s,
m

ic
e,

d
o
g
s,

p
ig

s

an
d

m
in

as

S
tr

es
s

re
sp

o
n
se

G
er

ar
d

et
al

.,

u
n
p
u
b
li

sh
ed

L
a
m

p
ro

p
el

ti
s

zo
n
a
ta

h
er

re
ra

e

S
n
ak

e
Is

la
T

o
d
o
s

S
an

to
s

S
u
r

(M
ex

ic
o
)

P
ac

ifi
c

O
ce

an
C

R
C

o
n
ti

n
en

ta
l

fr
ag

m
en

ts

R
at

s
an

d
d
o
g
s

T
ro

p
h
ic

co
m

p
et

it
io

n
D

o
n
la

n
et

al
.

(2
0
0
0

)

P
o
d
a
rc

is
er

h
a
rd

ii
L

iz
ar

d
N

ax
o
s

(G
re

ec
e)

M
ed

it
er

ra
n
ea

n
C

R
C

o
n
ti

n
en

ta
l

fr
ag

m
en

ts

M
ar

te
n
s

R
ed

u
ct

io
n

o
f

b
eh

av
io

ra
l

d
iv

er
si

ty

L
i

(2
0
1
2

)

T
ro

p
id

u
ru

s
sp

p
.

L
iz

ar
d

G
al

ap
ag

o
s

Is
la

n
d
s

P
ac

ifi
c

O
ce

an
–

O
ce

an
ic

is
la

n
d
s

R
at

s,
m

ic
e,

d
o
g
s

an
d

st
o
at

s

R
ed

u
ct

io
n

o
f

b
eh

av
io

ra
l

d
iv

er
si

ty

S
to

n
e

et
al

.
(1

9
9
4

)

B
ir

d
s

A
n
th

o
rn

is
m

el
a
n
u
ra

L
an

d
b
ir

d
N

ew
Z

ea
la

n
d

P
ac

ifi
c

O
ce

an
L

C
C

o
n
ti

n
en

ta
l

fr
ag

m
en

ts

R
at

s,
st

o
at

s,
fe

rr
et

s,

w
ea

se
ls

an
d

b
ru

sh
ta

il

p
o
ss

u
m

s

C
h
an

g
e

in
p
ar

en
ta

l
ca

re
M

as
sa

ro
et

al
.

(2
0
0
8

)

C
a
th

a
ra

ct
a

sk
u
a

S
ea

b
ir

d
K

er
g
u
el

en

Is
la

n
d
s

S
u
b
-A

n
ta

rc
ti

c

O
ce

an

L
C

O
ce

an
ic

is
la

n
d

R
at

s
an

d
m

ic
e

T
ro

p
h
ic

co
m

p
et

it
io

n
C

o
u
rc

h
am

p
et

al
.

(2
0
0
3

)

C
h
a
ra

d
ri

u
s

fa
lk

la
n
d
ic

u
s

S
h
o
re

b
ir

d
F

al
k
la

n
d

(M
al

v
in

as
)

Is
la

n
d
s

P
ac

ifi
c

O
ce

an
L

C
O

ce
an

ic
is

la
n
d

D
o
g
s

an
d

fo
x
es

R
ed

u
ct

io
n

o
f

b
eh

av
io

ra
l

d
iv

er
si

ty

S
t

C
la

ir
et

al
.

(2
0
1
0

)

C
o
lu

m
b
in

a
p
a
ss

er
in

e

so
co

rr
o
en

si
s

L
an

d
b
ir

d
Is

la
S

o
co

rr
o

(M
ex

ic
o
)

P
ac

ifi
c

O
ce

an
–

O
ce

an
ic

is
la

n
d

M
ic

e
R

ed
u
ct

io
n

o
f

b
eh

av
io

ra
l

d
iv

er
si

ty

R
o
d
rı́

g
u
ez

-E
st

re
ll

a

et
al

.
(1

9
9
1

)

Biodivers Conserv (2014) 23:327–342 331

123



T
a

b
le

1
co

n
ti

n
u
ed

S
p
ec

ie
s

G
ro

u
p

L
o
ca

ti
o
n

R
eg

io
n

IU
C

N

C
at

eg
o
ry

G
eo

g
ra

p
h
ic

al

fe
at

u
re

s

O
th

er
in

tr
o
d
u
ce

d

p
re

d
at

o
rs

In
d
ir

ec
t

im
p
ac

t
R

ef
er

en
ce

s

C
o
rv

u
s

h
a
w

a
ii

en
si

s
L

an
d
b
ir

d
H

aw
ai

i,

H
aw

ai
ia

n

Is
la

n
d
s

P
ac

ifi
c

O
ce

an
E

W
O

ce
an

ic
is

la
n
d

R
at

s
an

d
m

ic
e

T
ra

n
sm

is
si

o
n

o
f

d
is

ea
se

s

W
o
rk

et
al

.
(2

0
0
0

,

2
0
0
2

)

E
la

n
u
s

sc
ri

p
tu

s
L

an
d
b
ir

d
A

u
st

ra
li

a
P

ac
ifi

c
O

ce
an

N
T

M
ai

n
la

n
d

S
ev

er
al

T
ro

p
h
ic

co
m

p
et

it
io

n
P

av
ey

et
al

.
(2

0
0
8

)

F
re

g
a
ta

a
q
u
il

a
S

ea
b
ir

d
A

sc
en

si
o
n

Is
la

n
d

A
tl

an
ti

c

O
ce

an

V
U

O
ce

an
ic

is
la

n
d

R
at

s,
m

ic
e

an
d

d
o
g
s

In
te

rf
er

en
ce

in

m
o
v
em

en
t

A
sh

m
o
le

et
al

.
(1

9
9
4

)

N
es

o
ch

en

sa
n
d
vi

ce
n
si

s

L
an

d
b
ir

d
M

au
i,

H
aw

ai
ia

n

Is
la

n
d
s

P
ac

ifi
c

O
ce

an
V

U
O

ce
an

ic
is

la
n
d

R
at

s
an

d
m

ic
e

T
ra

n
sm

is
si

o
n

o
f

d
is

ea
se

s

W
o
rk

et
al

.
(2

0
0
0

,

2
0
0
2

)

N
u
m

en
iu

s
ta

h
it

ie
n
si

s
S

h
o
re

b
ir

d
P

h
o
en

ix

Is
la

n
d
s

P
ac

ifi
c

O
ce

an
V

U
O

ce
an

ic
is

la
n
d

R
at

s,
d
o
g
s

an
d

m
o
n
g
o
o
se

In
te

rf
er

en
ce

in

m
ig

ra
ti

o
n

M
ar

k
s

an
d

R
ed

m
o
n
d

(1
9
9
4

)

P
h
a
la

cr
o
co

ra
x

h
a
rr

is
i

S
ea

b
ir

d
Is

ab
el

a,

G
al

ap
ag

o
s

P
ac

ifi
c

O
ce

an
V

U
O

ce
an

ic
is

la
n
d

R
at

s
an

d
d
o
g
s

T
ra

n
sm

is
si

o
n

o
f

d
is

ea
se

s

D
ee

m
et

al
.

(2
0
1
0

)

P
u
ffi

n
u
s

ye
lk

o
u
a
n

S
ea

b
ir

d
P

o
rt

-C
ro

s
M

ed
it

er
ra

n
ea

n
V

U
C

o
n
ti

n
en

ta
l

fr
ag

m
en

ts

R
at

s
an

d
m

ic
e

In
te

rf
er

en
ce

in

m
o
v
em

en
t

B
o
n
n
au

d
et

al
.

(2
0
0
9

)

S
p
h
en

is
cu

s

m
en

d
ic

u
lu

s

S
ea

b
ir

d
Is

ab
el

a,

G
al

ap
ag

o
s

P
ac

ifi
c

O
ce

an
E

N
O

ce
an

ic
is

la
n
d

R
at

s
an

d
d
o
g
s

T
ra

n
sm

is
si

o
n

o
f

d
is

ea
se

s

D
ee

m
et

al
.

(2
0
1
0

)

S
te

rn
a

fu
sc

a
ta

S
ea

b
ir

d
A

sc
en

si
o
n

Is
la

n
d

A
tl

an
ti

c

O
ce

an

L
C

O
ce

an
ic

is
la

n
d

R
at

s,
m

ic
e

an
d

d
o
g
s

In
te

rf
er

en
ce

in

m
o
v
em

en
t

A
sh

m
o
le

et
al

.
(1

9
9
4

)

S
u
la

d
a
ct

yl
a
tr

a
S

ea
b
ir

d
A

sc
en

si
o
n

Is
la

n
d

A
tl

an
ti

c

O
ce

an

L
C

O
ce

an
ic

is
la

n
d

R
at

s,
m

ic
e

an
d

d
o
g
s

In
te

rf
er

en
ce

in

m
o
v
em

en
t

A
sh

m
o
le

et
al

.
(1

9
9
4

)

S
u
la

su
la

S
ea

b
ir

d
F

ar
q
u
h
ar

A
to

ll
,

S
ey

ch
el

le
s

In
d
ia

n
O

ce
an

L
C

O
ce

an
ic

is
la

n
d

R
at

s
an

d
o
w

ls
C

h
an

g
e

in
b
re

ed
in

g

b
eh

av
io

r

F
ea

re
(1

9
8
4

)

O
0 a

h
u
,

H
aw

ai
ia

n

Is
la

n
d
s

P
ac

ifi
c

O
ce

an
-

O
ce

an
ic

is
la

n
d

R
at

s
an

d
m

ic
e

T
ra

n
sm

is
si

o
n

o
f

d
is

ea
se

s

W
o
rk

et
al

.
(2

0
0
0

,

2
0
0
2

)

332 Biodivers Conserv (2014) 23:327–342

123



T
a

b
le

1
co

n
ti

n
u
ed

S
p
ec

ie
s

G
ro

u
p

L
o
ca

ti
o
n

R
eg

io
n

IU
C

N

C
at

eg
o
ry

G
eo

g
ra

p
h
ic

al

fe
at

u
re

s

O
th

er
in

tr
o
d
u
ce

d

p
re

d
at

o
rs

In
d
ir

ec
t

im
p
ac

t
R

ef
er

en
ce

s

T
o
d
ir

a
m

p
h
u
s

g
a
m

b
ie

ri

L
an

d
b
ir

d
N

ia
u
,

T
u
am

o
tu

ar
ch

ip
el

ag
o

P
ac

ifi
c

O
ce

an
C

R
O

ce
an

ic
is

la
n
d

R
at

s
an

d
d
o
g
s

T
ro

p
h
ic

co
m

p
et

it
io

n
Z

ar
zo

so
-L

ac
o
st

e,

(2
0
1
3

)

M
am

m
al

s

D
a
sy

u
ru

s
g
eo

ff
ro

ii
M

ar
su

p
ia

l
A

u
st

ra
li

a
P

ac
ifi

c
O

ce
an

N
T

M
ai

n
la

n
d

S
ev

er
al

T
ro

p
h
ic

co
m

p
et

it
io

n
D

ic
k
m

an
(1

9
9
6

),
G

le
n

et
al

.
(2

0
0
9

)

H
ab

it
at

co
m

p
et

it
io

n
D

ic
k
m

an
(1

9
9
6

)

M
a
cr

o
p
u
s

eu
g
en

ii
M

ar
su

p
ia

l
A

u
st

ra
li

a
P

ac
ifi

c
O

ce
an

L
C

M
ai

n
la

n
d

S
ev

er
al

S
tr

es
s

re
sp

o
n
se

M
el

la
et

al
.

(2
0
1
0

)

M
o
n
a
ch

u
s

sc
h
a
u
in

sl
a
n
d
i

M
o
n
k

se
al

K
au

ai
,

H
aw

ai
ia

n

Is
la

n
d
s

P
ac

ifi
c

O
ce

an
C

R
O

ce
an

ic
is

la
n
d

R
at

s
an

d
m

ic
e

T
ra

n
sm

is
si

o
n

o
f

d
is

ea
se

s

H
o
n
n
o
ld

et
al

.
(2

0
0
5
)

P
ri

o
n
a
il

u
ru

s

b
en

g
a
le

n
si

s

eu
p
ti

lu
ra

F
el

in
e

T
su

sh
im

a

Is
la

n
d

Ja
p
an

,
P

ac
ifi

c

O
ce

an

L
C

O
ce

an
ic

is
la

n
d

R
at

s,
m

ic
e

an
d

d
o
g
s

H
y
b
ri

d
iz

at
io

n
M

u
ra

y
am

a
(2

0
0
8
)

T
ra

n
sm

is
si

o
n

o
f

d
is

ea
se

s

N
is

h
im

u
ra

et
al

.
(1

9
9
9
)

P
ri

o
n
a
il

u
ru

s

ir
io

m
o
te

n
si

s

F
el

in
e

Ir
io

m
o
te

Is
la

n
d

Ja
p
an

,
P

ac
ifi

c

O
ce

an

C
R

O
ce

an
ic

is
la

n
d

R
at

s
T

ro
p
h
ic

co
m

p
et

it
io

n
W

at
an

ab
e

et
al

.
(2

0
0
3

)

H
ab

it
at

co
m

p
et

it
io

n
W

at
an

ab
e

et
al

.
(2

0
0
3

)

H
y
b
ri

d
iz

at
io

n
Iz

aw
a

et
al

.
(1

9
9
1

)

U
ro

cy
o
n

li
tt

o
ra

li
s

cl
em

en
ta

e

C
ar

n
iv

o
re

S
an C

le
m

en
te

Is
la

n
d
,

C
al

if
o
rn

ia

P
ac

ifi
c

O
ce

an
C

R
C

o
n
ti

n
en

ta
l

fr
ag

m
en

ts

R
at

s
an

d
m

ic
e

T
ro

p
h
ic

co
m

p
et

it
io

n
P

h
il

li
p
s

et
al

.
(2

0
0
7

)

IU
C

N
ca

te
g
o
ri

es
(I

U
C

N
2
0
1
2

):
D

D
d
at

a
d
efi

ci
en

t,
L

C
le

as
t

co
n
ce

rn
,

N
T

n
ea

r
th

re
at

en
ed

,
V

U
v
u
ln

er
ab

le
,

E
N

en
d
an

g
er

ed
,

C
R

cr
it

ic
al

ly
en

d
an

g
er

ed
,

E
W

ex
ti

n
ct

in
th

e
w

il
d

Biodivers Conserv (2014) 23:327–342 333

123



particularly between kites, red foxes and cats (Pavey et al. 2008). On Niau Island, Tuamotu

Archipelago (Pacific), feral cats have been shown to strongly compete for reptiles with the

endemic and critically endangered Tuamotu kingfisher (Todiramphus gambieri) (Zarzoso-

Lacoste 2013). Another striking example appeared on the Kerguelen Islands where cats

and skuas (Catharacta skua) compete for a primary shared prey (petrels). This food

competition severely decreased the reproductive success of skuas (Courchamp et al. 2003),

despite the availability of mice and rabbits as alternative prey (Chapuis et al. 2001).

The reviewed studies only provided evidence of negative effects and did not address

specific impacts on native species caused by food competition. In these cases, cat impact

strength could depend on other factors such as structural complexity of habitat, degree of

human interference, and distribution and abundance of shared prey species (Glen and

Dickman 2005; Glen et al. 2009). More thorough studies are required to clarify interactions

between native and invasive species due to competition for food resources.

Competition for habitat

Extensive overlap in resources use (space and food) between species (e.g. mammalian

carnivores) helps to explain the small degree of habitat competition derived from inverse

relationships in their abundance and distribution (Glen and Dickman 2005, 2008). How-

ever, cats can strongly compete for habitat since they can spread rapidly from their

introduction site, generally linked to human settlements, and can survive in almost all

habitats (Medina and Nogales 2007). Currently, Iriomote cat in Japan (Watanabe et al.

2003) and Dasyurus spp. in Australia (Dickman 1996) are endangered and approaching

potential extinction due to range restrictions caused by feral cat presence.

Cat presence can also affect species movements, activity patterns and even island

recolonization and establishment (Ashmole et al. 1994). On Ascension Island (South

Atlantic), cats kill many birds like sooty terns (Sterna fuscata), masked boobies (Sula

dactylatra) and frigate birds (Fregata aquila). They also negatively affect the population

dynamics of these bird species in limiting or even preventing their settlement even a strong

inconspicuous effect (Ashmole et al. 1994). On Port-Cros Island in the Mediterranean

Basin, the predation risk for prospecting Yelkouan shearwaters (Puffinus yelkouan) was

four times higher than for breeding birds (Bonnaud et al. 2009). This result can explain

why (i) despite the high number of shearwaters killed on this island, their breeding pop-

ulation remained stable for 20 years (Bonnaud et al. 2009), and (ii) when cats were

eradicated, the number of breeding pairs rapidly increased by recruiting new breeding birds

(Bonnaud et al. 2010).

Alteration of ecological processes

Ecological interactions can be severely disturbed by biological invasions, particularly in

island ecosystems where native populations are small in size and have evolved in isolation

(Vitousek et al. 1997). According to the reviewed literature, interference with bird migration

and disruption of seed dispersal systems were the most documented ecological alterations.

Bird migration interference

Stopovers play an important role in the migration of many bird species. During stopovers,

site selection generally depends on refueling rate, or foraging intensity. However,
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predation risk (represented by cat presence) is sometimes more decisive in site selection

than fuel load (Dierschke 2003), because it could modify their stopover behavior (birds

staying and resting less) during migration events (Dierschke 2003). Therefore, cat presence

alone, without any significant predation effect, can itself decrease bird survival during

migration (Lank and Ydengerg 2003). For example, cat presence affected bristle-thighed

curlew (Numenius tahitiensis) distribution on the Phoenix Islands (Marks and Redmond

1994). These curlews tend to live only on uninhabited islets without introduced predators,

thus allowing them a safer molting period, when a high percentage of adults become

flightless and more vulnerable (Marks and Redmond 1994).

Disruption of seed dispersal systems

An invasive species can alter species interactions in a very complex but specific way, for

example when introduced predators disrupt some native seed dispersal systems that include

frugivorous animals (Traveset and Richardson 2011). This phenomenon was described for

at least six native and two introduced plants, when studying cat predation on frugivorous

lizards in the Canary Islands in both coastal habitats and thermophilous woodland (Nogales

et al. 1996). This secondary dispersal process can cause disruption of the seed dispersal and

ecological processes of native plant species.

A complex ecological effect has been linked to the rarity of endemic giant lizards

(Gallotia simonyi, G. bravoana, and G. intermedia) in the Canary Islands due to cat

predation (Medina and Nogales 2009). The Canary endemic plant Neochamaelea pul-

verulenta (Cneoraceae) is dispersed by giant lizards but different seed sizes are dispersed

by different-sized lizards. Currently, smaller seeds are sub-optimally dispersed by the

population of smaller endemic lizards (G. galloti). As the biggest lizards are more easily

preyed on by cats, their population has drastically decreased leading to a low dispersal of

bigger seeds. This new dispersal process, boosting small seed dissemination, is strongly

suspected to have an impact on the survival and evolution of this plant species (Valido

1999).

Likewise, the disappearance of an endemic lizard (Podarcis lilfordi) from some of the

Balearic Islands, partially due to cat predation, will probably limit seedling recruitment and

plant regeneration in the remaining population of the endemic plant Daphne rodriguezii,

which is exclusively dispersed by this endemic lizard (Traveset and Riera 2005). A similar

case was also described in the mutualistic systems between the plant Cneorum tricoccon

and the endemic lizard Podarcis pityusensis in the Balearics (Riera et al. 2002), where

other introduced carnivores, like pine martens (Martes martes), genets (Genetta genetta)

and weasels (Mustela nivalis), threaten this endemic lizard.

Another striking example deals with the dispersion of an exotic plant species, Hottentot

fig (Carpobrotus edulis) on Porquerolles Island (Mediterranean Basin). Feral cats were

found to secondarily disperse these seeds, when eaten by introduced rats (Bourgeois et al.

2004). The germination rate after being consumed by rats and secondly by cats was not

significantly different to those not consumed. However, these seeds were dispersed over a

much larger distance. Thus, introduced cats, eating introduced rats, increase the invasive

success of this invasive plant in Mediterranean insular ecosystems (Bourgeois et al. 2004).

Behavioral changes

Cat predation can induce selective pressure on native species, reducing life history traits

(Beckerman et al. 2007; Bonnington et al. 2013) and leading to behavioral changes.
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Hunting behavior can also modify species interactions when, for example, predators flush

out prey species making them more vulnerable to other predators (Wootton 1994). In

addition, some experimental studies demonstrated that cat odor can induce a stress

response in their prey. Mella et al. (2010) provided evidence that cat urine odor induces an

increase in the ventilatory frequency of tammar wallabies (Macropus eugenii). Several

studies also showed that rodents (rats and mice) exhibit behavioral responses when con-

fronted with cat odor, especially defensive and avoidance behavior, (Dielenberg and

McGregor 2001) even if they have never been in contact with it before (Bramley et al.

2000). However, Dickman (1992) reported the opposite with predator-naive mice.

In general, in the absence of predators, native species develop different behavior, being

less distrustful and protective (e.g. Blumstein and Daniel 2005; Sih et al. 2010). Invasive

predators and competitors had definite impacts on native species behavior, causing changes

in their habitat use or activity patterns (Parker et al. 1999). They also led to a possible loss

of behavioral diversity, considered as an overlooked component of biological diversity

(Stone et al. 1994; Delibes and Blázquez 1998). Breeding, flocking and parental care of

prey species were the behaviors most reported in the reviewed studies as being affected by

cats on islands.

Breeding behavior

On Farquhar Atoll, South Island, Seychelles, the red-footed booby (Sula sula) breeds in

taller Casuarina trees, rather than in shorter Pemphis and Scaveola bushes where it breeds

on many other islands. Cats have good climbing abilities and their presence and predation

pressure can affect the breeding behavior of this bird species (Feare 1984).

Parental care behavior

Cats can also have indirect impacts through lethal trait-mediated effects reducing, for

example, provisioning rates (Bonnington et al. 2013). Nevertheless, in some cases, species

are able to respond to an increased risk of predation by changing parental care behavior

(Massaro et al. 2008). For example, the endemic New Zealand bellbird (Anthornis mel-

anura) spends more time on the nest during the incubation period to better protect its eggs

against several predators (cats; rats Rattus exulans, R. rattus, R. norvegicus; mustelids

Mustela erminea, M. furo, M. nivalis; and brushtail possum Trichosurus vulpecula)

(Massaro et al. 2008).

Reduction of behavioral diversity

When a new predator is introduced on islands, the selective forces acting on insular

organisms can shift. For example, Stone et al. (1994) found higher wariness in native

species as a result of predation pressure. Thus, behavioral diversity can be reduced when

organisms lose their evolved behavior. In the Galapagos archipelago, lava lizards (Tro-

pidurus spp.) are common prey for cats and an increase in lizard wariness and cat presence

were linked (Stone et al. 1994 but see Delibes and Blázquez 1998). On Isla Socorro,

Mexico, cats preyed on the endemic Socorro ground dove Columbina passerina socor-

roensis (Rodrı́guez-Estrella et al. 1991). These authors considered that the endemic dove’s

habitual tameness was affected by cat predation. In the same way, the presence of an

introduced predator induced changes in prey species behavior regarding tolerance to

336 Biodivers Conserv (2014) 23:327–342

123



predation or disturbance risk. For example, in the Falkland (Malvinas) Islands, the vari-

ation in flight initiation distance of a small ground-nesting shorebird (the two-banded

plover Charadrius falklandicus) varied in response to human proximity according to the

presence or absence of feral cats. However, other variables like human activity and

reproductive traits could also influence this behavior (see St Clair et al. 2010). On Naxos

(Cyclades, Greece), cats have a strong negative impact on Aegean wall lizards (Podarcis

erhardii), which adapted their anti-predator behavior by extending their flight initiation

distance, increasing their tail autotomy capacity, and staying closer to refugia (Li 2012). In

a recent study, an endemic New-Caledonian skink (Caledoniscincus austrocaledonicus)

was shown to exhibit an aversion for cat-scented retreat sites and to significantly select

those free of predator odors (Gerard et al., unpublished).

Hybridization

Domestic cats were derived from the wildcats, F. silvestris, composed of five distinct inter-

fertile subspecies (Driscoll et al. 2007). Hybridizations between wildcats and domestic cats

are common and were found in the genetic admixture present in European, African and

Asian wildcat populations (Driscoll et al. 2007). However, in some cases like African wild

cats (F. s. lybica) the observed level of genetic introgression was low (Wiseman et al.

2000). The hybridization of Scottish wildcats (F. s. silvestris) with domestic cats is one of

the best studied cases, which currently represents one of the main threats for the endan-

gered population of Scottish wildcats (Kitchener et al. 2005). These hybrids are widespread

in Scotland and only some ‘‘relatively’’ pure populations still remain. To distinguish hybrid

from pure individuals, different aspects of their biology (morphological and pelage:

Daniels et al. 1998; Kitchener et al. 2005, craniological differentiation: Yamaguchi et al.

2004) must be taken into account.

Furthermore, man-made hybrids between domestic house cats and other species

belonging to different genera of the Felidae family have been bred, like the Asian leopard

cat (Prionailurus bengalensis), Geoffroy’s cat (Leopardus geoffroyii), or the serval (Lep-

tailurus serval) (see Markula et al. 2009). On Japanese islands, hybridization is still an

issue hindering the preservation of the endemic Tsushima leopard cat (Prionailurus–Felis–

Bengalensis euptilura) (Murayama 2008) and Iriomote cat (Izawa et al. 1991). Intro-

gression with traits from domestic cats has been a threat for wild species conservation and

current management plans depend on the ability to distinguish the native species from

domestic cats (Daniels et al. 1998).

Transmission of diseases

In a review about feral cat control, Robertson (2008) reported that from a human per-

spective the main issues surrounding feral cats are those related to public health, spread of

disease to other species and public nuisance. Cats carry and suffer from many viral and

bacterial diseases as well as a considerable number of other endo- and ectoparasites

(Kitchener 1991). Some of these diseases and parasites affect humans (Robertson 2008),

livestock and wild carnivores (Macdonald et al. 2000).

One of the most studied diseases transmitted by feral and house cats is the Feline

Immunodeficiency Virus (FIV) (Courchamp et al. 2000b), which has occurred, for

example, in natural populations of wildcats in Scotland (Daniels et al. 1999). Another

example is the FIV transmission from domestic cats to the endangered leopard-cat in the

wild, P. –F.– bengalensis euptilura on Tsushima, Japan. This subspecies was positive to
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FIV antibody, certainly due to contact with the domestic and feral cat populations, being

the only other felidae present on this island that contained sero-positive individuals (Ni-

shimura et al. 1999). Similar cases appeared on islands, where cats introduced FIV and

other diseases such as feline leukemia virus and toxoplasmosis (Duffy and Capece 2012).

Regarding conservation perspectives, FIV has been used as a biological control of feral cat

populations on islands (see Nogales et al. 2004 and references therein). However, this virus

appeared to be a poor control agent due to its low transmission rates and long lasting sero-

positivity (Courchamp et al. 2000b).

The parasite Toxoplasma gondii infects native species and affects their populations; e.g.

nene goose (Nesochen sandvicensis), red-footed booby (S. sula), ‘alala (Corvus hawaii-

ensis) (Work et al. 2000, 2002), and even a monk seal (Monachus schauinslandi, Honnold

et al. 2005) as described in the Hawaiian Islands (Danner et al. 2007). In the Galapagos, the

prevalence of antibodies to T. gondii in two threatened avian marine species, Galapagos

penguins (Spheniscus mendiculus) and flightless cormorants (Phalacrocorax harrisi), was

higher on an island with cats (Isabela) than one without cats (Fernandina), providing

indications of disease-related risks associated with the feral cat population in the archi-

pelago (Deem et al. 2010). Cats can also act as reservoirs and zoonotic vectors of the Nipah

Virus that infects pigs in Malaysia (Epstein et al. 2006).

Conclusions

A large amount of research has been mainly focused on the obvious direct effects of

invasive mammal predation upon particular endangered species, and the associated large

number of publications reflects this interest. Nevertheless, the other ecological processes

involved, much less studied, are more complex to evaluate but can have a strong effect on

the conservation of native species on islands (Table 1). Due to these overlooked impacts,

cat control or eradication can be planned even when their predation rate on native species

is low. Even if an accurate understanding of all invasive predator impacts is not needed to

determine whether or not control or eradication should go ahead (Grantham et al. 2009),

we strongly recommend taking into account the different biotic interactions driven by these

predators. Changes in prey numbers or dynamics after predator removal should not only be

attributed to their release from predation, but also to being freed from non-direct predation

impacts. The extent to which feral cat presence is identified as a risk by naive island prey

still remains to be investigated, and also how the adaptive or non-adaptive prey responses

are modified (leading to consequences in their dynamics and survival). Due to the lack of

studies focused on these often overlooked impacts of invasive species on islands, we

consider that these highlighted cases should arouse interest in improving scientific

knowledge of this research area.
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Chapuis J-L, Le Roux V, Asseline J, Lefèvre L, Kerleau F (2001) Eradication of the rabbit (Oryctolagus
cuniculus) by poisoning, on three islands of the subantarctic archipelago of Kerguelen. Wildl Res
28:323–331

Courchamp F, Langlais M, Sugihara G (1999) Cats protecting birds: modeling the mesopredator release
effect. J Anim Ecol 68:282–292

Courchamp F, Langlais M, Sugihara G (2000a) Rabbits killing birds: modeling the hyperpredation process.
J Anim Ecol 69:154–164

Courchamp F, Say L, Pontier D (2000b) Transmission of Feline ImmunodeficiencyVirus in a population of
cats (Felis catus). Wildl Res 27:603–611

Courchamp F, Chapuis J-L, Pascal M (2003) Mammal invaders on islands: impact, control and control
impact. Biol Rev 78:347–383

Cresswell W (2008) Non-lethal effects of predation in birds. Ibis 150:3–17
Daniels MJ, Balharry D, Hirst D, Kitchener AC, Aspinall RJ (1998) Morphological and pelage character-

istics of wild living cats in Scotland: implications for defining the ‘wildcat’. J Zool, Lond 244:231–247
Daniels MJ, Golder MC, Jarrett O, Macdonald DW (1999) Feline viruses in wildcats from Scotland. J Wildl

Dis 35:121–124
Danner RM, Goltz DM, Hess SC, Banko PC (2007) Evidence of feline immunodeficiency virus, feline

leukemia virus, and Toxoplasma gondii in feral cats on Mauna Kea, Hawaii. J Wildl Dis 43:315–318
Deem SL, Merkel J, Ballweber L, Vargas FH, Cruz MB, Parker PG (2010) Exposure to Toxoplasma gondii

in Galapagos Penguins (Spheniscus mendiculus) and Flightless Cormorants (Phalacrocorax harrisi) in
the Galapagos Islands, Ecuador. J Wildl Dis 46:1005–1011

Delibes D, Blázquez MC (1998) Tameness of insular lizards and loss of biological diversity. Conserv Biol
12:1142–1143

Dickman CR (1992) Predation and habitat shift in the house mouse, Mus domesticus. Ecology 73:313–322
Dickman CR (1996) Overview of the impacts of feral cats on Australian native fauna. Australian Nature

Conservancy Agency/University of Sydney, Canberra/Sydney
Dielenberg RA, McGregor IS (2001) Defensive behavior in rats towards predatory odors: a review. Neurosci

Biobehav R 25:597–609
Dierschke V (2003) Predation hazard during migratory stopover: are light of heavy birds under risk? J Avian

Biol 34:24–29
Donlan CJ, Tershy BR, Keitt BS, Wood B, Sánchez JA, Weinstein A, Croll DA, Hermosillo MA, Aguilar JL

(2000) Island conservation action in northwest Mexico. In: Browne DH, Chaney H, Mitchell K (eds).
Proceedings of the fifth California Islands symposium. Santa Barbara Museum of Natural History,
Santa Barbara, pp. 330–338

Driscoll CA, Menotti-Raymond M, Roca AL, Hupe K, Johnson WE, Geffen E, Harley EH, Delibes M,
Pontier D, Kitchener AC, Yamaguchi N, O0Brien SJ, Macdonald DW (2007) The near eastern origin of
cat domestication. Science 317:519–523

Duffy DC, Capece P (2012) Biology and impacts of Pacific island invasive species. 7. The domestic cat
(Felis catus). Pac Sci 66:173–212

Biodivers Conserv (2014) 23:327–342 339

123



Epstein JH, Rahman SA, Zambriski JA, Halpin K, Meehan G, amaluddin AA, Hassan SS, Field HE, Hyatt
AD, Daszak P, The Henipavirus Ecology Research Group (2006) Feral cats and risk for Nipah Virus
transmission. Emergy Infect Dis 12:1178–1179

Feare CJ (1984) Seabird status and conservation in the tropical Indian Ocean. In: Croxall JP, Evans PGH,
Schreiber RW (eds) Status and conservation of the world seabirds. ICBP Technical Publications No. 2,
Cambridge, pp 457–471

Fitzgerald BM, Turner DC (2000) Hunting behaviour of domestic cats and their impact on prey populations.
In: Turner DC, Bateson P (eds) The domestic cat: the biology of its behaviour, 2nd edn. Cambridge
University Press, Cambridge, pp 151–175

Glen AS, Dickman CR (2005) Complex interactions among mammalian carnivores in Australia, and their
implications for wildlife management. Biol Rev 80:387–401

Glen AS, Dickman CR (2008) Niche overlap between marsupial and eutherian carnivores: does competition
threaten the endangered spotted-tail quoll? J Appl Ecol 45:700–707

Glen AS, de Tores PJ, Sutherland DR, Morris KD (2009) Interactions between chuditch (Dasyurus geoffroii)
and introduced predators: a review. Aust J Zool 57:347–356

Glen SA, Berry O, Sutherland DR, Garretson S, Robinson T, de Tores PJ (2010) Forensic DNA confirms
intraguild killing of a chuditch (Dasyurus geoffroii) by a feral cat (Felis catus). Conserv Genet
11:1099–1101

Grantham HS, Wilson KA, Moilanen A, Rebelo T, Possingham HP (2009) Delaying conservation actions for
improved knowledge: how long should we wait? Ecol Lett 12:293–301

Hansson L (1988) The domestic cat as a possible modifier of vole dynamics. Mammalia 52:159–164
Holt RD (1977) Predation, apparent competition, and the structure of prey communities. Theor Popul Biol

12:197–229
Honnold SP, Braun R, Scott DP, Sreekumar C, Dubey JP (2005) Toxoplasmosis in a Hawaiian monk seal

(Monachus schauinslandi). J Parasitol 91:695–697
IUCN (2012) IUCN Red List of Threatened Species. Version 2012.1. www.iucnredlist.org. Accessed 21 Sep

2012
Izawa M, Doi T, Ono Y et al (1991) Ecological study on the two species of Felidae in Japan. In: Maruyama

N (ed) Wildlife conservation: present trends and perspectives for the 21st century. Japan Wildlife
Research Centre, Yokohama, pp 141–144

Kitchener AC (1991) The natural history of the wild cats. Cornell University Press, Ithaca
Kitchener AC, Yamaguchi N, Ward JM, Macdonald DW (2005) A diagnosis for the Scottish wildcat (Felis

silvestris): a tool for conservation action for a critically-endangered felid. Anim Conserv 8:223–237
Krebs JR, Davies NB (1993) An introduction to behavioural ecology. Blackwell Science Ltd., Oxford
Lank DB, Ydengerg RC (2003) Death and danger at migratory stopovers: problems with ‘‘predation risk’’.

J Avian Biol 34:225–228
Li B (2012) Effects of feral cats on the evolution of antipredator behaviors in the Aegean wall lizard

Podarcis erhardii. Master of Science. University of Michigan, Ann Arbor
Liberg O, Sandell M, Pontier D, Natoli E (2000) Density, spatial organisation and reproductive tactics in the

domestic cat and other felids. In: Turner DC, Bateson P (eds) The domestic cat: the biology of its
behaviour, 2nd edn. Cambridge University Press, Cambridge, pp 119–148

Lima SL (1998) Nonlethal effects in the ecology of predator-prey interactions. Bioscience 48:25–34
Macdonald DW, Yamaguchi N, Kerby G (2000) Group-living in the domestic cat: its socio-biology and

epidemiology. In: Turner DC, Bateson P (eds) The domestic cat: the biology of its behaviour, 2nd edn.
Cambridge University Press, Cambridge, pp 95–118

Marks JS, Redmond RL (1994) Conservation problems and research needs for Bristle-thighed Curlews
Numenius tahitiensis on their wintering grounds. Bird Conserv Int 4:329–341

Markula A, Hanna-Jones M, Csurhes S (2009) Pest animal risk assessment, serval hybrids: hybrids of
Leptailurus serval (serval) and Felis catus (domestic cat), including the ‘savannah cat0. Department of
Primary Industries and Fisheries, Queensland Government, Brisbane

Massaro M, Starling-Windhof A, Briskie JV, Martin TE (2008) Introduced mammalian predators induce
behavioural changes in parental care in an endemic New Zealand bird. PLoS ONE 3:e2331

Medina FM, Nogales M (2007) Habitat use of feral cats in the main environments of an Atlantic Island (La
Palma, Canary Islands). Folia Zool 56:277–283

Medina FM, Nogales M (2009) A review on the impacts of feral cats (Felis silvestris catus) in the Canary
Islands: implications for the conservation of its endangered fauna. Biodivers Conserv 18:829–846

Medina FM, Bonnaud E, Vidal E, Tershy BR, Zavaleta ES, Donlan CJ, Keitt BS, Le Corre M, Horwath SV,
Nogales M (2011) A global review of the impacts of invasive cats on island endangered vertebrates.
Global Change Biol 17:3503–3510

340 Biodivers Conserv (2014) 23:327–342

123

http://www.iucnredlist.org


Mella VS, Cooper CE, Davies SJJF (2010) Ventilatory frequency as a measure of the response of tammar
wallabies (Macropus eugenii) to the odour of potential predators. Austr J Zool 58:16–23

Murayama A (2008) The Tsushima cat (Prionailurus bengalensis euptilura): population viability analysis
and conservation strategies. MSc Thesis. Imperial College London, London, UK

Nishimura Y, Goto Y, Yoneda K, Endo Y, Mizuno T, Kamachi M, Maruyama H, Kinoshita H, Koga S,
Komori M, Fushuku S, Ushinohama K, Akuzawa M, Watari T, Hasegawa A, Tsujimoto H (1999)
Interspecies transmission of feline immunodeficiency virus from the domestic cat to the Tsushima cat
(Felis bengalensis euptilura) in the wild. J Virol 73:7912–7916

Nogales M, Medina FM, Valido A (1996) Indirect seed dispersal by the feral cats Felis catus in island
ecosystems (Canary Islands). Ecography 19:3–6

Nogales M, Martı́n A, Tershie BR, Donlan CJ, Veitch D, Puerta N, Wood B, Alonso J (2004) A review of
feral cat eradication on islands. Conserv Biol 18:1–10

Parker IM, Simberloff D, Lonsdale WM, Goodell K, Wonham M, Kareiva PM, Williamson MH, Von Holle
B, Moyle PB, Byers JE, Goldwasser L (1999) Impact: toward a framework for understanding the
ecological effects of invaders. Biol Invasions 1:3–19

Pavey CR, Eldridge SR, Heywood M (2008) Population dynamics and prey selection of native and intro-
duced predators during a rodent outbreak in arid Australia. J Mammal 89:647–683

Phillips RB, Winchell CS, Schmidt RH (2007) Dietary overlap of an alien and native carnivore on San
Clemente Island, California. J Mammal 88:173–180

Pletschet SM, Kelly JF (1990) Breeding biology and nesting success of palila. Condor 92:1012–1021
Potter C (ed) (1991) The impact of cats on native wildlife. ANPWS, Canberra
Riera N, Traveset A, Garcı́a O (2002) Breakage of mutualism by exotic species: the case of Cneorum

tricoccon L. in the Balearic Islands (Western Mediterranean Sea). J Biogeogr 29:713–719
Robertson SA (2008) A review of feral cat control. J Feline Med Surg 10:366–375
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